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LEGAL NOTICE
This IPREFER project quarterly report was prepared by Western Illinois University (WIU) and
IPREFER research colleagues from CoverCress, Inc., Illinois State University (ISU), McLean
County Soil and Water Conservation District, Southern Illinois University (SIU), The Ohio State
University (OSU), United States Department of Agriculture-Agricultural Research Service
(USDA-ARS), University of Illinois (UI), University of Minnesota (UMN), and the University
of Wisconsin-Platteville (UW- Platteville) in the course of performing academic research
supported by Agriculture and Food Research Initiative Competitive Grant No. 2019-6901229851 from the United States Department of Agriculture National Institute of Food and
Agriculture (USDA-NIFA).
The opinions expressed in this report do not necessarily reflect those of WIU, USDA-NIFA,
CoverCress, Inc., ISU, McLean County Soil, and Water Conservation District, SIU. OSU,
USDA-ARS, UI, UMN or UW-Platteville and reference to any specific product, service, process,
or method does not constitute an implied or expressed recommendation or endorsement of it.
Further, WIU, USDA-NIFA, CoverCress, Inc., ISU, McLean County Soil, and Water
Conservation District, SIU. OSU, USDA-ARS, UI, UMN or 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, USDA-NIFA, CoverCress, Inc., ISU, McLean County Soil, and Water Conservation
District, SIU. OSU, USDA-ARS, UI, UMN or UW-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 the information contained, described,
disclosed, or referred to in this report.
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Integrated Pennycress Research Enabling Farm and Energy Resilience1
Year 2 Annual Report
August 1, 2020 – August 31, 2021

PROJECT ADMINISTRATION AND GOVERNANCE
■

Win Phippen, Western Illinois University, wb-phippen@wiu.edu

■

Anne Kinzel, anne.kinzel@iprefercap.org

The IPREFER project was initiated with the specific goal of commercializing pennycress
production by 2021. With several University and USDA collaborators and a single corporate
partner CoverCress, Inc., we are adapting the project to unforeseen challenges. We are well on
our way to meeting our pennycress commercialization goal. In our second year, we redoubled
our focus on preparing for a pennycress commercial launch. We accomplished this while having
to continue to respond and adjust to COVID-19 impacts on higher education.
Year 2 – Accomplishments
•

We held a virtual annual (all hands) meeting on August 3-4, 2020 (See Exhibit A, 2020
IPREFER Annual Meeting Evaluation Report).

•

We completed the planning for the Year 2 (virtual) annual meeting, to be held Aug. 10-11,
2021.

•

We started implanting the IPREFER data-management plan.

•

We continued to improve the project website and created a web-based project calendar with a
public-facing and private interface (https://www.iprefercap.org/news-events/iprefercalendar/). We held monthly meetings with the Executive Leadership and quarterly meetings
with the Advisory Board.

•

We developed a relationship with Purdue University to conduct land-use change assessments
for Carbon Intensity (CI) scoring for biodiesel and renewable fuels. Purdue completed the
land-use change assessments for CI scoring for both biodiesel and renewable fuels. We are
waiting on the finalized report. Jet fuel will be added pending the final results of the first two
products.

1

AFRI-CAP 2019-69012-29851
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•

We worked with Education, Extension, and Outreach Objective to revamp the web-based
application process for the Summer 2021 Integrated Plant Systems - Undergraduate
Research Experience program (IPS-URE). They were able to develop ten separate internship
opportunities.

•

We engaged in a number of activities with parents and students interested in pennycress and
the bioeconomy (Photo 1).

Photo 1. Scouts of America, Pennycress Basics, and the IPREFER Project. 17 Student participants and parents from
Troop 315 in West Central Illinois. Macomb, IL, April 13, 2021.

•

All Material Transfer and Non-Disclosure Agreements are complete.

•

Completed guidelines and descriptors for plant breeding and agronomy studies for depositing
data in the UMN data banks.

•

IPREFER collaborators were part of teams that received two patents.
o Patent No. US 2021/0084936 A1. Mar. 25, 2021. Low Glucosinolate Pennycress Meal
and Methods of Making. Tim Ulmasov, John C. Sedbrook, Michael David Marks,
Michaela G. McGinn, Cristine Handel, Ratan Chopra, Brice Allen Jarvis.
https://patentimages.storage.googleapis.com/05/45/0b/fb62b66f6883d4/US20210084936
A1.pdf.
o Patent No. US 10,709,151 B2. Date of patent: Jul. 14, 2020. Low Fiber Pennycress Meal
and Methods of Making. Tim Ulmasov, Gary Hartnell, John C. Sedbrook, Michael David
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Marks, Ratan Chopra & Maliheh Esfahanian.
https://patentimages.storage.googleapis.com/60/aa/e0/77abc56873dd05/US10709151.pdf.
Year 3 – Planned Activities, Outcomes, and Impacts
•

We will hold a virtual annual (all hands) meeting in St. Louis in August 2022.

•

We will continue to improve the IPS-URE internship based on what we have learned in the
first two years of this program.

•

We will continue to monitor the data management activities.

•

We will continue to update and improve the project website.

•

We will attend USDA-NIFA CAP meetings in Kansas City in Spring 2022.

•

We will add a producer to the Advisory Board.

OBJECTIVE 3.1 – AGRONOMY AND CROP MANAGEMENT
Co-Project Directors
■

Alexander (Alex) Lindsey, The Ohio State University, lindsey.227@osu.edu

■

Samantha Wells, University, University of Minnesota, mswells@umn.edu

We manage a suite of agronomic management projects across the region to position pennycress
in the predominate corn and soybean rotation and in a range of high-valued rotational crops.
Year 2 – Accomplishments
YIELD TRADEOFFS LEVERING CRM
§

PI: Russ Gesch, USDA-ARS-NCSCRL, Morris, MN (russ.gesch@ars.usda.gov)
Pennycress establishment following grain corn harvest is challenging due to the short
duration between corn harvest and before soil freeze. The use of early maturing corn hybrids
could enable earlier corn harvested and thus allow early seeding and establishment of
pennycress before soil freeze.
The Corn Relative Maturity (CRM) Study objectives are to evaluate early CRM hybrids for
pennycress establishment while determining yield, establishment and yield tradeoffs of corn,
pennycress, and double-cropped soybean. We hypothesized that earlier than typically used
full-season CRMs may sacrifice some corn yield but allow for improved pennycress

Yr. 2 Annual & 4th Quarter Report

3

establishment, and hence, yield of pennycress and double-cropped soybean. The study is
being conducted at Lexington, IL, Hoytville, OH, Rosemount, MN, and Morris, MN.
The CRMs used in IL and OH range from 95 to 113 d, with 113 d representing a common
full-season hybrid for the region. The two MN sites used a CRM range of 76 to 95 d corn,
with the 95 d representing full-season. Pennycress was direct-drilled immediately following
corn harvest for each treatment in 2020. We will complete the first entire growing season for
the experiment (cycle 1) in the fall of 2021 with the harvest of double-crop soybean. Based
on the initial analysis of cycle 1, for CRMs 8 to 9 d earlier than full-season corn, there was
generally no grain yield loss, indicating that potentially earlier CRM hybrids could be used to
facilitate increased fall pennycress establishment.
Earlier corn harvest (i.e., early CRMs) generally resulted in greater pennycress plant
densities in the fall, indicating improved establishment. Fall establishment varied
considerably across locations. For the three earliest CRMs harvested, pennycress plant
densities in OH, IL, Rosemount, MN, and Morris, MN averaged 951, 49, 178, and 266 plants
m-2, respectively, using the same seeding rate at all sites. Generally, spring plant stands were
less than fall, except at IL, where they were greater and increased with later planting,
indicating spring rather than fall emergence. We also noted considerable spring pennycress
emergence at the MN sites for the later plantings after 90 and 95 d corn.
At Morris, MN (northernmost site), pennycress seed yield was greater for late CRM hybrids
(90 & 95 d) compared with the early hybrids (76, 82, & 86 d). Conversely, the OH site
tended to follow our hypothesis, in that pennycress fall emergence was greater following
earlier corn harvest and pennycress seed yields followed the same trend. This was likely due
to greater fall rather than spring pennycress emergence. Pennycress seed yield was as high as
1142 kg ha-1 in OH following 95 d grain corn. However, it is important to note that there was
far less corn residue at the OH site due to the extremely low yields resulting from drought. At
all sites analyzed so far, pennycress emergence and seed yield were far greater following
silage corn (most residue/stover removed) than after grain corn (considerable residue
remaining on plots), regardless of seeding date, indicating that corn residue may have an
inhibitory effect on pennycress emergence and stand establishment. We will conduct a
complete duplication of the CRM Study in 2021-2022, which will give us a statistically
robust enough data set to help determine the corn residue effect and make more informed
management recommendations.
CORN RESIDUE MANAGEMENT
§

PI: Nicholas Heller, Illinois State University (njhelle@ilstu.edu)
We are completing the first entire cycle of the study. One corn hybrid per site was planted,
harvested, pennycress planted, harvested, and the following soybeans have been planted. The
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study's objective is to identify best management practices in maximizing pennycress
establishment in the fall and subsequent yield in the spring. The control for the study is silage
harvested corn plots; corn stover is removed from the plots, and pennycress establishment in
the fall ranged from roughly 80 – 800 plants per square meter and 2 – 6 % green cover.
Four other management treatments tried to address the question of how to handle the corn
stover, when and where to place to the pennycress seed, and with what implement (stover
chopped and drilled, stover chopped and broadcast, stover chopped and tilled then broadcast,
and broadcast ahead of corn combine then stover chopped). We only documented Fall
emergence and establishment at one site out of five, but that site had only 27% of the corn
yield of the other four sites.
All five sites in this study (Lexington, IL; Macomb, IL; Hoytville, OH; Rosemount, MN;
Morris, MN) are North of 40-degrees N latitude, and at these latitudes, there does not seem to
be enough growing degrees days for pennycress to establish prior to winter after a regionallyadapted, full-season corn hybrid. Commercial corn hybrids in this study produced 25 Mg/ha
of biomass which reduced the desired seed-to-soil contact for the pennycress seeds in the fall
or buried them in too heavy of a ‘mulch.’
The treatment with the most management of the corn stover (which included vertical tillage)
improved yield at most sites. Collectively, the pennycress in the four stover management
treatments (after grain corn harvest) largely germinated in the spring, flowered later and had
lower yields than the silage treatment. Pennycress following silage corn arrived at each
growth stage a week or more before the rest of the experiment and was harvested earlier. The
first cycle of this project was performed with black-seeded pennycress as reduced fiber stock
was not available. The corn for cycle two is growing, and we are preparing to compare blackseeded pennycress to golden pennycress in the corn residue management study, which will be
planted this fall.
NOVEL SEED TREATMENT FOR IMPROVED PENNYCRESS PERFORMANCE
§

PI: Alexander J. Lindsey (lindsey.227@osu.edu) and Graduate RA: Nasib Koirala
(Koirala.17@osu.edu)
In 2020-2021 we conducted two lab studies to assess seed treatments to improve germination
of pennycress varieties, which currently is one of the major limitations for its
commercialization. The first experiment used a full factorial design with four pennycress
varieties (three wild pennycress improved lines - MN106, MN106NS, and one CoverCress™
line CV1 and one golden pennycress line - CV2), and four seed treatments (untreated control;
gibberellic acid (GA) soak at 0.05% w/w for 12 hours; pelleting with diatomaceous earth and
a commercial binder with or without GA at 0.01% w/w) with three replicates over time.
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The second experiment focused on MN106NS and used 12 treatments (pelleting, GA
treatment, fungicide treatment, and combinations of these). Results indicate the seed
treatments differentially affected the germination of pennycress varieties, though treated
seeds performed. The untreated seeds of wild pennycress lines exhibited germination less
than 50%, though the untreated golden pennycress line germinated at 81-85%. Both
treatments that included GA enhanced the germination of wild pennycress (MN106,
MN106NS, and CV1) to over 90%, though golden pennycress CV2 treated with GA had
similar germination to the control. The variety CV1 had the highest increase in germination
with pelleting+ GA treatments, and MN106NS had the highest increase in germination with
pelleting treatments compared to other varieties and control. The second experiment
confirmed the results of the first. Treatment with GA before planting can increase
germination for wild pennycress improved lines, though it may be less effective for golden
pennycress lines. The third phase examining field establishment at 10 sites will use a subset
of experiment two treatments —both a golden and wild pennycress line to expand current
results.
EVALUATION OF SOYBEAN PHYSIOLOGY IN RESPONSE TO A PENNYCRESS RELAY
INTERCROPPING SYSTEM
§

PI: Aaron Lorenz (lore0149@umn.edu) and Graduate RA: Lucas Roberts
(robe2110@umn.edu)
As winter oilseeds are being developed, there is a need to improve row crops in tandem for
these new intercropping environments. Pennycress is sown in the fall and harvested early
summer, allowing for a second summer crop. Soybeans fill this niche by being planted prior
to pennycress flowering and completing development after the pennycress removal.
For our study, we planted 40 soybean accessions, breeding lines, and commercial varieties in
three replicates over two years and in two locations in central Minnesota under monoculture
and pennycress intercropping conditions. Traits analyzed include canopy coverage, plant
height, flowering time, lodging, yield, and several plant architectural traits.
On average, soybean yield was decreased by 5% when intercropped after pennycress, but a
couple accessions showed improvements over the monoculture control. Through dissecting
the yield components, we found that, on average, soybean plants were shorter, had an
increased number of branches, and an increased number of pods per branch after being
intercropped. We hypothesize that the shading effect by pennycress can influence soybean
architecture and that there is natural genetic variance for this response which can be used for
cultivar improvement. In addition, pennycress presents a strong allelopathic effect through
the production of the glucosinolate sinigrin. Long-term effects on the intercropped soybeans
include a delay in canopy coverage and, on average, a three-day delay in maturation. A
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growth chamber study presented here found natural glucosinolate tolerance looking at the
two top-performing and two bottom-performing soybean varieties from the field experiment.
As this new intercropping system is being developed, there is a need to study how soybeans
respond to these biotic stressors towards the goal of developing varieties for this and other
intercropping systems.
TOOLS FOR INTEGRATED WEED MANAGEMENT
§

PI: Mark Bernards (ml-bernards@wiu.edu)
We deployed a series of studies to conduct herbicide carryover from corn to pennycress
studies in the field and greenhouse and conduct pennycress response to pre- and postemergence applied herbicides (IR-4 preliminary data). The goal was to assess the impacts of
pre and post-emergence herbicide regimens on pennycress establishment, growth, and
subsequent oilseed grain yield. In the greenhouse, some herbicides reduced pennycress stand
at doses close to use rate in corn or soybean but had little effect at doses similar to the
amount of herbicide expected in the soil 3-4 months after application. Whereas in our field
studies there were no differences in stand counts among corn herbicide applications.
Pennycress stands (i.e., plant populations) were denser when following silage corn than corn
for grain. A contrasting study at the University of Minnesota demonstrated pennycress
response to pre and post-emergence herbicide application caused adverse effects on
pennycress stand and yield.

OTHER AGRONOMIC STUDIES PERFORMED AT WIU
§

PIs: Win Phippen (wb-phippen@wiu.edu), Tad Wesley (twes572@gmail.com) and
Undergraduate Interns Ross Sousa and Tommy Wood
TREFLAN TT8-T/ARV1 GERMINATION TRIAL
We applied Treflan to tt8-t/ARV1 at a rate of 1qt/acre, double incorporated and compared
this to no Treflan applied to determine the effect of Treflan on stand establishment. No
difference in germination or stand establishment was noted, and there was no difference in
seed yield and oil content. Treflan on research and breeding plots can be used to control fall
weeds when conventional tillage methods are used.
GA TIMING STUDY
Wild and Golden Pennycress were applied with Gibberellic Acid (GA3) to determine the
optimal soaking time to improve germination. Four treatments: No GA, 0.5 hr, 1-hr, and 12hr soak were applied to ARV2032 and tt8-t/ARV1. The treatments were replicated four times
in the field. All GA treatments on ARV2032 showed significant improvement in germination
and an increase in yield and oil content. None of the GA treatments on tt8-t/ARV1 showed
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significant improvements in germination, yield, or oil content. The one hr. treatment worked
well for the wild pennycress varieties; the golden varieties do not need a GA treatment. A
second-year replication will be needed to confirm results to determine recommended
protocols. Summer intern Ross Sousa reported these results.
NITROGEN TIMING STUDY
We applied nitrogen at 50 lbs. per acre in the fall at planting with incorporation and in the
spring at plant dormancy, bolting, first flower, and full flower, broadcasting before a rain
event. The 10 treatments were no nitrogen, 50 lbs. per acre in fall only, no fall nitrogen with
50 lbs. per acre at the spring timings and 50 lbs. per acre in the fall and spring timings.
50 lbs. fall application at planting increased yield and oil content on ARV2032 significantly
compared to the no nitrogen application but had no significant difference compared to the
spring applications. Nitrogen applications had no significant effect on any variables in tt8t/ARV1. A second-year replication will be needed to confirm results to determine
recommended protocols. Summer intern Tommy Wood reported these results.
Year 3 – Planned Activities, Outcomes, and Impacts
As we moved into Year 3, the Agronomy Team outlined two new projects. The first project
builds on the findings from the residue management project led by Nicholas Heller (ISU). Heller
proposed that the team capitalize on the success from the first phase of the study and expand the
inferences of the new research to include a genetic comparison between Golden and MN106-NS
pennycress lines.
In addition to the new residue management project rolling out across the network, Alex Lindsey
(OSU), rolled out the seed pelletization project. His team provided the Agronomy Team with two
genotypes of pennycress with a range of seed coats. The pelletization project was slated to roll
out at the program’s onset, but COVID and supply chain issues delayed its deployment. The
delay was fortunate since the breeding teams could provide the Agronomy Team with new
germplasm to test.
Lastly, we plan to deploy a new systems project that builds on the finding from the Corn Relative
Maturity, Residue Management and Pelletization projects. The new systems project is slated for
Spring 2022.
Critical Issues to be Resolved Prior to Pennycress Commercial Launch
Several issues limit the scalability and subsequent commercialization of pennycress and
CoverCress™. The three most pressing issues are:
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•

Potential antagonistic interactions between pennycress and CoverCress™ with the
mainstay crops (e.g., corn and soybean).

•

Lack of broadleaf weed control options.

•

The need for RMA insurance.

OBJECTIVE 3.2 - BREEDING AND GENOMICS – PENNYCRESS IMPROVEMENT
Co-Project Directors
■

Ratan Chopra, (LEAD Northern Genetics), University of Minnesota (Mar. to Aug 2021)

■

M.David Marks, (LEAD Northern Genetics), University of Minnesota, marks004@umn.edu

■

John Sedbrook (LEAD Southern Genetics), Illinois State University, jcsedbr@ilstu.edu

Our research teams generate high-yielding pennycress breeding lines through multistate testing
and identified/validated trait-improving mutations andnatural variants.
Northern Breeding - Pennycress Improvement, University of Minnesota
■

PI: M. David Marks, University of Minnesota (marks004@umn.edu)

■

Collaborators: Ratan Chopra, CoverCress, Inc. (rchopra@covercress.com) and James
Anderson, University of Minnesota (ander319@umn.edu)

■

Graduate Students: Matthew A. Ott (ottxx142@umn.edu), Zenith Tandukar
(tandu002@umn.edu), and Brett Heim, University of Minnesota (hbrett@umn.edu)
Northern Breeding Objectives
•

Utilize marker-assisted selection to complete introgression of foundational traits into elite
breeding lines.

•

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

•

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

•

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
the commercial launch.
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Photo 2. Field plots established during Fall 2020. No significant differences were observed in the growth among the
wild-type and stacked mutants.

Northern Breeding Year 2 – Accomplishments
•

Lines identified via traditional breeding maintain high quality characteristics in multistate
field testing.

•

Sufficient seeds of a triple mutant containing the reduced shatter trait along high oleic
were produced to begin larger scale seed increases.

•

We have Identification of an industrial partner to test the high oleic acid pennycress oil
for the production of bioproducts.

•

We have identified the best low glucosinolate mutant line lacking the detrimental traits.

•

Stacking of the good low glucosinolate mutation with reduced shatter and high oleic oil
to produce a quadruple mutant.

•

Continued backcrossing of lines containing the domestication traits to the parental
MN106 line to reduce residual mutation load lingering from the original classical
mutagenesis procedure.

More specifically, we accomplished the following.
•

We have successfully tested three gene combinations in the MN106 genetic
background across various locations. We found that this triple variant line consistently
performed better than wild-type (MN106) and produced on average 20 percent or more
seed yield across eight experimental trials. We believe this is primarily due to the reduced
shatter trait and partly due to the phenotypic selection made on an individual plant after
backcrossing. This is being tested by conducting additional backcrosses to the MN106
parent and by studying an F2 population from a backcross of the triple to MN106. The
triple mutant plants were slightly shorter and were less prone to lodging. It is possible
that a fourth mutation may have been selected for that added value (See Figure 1).
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Figure 1

•

We have successfully developed germplasm using mutagenesis and natural germplasm.
We have 2,160 M3 individual plants and 270 M2 pools available for forward screens. In
addition, two recombinant inbred populations have been developed for QTL mapping by
Zenith Tandukar, namely x17014 and x16017. X17014 is a cross between Ames32867
(Armenia) and MN106 (the reference genotype), whereas x16017 is a cross between wild
accessions Ames31501 (Canada) and MN77 (USA). We are phenotyping these for
various traits, including seed size, oil content, protein content, glucosinolate content,
plant height, and days to flowering (See Figure 2).

Figure 2

Yr. 2 Annual & 4th Quarter Report

11

•

Ratan Chopra successfully led the sequencing support that was granted from JGI. This
support will allow us to whole-genome sequence ~1,000 pennycress samples and provide
much-needed information for making breeding decisions in the future.

•

We planted and harvested IPREFER variety state trials in Rosemount and Morris
locations. We were able to obtain yield data, plant height, seed size, and seed
composition measurements. We were challenged by the winter annual weed Shepard’s
Purse in the Rosemount location. Pennycress was also under stress in the Morris location.

•

To overcome lodging issues in pennycress, we are testing the use of dwarf lines. To
understand the effectiveness of the dwarves in terms of standability, we conducted
experiments with the wild-type and dwarf lines along with different nitrogen regimes. We
found that pennycress yields are positively correlated with nitrogen rates, but lodging was
severe in the wild type (MN106). However, the dwarf pennycress line did not lodge even
with high rates of nitrogen application (See Figure 3).

Figure 3

•

Establishment in pennycress can be improved using the yellow seed trait. Matthew A. Ott
found that tt2-1 allele germinates better than MN106, which was reflected in the total
seed yields. We found that wild-type yielded 882 lbs/acre, and the tt2-1 allele yielded 942
lbs/acre. We believe incorporating this trait into our high-yielding lines will be of great
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value. We also found the MN106(tt2-1) flowered and matured two days earlier than the
co-grown wild type (MN106) • We also found that one of the breeding lines – MN170772 from the UMN breeding program performed well in the southern states on the
IPREFER trials. We believe this line could be more adapted to those climates. We will
focus on MN17077-2 to better understand the traits that impart better performance and
develop markers that will aid in the introgression of domestication traits into this line
(See Figure 4).

Figure 4

•

We also found that one of the breeding lines – MN17077-2 from the UMN breeding
program performed well in the southern states on the IPREFER trials. We believe this
line could be more adapted to those climates. We will focus on MN17077-2 to better
understand the traits that impart better performance and to develop markers that will aid
in the introgression of domestication traits into this line (See Figure 5).

Figure 5
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•

Dr. Chopra supervised two IPREFER (Claire Biel and Marshah Menos) interns in the
summer of 2021. We trained these interns in various field and lab techniques used in
pennycress improvement. Projects for the interns were focused on characterizing highyielding triple mutant and understanding underlying genetics for seed size in pennycress.

Northern Breeding –Year 3 Planned Activities, Outcomes, and Impacts
•

We will continue to introgression of domestication traits in elite breeding lines. These
lines will form the foundation of the UMN breeding program and will contribute to
improved yields and increased stability under variable environmental conditions.

•

We will perform replicated yield testing trials for the best lines identified from various
breeding programs. We plan to provide four lines – MN106, MN106(f/r/i), MN106(tt2-1)
and MN17077-2.

•

We will continue testing and stacking in value-added traits, including higher total seed
oil, larger seed size, and high oleic oil.

•

We will continue the development of the mutant gene index and other plant genetic
material.

•

We will test for heritability of the phenotypic traits identified in Year 2 within the mutant
populations and natural crosses.

•

We will provide quarterly progress reports, and journal articles will be prepared and
submitted.

Northern Breeding–Critical Issues to be Resolved Prior to Pennycress Commercial
Launch
•

Adding the reduced fiber to the quadruple mutant (in progress)

•

Improving establishment by adding reduced dormancy traits (in progress)

•

Continue to conduct backcrosses to reduce non-essential mutation load (By the end of
year 3 pennycress lines ready for multi-site testing ahead of initial commercial launch
should be identified)

•

Creation of pipelines to identify and add additional beneficial traits

•

Identification of molecular markers linked to beneficial traits in the high quality breeding
lines to aid in the introgression of the domestication traits

Yr. 2 Annual & 4th Quarter Report
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•

Creation of many divergent high quality breeding lines containing key domestication
traits

•

Use of new lines in long term traditional breeding programs to improve yield, seed size,
disease resistance etc.

Southern Breeding - Pennycress Improvement: Illinois State University and Western
Illinois University
■

PI: John Sedbrook, Illinois State University, jcsedbr@ilstu.edu

■

PI: Win Phippen, Western Illinois University, wb-phippen@wiu.edu
In Year 2 our research teams generated high-yielding pennycress breeding lines through
multistate testing and identified/validated trait-improving mutations and natural variants.
These were our planned activities:
•

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
commercial launch.

•

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

•

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

Illinois State University Year 2 – Accomplishments
Previously, we reported that finding a genetic solution for reduced seed glucosinolate content
has been challenging in that knockout of our top targets resulted in plants that grew slower
and/or had reduced yield. We remain hopeful that our original top target can be commercially
viable when combined with compensatory genetic changes. To hedge our bets, we now have
generated CRISPR-induced mutations in a total of 10 different glucosinolate-related genes.
Many of these mutants are transgene-free and were field-tested as both single mutants as well
as stacked with other mutant traits, including reduced fiber, higher oil, and zero erucic. Some
of the glucosinolate genes mutations reduce seed glucosinolate from 10 to 30 percent without
causing growth or seed yield problems. We are in the process of combining different
glucosinolate mutations to find a combination(s) that reduces seed glucosinolate to about 30
micromol/gram without compromising plant health.
We have generated CRISPR mutations in three genes whose loss of function was predicted to
increase seed size. As hypothesized, l we observed larger seed size phenotypes. Independent
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mutant lines (transgene-free) of one of the gene targets were field-tested and produced larger
seeds in the field. However, the plants took longer to mature. Given that early maturation is a
high priority for commercialization, we will do additional work to understand what causes
the maturity delay and try to compensate for it. Moreover, different mutations (CRISPR and
EMS induced and natural variants) are in the process of being stacked to see if the seed size
effects are additive and how maturity is affected.
The CRISPR-induced low fiber trait (golden seeds trait) has been field-tested in multiple
genetic backgrounds, including top Covercress lines, at multiple field sites and continues to
perform very well. Notably, a GA dosage study was performed on a golden seed line
alongside a natural dark-seed line in the multistate strip trials. Results showed that the golden
seeds germinated equally well with or without GA treatment unlike the dark seeds that
needed GA to germinate. This finding is important because it shows GA treatment may not
be necessary for commercial golden seed varieties, thereby saving money and simplifying
seed preparation.
We showed that CRISPR mutations in another low fiber gene target perform well in the field,
providing a second choice for commercialization. This and the above-noted golden seed
mutation are being combined to determine if there may be additive effects in reducing seed
fiber and increasing seed oil and protein content.
In addition to the original solution for reduced seed pod shatter that our UMN colleagues
validated, we have shown proof of concept that another gene can be mutated to reduce pod
shatter without compromising plant growth and seed yields. This approach involved CRISPR
gene knockout in combination with partial rescue by reintroducing a wild-type copy of the
gene. Given that these plants are transgenic, they cannot be field-tested. However, we are
confident that an EMS or CRISPR-induced partial loss of function can produce a nontransgenic solution for commercialization.
Illinois State University Year 3 – Planned Activities, Outcomes, and Impacts
We will continue work on the goals outlined above, along with exploring genetic solutions
for improving seed germination at varying soil planting depths and reduced soil moisture.
Activities may be constrained as we are back to wearing masks and social distancing in the
lab due to the COVID delta variant. Everyone in the lab has gotten vaccinated, although
breakthrough infections are causing some problems.
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Photo 3. Illinois State University PostDoc Nikhil Jaikumar takes samples in a pennycress research plot at ISU .

Illinois State University – Critical Issues to be Resolved Prior to Pennycress
Commercial Launch
•

Confirm stability of commercial traits across variable environments within and outside of
the commercialization zone.

•

Finalize production protocols for establishing pennycress following summer crops of
soybean, silage, and corn in the commercialization zone.

•

Initiate experiments to test supply chain handling equipment and processing.

Western Illinois University Pennycress Breeding
Western Illinois University Year 2 – Accomplishments
•

Variety Trials
Twenty-one winter and 18 spring varieties were replicated four times in field plots. We
conducted evaluations throughout the growing season to determine germination rate,
rosette size, date or first flower, pod height, plant height, maturity date, yield, oil content,
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and seed characteristics. The top performers were tt8-t/ARV1, ARV1, MN106, and Eliza338-1 yielding over 1300 lbs. per acre.

Photo 4. Win Phippen and Mary Phippen planting pennycress at ISU, Fall 2021 (Photo: Nicholas Heller (ISU).

•

Bulk Seed Increase
Seed increase plots were planted for Beecher, Elizabeth, MN106, Eliza 590-20, Eliza
891-13, 13- 39, ARV1, tt8-t/ARV1, fae1, tt8xfae1, SP32-10, tt8-2bp, ARV2032. WIU
increased 300 lbs. of tt8- t/ARV1 to supply the next year's agronomic studies, 4H, and
FFA experiments.

•

EMS Trial
Evaluated 30 EMS varieties, picked the top 5 lines to move on to next year. Varieties of
interest have improved seed yield, thick stems, and early maturity, including a tan seed
variety and condensed floral stem.

•

NCERC Ethanol Research
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We delivered over 2,000 lbs. of golden pennycress biomass to Dr. Yanhong Zhang at
NCERC in Edwardsville, IL, to research using pennycress biomass to make fuel.
•

AURI Supply Chain
We delivered 300 lbs. of golden pennycress to Greg Johnson of the supply chain team for
grain handling experiments at AURI.

•

ISU Decomposition study
We delivered approximately 150 lbs. of aop2 pennycress biomass to Dr. Perry and Alex
Hafner for decomposition studies.

OBJECTIVE 3.3 – PENNYCRESS ECOSYSTEM SERVICES
Co-Project Director
■

William Perry, Illinois State University, wlperry@ilstu.edu
Objective Goals
•

Cover Crop Potential
o Determine abundance and diversity of pollinating insects of pennycress, which
flowers earlier than most other plants.
o Measure pennycress forage resources (pollen and nectar) for pollinators and
characterize the health of both individual honeybees and colonies near pennycress
fields.
o Assess pennycress impacts on reducing nutrient flux, nitrogen, and phosphorus, from
subsurface drainage throughout the year.
o Specifically, we measure pennycress biomass, cash crop yield, soil fertility and
organic matter in the fall and spring, soil porewater in the fall and spring, subsurface
drainage water volume, and nutrient load, leaving reference, pennycress, and nitrogen
amended pennycress plots.
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Photo 5. Installing soil pore water samplers – lysimeters in mid-November 2020, with IPREFER graduate student
Jack Wang, (right), and Noah Price, an undergraduate volunteer (left).

•

Pollinators (Frank Forcella, University of Minnesota, forcellafrank@gmail.com)
o Determine abundance and diversity of pollinating insects of pennycress, which
flowers earlier than most other plants.
o Measure pennycress forage resources (pollen and nectar) for pollinators and
characterize the health of both individual honeybees and colonies near pennycress
fields.

•

Carbon Sequestration (Rob Rhykerd, Illinois State University)2
Assess the potential of pennycress to increase soil organic matter relative to cereal rye,
mixed clover and pea and oats, and reference treatments.

2

“Carbon Sequestration” is a component that has been added to ecosystem services and is currently unfunded but
reporting to the ecosystem services group.
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Photo 6. A) Native pollinator on pennycress and B) honeybee on pennycress in St. Louis, MO (Photo: Cris Handel)

Year 2 – Accomplishments
•

Cover Crop Potential
o Established fall stands of pennycress and assessed pennycress and weed biomass.
¨ The fall of 2020 was dry in central Illinois, and establishment of pennycress
rosettes in the fall was affected. Growth in the spring was robust and formed very
dense stands. We observed a 50 percent reduction in weed biomass by the end of
the spring, which likely would have been better if we had more robust fall stands.
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Photo 7. Pennycress plots are home to a lot of wildlife, including A) ground-nesting robins and B) eastern
meadowlarks or red-winged blackbirds that have been parasitized by brown-headed cowbirds, and C) another nest
of either eastern meadowlarks or red-winged blackbirds.

¨ Establishment of dense fall rosette stands is an issue, and we will be
drilling/planting golden seed this fall, which should address these issues.
o Monitored fall and spring soil fertility and soil organic matter to determine effects of
pennycress on soil nutrients.
We have sampled soil fertility and organic matter in the spring and fall and found soil
nitrate was significantly lower in pennycress and pennycress + nitrogen treatments
relative to reference plots. Soil ammonia and phosphorus did not differ in the spring
after pennycress harvest.
o Monitored soil pore water in the fall and spring to determine nutrient immobilization.
o A dry spring hindered soil pore water sampling, leading to a limited number of
samples per event. Soil pore water was particularly limited in pennycress plots due to
evapotranspiration of the plants, which lowered soil moisture.
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o Established automated samplers and began to assess nutrient loads lost from
pennycress and reference plots.
¨ We have started sampling subsurface drainage water leaving the plots.
¨ Water loss from plots with pennycress was lower than reference plots, and on the
last sampling, when pennycress biomass was the greatest, no water left the
pennycress plots while all reference plots lost water.
¨ Soybean Cyst Nematode (SCN) Populations in Larger Plots
à

We have monitored fall and spring populations of SCN in the pennycress,
pennycress nitrogen-amended plots relative to reference plots.

à

We found that the soybeans used at the ISU farm are no longer resistant to
SCN, and we observed large increases in SCN, which occurred in both the fall
and spring.

Photo 8. Sampling soil fertility and soybean cyst nematodes. SCN was sampled by homogenizing 20 cores, each 6-8
inches long at 3 points in each plot. The soil fertility was estimated by homogenizing 20 cores, each 12 inches deep
at 3 points in each treatment for soil fertility. In the image are Noah Price, an undergraduate volunteer, and Jack
Wang, a graduate student studying soil pore water.

¨ Estimating Decomposition of Cereal Rye, Annual Rye, Pennycress and Low
Sinigrin Pennycress.
à

With Alex Hafner, IPREFER Intern, and Ryan Meyer, ISU Graduate student,
we are examining the mineralization of pennycress relative to rye to determine
return of nutrients to following cash crops.
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à

We were surprised that pennycress lost biomass to decomposition slower than
cereal and annual rye).

Critical Carbon Sequestration Issues to be Resolved Prior to Pennycress Commercial
Launch
1. Our most serious and significant problem is the lack of pennycress germination and
establishment in the fall. To date, we have used wild-type pennycress, which has not
germinated well, and our results are severely affected by this. The low pennycress biomass
early in the spring has led to results that are not representative of what might have occurred
with better stand establishment. We will be planting golden pennycress seed with a seed drill
this fall which should address germination issues.
2. Subsurface drainage sampling has progressed well, and we have learned a lot but have run
into several equipment failures which should be addressed this fall. We also are working out
issues sampling during large floods to assess tile drainage water and nutrient losses.
•

Pollinators
o We monitored pollinator populations at Morris and Rosemont, Minnesota, and
Lexington, Illinois, during the pennycress flowering season.
o We sampled pollen collection of honeybees from hives near and distant from pennycress
plots.
o Critical Pollinator Issues to be Resolved Prior to Pennycress Commercial Launch
1. Promotion of early-season pollinator abundance and diversity.
2. Enhancement of honeybee colony health through access to pennycress forage.

•

Carbon Sequestration
o Established replicated plots (N=4) to examine carbon sequestration under treatments of
increasing C:N ratios of a) clover, radish, oats, b) pennycress, and c) cereal rye compared
to reference or no cover crop.
o Sampled fall, spring, and summer soil organic matter as percent loss on ignition, and a
suite of other soil parameters with depth in the soil every 2 cm to 10 cm and then 10 – 15
cm and 15 – 20 cm.
¨ Critical Carbon Sequestration Issues to be Resolved Prior to Pennycress
Commercial Launch
Establishment of cover crops during fall when rainfall is low.
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Year 3 – Planned Activities, Outcomes, and Impacts
•

Cover Crop Potential
To observe a response in many of the parameters we are measuring it takes up to 3 – 5 years
to establish large enough stands of soil organic carbon. We also need to have better
establishment of fall pennycress biomass that will bolt earlier in the spring to reduce nutrients
and weeds earlier in the season. So, we will continue to monitor changes for the next two
years.
o Continue cover crop rotation and estimation of yields and weed suppression with golden
pennycress.
o Continue analysis of soil fertility and organic carbon content.
o Estimate pore water nutrient reductions with more robust fall germinated golden
pennycress.
o Obtain nutrient loads and water loss estimates from pennycress and reference plots and
potentially add sampling equipment for the nitrogen amended pennycress plots.
o

•

Prepare manuscripts.

Pollinators
o Finish analyses of pollinator diversity data from 2020 (Rosemount only) and 2021
(Lexington, Rosemount, & Morris). This includes:
¨ Estimate weather influences on both flower development and insect visitation.
¨ Examine taxonomic specificities of bees and flies by specialists.
¨ Write manuscript(s).
¨ Continue honeybee pollen collection / hive strength experiment(s).

•

Carbon Sequestration
Continue to monitor fall and spring carbon sequestration.
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Figure 6. Replicated reference, pennycress and nitrogen amended pennycress plots in the north block at Lexington,
Illinois. The plots are beginning in the upper left to right are pennycress, nitrogen amended pennycress, second
row nitrogen amended pennycress, pennycress, the nitrogen amended pennycress and references plots closest.
We are sampling biomass to the upper left of the vehicle near the small arrow. The light burgundy color in the
lower left of the pennycress plots is henbit primarily.

OBJECTIVE 3.4 - LIFE CYCLE SUPPLY CHAIN DEVELOPMENT
Project Directors
■

Michaela McGinn, CoverCress, Inc., mmcginn@covercress.com3
Pennycress seed storage and utilization are critical supply chain elements.Our goals are to:
•

Optimize pennycress seed storage to ensure the sustained availability of quality seed.

•

Develop tools that help farmers and industry adopt effective seed drying/storage
protocols.

•

Provide seed/oil to crusher/producers for conversion testing.

•

Conduct seed meal animal feeding trials to generate data for regulatory approval.

3

Cristine (Cris) Handel (CoverCress, Inc.) led this Objective from Aug. 2020 – Apr. 2021, when she left
CoverCress.
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Year 2 – Accomplishments
•

Completed ILUC, carbon intensity, and economic studies.

•

Further described and designed experiments around needed areas of study in the
supply chain.

•

CoverCress/WIU delivered over 300lbs of Golden Grain Pennycress to Agricultural
Utilization Research Institute (AURI) for testing.

•

AURI has research underway and preliminary data around grain drying, storage, and
processing.

•

AURI has completed an initial analysis of pennycress seed, meal, and oil for feed
value.

•

CoverCress has research underway and preliminary data for commercial seed
treatments and long-term storage studies.

•

Developed relationships with several experienced grain handling partners to pressure
test planting and harvest at scale.

Year 3 – Planned Activities, Outcomes, and Impacts
•

The Supply Chain Objective team will provide Golden Grain Pennycress to
Agronomy and Breeding as projects shifts to growing pennycress varieties with
improved genetics.

•

CoverCress, Inc. will feed CoverCress to broiler chickens to determine if and what
grain treatments are necessary for inclusion in feed.

•

AURI and CoverCress will continue to perform long term storage and treatment
studies

•

The Supply Chain Objective team will conduct additional economic modeling with
trials carried out with multiple grain handling partners at scale.

Critical Issues to be Resolved Prior to Pennycress Commercial Launch
•

Identify oil expellers and providers able to perform hexane extraction on meal at
commercial scale.

•

Ensure elite grain availability for all IPREFER collaborators.

•

Generate regulatory roadmap for pennycress use as a fuel and feed additive.
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•

Ensure advertising and promotion of farmer pennycress adoption.

OBJECTIVE 3.5 AND 6 - EDUCATION, EXTENSION, AND OUTREACH
Co-Project Directors
■

Rebekka Darner, rldarne@ilstu.edu

■

Willy Hunter, wjhunte@ilstu.edu

Pennycress provides many significant opportunities as a new cash cover crop. Our education,
extension, and outreach goals include raising awareness, training a skilled workforce, and
enhancing and informing stakeholders regarding pennycress adoption.
Pennycress provides many new opportunities as a new crop. To raise awareness, train a skilled
workforce, and enhance and inform pennycress adoption, we will:
•

Provide research-based information (electronic, written, and oral) to farmers and seed
handlers on germplasm advances, cropping rotations/systems, seed drying/storage,
production economics, and conservation benefits.

•

Engage 4-H and FFA youth, parents and administrators, and the public through presentations
and demonstrations, and develop pennycress-based projects for youth to show at county and
state fairs and conventions.

•

Provide a series of field day demonstrations and on-farm question/answer sessions.

•

Provide graduate and undergraduate students with interdisciplinary research training and
education through internships and course-based experiences.

Year 2 – Accomplishments
•

Hosted 12 undergraduate students in the 2021 Integrated Plant Systems Undergraduate Research Experience program (IPS-URE). This undergraduate internship
program develops participants’ discipline-specific knowledge, technical skills, and
confidence and abilities related to data, research, and interdisciplinary collaboration.
o For 2021, we identified 12 opportunities for undergraduate research within the project.
This increased the number of internship opportunities from five in 2020.
¨ Molecular genetics of pennycress, two positions with CoverCress Inc.
¨ Seed treatment to hasten germination, one position with CoverCress Inc.
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¨ Nitrogen fertilizer use in pennycress, one position with WIU.
¨ Seed treatment to enhance germination, one position with WIU.
¨ Decomposition of pennycress crop residue, one position with WIU.
¨ Molecular genetics of desirable pennycress traits, two positions with UMN.
¨ Assessment of pennycress as an alternate host to SCN, one position with UMN.
¨ Creating a communication tool kit to use with pennycress stakeholders, two positions
with UMN.
¨ Developing a grower’s manual, one position with OSU.

Photo 9. Students on the project are A) USDA IPREFER intern Alex Hafner, B undergraduate assistants Tom Harvolic
and Ben Bugno, and C) Undergraduate researcher Matt Nugent, lower left, graduate student Jack Wang, middle,
and undergraduate volunteer Noah Price, right taking biomass estimates.
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•

We improved the IPS-URE application process. Our goals included increasing the number
and diversity (social groups, areas of study, geographic location) of students applying to the
program.
o We disseminated program information via the IPREFER website, Pathways to Science,
social media, and letters to biology and plant science departments at 100+ academic
institutions.
o Forty internship applications were received in 2021 compared to 30 in 2020. Applicants
included:
¨ 22 female, 18 male applicants, from 15 residency states.
¨ 26 first-generation students.
¨ Seven applicants from racial/ethnic groups underrepresented in STEM fields.
¨ Eight biology/molecular/cell biology majors, 6 Biochemistry or Molecular and
Cellular Biology majors, 15 Plant Science or Crop Science majors, 1 math major, 10
Business-related.
•

Substantially completed the 4-H Cover Crop Science project book, with Illinois 4-H
adoption expected soon. This book explores plant science and agronomy as well as the
benefits of cover crops. Different modules reflect the work of each IPREFER project
objective.

•

Engaged five 4-H clubs in activities introducing pennycress as a valuable new crop.
These microscopy-focused sessions were led virtually from an ISU lab to promote STEM
careers.

•

Reached over 200 youth and adults through activities at five county 4-H fairs.
Participants learned about pennycress and formulation chemistry as they crafted
pennycress inks.

•

Conducted evaluations of IPREFER public events and the 2021 IPS-URE program.

•

Completed the 4-H Cover Crop Science project book, with Illinois 4-H adoption expected
soon

•

Engaged five 4-H clubs in activities introducing pennycress as a valuable new crop.

•

Reached over 200 youth and adults through activities at five county 4-H fairs.

Year 3 Planned Activities, Outcomes, and Impacts
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•

Complete national 4-H adoption of the Cover Crop Science project book. While this
process is independent of Illinois adoption, we will gather further feedback from Illinois
4-H staff to aid us in national adoption.

•

Engage 10-20 more 4-H clubs in hands-on activities and invite them to submit Cover
Crop Science projects to 2022 4-H fairs. When youth choose to complete Cover Crop
projects, we will provide support at every step of the research process.

•

Host three or more Cover Crop Science SPecial INterest (SPIN) Clubs. This series of
workshops will let us give youth insight into all the potential benefits of pennycress as a
crop.

•

Host Cohort #3 of the IPREFER IPS-URE program. We will continue to seek a more
diverse cohort supporting a greater number of IPREFER objectives.

•

Conduct hands-on activities at the 2021 Illinois State Fair’s STEM Playground. This
will be an ideal opportunity to introduce pennycress to a statewide audience, including
state legislators.

•

Collaborate with IPREFER leaders to make field day events family-friendly. By
integrating activities for youth, we can encourage more farmers and members of the
public to attend.

•

Host hands-on workshops at two or more conferences for educators or professional
symposia. By sharing stories of our success, we can disseminate our resources through
third parties.

•

Host a collection of native pennycress seed in collaboration with the Illinois Farm
Bureau and other partners during Spring/Summer 2022. This work will let us support
the work of the IPREFER breeding team while communicating the value of research
conducted by IPREFER.

•

Add material to the golden pennycress staging and management guides (Ohio State
University).

•

Conduct a field day in Ohio.

•

Collaborate with IPREFER colleague Matthew Leiphon (AURI) regarding FFA interest
in working with winter oilseed crops.

•

Expand IPREFER 4-H efforts in Illinois to disseminate education materials to 4-H
educators in Minnesota.
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•

Conduct evaluations of IPREFER field days.
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Integrated Pennycress Research Enabling Farm and Energy Resilience4
Quarterly Report: May 1, 2021 – July 31, 2021
PROJECT ADMINISTRATION AND GOVERNANCE
We accomplished the following project governance and administrative tasks during the fourth
quarter.
1. Planned Activities
•

Begin organization of 3rd annual meeting of IPREFER to occur in August 2021.

•

Adjust IPREFER Advisory board by adding representatives for large-scale producers for
both southern and northern regions. Make adjustments for retiring members.

•

Initiate YR 3 funding sub-awards to collaborators.

2. Actual Accomplishments

4

•

Addressed concerns of clarifying nomenclature of the various pennycress varieties.

•

Created an IPREFER pennycress nomenclature guide for all IPREFEER participants. It
proved to be very useful for summer interns and addressing the producers at field days
(See Figure 7).

•

Content was added to the program website, including summer interns, recent
publications, field day programs, and education videos.

•

Participated in, helped organize and helped publicize in-person events and COVID
mandated virtual field days (See Figures 8 & 9).

•

Continued to conduct weekly meetings with the program manager and monthly meetings
with ELT, and quarterly meetings with the Advisory Board.

•

Initiated and completed Year 3 contracts with sub-award institutions. Current spending
rates have been slow due to COVID-19 limiting educational programing, hiring staff, and
traveling at most institutions.

AFRI-CAP 2019-69012-29851
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•

In collaboration with Win Phippen and WIU computer support staff, program manager
Anne Kinzel organized our virtual annual meeting, which will take place August 10-11,
2021, on Zoom.

•

In collaboration with Win Phippen and WIU computer support staff, program manager
Anne Kinzel organized our virtual annual meeting, which will take place August 10-11,
2021, on Zoom.

Figure 7. Pennycress Nomenclature

3. Explanation of Variance
Western Illinois University is still under strict COVID-19 restrictions. However, the School
of Agriculture was granted permission to continue with conducting summer internships and
in-person field days provided COVID-19 protocols were followed. Travel was approved as
long as permission was given prior to traveling.
4. Plans for Next Quarter
•

Conduct virtual annual meeting on August 10-11, 2021.

•

Closeout summer 2021 summer interns and post student projects to the website.
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•

Complete evaluations of the annual meeting and provide feedback to organizers,
collaborators, and Advisory Board members.

•

Evaluate expansion of advisory board to include producers.

Figure 8. IPREFER and UMN (virtual) Field Day, Apr. 21, 2021.
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Figure 9. IPREFER and UMN (virtual) Field Day

5. Publications, Presentations, and Proposals Submitted
•

Education Presentations
o Phippen, Win. “Pennycress crop readiness for commercial aviation.” CAAFI
Webinar, Zoom Presentation, June 16, 2021. Note 1 hr, attended by 87 commercial
aviation and industry professionals. https://caafi.org/resources/CAAFI_Events.html
o 12th annual Western Illinois University Pennycress Field Day. In-person field day
lecture and tour. May 20, 2021 (See Exhibit B).

•

Press
Hanes, Stephanie. “Climate versus jobs? Not in this heartland state.” The Christian
Science Monitor, June 3, 2021,
https://www.csmonitor.com/Environment/2021/0603/Climate-versus-jobs-Not-in-thisheartland-state
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OBJECTIVE 3.1 – AGRONOMIC MANAGEMENT
1. Yield Tradeoff Leveraging Corn Relative Maturity and Desiccants (“CRM”) (Objective
3.1.1)5
Recent work suggests that corn grain yield and grain moisture at harvest are increased by 88
kg ha-1 (1.4 bu ac-1) 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). The application of desiccants
can further shorten the time for corn to reach harvestability. The team will assess corn and
pennycress yield tradeoffs through evaluating a range of corn CRM by assessing varieties
differing in relative maturity in Ohio, Minnesota, and Illinois during Project Years 1 – 3.
A. Minnesota (USDA and RROC), Western Illinois University, Ohio State University
and Illinois State University
•

Planned Activities
o Establish corn for cycle-2 CRM.
o Collect data and samples from pennycress cycle-1 CRM.
o

Determine pennycress oil concentration from cycle-1 CRM.

o Seed double-cropping soybean following pennycress cycle-1 harvest CRM.
o Compile and process data from different locations CRM.
•

Actual Accomplishments
o Corn for cycle-2 CRM established.
o Pennycress cycle-1 harvested, sample processed, and data collected.
o Pennycress oil concentration from cycle-1 determined.
o Double-cropping soybean seeded following pennycress cycle-1 harvest.
o Data from different locations compiled and processed.

•

Explanation of Variance
None noted.

5

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

Plans for Next Quarter
o Harvest corn cycle-2 CRM.
o Collect data and process samples from corn cycle-2 CRM.
o Flag and seed pennycress for cycle-2 following corn harvest CRM.
o Harvest double-cropped soybean of cycle-1 CRM.
o Process double-cropped soybean samples and measure oil concentration CRM.
o Compile and process data from different locations CRM.

B. Illinois State University
•

Planned Activities
o Fertilize pennycress in all treatments.
o Flag out Year 2 location and take soils samples and send to Alex Hard (UMN).
o Measure pennycress plant densities and percent cover.

•

Actual Accomplishments
o Fertilize pennycress in all treatments.
o Flagged out Year 2 location and sent soils samples to Alex Hard.
o Measured pennycress plant densities and % cover.

•

Explanation of Variance
None noted.

•

Plans for Next Quarter
o Fertilize and plant corn for Year 3.
o Harvest pennycress for Year 2

C. The Ohio State University
•

Planned Activities
o Collect pennycress yield and biomass metrics.
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o Establish double cropped soybeans.
o Establish Year 2 CRM corn.
•

Actual Accomplishments
o Collected pennycress yield and biomass metrics.
o Established double cropped soybeans.
o Established year 2 CRM corn.
o Applied trifluralin to corn to minimize weed pressure.
o Collected spring stand counts.
o Collected and mailed soil samples.

•

Explanation of Variance
None noted.

•

Plans for Next Quarter
o Harvest corn treatments.
o Collect fall biomass of corn treatments.
o Establish pennycress.

2. Corn Residue Management ("DISC") (Objective 3.1.2)6
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 due primarily 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 to
not 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).
A. Minnesota (USDA and RROC)
•

Planned Activities

6

DISC is the abbreviation we use for the IPREFER corn stover management project. Nicholas Heller (University of
Minnesota) leads this IPREFER objective.
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o Establish corn for cycle-2 DISC.
o Collect data and samples from pennycress cycle-1 DISC.
o Determine pennycress oil concentration from cycle-1 DISC.
o Seed double-cropping soybean following pennycress cycle-1 harvest DISC.
o Compile and process data from USDA-Morris DISC.
o Submit data from USDA-Morris location to the PI (ISU).
•

Actual Accomplishments
o Corn for cycle-2 DISC established.
o Pennycress cycle-1 harvested, sample processed, and data collected.
o Pennycress oil concentration from cycle-1 determined.
o Double-cropping soybean seeded following pennycress cycle-1 harvest.
o Data from USDA Morris location complied and submitted to the PI (ISU).

•

Explanation of Variance
None noted.

•

Plans for Next Quarter
o Harvest corn cycle-2 DISC.
o Collect data and process samples from corn cycle-2 DISC.
o Flag and seed pennycress for cycle-2 following corn harvest DISC.
o Harvest double-cropped soybean of cycle-1 DISC.
o Process double-cropped soybean samples and measure oil concentration DISC.
o Compile and process data CRM and submit to the PI (ISU).

B. Illinois State University
•

Planned Activities
o Fertilize pennycress in all treatments.
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o Flag out Year 2 location and take soils samples and send to Alex Hard (MN).
o Measure pennycress plant densities and % cover.
o Prepare field day presentations.
•

Actual Accomplishments
o We fertilized pennycress in all treatments.
o We flagged out Year 2 location and take soils samples and send to Alex Hard
(MN).
o We measured pennycress plant densities and % cover.
o We prepare some of the field day presentations.

•

Explanation of Variance
Still working on presentations.

•

Plans for Next Quarter
o Fertilize and plant corn for Year 3
o Harvest pennycress for Year 2.

C. Ohio State University
D. Planned Activities
o Collect pennycress yield and biomass metrics.
o Establish double cropped soybeans.
o Establish Year 2 CRM corn.
•

Actual Accomplishments
o Collected pennycress yield and biomass metrics.
o Established double cropped soybeans.
o Established Year 2 Residue corn.
o Applied trifluralin to corn to minimize weed pressure.
o Collected spring stand counts.
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o Collected and mailed soil samples.
•

Explanation of Variance
None noted.

•

Plans for Next Quarter
o Harvest corn treatments.
o Collect fall biomass of corn treatments.
o Establish pennycress.

3. Novel Seed Treatment for Improved Pennycress Performance (“PELLET”) (Objective
3.1.3)7
A. Minnesota (USDA and RROC)
•

Planned Activities
This experiment will start soon.

•

Actual Accomplishments
An area has been identified for study.

•

Explanation of Variance
None noted.

•

Plans for Next Quarter
o Flag plots to seed pennycress following wheat and corn harvest.
o Plant the experiment following the research protocol.
o Collect data following the research protocol.

B. Illinois State University
•

Planned Activities

7

“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 Ohio State University.
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o Flag area for pennycress; Win Phippen’s Multi State Variety Trial and PELLET
will be adjacent.
o Prepare
¨ Bare ground.
¨ Soybean stubble.
¨ Corn stover.
•

Actual Accomplishments
o Fertilize pennycress in all treatments.
o Flag out Year 2 location and take soils samples and send to Alex Hard.
o Measure pennycress plant densities and % cover.

•

Explanation of Variance
None noted.

•

Plans for Next Quarter
Plant Corn and soy; spray null areas.

C. Ohio State University
•

Planned Activities
o Finalize PELLET treatment list for field.
o Begin pelleting process for quantities of field planting.

•

Actual Accomplishments
o Completed Phase 2 pelleting lab experiments.
o Conducted alternate treatment of GA for positive control (GA spray at 0.01%,
0.05%).

•

Explanation of Variance
Pelleting was not started as seeds had not been delivered yet. We plan on starting this
in Year 3 Q1.
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•

Plans for Next Quarter
o Pellet seeds for field planting.
o Mail seeds to collaborators.
o Establish plots.

4. Tools for Integrated Weed Management (“WEEDS”) 3.1.48
A. Western Illinois University
•

Planned Activities
Plant the herbicide carryover trial study area and apply the PRE herbicides.

•

Actual Accomplishments
The herbicide carryover trial study area has been planted and the PRE herbicides
applied.

•

Explanation of Variance
None noted.

•

Plans for Next Quarter
The Early POST with atrazine herbicides will be applied in the next week. About 1.5
of the planted acres are slated for the repeat of the IR-4 studies.

•

Publications, Presentations, and Proposals Submitted
Nasib Koirala (OSU) presented an internal proposal in an OSU seminar.
https://osu.zoom.us/rec/share/TVRSnDtdLLfk_X2DUydScTpjEF2f7TwiFY9lR_FHa
sDkMoiHiu-4jiDolkVa-4IQ.kKt-EOvphDuHg-l-.

5. Monitor Soybean Cyst Nematode (Heterodera Glycines, SCN) in the cropping rotation
(“SCN”) (Objective 3.1.5)9
Pennycress has been reported to be a poor to moderate host for SCN in greenhouse studies.
The research aims to investigate the SCN – pennycress pathogen - plant interaction. The
team is investigating whether pennycress serves as an alternative host for SCN in a cornsoybean field rotation. Initial full-scale field research that the team has completed has shown
8
9

Mark Bernards (WIU) leads the WEEDS Team.
Cody Hoerning and Senyu Chen (University of Minnesota) lead the SCN Team.
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there is no significant difference in SCN population densities between fallow control
treatments and those containing a pennycress winter oilseed crop. The lack of a treatment
effect in multiple field years indicates climate, especially the winter freeze, may play a
critical role in the pathogen-host interaction. Microplot experiments indicate spring female
SCN development does occur, and the magnitude of development is dependent on the fall
planting date. Additional field experiments and growth chamber experiments are ongoing to
evaluate the role of temperature in SCN development on pennycress. Germplasm screening
experiments are ongoing to evaluate pennycress lines for resistance to SCN.
A. University of Minnesota
•

•

Planned Activities
o

Collect stand count data on pennycress in field experiments.

o

Collect biomass and yield data on pennycress in field experiments.

o

Soil sample plots for SCN at pennycress harvest and early summer sampling
periods.

o

Process SCN samples for egg counts from the field plots.

o

Begin overwintering experiment in the growth chamber.

o

Germplasm evaluation of pennycress lines for resistance in the UMN breeding
program.

o

Set up field experiment and microplot experiment at collaborator institution
Southern Illinois University (SIU).

o

Collect random samples of plants to evaluate for live females on the roots.

o

Plant soybeans following pennycress harvest.

Actual Accomplishments
o

All the above-planned activities for the period were accomplished.

o

Agronomic field measurements and soil sample measurements were taken from
field plots.

o

Microplot and field sites were identified and prepared for planting at SIU.

o

Germplasm evaluation continued with pennycress lines screened.

o

A growth chamber overwintering experiment was started.
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•

o

Plant roots were analyzed for live females.

o

Soybeans were planted by relay crop into the pennycress stands.

Explanation of Variance
All planned activities were accomplished. The Rosemount field experiment had
spring SCN field population values that were too low to continue the experiment at
that site. The experiment at this site was stopped.

•

•

Plans for Next Quarter
o

Complete soil sampling for SCN for the fall 2021 sampling period.

o

Obtain yield samples for soybean.

o

SCN soil sampling for fall soybean harvest sampling period.

o

Process SCN samples for egg counts.

o

Conduct field operations to prepare the site for next spring.

o

Continue germplasm evaluations of pennycress for resistance to SCN.

o

Continue growth chamber evaluation experiment to examine temperature effects
on SCN development on pennycress.

Publications, Presentations, and Proposals Submitted
o Hoerning, C. & S. Chen. (2021, May-July). SCN-Pennycress Research for
IPREFER Collaborators and Regional Nematologists [Presentation and
Discussion]. Note: Regional nematologists from Iowa State University,
University of Missouri, and the University of Illinois were presented with the
most recent SCN research from the University of Minnesota program. IPREFER
collaborator CoverCress also participated in the meetings. Participants discussed
the research questions and future research ideas.
o Hoerning, C., S. Chen, S. Wells, D. Wyse, J. Anderson, J. & K. Frels. (2021).
SCN-Pennycress Research [Conference Presentation]. NC1197 Meeting, July 22,
2021, Ames, IA

6. Contribute to the identification and development of soybean varieties specifically
adapted to pennycress inter-cropping systems (“SELECT”) (Objective 3.1.6)10
10

Aaron Lorenz (University of Minnesota) leads the SELECT Team.
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Minimizing yield tradeoffs between pennycress and soybean in a relay cropping system is
paramount. Recent research detected sizeable differences in light transmittance-related
properties between pennycress crop canopies. This indicates that both canopies represent
different stress environments for the relay-planted soybean, potentially requiring different
soybean cultivars to be relay-planted. Further, the good performance of the relay-planted
soybean cultivars suggests a stronger competitive ability that might 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 fall of 2019 with the bulk planting of pennycress ‘MN106’. A
large number of soybean cultivars are slated for relay cropping into the pennycress spring of
2020 with the expressed goal of revealing large variations in soybean yield response to relayplanting. A large number of cultivars will, therefore, increase chances to identify uniquely
superior cultivars. In addition, such group size will maximize the chances of identifying
superior cultivars.
A. Minnesota (RROC and USDA)
•

Planned Activities
o Interseed soybean varieties into pennycress.
o Harvest pennycress.

•

Actual Accomplishments
o Interseeded soybean varieties into pennycress.
o Harvested pennycress.

•

Explanation of Variance
Nothing to report.

•

Plans for Next Quarter
o Harvest relay-cropped soybean.

OBJECTIVE 3.2 - BREEDING AND GENOMICS – PENNYCRESS IMPROVEMENT
1. Illinois State University
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Our research teams have generated high-yielding pennycress breeding lines and
identified/validated trait-improving mutations and natural variants. These were our planned
activities for the fourth quarter.
A. Planned Activities
•

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

•

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 commercial launch.

•

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

•

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

B. Actual Accomplishments
Field-tested over 30 CRISPR-edited lines, assessing a variety of compositional and
growth traits, including seed oil fatty acid compositions, seed meal protein content, seed
size, seed oil quantity, seed and vegetative glucosinolate content, and pod shatter.
Obtained promising results, including with respect to reduced glucosinolate lines (both
single and stacked-traits lines) showing modest reductions while growing similar to wild
type. We will be field testing again this fall in various locations to determine how robust
the phenotypes are. These mutations have been introduced into Covercress elite breeding
lines for assessment as well. Also observed were some non-desirable secondary
phenotypes in some of the lines, including delayed growth and reduced seed yields. We
will be performing RNAseq analyses to try and parse out what regulatory changes have
occurred to elicit these growth phenotypes. Encouragingly, we observed no issues with
pest or pathogen pressures on any on the lines; we will continue to monitor, especially in
larger plot growouts.
C. Explanation of Variance
Laboratory work remains somewhat reduced due to COVID-19 impacts. Unfortunately,
meetings/conferences remain via Zoom, which limits learning and networking
experiences for students and PIs alike.
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D. Plans for Next Quarter
We will continue to work on the aims stated above.
E. Publications, Presentations and Proposals Submitted
•

Field Presentations
Sedbrook, John. “CoverCress breeding and seed increase plots.” Attendees included
Congressmen Rodney Davis and Darren LaHood, farmers, agribusiness
representatives, and the press. Burrus Seed Farm (near Arenzville, IL), May 7, 2021
(See Photo 10 and Figure 10).

Photo 10. Field Day, Burrus Seed Farm (CoverCress & IPREFER) CoverCress CEO Jerry Steiner Congressmen Rodney
Davis and Darren LaHood, May 7, 2021. (Photo: Courtesy of CoverCress)

•

Presentations
Sedbrook, John. (2021). “Developing pennycress into an oilseed cash cover crop
named Covercress for the U.S. Midwest.” NSF Convergent Food Systems
Conference. Presentation, May 15, 2021.
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Sedbrook, John. (2021). “Employing CRISPR genome editing to rapidly domesticate
pennycress into an oilseed cash cover crop called Covercress.” Agriculture & Food
Systems Institute workshop: “Gene Edited Plants: Context and Communication for
Plant Breeding Innovation.” Zoom Presentation, July 19, 2021.
•

News Media
Illinois Farmer Today. Coulter, Phyllis. July 1, 2021. “New crop establishes new
harvest season.” https://www.agupdate.com/illinoisfarmertoday/news/crop/new-cropestablishes-new-harvest-season/article_89d463ca-d920-11eb-90d4c309e8bdddde.html.
Jacksonville Journal-Courier. McDaniel-Ogletree, Samantha. May 7, 2021. “A new
crop soon could grow an additional source of revenue for Illinois farmers.”
https://www.agupdate.com/illinoisfarmertoday/news/crop/new-crop-establishes-newharvest-season/article_89d463ca-d920-11eb-90d4-c309e8bdddde.html.
Reuters. Nickel, Rod & Karl Plume. May 26, 2021. “Stinkweed to false flax: oilseeds
race to reap biofuel bonanza.” https://www.reuters.com/business/energy/stinkweedfalse-flax-oilseeds-race-reap-biofuel-bonanza-2021-05-26/.

2. University of Minnesota
A. Planned Activities
Our research teams have generated high-yielding pennycress breeding lines and
identified/validated trait-improving mutations and natural variants through multistate
testing. These were our planned activities for Year 2-Q2:
•

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

B. Actual Accomplishments
•

We continue to evaluate new EMS-induced mutations conferring high-priority traits,
including the core domestication traits and value-added traits of higher total seed oil
content, larger seed size, and high-oleic seed oil.

C. Explanation of Variance
•

Laboratory work remains reduced to about 50% of pre-COVID levels due to the need
for social distancing. Students in the lab work in shifts.
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Figure 10. Arenzville, IL Field Day Location

D. Plans for Next Quarter
We will continue working on the aims stated above. One manuscript was submitted and
is currently being revised. We will submit an additional manuscript in the second half of
2021.
E. Publications, Presentations and Proposals Submitted
•

Presentations
Development of gene mutation index in field pennycress (Thlaspi arvense L.), ICAR
2021 (June 2021).

•

Publications
None this quarter.

•

Professional Conferences /Meetings
None this quarter.
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3. Western Illinois University
A. Planned Activities
•

Complete harvesting of winter and spring type advanced breeding lines at the WIU
greenhouse (see Photo 11).

Photo 11. ISU gene-edited breeding lines of pennycress in the WIU
greenhouse, April 2, 2021

•

Complete harvesting fertilization experiment investigating nitrogen and phosphorus
effects on pennycress plant structure, flowering time, overall seed yield, and seed oil
traits at the WIU greenhouse.

•

Harvest large EMS mutant screen for heat stress tolerant pennycress lines.

•

Organize and conduct in-person field days at WIU farms on May 4 and May 20,
2021.

•

Maintain research plots with hand weeding and plot labeling.

•

Prepare plot combine for harvesting research plots at WIU, OSU, ISU, CoverCress,
and UW in May and June.

•

Receive optical seed sorter for cleaning yellow seeded pennycress lines. Complete
calibration and establish protocols for operation.

Yr. 2 Annual & 4th Quarter Report

52

•

Host summer interns Ross Sousa and Tommy Wood to complete studies on GA seed
treatments and nitrogen fertilization experiments.

•

Develop collaborative partnerships with additional institutions in the US to expand
potential pennycress growing locations. Need to identify production area further
south and east.

B. Actual Accomplishments
•

WIU completed multistate trials of the top ten pennycress lines at 5 locations
throughout the Midwest. Traveled with the plot combine to harvest sites in OH, 2 in
WI, 2 in IL. Two additional sites in MN mailed in samples for analysis. We did not
harvest the two southernmost sites due to poor establishment.

•

Assisted with combine harvesting of CRM studies at OSU and WIU. Provided seed
yield and seed moisture data to both research teams.

•

Combine harvested IR-4 herbicide screening experiment for Dr. Bernards at WIU.

•

Completed field operations for all WIU research plots on nitrogen applications,
advanced breeding line evaluations, wild population evaluations, mutation breeding
lines, new CRISPR gene-edited lines for new traits, herbicide tolerance screen for
Treflan, and numerous bulk seed increases (See Photos 12, 13 & 14).

Photo 12. WIU research plots in Macomb, Illinois. April 20, 2021. The plots are in full bloom and looking great.
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•

Experiments completed included: spring-applied nitrogen trials, gibberellic acid seed
treat duration study, replicated variety trials, mutation line seed increases, herbicide
tolerance, and new trait evaluations.

•

Completed seed oil analysis for all trials by TD-NMR for non-destructive total oil
content and GC-Chromatography for fatty acid constituents in the seed.

•

Completed bulk harvesting of first commercial seed production to assist CoverCress
with the initial commercial launch of CoverCress™ seed.

•

Held in-person field days on May 4 and 21, 2021, in Macomb, IL. Attended by
IPREFER collaborators, regional producers, students, and media (See Photo 15).

•

Complete two videos highlighting pennycress research and the IPREFER program
and posted to IPREFER website.

•

Installed and developed protocols for separating yellow, green, white, tan, and black
seed varieties using upgraded Optical seed sorter from VMek. This seed sorter is
currently the only optical seed sorter in the US capable of processing very small
oilseeds at a high rate of speed. The sorter has become invaluable to the IPREFER
breeding program in maintaining seed purity.

•

Installed and calibrated Marvin Seed analyzer to analyze non-destructively
pennycress seed for shape, size, and density. All harvested samples from the state
trials at WIU, UMN, OSU, ISU, and CoverCress have been analyzed.

•

Developed collaborative research project with Dr. Yanhong Zhang at the National
Corn-ethanol research center at Southern Illinois University, Edwardsville. Delivered
2 tons of fresh biomass from golden seed pennycress varieties for potential ethanol
and biofuel research.

C. Explanation of Variance
WIU is still under strict COVID-19 restrictions. However, the School of Agriculture was
granted permission to continue with conducting summer internships and in-person field
days provided COVID-19 protocols were followed. Travel was approved as long as
permission was granted prior to traveling.

Yr. 2 Annual & 4th Quarter Report

54

Photo 13. Bulk seed commercial harvesting at Arenzville, IL (2021).

Photo 14. Collecting pennycress biomass at WIU for SIUE biofuels research collaboration.
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Photo 15. 2021 WIU Pennycress Research Plot Tour
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D. Plans for Next Quarter
•

Analyze data from 2021 summer research projects.

•

Design experiments for fall 2021 planting season.

•

Collect and distribute seed packets for multistate trials to be planted in nine sites: MN
2, WI 2, IL 4, and OH 1.

•

Plant all WIU research starting on September 15, 2021, in Macomb, IL.

•

Plant state trials at ISU in Normal IL on September 24, 2021.

•

Experiments planned include spring-applied nitrogen trials, gibberellic acid seed treat
duration study, replicated variety trials, repeat Teflan herbicide tolerance screen,
breeding line seed increases, and evaluate new traits to improve commercialization.

E. Publications, Presentations and Proposals Submitted
McDaniel-Ogletree “New Crop has potential for farmers” May 10, 2021. Jacksonville
Journal-Courier (See Exhibit C).

OBJECTIVE 3.3 - CHARACTERIZATION OF PENNYCRESS ECOSYSTEM SERVICES
The goal of the water quality component of the Ecosystem Services group is to assess
pennycress's potential to function as a cover crop.11
1. Planned Activities
The summer objective from May 1 to July 31, 2021, was to accomplish the following.

11

•

Complete pennycress and weed biomass spring sampling.

•

Sample soil porewater near the root zone of the cover crops (30cm) compared to
reference plots.

•

Begin refining and sampling subsurface drainage water from reference and pennycress.

•

Sample soil fertility.

•

Sample soybean cyst nematodes.

Bill Perry (ISU) leads the Characterization of Pennycress Ecosystem Services Objective.
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•

Sample soil organic matter after harvest of pennycress and during the cash crop, soybean,
growth stage (Rob Rhykerd, ISU).

•

Estimate pennycress seed yield at harvest.

•

Onboard a new graduate student to take over the project subsurface drainage work.

•

Plant corn as the following cash crop.

•

Establish a new experiment to assess mineralization rates of pennycress relative to cereal
and annual rye.

2. Actual Accomplishments
•

We took soil porewater samples after each rain event with greater than 0.5 inches of
precipitation. This data is currently being prepared as a master’s thesis and manuscript.
Pennycress and nitrogen amended pennycress plots had significantly lower porewater
nitrate-nitrogen than reference plots.

•

We collected initial subsurface drainage samples. Several technical issues prevented
obtaining the full season of subsurface drainage export. We have worked out many of the
issues and are ready to take implement sampling on September 1, 2021, or as rain events
allow. Discharge from reference plots was significantly higher than cover crop plots
which often did not flow after rain events due to high evapotranspiration rates. Dissolved
nitrate-nitrogen concentrations in cover crop and reference plots did not differ
significantly but loads of nitrogen leaving the cover crop plots were lower in part due to
the reduced export of water.

•

Pennycress biomass was estimated from April to June 1, 2021, when seed yield was
estimated prior to termination of the pennycress crop. Our conservative estimates of
pennycress seed yield were 1000 pounds per acre. Biomass of pennycress plants did not
differ in the nitrogen amended plots compared to the pennycress only plots, and seed
yields also were not significantly different.

•

After pennycress harvest, we analyzed soil samples for soil fertility and soybean cyst
nematodes. There was no difference in soybean cyst nematode populations, although
there was a slight and non-significant trend for higher nematode populations in reference
plots. This is in part due to the high variation of nematode populations.

•

Samples of soil organic matter have been taken from a replicated cover crop plot with
treatments of a) rye, b) pea, clover, and radish, c) pennycress, and d) a fallow treatment.
These samples were taken after pennycress harvest and in the middle of the growth of
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soybeans. The soil samples taken after pennycress harvest have been analyzed, and the
samples from within soybeans are now being analyzed.
•

We have hired Ryan Meyer and have finished his training.

•

We started an experiment with Ryan and IPREFER undergraduate intern Alex Hafner to
study the decomposition of pennycress relative to cereal and annual rye. We are
collecting the last of the samples in October and have started analyzing the data and
writing a manuscript on the results.

3. Explanation of Variance
Everything is on track for completion, and we have added in a new study of pennycress
mineralization to better understand the effects on subsequent cover crops.
4. Plans for Next Quarter
The end of the summer and fall plans will focus on harvesting corn and planting golden seed
pennycress to establish robust fall germinated stands. Once this is done, we will complete the
following:
•

Sample soil fertility and soybean cyst nematodes

•

Put lysimeters in place and begin sampling soil porewater

•

Estimate fall pennycress biomass if present in large enough amounts

•

Subsurface Drainage
Sample for:
o Discharge – amount of water leaving the plots.
o Dissolved nutrient concentrations in the subsurface drainage water as milligrams per
liter.
o Calculate the loads or mass loss of nitrogen and phosphorus from the subsurface
drainage, which is the discharge multiplied by the nutrient concentration and is
expressed as kilograms per time period.

•

Carbon Sequestration
o Collect samples after harvest of soybeans as cover crops are planted and estimate soil
organic matter and other soil parameters.
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•

Finish analysis of pennycress mineralization and submit the manuscript.

5. Publications, Presentations and Proposals Submitted
•

Publications
None this quarter.

•

Professional Conferences /Meetings
None this quarter.

•

Proposals
Illinois Nutrient Research Education Council (NREC): “Assessing Diverse Cover Crops
for Carbon Sequestration, Mineralization, N and P Efficiency, and Economic Impact on
Illinois Crops Rotations.” Rhykerd, Heller, Sedbrook, and Perry. Unfunded.

OBJECTIVE 3.4 - LIFE CYCLE SUPPLY CHAIN DEVELOPMENT
1. Planned Activities
•

The AURI team will make a presentation in March 2021 to show all the details in their
plan and guarantee all needed planning for post-harvest operations are in place.

2. Actual Accomplishments
•

The carbon evaluation project with Purdue University is in process and results will be
released once the final data verification is completed.

3. Explanation of Variance
No variances were noted.
4. Plans for Next Quarter
•

Continue long-term grain storage studies and present data from AURI and CoverCress on
Wild Type (WT) Pennycress and Golden Pennycress storage.

5. Publications, Presentations, and Proposals Submitted
None at this time.
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OBJECTIVE 3.5 AND 6 - EDUCATION, EXTENSION, AND OUTREACH
1. Planned Activities
•

We identified and worked with 4-H and FFA chapters in Minnesota to identify
opportunities to promote pennycress awareness among K-12 students in Minnesota.

•

Complete the 4-H Cover Crop Science project book.

•

Engage 4-H clubs in activities introducing pennycress as a new crop.

2. Actual Accomplishments
•

IPS URE internship
o We extended internship offers to 12 students in mid-March 2021, with offers
finalized by early April. This is an improved timeline for selecting interns compared
to our 2020 process.
o Interns received stipends of $480/week for 10 to 12 weeks. Housing and travel
expenses were paid for four students who traveled out-of-state to their internship site
or conducted travel as part of their internship. The average program cost per student
was $5,583.
o We arranged the logistical details (travel and stipends) for the 2021 interns.
o We held an in-person internship training program in late May 2021.
o We involved an intern at OSU in drafting a staging and management guide for
pennycress production.
o Interns completed written abstracts, recorded presentations and participated in a panel
during the 2021project annual meeting.
o Interns received an online survey at the beginning and the end of the internship
program that included the Summer Undergraduate Research Experience Survey and
questions unique to the IPS URE. The survey was used to gather information on the
impact of the internship experience on students’ attitudes toward research,
appreciation of collaborative research, and to obtain feedback on the internship
program. Survey results will be used to improve the internship program.

•

Other Activities
o We held a pennycress research tour in Minnesota in mid-June 2021.
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o We conducted evaluations of IPREFER public events and the 2021 internship
program.
o We conducted hands-on activities at the 2021 Illinois State Fair’s STEM Playground.
o Meetings were held with MN 4H educators in Worthington, MN. They expressed
interest in using educational materials and activities related to pennycress and cover
crops in general. A meeting was held with AURI director of commercialization,
Lindsey Wagner-Lahr who connected with a local FFA chapter regarding pennycress.
o Conducted evaluations of IPREFER public events and the 2021 IPS-URE program,
3. Explanation of Variance
We were unable to offer on-site training or a field tour of the Minnesota pennycress research
as part of the internship project due to COVID-19 restrictions at the University of Minnesota
that limited on-campus events and the time needed to make approved arrangements.
4. Plans for Next Quarter
•

Continue to develop material for undergraduate agronomy courses at Ohio State
University.

•

Meet with IPREFER researchers to obtain feedback on the IPS-URE internship program,
address concerns and identify individual intern research 2022 projects as part of our
continual improvement process for this project objective.

•

Announce and promote 2022 IPS-URE internship opportunities.

•

Analyze 2021 intern survey responses and present results and use subsequent feedback to
improve the 2022 program.

•

Recruit a master’s level student to develop internship program materials and identify
tools and methods to evaluate the development of collaborative research skills of our
2202 internship class.

5. Publications, Presentations, and Proposals Submitted
•

Hagaman, M. “Products from pennycress: Fallow land to fruitful products.” Illinois State
Fair STEM Playground.
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Exhibit A

IPREFER 2020 ANNUAL MEETING EVALUATION

August 2020 IPREFER Annual Meeting Evaluation Report

The 2020 IPREFER Annual Meeting was a virtual event due to the travel restriction imposed by the
Coronavirus pandemic. Attendance fluctuated, but at most times, there were around 35-40+ persons in
the Zoom room over the day and a half of the meeting. The meeting appears to have generally been well
received despite the limitations of having to hold the meeting on-line (See Attachment, Questions 1-3).
Questions 4-7 asked the participants to provide feedback on IPREFER's first-year administrative
performance, collaborator's needs in Year 2, suggestions on how to improve a second virtual annual
meeting should the need arise, and any issues respondents wanted IPREFER's leadership team to be
aware of. This constructive feedback was helpful and will allow us to make some improvements
throughout Year 2 and beyond, and provide a more useful annual meeting experience, either live or
virtual.
We compiled the responses to Questions 4-7 into a summary form below to better understand how we
can implement the suggestions and improve upon those area where improvement is needed in the year
ahead. The raw data is available in Attachment A. We will discuss these suggestions/comments in the
Sep. 2020 IPREFER Executive Leadership Team meeting and implement as many suggestions as we are
able into the remainder of the IPREFER project.
We thank Rebekka Darner from the IPREFER Education, Extension, and Outreach objective for her work
in designing and deploying this evaluation.
General Suggestions

Text

•

It might help to have a google calendar on other meetings of subgroup so we could all attend to see what
is going on. It might also be good to allow others to attend the ELT group meeting to allow more
inclusion.

•

Could Scotty share the details of how he set up the boomerang/gmail reminders and google forms for his
team's quarterly reports? That seems like an awesome setup

•

Continued guidance for opportunities for additional funding.

•

More time to complete the projects themselves. I felt very rushed with the changing deadline.

•

The undergrad presentations this year was great, but there definitely needs to be a push to have a more
diverse undergraduate REU participants next year.

•

If they started sooner the processes to get approval for undergraduates to work in the relevant buildings,
we may have been able to get some more data for our projects. But honestly, everything was so crazy
and changeable I don't blame people for delaying.

•

Were any of the presentations recorded? Will slides from presenters be available for later viewing?

Specific Program Suggestions
•

It seems like there is a disconnect with the breeding team and the agronomy team in regards to the
germplasm to be used in these experiments. It would be helpful if the agronomy team could get the
advanced germplasm so the work is relevant to support a commercial launch.
IPREFER is supported by Agriculture and Food Research Initiative
Competitive Grant No. 2019-69012-29851 from the National Institute of Food and Agriculture

•

More transparency is needed from Covercress on what is needed for commercialization.

•

The team needs to have a clearer understanding to the approach CoverCress is intending on
commercializing. Herbicides, ga treatments, planting methods, tillage operations, etc. this will be very
helpful to all teams.

•

Working closer with Covercress to obtain a prioritized needs list. Standardized protocols for growing
Pennycress.

Communication
•

Greater communication between teams is likely necessary, but I'm unsure what format would work best
between everyone.

•

[…] The newsletter was a great idea to help keep us informed on all aspects of the grant. Not just the
parts we were helping with.

•

I would appreciate a clear summary including objectives, budget and team members for each part of the
project. Then we can add urgent needs, key leanings, etc. as we move along.

•

I'd like to see a summary of objectives and progress by team for the preceding year, and a discussion of
specific plans for the upcoming year.

•

Continued correspondence as has been done in Year 1.

•

Communications among teams is critical. Newsletter is helpful but a bit static. Maybe a twitter feed on
the IPREFER website? Not sure if that would help. When they aren't used it gives the impression not
much is happening.

•

More communication. Better integration across domains. Most notably, CoverCress and public folks.

Meetings in General
•

More team meetings and communication

•

More team meetings throughout year to discuss status and issues

•

I think a short (1/2 day?) mid-year program would be great. Maybe this could be more discussion based45 min for each team to lead a discussion on their topic.

•

Hold the (annual) meeting date later in the summer.

Virtual Annual Meeting Comments/Suggestions
•

Four to five shorter 120 mins day meetings. No need to have it all at once... the first four events address
the past, the now, and the future, with enough time to have for discussion, and the last event is where
the leadership team reviews, discusses and develop plans to help the project teams better achieve their
goals. Meeting must stay on point. Sidebar conversation, while good, needs to be held to a minimum.
Also, all lectures should be pre-recorded and edited. This will help keep people's attention and
streamline the meeting from both an information point of view, but also a management/hosting point of
view.

•

End each session with a few take-a-ways for those of us who are still new to the content

Annual Meeting Length
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•

Maybe 3 days with shorter time during each day. Yesterday - the first day - was a bit too long and I felt
hung over the second day trying to pay attention that long.

•

Perhaps the talks would be more efficient if they all followed a more defined format - objectives,
rationale, results and conclusion on focused areas of interest.

•

I suggest making it a bit longer, allocating more time to those who need it.

•

Add additional time

•

More time for the presentations - John never got to finish his.

•

As suggested, extra sections for areas such as genetics and breeding as they are essentially to the base
line product; there would also be more time for future planning then, too.

•

Splitting genetics and breeding into separate sections would definitely help. Also, having contingency
plans to create a time and space for any additional conversation that may be happening about a
particular topic.

•

The virtual meeting this year was done well and a similar approach would work again. There should be
communication with the different teams about time requirements for their updates because some
people were cut off early when they had more results to share. This negates the amount of work that
was put into that research and preparing those slides for the audience.

•

A lecture format is rough in-person, but it's worse when virtual. The reality is that presenters need to
carefully package their message in 5-10 minutes if a purely lecture format is being utilized. Pre-recorded
videos helped here, but I would suggest that the best presenters in this vein were the interns.

•

Maybe allow some time for the interns to have discussions apart from answering questions. I had a great
time at the conference!

Pre-recording Presentations
•

Have folks with prerecorded presentations check the audio first. A few were tough to hear.

•

Really thought the engagement was excellent for most participants. I think the prerecorded
presentations allow folks to check out, because they think they can just watch it later. Would have only
live presentations next time.

•

Prerecorded presentations are great because there is the ability to edit and retake. I would encourage
those submitting prerecorded presentations to take advantage of this.

Breaks
•

This was a good setup. Only change would be to make breaks 5 minutes longer for more networking. A
happy hour at 5pm cst for the team to get together and chat further to make up for no team supper

•

Loved the breaks after each section for discussion! This should be implemented even in an in-person
meeting. Multi-hour meeting blocks are miserable. Last year (in person) I had to bail out and go to a
coffee shop for 30 min just to stay awake/actually be present and paying attention.

•

I wish there had been breakout rooms for "hallway conversations." While the whole-group breaks were
meaningful, I did not find there to be any meaningful networking opportunities.

•

Instead of many short breaks, a few long breaks. I can get more done in 30 minutes than 15 minutes, and
that makes it easier to reset my focus. Also, that helps to not break the groups' momentum.
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•

Keynote speaker @ 30 min. It would be nice to have options to move to breakout rooms during some
period of the program so that attendees could participate in more conversation on topics in which
they're interested.

•

Time for specialized break out rooms like the con current sessions held during the year 1 meeting.
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IPREFER 2020 Annual Meeting Evaluation Data

1. Please select the description that best describes your role on the IPREFER project.
Role
# of respondents
Advisory Board member
2
Executive Leadership Team member
6
Invited speaker
0
IPREFER Intern/undergraduate student
6
Breeding & Genetics team member
7
Agronomy/Crop Management team member
4
Ecosystem Services team member
3
Supply Chain Management team member
1
Education/Extension/Outreach team member
4
Other (please describe):
1 (collaborator)
Total # of respondents
35
2. The objectives for the 2020 IPREFER annual meeting are listed below. Please indicate how effective
this meeting has been in achieving each objective. (Extremely effective = 1, Not effective at all = 5).
Item
Identify the most critical issues that must be resolved prior to a pennycress
commercial launch.
Educate attendees on the critical challenges that must be resolved prior to
commercial launch.
Share what each team has achieved in Year 1.
Share what each team plans to address in Year 2.

Mean
2.2

SD
0.83

2.1

0.84

1.9
2.2

0.69
0.83

3. Please indicate below the extent to which you agree or disagree with each statement about the
2020 IPREFER annual meeting. (Strongly agree = 1, Strongly disagree = 5).
Item
After this meeting, I feel I understand the critical challenges that must be resolved
prior to commercial launch.
The format of the meeting was conducive to learning about other teams' activities.
There was enough time to network with project colleagues.
The time set aside for networking was structured well, so that networking was
possible in the virtual environment.
I have a better understanding of IPREFER objectives as a result of this annual meeting.
I was able to stay engaged throughout the annual meeting.
This meeting effectively fostered a sense of teamwork across the IPREFER project.
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Mea
n
1.8

SD
0.73

1.5
2.4
2.0

0.70
0.97
0.97

1.6
2.3
1.6

0.60
1.15
0.73

4. What more might have project administration done during the past year that would have helped
you meet your team's objectives?
•

The newsletter was great to help educate people more about what is going on. It might help to have a
google calendar on other meetings of subgroup so we could all attend to see what is going on. It might
also be good to allow others to attend the ELT group meeting to allow more inclusion. It might also be
good to have a second meeting.

•

More team meetings and communication

•

Hold the meeting date later in the summer.

•

Could Scotty share the details of how he set up the boomerang/gmail reminders and google forms for his
team's quarterly reports? That seems like an awesome setup

•

As an intern, I feel like I was able to meet all of my goals for the meeting.

•

Greater communication between teams is likely necessary, but I'm unsure what format would work best
between everyone.

•

I can't think of anything more the project administration could have done.

•

Nothing, COVID hijacked the year.

•

The team needs to have a clearer understanding to the approach CoverCress is intending on
commercializing. Herbicides, ga treatments, planting methods, tillage operations, etc. this will be very
helpful to all teams.

•

If they started sooner the processes to get approval for undergraduates to work in the relevant buildings,
we may have been able to get some more data for our projects. But honestly, everything was so crazy
and changeable I don't blame people for delaying.

•

It would have been difficult to meet objectives due to COVID. This was outside the control of project
administration.

•

We are on track to meet and expand our objectives to identify many new traits that will improve
pennycress.

•

The statement assumes that projects failed to meet their goals. From what I can tell, and based on grant
deliverables, every team is or at least near where they should be.

•

Less pandemics?

•

Given Covid-19, I'm not sure. The newsletter was a great idea to help keep us informed on all aspects of
the grant. Not just the parts we were helping with.

•

I would appreciate a clear summary including objectives, budget and team members for each part of the
project. Then we can add urgent needs, key leanings, etc as we move along.

•

More transparency is needed from Covercress on what is needed for commercialization.

5. What do you anticipate needing from administration in Year 2?
•

Not sure

•

More time to complete the projects themselves. I felt very rushed with the changing deadline.
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•

More team meetings throughout year to discuss status and issues

•

Resources and support to conduct year 2 research.

•

I think a short (1/2 day?) mid-year program would be great. Maybe this could be more discussion based45 min for each team to lead a discussion on their topic.

•

Continued correspondence as has been done in Year 1.

•

Keep up the good work.

•

Communications among teams is critical. Newsletter is helpful but a bit static. Maybe a twitter feed on
the IPREFER website? Not sure if that would help. When they aren't used it gives the impression not
much is happening.

•

More communication. Better integration across domains. Most notably, CoverCress and public folks.

•

I'd like to see a summary of objectives and progress by team for the preceding year, and a discussion of
specific plans for the upcoming year.

•

Continued guidance for opportunities for additional funding.

•

Same as year 1 should work fine.

•

Working closer with Covercress to obtain a prioritized needs list. Standardized protocols for growing
Pennycress.

•

Don't know

6. If we must do a virtual meeting next year, what suggestions do you have for improving the
structure of the annual meeting?
•

Maybe 3 days with shorter time during each day. Yesterday - the first day - was a bit too long and I felt
hung over the second day trying to pay attention that long.

•

This was a good setup. Only change would be to make breaks 5 minutes longer for more networking. A
happy hour at 5pm cst for the team to get together and chat further to make up for no team supper.

•

I suggest making it a bit longer, allocating more time to those who need it.

•

As suggested, extra sections for areas such as genetics and breeding as they are essentially to the base
line product; there would also be more time for future planning then, too.

•

Loved the breaks after each section for discussion! This should be implemented even in an in-person
meeting. Multi-hour meeting blocks are miserable. Last year (in person) I had to bail out and go to a
coffee shop for 30 min just to stay awake/actually be present and paying attention.

•

The same amount of breaks

•

The virtual meeting this year was done well and a similar approach would work again. There should be
communication with the different teams about time requirements for their updates because some
people were cut off early when they had more results to share. This negates the amount of work that
was put into that research and preparing those slides for the audience.
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•

A lecture format is rough in-person, but it's worse when virtual. The reality is that presenters need to
carefully package their message in 5-10 minutes if a purely lecture format is being utilized. Pre-recorded
videos helped here, but I would suggest that the best presenters in this vein were the interns.

•

Splitting genetics and breeding into separate sections would definitely help. Also, having contingency
plans to create a time and space for any additional conversation that may be happening about a
particular topic.

•

It is difficult to do a virtual meeting that has to meet some many objectives. This meeting did a pretty
decent job of trying to meet those objectives. I appreciate the moderators role to keep the schedule
going and fostering interaction.

•

I think this worked well.

•

Have folks with prerecorded presentations check the audio first. A few were tough to hear.

•

Instead of many short breaks, a few long breaks. I can get more done in 30 minutes than 15 minutes,
and that makes it easier to reset my focus. Also, that helps to not break the groups' momentum.

•

Keynote speaker @ 30 min. It would be nice to have options to move to breakout rooms during some
period of the program so that attendees could participate in more conversation on topics in which
they're interested.

•

"More time for the presentations - John never got to finish his.

•

Perhaps the talks would be more efficient if they all followed a more defined format - objectives,
rationale, results and conclusion on focused areas of interest.

•

Time for specialized break out rooms like the con current sessions held during the year 1 meeting.

•

But overall the discussion were really good.

•

Four to five shorter 120 mins day meetings. No need to have it all at once... the first four events address
the past, the now, and the future, with enough time to have for discussion, and the last event is where
the leadership team reviews, discusses and develop plans to help the project teams better achieve their
goals. Meeting must stay on point. Sidebar conversation, while good, needs to be held to a minimum.
Also, all lectures should be pre-recorded and edited. This will help keep people's attention and
streamline the meeting from both an information point of view, but also a management/hosting point of
view.

•

Add additional time

•

I wouldn't change much.

•

Mandatory team photo will be a must! LOL

•

End each session with a few take-a-ways for those of us who are still new to the content

•

Prerecorded presentations are great because there is the ability to edit and retake. I would encourage
those submitting prerecorded presentations to take advantage of this.

•

Don't do a virtual meeting. There should be no reason to.

7. Please share any additional comments you have below.
•

Thanks for great coordination! I appreciate your hard work!
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•

Maybe allow some time for the interns to have discussions apart from answering questions. I had a great
time at the conference!

•

The undergrad presentations this year was great, but there definitely needs to be a push to have a more
diverse undergraduate REU participants next year.

•

I wish there had been breakout rooms for "hallway conversations." While the whole-group breaks were
meaningful, I did not find there to be any meaningful networking opportunities.

•

Were any of the presentations recorded? Will slides from presenters be available for later viewing?

•

It seems like there is a disconnect with the breeding team and the agronomy team in regards to the
germplasm to be used in these experiments. It would be helpful if the agronomy team could get the
advanced germplasm so the work is relevant to support a commercial launch.

•

Really thought the engagement was excellent for most participants. I think the prerecorded
presentations allow folks to check out, because they think they can just watch it later. Would have only
live presentations next time.

•

Yay IPREFER!

•

It was a great virtual conference. I was surprised by how fast it went. It went smoothly and the duration
was perfect. I'm sure Scotty and Anne put a lot of work into it but they made it look easy!

•

Given COVID, I think we did about as good as we could. I think if nothing else, it shows us that we need
more communication across the projects.

•

I learned a lot for the meeting! Thanks to the organizers!

•

The meeting was great!!!

•

None
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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, Southern Illinois University, 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 (“USDA-NIFA”).
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, Southern Illinois University, 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, Southern Illinois University, 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, Southern Illinois University, 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 the 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: August 1, 2020 – October 31, 2020

PROJECT ADMINISTRATION AND GOVERNANCE
We accomplished the following project governance and administrative tasks during the first
quarter of Year 2.
1. Planned Activities
•

Conduct a virtual second annual meeting on August 3-4, 2020. We will highlight Year 1
accomplishments and organize Year 2 activities.

•

Improve the project website (www.iprefercap.org), and grow the Twitter account
(@IPREFER_CAP) and YouTube Channel
(https://www.youtube.com/channel/UClIn60frdoFUyXGF1pVH0SQ?view_as=public)

•

Organize bi-annual research meetings for each objective team during the winter 2021
months.

•

Organize and post a public and team (private) web-based project calendar indicating
when all teams are meeting, as well as significant project dates.

•

Work more closely with corporate partner CoverCress to better understand the required
commercialization needs and how to integrate these needs into the university research
setting.

•

Oversee implementation of a data management plan. We want to avoid so-called “data
dumps” to the academic and commercial communities and the general public.

•

Complete first annual report to NIFA and ReePORT.

2. Actual Accomplishments
•

We held a virtual annual meeting on August 3-4, 2020. We had excellent participation
from the Advisory Board, project collaborators, and 2020 Integrated Plant Systems –
Undergraduate Research Experience students.

•

We completed the annual meeting evaluations and provided feedback to organizers,
collaborators, and Advisory Board members (See Exhibit A). We revised and improved
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the project website, attracted new followers to the Twitter account (+33% in Yr. 2, Q1),
and added additional videos to the YouTube Channel (10 videos added during Q2).
•

We closed out the summer 2020 summer interns and posted student projects to the
website (See: https://www.iprefercap.org/about/undergraduate-research-internship/).

•

We will deploy the project calendar in January 2021.

•

We continued communications with CoverCress regarding commercialization priorities.

•

We distributed finalized Material Transfer Agreements and Non-Disclosure Agreements
with all collaborating partners.

•

We distributed the Year 1 report to Advisory Board and NIFA officials and completed
the USDA-NIFA ReePORT.

3. Explanation of Variance
Project participants continue to operate under various COVID-19 restrictions. Support for
undergraduate student projects and independent studies has been restricted. However, we
have met the majority of project milestones (See reports from each project objective
throughout this report).
4. Plans for Next Quarter
•

We will post the 2021 call for summer IPREFER 2021 Integrated Plant Systems –
Undergraduate Research Experience interns on the project website.

•

We will finalize protocols for data management deposits to UMN data banks.

•

We will finalize an agreement with Purdue University to conduct land-use change
assessments for Carbon Intensity scoring.

5. Publications, Presentations, and Proposals Submitted
•

Education Presentations.
o Classroom guest lecturer in AGRI-120 Agriculture in Today’s Society (WIU)
regarding pennycress production and the IPREFER project. 50 undergraduate
students, 50 min lectures to 2 sections of the class. Oct. 14, 2020. Included farm tour
of research plots.
o WIU School of Agriculture open house demonstration and presentation on pennycress
and the IPREFER project to 20 potential incoming undergraduate students and their
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parents. 2 - 45 min presentations on Oct. 9, 2020. Included demonstration of new plot
combine and seed handling.
OBJECTIVE 3.1 - AGRONOMIC MANAGEMENT
1. Yield Trade-off Leveraging Corn Relative Maturity and Desiccants (Objective 3.1.1)1
Recent work suggests that corn grain yield and grain moisture at harvest are increased by 88
kg ha-1 (1.4 bu ac-1) 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). The application of desiccants
can further shorten the time for corn to reach harvestability. The team will assess corn and
pennycress yield trade-offs through evaluating a range of corn CRM by assessing varieties
differing in relative maturity in Ohio, Minnesota, and Illinois during Project Years 1 – 3.
A. Planned Activities
•

Minnesota (USDA and RROC)
o Collect 1-m biomass samples for all corn hybrids.
o Harvest corn grain (except silage treatment) for determining grain moisture, yield,
and test weight.
o Plant pennycress.

•

Illinois State University.
o Collect 1-m biomass samples for all corn hybrids.
o Harvest corn grain (except silage treatment) for determining grain moisture, yield,
and test weight.
o Plant pennycress.

1

Russ Gesch (USDA-ARS) leads the CRM team.
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B. Actual Accomplishments
•

Minnesota (USDA and RROC).
o Collected 1-m biomass samples for all corn hybrids.
o Harvested corn grain (except silage treatment) for determining grain moisture,
yield, and test weight.
o Planted pennycress.

•

Illinois State University.
o Collected 1-m biomass samples for 90-day hybrid used in the study.
o Harvested corn grain from all treatments (except silage treatment) for determining
grain moisture, yield, and test weight.
o Planted pennycress.

C. Explanation of Variance
•

Minnesota (USDA and RROC). None noted at both sites.

•

Illinois State University: None noted.

D. Plans for Next Quarter
•

Minnesota (USDA and RROC)
Determine pennycress plant stands (two 1-m of row counting area) and percent
canopy cover (using Canopeo) at or before winter freeze.

•

Illinois (Illinois State University)
Determine pennycress plant stands (two 1-m of row counting area) and percent
canopy cover (using Canopeo) at or before winter freeze.

2. Corn Residue Management ("DISC") (Objective 3.1.2)2
An increasing number of farms are now practicing no-tillage and other conservation tillage
farming due to ecological and economic benefits. Establishing pennycress in no-till fields is a
struggle, due primarily to the sheer amount of corn residue remaining after harvest. Several
2

DISC is the abbreviation we use for the IPREFER corn stover management project. Nicholas Heller (University of
Minnesota) leads this IPREFER objective.
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corn residue treatments will test the hypothesis that the residue can be sized small enough to
not 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 been proven to be successful (e.g., silage corn removal and prepared
seedbeds).
A. Planned Activities
•

Minnesota (USDA and RROC)
o Collect 1-m biomass samples for 90 d hybrid used in study.
o Harvest corn grain from all treatments (except silage treatment) for determining
grain moisture, yield, and test weight.
o Plant pennycress.

•

Illinois State University
o Collect 1-m biomass samples for 90 d hybrid used in study.
o Harvest corn grain from all treatments (except silage treatment) for determining
grain moisture, yield, and test weight.
o Plant pennycress.

B. Actual Accomplishments
•

Minnesota (USDA and RROC).
o Collected 1-m biomass samples for 90 d hybrid used in study.
o Harvested corn grain from all treatments (except silage treatment) for determining
grain moisture, yield, and test weight.
o Planted pennycress.

•

Illinois State University.
o Collected 1-m biomass samples for 90 d hybrid used in study.
o Harvested corn grain from all treatments (except silage treatment) for determining
grain moisture, yield, and test weight.
o Planted pennycress.
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C. Explanation of Variance
•

Minnesota (USDA and RROC). None noted at either site.

•

Illinois. None noted.

D. Plans for Next Quarter
•

Minnesota (USDA and RROC). Determine pennycress plant stands (two 1-m of row
counting area) and percent canopy cover (using Canopeo) at or before winter freeze.

•

Illinois. Determine pennycress plant stands (two 1-m of row counting area) and
percent canopy cover (using Canopeo) at or before winter freeze.

3. Novel Seed Treatment for Improved Pennycress Performance (“PELLET”) (Objective
3.1.3)3
The use of seed coating and fungicide treatments in concert with certain strategies may
improve establishment, especially if planted in fall when rain can be sporadic. In other
species like Brassica juncea, hydro-priming (controlled pre-planting hydration) improves
germination even in water-stressed environments. Another issue that may impact pennycress
production is crown disease. Deterioration of the crown may impact maturation, induce
lodging, and hamper mechanical harvest. Preventing infection of a pathogen causing crown
rot or other seedling pathogens in the fall through the use of seed treatment may improve
establishment, crown integrity and minimize losses at harvest due to lodging. A field trial
will be established in Ohio, Illinois, and Minnesota to determine the impact of seed
treatments on fall establishment, spring crown integrity, and lodging.
A. Planned Activities
•

Minnesota (USDA and RROC). None.

•

Illinois. None.

•

Ohio State University.
o Obtain the necessary equipment to facilitate research activities.
o Plant agronomy trials with pennycress from Summer 2020.

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 Ohio State University.
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o Begin seed dormancy and pelleting work.
o Begin a plant breeding trial: Fall 2020.
B. Actual Accomplishments
•

Ohio State University.
o Graduate student (MS) Nasib Koirala started Aug. 25, 2020.
o Added a scientist specializing in biopolymers to Nasib’s Koirala MS research
committee.
o Obtained additional research and travel exemption to conduct planned agronomic
trials for 2020-2021.
o Collected final biomass and corn yield data for CRM and DISK. Grain samples
were shipped to Russ Gesch at USDA for corn C and N content (grain only).
o Expanded the pelleting trial work (establishing an SOP, working with different
binders, etc.).
o Planted CRM and DISK pennycress (stand assessment will be done Nov. 19,
2020).
o Planted a breeding trial in September 2020.

C. Explanation of Variance
•

Minnesota and Illinois. For the Minnesota and Illinois sites, all field experiments are
postponed until next year.

•

Illinois. None noted.

•

Ohio State University. None noted.

D. Plans for Next Quarter
•

Minnesota. If necessary, obtain experimental seeds from Ohio and run controlenvironment studies to ID best treatments for 2021 field study.

•

Illinois. Contribute to planning 2021 experiment.

•

Ohio State University.
o We will finalize standard operating procedures for seed pelletizing.
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o We will assess pennycress stand in the breeding trial, CRM, and DISK.
o We will begin controlled environment pelleting assessments.
4. Tools for Integrated Weed Management (“WEEDS”) 3.1.44
Where herbicides are used as the primary weed management tool, there will be herbicide
residues in the soil that may impact the successful establishment of pennycress similar to the
impact that herbicide residues may have on the establishment of more traditional winter
cover crops. We will evaluate commercial pennycress varieties for their tolerance to likely
concentrations of common corn herbicides that will be found in the soils of pennycress fields.
Identifying herbicides to which pennycress is less sensitive will allow us to develop herbicide
recommendations for the preceding crop that will decrease the likelihood of pennycress
injury or death during its establishment. We will test the effects of common corn herbicides
used to control summer annual weeds and quantify pennycress population density and
biomass in the fall, survival of plants the following spring, and pennycress seed yield.
A. Western Illinois University
•

Planned Activities
None to report this quarter

5. Monitor Soybean Cyst Nematode (Heterodera Glycines, SCN) in the cropping rotation
(“SCN”) (Objective 3.1.5)5
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 system. 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. Minnesota

4
5

Mark Bernards (Western Illinois University) leads the WEEDS Team.
Cody Hoerning and Senyu Chen (University of Minnesota) lead the SCN Team.
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•

Planned Activities
Proceed with planting and experiment development at four sites—two in Minnesota
(Lamberton and Rosemount) and two in Illinois (Belleville and Carbondale). During
this period, the plan is to soil sample sites, plant pennycress treatments, and assess the
agronomic characteristics of pennycress stands.

•

Actual Accomplishments
The Minnesota sites were planted with the three planting dates prescribed as
treatments in the study. All soil SCN samples and agronomic measurements were
completed for these experiments.
Logistical concerns regarding labor availability and COVID-19 concerns have
delayed set up at the Carbondale and Belleville, IL sites. The experiment will begin at
those sites in 2021. Experimentation with planting methods was completed to ready
equipment for the 2021 start at these locations. In addition, microplots were set up to
examine fall reproduction and review sampling methodology.

•

Explanation of Variance
Labor concerns from COVID-19 and low initial SCN counts in Illinois' selected fields
brought about a team decision to delay implementing the full research experiments at
these sites until 2021.

Plans for Next Quarter
The data collected this fall will be analyzed. Protocols and experimental data collection
needs will be assessed for the upcoming 2021 field season.
•

Publications, Presentations, and Proposals Submitted
o Presentations
Hoerning, Cody and Senyu Chen. North Central Region Nematology Meeting.
“Minnesota State Brief on SCN-Pennycress Nematology Work.” Aug. 4, 2020.
Hoerning, Cody and Kathryn Bushley. “Update on Soybean Cyst Nematode
Association with Pennycress and Camelina.” Forever Green Weekly Lab
Meeting, Minneapolis MN, Oct. 30, 2020.
o Publications. None at this time.
o Proposals
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Minnesota Department of Agriculture AGRI Crop Research Grant. Proposal
Title: Investigating Pest Risks in the Emerging Cash Cover Crop Pennycress
(Thlaspi arvense). Cody Hoerning, Co-PI’s Kathryn Bushley, and Robert Koch.
6. Contribute to the identification and development of soybean varieties specifically
adapted to pennycress inter-cropping systems (“SELECT”) (Objective 3.1.6)6
Minimizing yield trade-offs between pennycress and soybean in a relay cropping system is
paramount. Recent research detected sizeable differences in light transmittance-related
properties between pennycress crop canopies. This indicates that both canopies represent
different stress environments for the relay-planted soybean, potentially requiring different
soybean cultivars to be relay-planted. Further, the good performance of the relay-planted
soybean cultivars suggests a stronger competitive ability that might 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 fall of 2019 with the bulk planting of pennycress ‘MN106’. A
large number of soybean cultivars are slated for relay cropping into the pennycress spring of
2020 with the expressed goal of revealing large variations in soybean yield response to relayplanting. A large number of cultivars will, therefore, increase chances to identify uniquely
superior cultivars. In addition, such group size will maximize the chances of identifying
superior cultivars.
A. Minnesota (RROC)
•

Planned Activities
o Seedbed preparation for SELECT’s second season.
o Plant pennycress w/Interseeder using 30” skip-rows.
o Collect data on soybean plots for maturity date, plant height, lodging, yield, and
plant samples for yield components.
o Use unmanned aerial vehicle flown to capture images for final canopy coverage
estimates on plots.

•

Actual Accomplishments
o Seedbed prepared for SELECT’s second season.

6

Aaron Lorenz (University of Minnesota) leads the SELECT Team.
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o Planted pennycress w/Interseeder using 30” skip-rows.
o Collected data on soybean plots for maturity date, plant height, lodging, yield, and
plant samples for yield components.
o Used unmanned aerial vehicle was flown to capture images for final canopy
coverage estimates on plots.
o Overall, soybean lines were significantly shorter when grown under pennycress.
We will be focusing on lines that had minimal shortening.

Figure 1. 2020 Intercopping Soybean Height.

o Maturity date data were collected on all 240 plots. The average maturity date of
the pennycress treatment was significantly later than the control treatment,
although the difference was very small.
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Figure 2. Plot Maturity Date: Days until maturity.

o A worry was plants would be more etiolated prior to the harvest of pennycress
and thus might be more prone to lodging. This was not the case, with no
significant differences in lodging seen when comparing treatments.

Figure 3. 2020 Intercopping Soybean Height: Change in average lodging.

o Overall, there were significant reductions in yield observed with the pennycress
treatment, but there were interesting exceptions with a few lines having larger
average yields when intercropped. We will focus on explaining these differences
for the next quarterly report.
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Figure 4. Soybean Yield: bu/Acre

Figure 5. 2020 Pennycress Intercropping Soybean Yield: Change in Average bu/Acre

•

Explanation of Variance. None noted.

•

Plans for Next Quarter
o Assess pennycress stand establishment prior to freeze up.
o Process plant samples to study changes in soybean yield components under
pennycress treatment and the variation among different soybean genotypes.
Anecdotally, the first few internode lengths were twice as long when a given line
was grown with pennycress. We will quantify this difference with image
processing.

Quarterly Progress Report: August 2020 – October 2020

13

Figure 6. Internode lengths

o Process UAS imagery to quantify canopy coverage.
o Continue to analyze field trial data (yield, ht, etc.)
7. Publications, Presentations and Proposals Submitted (Agronomic Management
Objective)
•

Professional Conferences /Meetings
Gesch, R.W. (2020) “Closing agronomic and breeding gaps for the commercialization of
camelina and pennycress.” Invited presentation, Assoc. for the Advancement of Industrial
Crops (AAIC) Webinar Series, September 8, 2020.

•

Proposals
The USDA-ARS Innovation Fund funded a grant proposal to study the effects of
pennycress and winter camelina on nodulation and nitrogen fixation in soybean was
funded ($25,000), September 3, 2020.

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 (Yr. 2):
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•

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 stack and phenotypically evaluate various mutant combinations
conferring the core domestication traits (low erucic, low fiber, low glucosinolate) and
value-added traits that will improve the economics of pennycress as a crop. We have
found that mutations conferring the reduced glucosinolate trait are causing growth
phenotypes when the plants are grown in laboratory conditions, which are not being
observed in the field, which highlights the importance of field evaluations. Given
some uncertainties with many of our glucosinolate mutants' robustness, we continue
to explore new gene targets, having found a new target that meaningfully reduces
glucosinolate content with the plants showing no obvious growth phenotypes.

•

We planted numerous mutants, mutant combinations, and wild-type controls in
replicated field plots and are gathering phenotypic data to complement and compare to
growth chamber data. Mutations-based traits and trait combinations that were planted
and are being evaluated include core domestication traits, herbicide carryover tolerance,
higher total seed oil content, larger seed size, high-oleic seed oil, and better
germination/stand establishment, etc.

•

We continue working to find a CRISPR-based solution to reducing pod shatter by
carrying out “promoter bashing” and base substitution experiments. We have found that
total knockout mutations reduced pod shatter too much (the pods will not break open
with a combine), so partial loss of function mutations are necessary. Transformants are
in hand and under analysis.

•

Project Director Win Phippen planted this season’s strip plots at the ISU Horticulture
Center on Sep. 5, 2020. Those plots were evaluated for germination and stand
establishment. This fall's warm temperatures have resulted in good establishment and
growth, actually too good for the spring-type lines as they flowered before freezing
temperatures induced dormancy, resulting in those plants ill-prepared for overwintering.
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It is worth noting that spring-type is a laboratory tool for more rapid scientific progress
(being that spring-type lines do not require a 21-day cold treatment to flower) and is not
a trait that will be in commercial lines, so this type of damage will not be a risk
commercially.
C. Explanation of Variance
Laboratory work remains reduced to about 80% of pre-COVID levels due to the need for
social distancing. Students in the lab work in two shifts.
D. Plans for Next Quarter
Continue work on the aims stated above. One manuscript has been submitted this quarter,
another will be submitted before the end of the year, and three more are in the works for
submission in the first half of 2021.
E. Publications, Presentations and Proposals Submitted
•

Grant Proposal Awarded.
Joint Genome Institute Community Science Program (JGI CSP). Proposal Title:
Pennycress - A solution for global food security, renewable energy and ecosystem
benefits. Proposers’ Names: Ratan Chopra, M. David Marks, John Sedbrook,
Katherine Frels. Award: Whole-genome sequencing of a total of 1,000 unique
populations and lines (500 pennycress natural populations and 500 EMS mutant
lines). Submitted Jun. 23, 2020; Awarded Sep. 10, 2020.

•

Patent Awarded
Patent No. US 10,709,151 B2. Date of patent: Jul. 14, 2020. Low Fiber Pennycress
Meal and Methods of Making. Tim Ulmasov, Gary Hartnell, John C. Sedbrook,
Michael David Marks, Ratan Chopra, Maliheh Esfahanian.
https://patentimages.storage.googleapis.com/60/aa/e0/77abc56873dd05/US10709151.
pdf 7

•

Presentation
ISU Ag Innovation briefing to legislatures and ag stakeholders. Creating economic
opportunities in Illinois. ISU Lexington Farm. Oct. 12, 2020.

7

Tim Ulmasov, John C. Sedbrook, Michael David Marks, Ratan Chopra, and Maliheh Esfahanian are all part of the
IPREFER project.
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•

News Media
o Brownfield Ag News. Rhiannon Branch. Aug. 14, 2020. Domesticated Pennycress:
A new cash cover crop in development.
https://brownfieldagnews.com/news/domesticated-pennycress-a-new-cash-covercrop-in-development/
o Illinois Farmer Today. Phyllis Coulter. Oct. 2, 2020. More dollars go into
developing pennycress.
https://www.agupdate.com/illinoisfarmertoday/news/crop/more-dollars-go-intodeveloping-pennycress/article_e60236fe-028e-11eb-803e-d756825d3a06.html
o WEEK News (Television and on-line). Alex Menke. Oct. 12, 2020. Cashing in on
Pennycress. https://week.com/2020/10/12/cashing-in-on-pennycress/
o The Pantagraph. Lenore Sobota. Oct.13, 2020. ‘Wonder weed’ research at Illinois
State University called a ‘game changer.’
https://www.pantagraph.com/news/local/education/watch-now-wonder-weedresearch-at-illinois-state-university-called-a-game-changer/article_0982bba5b904-501b-918a-5dd12becd438.html

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 for Year 2-Q1:
•

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
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•

We remain on track with stacking core domestication traits into MN106 and other top
breeding lines. We planted two independent triple and quadruple mutants in FY20-21
and the plots look well established. These triple and quadruple mutants contain low
erucic, low glucosinolate, and reduced shatter traits.

Figure 7. Field plots established during Fall 2020. Report Formatting – Pics No significant differences were
observed in the growth among the wild-type and stacked mutants.

•

We continue to evaluate new EMS-induced mutations conferring high-priority traits,
including the core domestication traits, and value-added traits, including higher total
seed oil content, larger seed size, and high-oleic seed oil. We planted over 1,000 plots
of newly developed EMS lines to select for variants in the Spring of 2021.

•

We have started testing some of the top breeding lines and MN106 with improved
traits in four Minnesota locations. All locations were planted in mid-September 2020.
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Figure 8. IPREFER variety trials established on St. Paul campus during Fall 2020.

•

We scored emergence on all pennycress plots using a 0-10 scale (0% emergence to
100%). Average emergence in IPREFER variety trials was moderate to good. The
UMN lines emerged the best in these trials as they are well adapted to this
environment. We also measured rosette width on IPREFER variety trials after the
first frost. The plants were larger this year compared to fall 2019 as we had more
growing degree days prior to the first frost.

C. Explanation of Variance
Laboratory work remains reduced to about 50% of pre-COVID levels due to the need for
social distancing. Students in the lab work in shifts.
D. Plans for Next Quarter
We will continue working on the aims stated above. One manuscript will be submitted
before the end of the year, and three more are in the works for submission in the first half
of 2021.
E. Publications, Presentations and Proposals Submitted
•

Publications
o Chopra, Ratan, Folstad, Nicole & M. David Marks. (2020). Combined genotype
and fatty-acid analysis of single small field pennycress (Thlaspi arvense) seeds
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increases the throughput for functional genomics and mutant line selection. Ind
Crops Prod., 156: 112823. https://doi.org/10.1016/j.indcrop.2020.112823.
o Tyl, Catrin, DeHaan, Lee, Frels, Katherine, Bajgain, Prabin, Marks, M. David &
James A. Anderson. Emerging Crops with Enhanced Ecosystem Services:
Progress in Breeding and Processing for Food Use. Cereal Foods World, 65 (2).
https://www.cerealsgrains.org/publications/cfw/2020/March-April/Pages/CFW65-2-0016.aspx
•

Professional Conferences /Meetings
None this quarter.

3. Western Illinois University
A. Planned Activities
•

Organize experiments for Fall 2020 planting experiments.

•

Collect and distribute seed from top 10 breeding lines to collaborators.

•

Coordinate and plant ISU and WIU research plots.

•

Complete seed oil analysis of the 2020 growing season.

•

Establish 10 seed and single seed non-destructive analysis for total seed oil using
pulsed NMR.

B. Actual Accomplishments
•

Analyzed data from 2020 summer research projects and distributed it to colleagues.

•

Designed experiments for the Fall 2020 planting season.

•

Collected and distributed seed packets for multi-state trials to be planted in nine sites:
2 - MN, 2 - WI, 4 - IL, and 1 - OH.

•

Planted state trials and GA experiments at ISU (Normal, IL) on Sep. 6, 2020.

•

Planted all WIU research plots on Sep. 12 and Sep. 27, 2020, in Macomb, IL.

•

Experiments planted include:
o Timing of spring-applied nitrogen trials on two breeding lines.
o Gibberellic acid seed treat duration study on two breeding lines.
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o Replicated variety trials with 54 lines, breeding line seed increases for 12 lines.
o Advanced selection of 30 EMS mutants for desirable traits, no-till drill seeding
methods, Treflan seed emergence.
•

Initiated bulk seed increases for drying and grain handling experiments at AURI.

C. Explanation of Variance
WIU is still under COVID-19 restrictions. Undergraduate student support for projects and
conducting independent studies have been restricted.
D. Plans for Next Quarter
•

Complete emergence and fall data collection on all field experiments in Macomb, IL.

•

Meet with Southern Breeding team members to identify breeding lines for winter
grow out in the greenhouse during the winter 2021 months.

•

Select and germinate advanced breeding lines with traits including compact flower
stem, early flowering, improved germination, and reduced seed coat fibers.

•

Complete computer algorithms for running optical seed sorter to recognize seed size
and shape.

•

Complete computer algorithms for running optical seed sorter to recognize seed
contamination.

E. Publications, Presentations and Proposals Submitted
Prepared a manuscript with IPREFER Co-PI John Sedbrook on Pennycress. Generating
pennycress (Thlaspi arvense) seed triacylglycerols and acetyl-triacylglycerols containing
medium-chain fatty acids. Esfahanian, Maliheh, Nazarenus, Tara J., Freund, Meghan M.
McIntosh, Gary, Phippen, Mary, Phippen, Winthrop B., Durrett, Timothy P., Cahoon,
Edgar B. and John C. Sedbrook.
OBJECTIVE 3.3 - CHARACTERIZATION OF PENNYCRESS ECOSYSTEM SERVICES
The goal of the water quality component of the Ecosystem Services group is to assess
pennycress's potential to function as a cover crop.8
1. Planned Activities

8

Bill Perry (Illinois State University) leads the Characterization of Pennycress Ecosystem Services Objective.
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The fall objectives center around harvesting the cash crop, ensuring a robust stand of fall
germinated pennycress, and sampling soil parameters as they respond to the experimental
treatments ––pennycress, pennycress with nitrogen amendments, relative to the reference
plots. We specifically planned to:
•

Establish a robust fall germinated pennycress crop interseeded in soybeans

•

Harvest soybeans and determine yields

•

Sample soils for ammonia, nitrate, phosphate, organic matter percent, micronutrients

•

Sample soybean cyst nematodes to determine changes in populations over time

•

Sample soil porewater nutrients using lysimeters after rains

•

Establish subsurface drainage samplers and begin nutrient load losses.

2. Actual Accomplishments
We have robust stands of fall germinated black seed coat pennycress established in all
treatments (Figure 9) and have harvested soybeans (Figure 10). We have just finished the
soybean harvest and are awaiting the analysis of the yields and observations. The harvester's
yield monitor that uploaded data to FieldView suggested no significant differences in the
pennycress plots relative to the reference plots (Figure 11). Pennycress interseeded in the
soybean plots has established well in all plots but was delayed in the south plots, possibly
due to low soil organic carbon or denser soybean stands. We will till the reference plots to a
depth of 2 cm to remove the extensive weed cover in these plots and use herbicides if the
weather is conducive to its use (Figure 12).
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Figure. 9. Pennycress established in late October in standing soybeans.

Figure 10. Harvesting soybeans with pennycress established by broadcast seeding. Note the patch of
pennycress growing where the seeder did not plant soybeans due to issues with mounds of soil
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remaining after tile installation. Bottom – Using a yield monitor sending data to FieldView we will be
able to estimate yields in the center acre of all plots.

Figure 11. Henbit is currently a cool-season weed that is growing in all plots and competing with
pennycress. In the reference plot above, we will use a small plot to disturb the top 2 cm of soil to
remove the weeds and also utilize herbicides if weather permits
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Figure 12. Sampling soil fertility and soybean cyst nematodes. SCN was sampled by homogenizing 20
cores, each 6-8 inches long at 3 points in each plot. The soil fertility was estimated by homogenizing
20 cores, each 12 inches deep at 3 points in each treatment for soil fertility. In the image are Noah
Price, an undergraduate volunteer, and Jack Wang, a graduate student studying soil pore water.

We have also taken 1080 soil probe samples in the plots to estimate soil fertility and soil
organic carbon, and soybean cyst nematodes (Figure 13). We sampled 3 points in each plot
and homogenized 20 soil cores for soil fertility and a separate set of samples for soybean cyst
nematodes. The SCN samples are being analyzed at the University of Illinois Plant Lab, and
the soil samples are being analyzed at United Soils, Fairbury, IL. We installed lysimeters to
sample soil pore water in early November (Figure 14). We received the first rain on 2020-1124 of over 2.5 cm, and this is the first rain event to allow soil pore water samples, which were
taken on 2020-11-25 and 26. Subsequent samples will be taken after each rain until the soil
freezes.

Quarterly Progress Report: August 2020 – October 2020

25

Figure 13. Installing soil pore water samplers – lysimeters in min November with Jack Wang,
graduate student (right), and Noah Price, an undergraduate volunteer (left).

The subsurface drainage sampling systems of water discharge and nutrient loads are nearly
complete for the reference and pennycress treatments. We have installed the ISCO automated
samplers, batteries, and solar panels on the platforms next to Turkey Creek (Figure 8). We
are in the process of installing the flow velocity probes this fall, which will be in place for the
next several years. We have not received funding to instrument the added pennycress with
nitrogen amendment plots and are working on borrowing instruments from collaborators at
The Nature Conservancy. We are excited about the progress now that the samplers are in
place. The delay will not be an issue as subsurface drainage takes greater than two years to
respond to cover crop treatments.
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Figure 14. Top - Elevated platforms with solar panels to charge batteries for the ISCO automated
samplers with Matt Nugent, an undergraduate working on the carbon sequestration. Bottom –
Automated sampler platform into Turkey Creek showing soybeans in the background prior to harvest.

3. Explanation of Variance
The majority of our experiments are on track for examining soil and crop responses to
pennycress treatments. The addition of automated sampling of subsurface drainage and the
pennycress nitrogen amendment treatments increased the time required to install that
equipment and move funds to the appropriate lines.
We have added a side project examining the response of soil organic carbon – carbon
sequestration – to the project to compare pennycress to cereal rye, cereal rye, tillage radish
and pea, and reference treatments. A stellar undergraduate student, Matthew Nugent, funded
by the Department of Agricultural Sciences at ISU, is working with Rob Rhykerd and
myself. Matt has completed his first sampling to determine carbon sequestration in the soil
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profile at every 2 cm to 15 cm and from 15 to 20 cm and 20 – 25 cm. We are nearly finished
with the analysis of the soil samples. This project's hypothesis is that in no-till systems with
cover crops, the top layer of soil will respond faster than the deeps soil layers. Homogenized
soil samples of the top 15 cm will possibly miss this response, and his project will examine
this.
4. Plans for Next Quarter
The winter quarter plans are to process all samples in the laboratory, write reports, and
prepare grant proposals to fund the project's remaining parts. We will prepare for the spring
sampling of soils and pennycress and weed biomass.
5. Publications, Presentations and Proposals Submitted
•

Publications
None this quarter.

•

Professional Conferences /Meetings
None this quarter.

OBJECTIVE 3.4 - LIFE CYCLE SUPPLY CHAIN DEVELOPMENT
The IPREFER supply chain team held a conference call to discuss the work being conducted in
the second quarter. The University of Minnesota has started specific seed drying tests and will
have results by next quarter. CoverCress has offered to share their grain drying results and grain
samples from larger bin drying efforts conducted about three years ago.
CoverCress is now establishing efforts to map the whole supply chain needs from the farm to the
grain processor and will have updates on modeling and costs by the third quarter.
We are forming a broader supply chain team with other interested individuals in the IPREFER
group. The full list of individuals and meeting schedules will be shared next quarter, along with
the progress made.
1. Planned Activities
•

Team meeting to finalize Carbon Intensity project needs.
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2. Actual Accomplishments
•

We scoped, signed, and started carbon evaluation projects with Purdue University on Oct.
20, 2020. We are continuing to discuss the appropriate scope of a project with Argonne
National Labs (See Exhibit C).

•

AURI has scoped grain cleaning, drying, and storing for the 2021 harvest, as well as
small crush batches on the same harvest. CoverCress agronomists, as well as four AURI
personnel, are in line with sample sizes and needs.

•

We presented Supply Chain plans at the October 2020 Executive Team Leadership
meeting (See Figure 15).

•

We scheduled monthly Supply Chain team meetings for all of 2021.

Figure 15. October 2020 Supply Chain Team Update.
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3. Explanation of Variance
No variances were noted.
4. Plans for Next Quarter
Support and verify Purdue’s carbon intensity analysis. Start the Carbon Intensity project with
Argonne National Lab.
5. Publications, Presentations, and Proposals Submitted
None at this time.

OBJECTIVE 3.5 AND 6 - EDUCATION, EXTENSION, AND OUTREACH
1. Planned Activities
•

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. (Submission for official
state-level review will come after activities have been piloted.)

•

Pilot activities from the project book with youth through virtual STEAM workshops in 4H programs around the state.9

•

Pilot activities from the project book with youth through a Cover Crops SPIN Club,
dependent on the resumption of in-person 4-H meetings.

A. Ohio State University
•

Participate in Objective conference calls to discuss efforts.

•

Begin planning modules for implementation.

2. Actual Accomplishments
•

12 of 12 lessons for the 4-H Cover Crops project book have been drafted.

•

A 4-H staff member has reviewed lessons.

9

STEAM (Science, Technology, Engineering, Art, and Math) is the terminology that Illinois Extension was using
for its online workshops.
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•

Promotion has begun for a 4-H SPecial INterest (SPIN) Club. Starting in January, the
club will consist of two in-person meetings and five virtual sessions, allowing us to pilot
lessons in a variety of formats.

A. Ohio State University
•

Submitted an IPREFER project idea to Mary Brakke for the summer 2021 IPREFER
Integrated Plant Systems – Undergraduate Research Experience Presentation.

•

Collected images for crop staging material development (early stages).

•

Discussed a collaborative plan with UMN to develop a staging guide possibly
containing thermal development models.

3. Explanation of Variance
Scheduling of locations and promotional timing made it difficult to begin the SPIN Club this
quarter, but we have youth excited to begin after the holidays.
4. Plans for Next Quarter
•

Pilot activities from the project book through various hands-on, virtual/synchronous, and
asynchronous sessions.

•

Complete peer review (with subject matter experts from within IPREFER) and begin a 4H review of the Cover Crop curriculum.

•

Format the lessons into a ready-to-publish project book.

•

Work with the Chicago High School for Agricultural Sciences to embed cover crop
activities/research in classroom activities and school-based internships. This activity
could serve as an opportunity to begin networking with Illinois FFA.

A. Ohio State University
•

Begin staging guide discussion (Dec. 2020 target date).

•

Support graduate research on seed pelleting.

5. Publications, Presentations, and Proposals Submitted
•

Brakke, Mary and Rebekka Darner. 2020. Using undergraduate research experience to
enhance interdisciplinary competency in agricultural sciences. Innovative/LearnerCentered Teaching Poster Presentation. American Association of Agricultural Educators
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2020 North Central Region/National Learner-Centered Teaching Conference. Oct. 14 16. 2020.
•

Hagaman, Matthew. 2020. “IPREFER: The Wonder Weed.” CeMaST Connections, Fall
2020, Vol. 1 (See Exhibit D).
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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, Southern Illinois University, 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 (“USDA-NIFA”).
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, Southern Illinois University, 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, Southern Illinois University, 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, Southern Illinois University, 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 the 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: November 1, 2020 – January 31, 2021
PROJECT ADMINISTRATION AND GOVERNANCE
We accomplished the following project governance and administrative tasks during the second
quarter of Year 2.
1. Planned Activities
•

Work with the Education and 3.6 Extension and Outreach Objective and the 2021
Integrated Plant Systems – Undergraduate Research Experience (IPS-URE) coordinator
to recruit undergraduate interns for the Summer 2021 cohort.

•

Continue development of data management protocols for data management deposits to
UMN data banks.

•

Continue drafting and refining the agreement with Purdue University to conduct land-use
change assessments for Carbon Intensity (CI) scoring for biodiesel and renewable fuels.

2. Actual Accomplishments
•

We advertised the 2021 Integrated Plant Systems – Undergraduate Research Experience
program (IPS-URE) on the project website and national search websites to increase
participation and applicant diversity.

•

We revamped the web-based application process for the Summer 2021 IPS-URE
program. We helped develop ten separate internship opportunities.

•

We initiated protocols for organizing data management deposits for each of the teams to
the UMN data banks

•

We finalized the agreement with Purdue University to conduct land-use change
assessments for Carbon Intensity scoring for biodiesel and renewable fuels. We will add
jet fuel to the project, pending the results of the first two products.

•

We hired two undergraduate students at Western Illinois University to assist with
greenhouse and laboratory experiments.

3. Explanation of Variance
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Western Illinois University is still under COVID-19 restrictions. Undergraduate student
support of projects and independent student studies are currently proceeding as planned until
further notice. Spring field days are proceeding as planned, but COVID-19 restrictions may
limit the number of attendees per day.
4. Plans for Next Quarter
•

Continue improving the project website and integration with social media platforms.

•

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

•

Discuss agreement with Purdue University to conduct land-use change assessments for
Carbon Intensity scoring for aviation fuels.

•

Hire an additional two undergraduate students to assist with greenhouse and laboratory
experiments.

•

Begin organizing IPREFERs 3rd annual meeting, currently scheduled for August 10-11,
2021. Project research partner CoverCress, Inc. will host the meeting. If COVID 19
restrictions have been lifted, we will hold the meeting in St. Louis. If we are unable to
meet in person, we will host another virtual meeting.

5. Publications, Presentations, and Proposals Submitted
•

Presentations
Phippen, Winthrop B. “Pennycress as a viable cover crop.” Invited speaker at BioAg
Winter Meeting, Macomb, IL. January 12, 2021. 25+ producers from West Central
Illinois.

OBJECTIVE 3.1 - AGRONOMIC MANAGEMENT
1. Yield Trade-off Leveraging Corn Relative Maturity and Desiccants (“CRM”)
(Objective 3.1.1)1
Recent work suggests that corn grain yield and grain moisture at harvest are increased by 88
kg ha-1 (1.4 bu ac-1) 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

1

Russ Gesch (USDA-ARS) leads the CRM team.
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counterparts, they can be harvested earlier (e.g., late August). The application of desiccants
can further shorten the time for corn to reach harvestability. The team will assess corn and
pennycress yield trade-offs through evaluating a range of corn CRM by assessing varieties
differing in relative maturity in Ohio, Minnesota, and Illinois during Project Years 1 – 3.
A. Minnesota (USDA and RROC)
•

Planned Activities
o Process corn samples for yield.
o Measure plant densities and percent green cover of pennycress before winter
freeze.
o Setup standardized spreadsheet for data recording/storing.
o Search to fill postdoc position for agronomic studies.

•

Actual Accomplishments – See Figures 1-5
o Corn grain samples for yield have been processed and yields calculated.
o We measured emerged pennycress plant densities and green cover in all but the
95 d corn plots (very few seedlings have emerged before freezing).
o Initial soil samples have been ground and sent for chemical/physical analysis.
o We hired a Postdoc.

•

Explanation of Variance
Pennycress stand densities and green cover could not be assessed in 95 d corn plots
due to plants only beginning to emerge.

•

Plans for Next Quarter
Standardize spreadsheets for data recording and storage.

•

Publications, Presentations, and Proposal Submitted
Prepared for a Spring 2021 virtual field day initially planned for April 2021.
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Figure 1. Crop Residue Management Field Study, Morris, MN 9/16/20. A freshly harvested plot for grain
just prior to planting. The pennycress was planted 9/3/20.

Quarterly Progress Report: November 2020 – January 2021

4

Figure 2 A & B. Crop Residue Management Field Study, Morris, MN, 9/16/20. Silage “check” plot.
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Figure 3 A & B. Crop Residue Management Field Study, Morris, MN, 9/16/20. 76 and 82 d corn plots
following harvest and just before drilling pennycress. Stover was chopped with a Geringhoff header on
a Hege combine.
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Figure 4 A. Crop Residue Management Field Study, Morris, MN, 11/04/20.
82 d Corn - CRM. Fig. 4B Decent emergence, planted 9/16/20. Fig. 4C
Silage “check.”
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Figure 5 A & B. Crop Residue Management Field Study, Morris, MN, 11/23/20. 95 d corn plot, some
seedlings have just emerged. Pennycress planted 10/07/20. Soil is damp on top but frozen underneath.
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Figure 6. Pennycress Relative Maturity (Ohio) 9/15/20 - 11/4/20.

Figure 7. Residue Management (Ohio) 09/15/20 (Silage), 10/14/20 (Drill) and (No-till, Broadcast).
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Figure 8. Residue Management (Ohio) 10/14/20 Till, Broadcast), 10/14/20 (No-till, Broadcast) and 10/13/20
(Broadcast Pre-harvest).

Figure 9. 90 Day CRM – Full Stover treatment, 11/4/20 RROC Planting Day.
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B. Illinois State University
•

Planned Activities
o Fertilize pennycress in all treatments.
o Flag out Year 2 location and take soil samples, then send the samples to Alex
Hard.
o Measure pennycress plant densities and percent cover.

•

Actual Accomplishments
o Fertilized all plots.
o Sent the samples to the University of Minnesota in the care of Alex Hard.
o Assessed pennycress phenology and flowering.

•

Explanation of Variance
Nothing to report.

•

Plans for Next Quarter
o Assess pennycress growth and development.
o Plant soybean.
o Harvest pennycress.

•

Publications, Presentations, and Proposals Submitted
Nothing to report.

2. Corn Residue Management ("DISC") (Objective 3.1.2)2
An increasing number of farms are now practicing no-tillage and other conservation tillage
farming due to ecological and economic benefits. Establishing pennycress in no-till fields is a
struggle due primarily 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 to
not interfere with pennycress establishment. Pennycress establishment and subsequent seed
yield in high-residue environments will be compared to reduced-surface stover treatments
2

DISC is the abbreviation we use for the IPREFER corn stover management project. Nicholas Heller (Illinois State
University leads this IPREFER objective.
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where its production has been proven to be successful (e.g., silage corn removal and prepared
seedbeds).
A. Minnesota (USDA and RROC)
•

Planned Activities
o Process corn sample for yield.
o Measure pennycress plant densities and percent green cover.
o Setup standardized spreadsheets for data recording/storage.

•

Actual Accomplishments
o Corn grain samples taken this past fall have been processed and yields calculated.
o Pennycress plant densities and percent green cover could only be measured in the
silaged control plots because plants in the other treatments for this study were
were only beginning to emerge prior to winter freeze-up.
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o We have taken multiple plot pictures and have sent soil samples taken last
summer for site characterization for chemical/physical analysis.

Figure 10 A & B. DISC Field Study, Morris, MN, 11/23/20. Silage plot “check,” planted
9/3/20.
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Figure 11 A & B. DISC Field Study, Morris, MN, 11/23/20. Lite disc treatment. Pennycress planted
9/30/20 and seedlings just emerging.
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Figure 12 A & B. DISC Field Study, Morris, MN 11/23/20. Direct drilled treatment with pennycress
planted 9/31/20. Nothing visible, but some seedlings germinated and have emerged below the
residue.
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•

Explanation of Variance
Pennycress stand densities and green cover could not be assessed in 95-day corn plots
due to plants only beginning to emerge.

•

Plans for Next Quarter
Standardize spreadsheets for data recording and storage

•

Publications, Presentations, and Proposals Submitted
None this quarter.

B. Illinois State University
•

Planned Activities
o Fertilize pennycress in all treatments.
o Flag out Year 2 location and take soil samples - send to Alex Hard.
o Measure pennycress plant densities and percent cover.
o Prepare field day presentations.

•

Actual Accomplishments
o Fertilized PC in all treatments.
o Flagged out Year 2 location and take soils samples - sent to Alex Hard.
o We measured PC plant densities and percent cover.
o We prepared field day presentations.

•

Explanation of Variance
Nothing to report.

•

Plans for Next Quarter
o Assess pennycress growth and development.
o Plant soybean.
o Harvest pennycress.
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3. Novel Seed Treatment for Improved Pennycress Performance (“PELLET”) (Objective
3.1.3)3
The use of seed coating and fungicide treatments in concert with certain strategies may
improve establishment, especially if planted in fall when rain can be sporadic. In other
species like Brassica juncea, hydro-priming (controlled pre-planting hydration) improves
germination even in water-stressed environments. Another issue that may impact pennycress
production is crown disease. Deterioration of the crown may impact maturation, induce
lodging, and hamper mechanical harvest. Preventing infection of a pathogen causing crown
rot or other seedling pathogens in the fall through the use of seed treatment may improve
establishment, crown integrity and minimize losses at harvest due to lodging. A field trial
will be established in Ohio, Illinois, and Minnesota to determine the impact of seed
treatments on fall establishment, spring crown integrity, and lodging.
A. Minnesota (USDA and RROC)
•

Planned Activities
o Record the residue type for this study (PREFERRED: no residue or clean till,
grain corn residue post-harvest, or soybean residue post-harvest). The number of
desired sites is three in MN, two in IL, two in WI, and three in OH.
o Collect a composite 8” soil sample to characterize the site (analyze for CEC, %
OM, pH, soil P, K, Ca, and Mg – base soil analysis). Also include the information
related to the predominant soil series from the Web Soil Survey.
o Ideally, the planting date would be mid-late September. Seed envelopes should be
broadcast into plots (4 ft x 4 ft), with a 2 ft border around each plot to allow for
sampling. One envelope should be used per plot using the provided plot map.
o Assess stand around first frost (early to mid-November) using a 0.25m2 area in
each plot. Collect one image from a consistent height and process using Canopeo,
using a similar procedure to broadcast treatments in the Residue study.

•

Actual Accomplishments
Land is earmarked at each intuition for the PELLET 2021 Fall rollout.

•

Explanation of Variance

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 Ohio State University.
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Nothing to report.
•

Plans for Next Quarter
o Assess winter survival in March-early April. Collect a spring stand count and
Canopeo image from each plot as was done in the fall.
o Apply 40 lbs N/ac broadcast as urea before bolting.
o In mid-May, assess crown integrity and inspect leaves for lesions. Check five
plants and provide a percent leaf coverage for each.
o Before harvest, assess stem lodging on a percentage basis Percent of plants
experiencing lodging, note if lodging is light, moderate, or severe as well based
on stalk angle from erect).
o Hand harvest 0.25m2 and thresh plants for assessment of seed yield, harvest
moisture, and seed quality.

B. Ohio State University
•

Planned Activities
o Advise graduate student.
o Order materials to facilitate activities.
o Begin seed pelleting experiments.
o Evaluate establishment in breeding trial fall 2020.
o Evaluate establishment in agronomic trials fall 2020.
o Participate in conference calls to discuss efforts.

•

Actual Accomplishments
o Conversion to Workday internally caused some challenges, but materials are
ordered and received to continue pelleting activities.
o We established a repeatable procedure for pelleting seeds.
o We quantified fall establishment in breeding trial plots.
o We quantified fall establishment in agronomic trial plots.
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o We secured a land area for the PELLET trial at a new Ohio location for planting
Au21.
o We completed the initial pelleting germination screen (See Table 1).
o We participated in conference calls with the Education objective.

Table 1. Germination percentage of pennycress at different Genotype and pelleting treatments
Pelleting

GA Pelleting

GA Soak

Control

MN 106

86.33b A

94.00a A

97.16a A

53.66c B

MN 106NS

51.16b B

94.83a A

94.83a A

19.17c C

TT8

55.33c B

63.66ab B

84.5a B

72ab A

B3

40.16b B

94.50a A

96.00a A

27.33c C

Letters denote significant differences among treatments with factors at the 0.05 probability level.
Capital letters denote difference among germplasm within each seed treatment. Small letters denote
difference among seed treatment within each germplasm.

•

Explanation of Variance
We have not started staging guide for pennycress as conversations with other team
members have yet to occur.

•

Plans for Next Quarter
o Oversee graduate student research projects (Project Management).
o Assess pennycress winter survival.
o Continue pelleting assessments.
o Begin staging guide discussion (March target?) (Education).

•

Publications, Presentations, and Proposals Submitted
Koirala, Nasib. “Assessment of seed pelleting effects on agronomic characteristics of
oilseed pennycress (Thlaspi arvense L.).” Oral presentation at 14th Annual
Horticulture & Crop Science Graduate Research Symposium. Ohio State University,
Columbus, OH, December 15, 2020.
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4. Tools for Integrated Weed Management (“WEEDS”) 3.1.44
Where herbicides are used as the primary weed management tool, there will be herbicides.
A. Western Illinois University
•

Planned Activities
Establish corn plots where herbicides will be applied in the spring and summer to
create potential carryover scenarios for pennycress planted in Fall 2021.

•

Actual Accomplishments
o Applied herbicides to pennycress for IR-4 project being coordinated by Don
Wyse. Collected stand counts and injury ratings on pennycress planted in Fall
2020 into herbicide carryover plots.
o Completed the third round of greenhouse simulated carryover experiment.

•

Explanation of Variance
None noted.

•

Plans for Next Quarter
o Establish all field carryover experiments.
o WIU will also plant the Corn Relative Maturity experiment and the Residue
Management Study.
o Prepare final analysis of greenhouse simulated carryover data.

•

Publications, Presentations, and Proposals Submitted
Publications
Betts, K., Wells, M.S., Sarangi, D., Bernards, M.L., Wyse, D.L. 2021. Field
pennycress (Thlaspi arvense) response to herbicides applied postemergence. Weed
Science Society of America Annual Meeting Proceedings 60:20.
Presentations

4

Mark Bernards (Western Illinois University) leads the WEEDS Team.
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o Johnson, JacobBrent S. Heaton & Mark L. Bernards. Poster: Field Pennycress
(Thlaspi aarvense) Population and Growth Following Corn Treated with Group 27
Herbacides. Western Illinois University, Macomb, IL. Jacob Johnson received a
1st place award in the Undergraduate Student category. See Exhibit A.
o McConville, Daniela R., Claudia R. Bland, Brent S. Heaton & Mark L. Bernards,
Poster: “Field pennycress (Thlaspi arvense) Response to Simulated Carryover of
Group 27 Herbicides in the Greenhouse.” Western Illinois University, Macomb,
IL. See Exhibit B.
o Stufflebeam, Nathan L., Mason R. Blickenstaff, Claudia R. Bland, Brent S.
Heaton & Mark L. Bernards. Spring2021 Poster: “Field pennycress (Thlaspi
arvense) Response to Simulated Carryover of Group 15 Herbicides in the
Greenhouse.” Western Illinois University, Macomb, IL. See Exhibit C.
5. Monitor Soybean Cyst Nematode (Heterodera Glycines, SCN) in the cropping rotation
(“SCN”) (Objective 3.1.5)5
Pennycress has been reported to be a poor to moderate host for SCN in greenhouse studies.
The research in this objective aims to investigate the SCN – pennycress pathogen - plant
interaction. The team is investigating whether pennycress serves as an alternative host for
SCN in a corn-soybean field rotation. Initial full-scale field research that the team has
completed has shown there is no significant difference in SCN population densities between
fallow control treatments and those containing a pennycress winter oilseed crop. (Hoerning,
C (2020). Evaluating Winter Annual Oilseeds as Alternative Hosts to Heterodera Glycines.
Unpublished manuscript, University of Minnesota). The lack of a treatment effect in multiple
field years indicates climate, especially the winter freeze, may play a critical role in the
pathogen-host interaction. These results have since been replicated in small, ongoing
microplot experiments.
A. University of Minnesota
•

Planned Activities
o Acquire soybean seed for susceptible and resistant spring planting treatments.
o Prepare experimental protocol(s) for the 2021-2022 field season.
o Submit protocols are stations where experiments are established.

5

Cody Hoerning and Senyu Chen (University of Minnesota) lead the SCN Team.
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o Contact research managers on labor needs and expectations.
o Organize and review agronomic and nematode data collected in Fall 2020.
•

Actual Accomplishments
o We accomplished all the planned activities for the period.
o We acquired soybean seed for susceptible and resistant spring planting treatments.
o We prepared experimental protocol(s) for the 2021-2022 field season
o We submitted protocols are stations where experiments are established.
o We contacted research managers on labor needs and expectations.
o We organized and reviewed agronomic and nematode data collected in Fall 2020.

•

Explanation of Variance
We accomplished all planned activities. The Illinois sites were delayed one year, as
was previously described. We will prepare the sites this spring, and the pennycress
will be planted in the fall of 2021.

•

Plans for Next Quarter
o Collect agronomic measurements.
o Collect pennycress biomass and yield data.
o Soil sample for SCN.
o Process SCN samples for egg counts.
o Apply fertilizer.
o Drill no-till soybean into pennycress at the appropriate physiological level.

•

Publications, Presentations, and Proposals Submitted
Hoerning, C. (2020). Evaluating Winter Annual Oilseeds as Alternative Hosts to
Heterodera Glycines. Unpublished manuscript, University of Minnesota.
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6. Contribute to the identification and development of soybean varieties specifically
adapted to pennycress inter-cropping systems (“SELECT”) (Objective 3.1.6)6
Minimizing yield trade-offs between pennycress and soybean in a relay cropping system is
paramount. Recent research detected sizeable differences in light transmittance-related
properties between pennycress crop canopies. This indicates that both canopies represent
different stress environments for the relay-planted soybean, potentially requiring different
soybean cultivars to be relay-planted. Further, the good performance of the relay-planted
soybean cultivars suggests a stronger competitive ability that might 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 fall of 2019 with the bulk planting of pennycress ‘MN106’. A
large number of soybean cultivars are slated for relay cropping into the pennycress spring of
2020 with the expressed goal of revealing large variations in soybean yield response to relayplanting. A large number of cultivars will, therefore, increase chances to identify uniquely
superior cultivars. In addition, such group size will maximize the chances of identifying
superior cultivars.
A. Minnesota (RROC)
•

Planned Activities
o Monitor pennycress growth and development.
o Apply POAST to control for wheat vol.
o Apply N fertilizer based on BMP.

•

Actual Accomplishments
o Checked in on SOYSELECT Pennycress on April 21, 2021. Mostly fall emerged
pennycress, and relatively uniform—some weeds. Pennycress is still in the rosette
stage.
o Applied POAST to site to control grass weeds and vol. Spring wheat.
o Applied N fertilizer.

6

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

Explanation of Variance
Nothing to report.

•

Plans for Next Quarter
o Monitor flowing timing and pennycress maturation.
o Relay plant soybean panel.
o Harvest pennycress.

•

Publications, Presentations and Proposals Submitted
Nothing to report.
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Figure 13. SoySelect 09/4/20 RROC Planting Day.

Figure 14. Silage check treatments, 09/3/20 RROC Planting.
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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 (Yr. 2):
•

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 the 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
•

New data confirms that CRISPR knockout of a new target for reduced seed
glucosinolate content reduces glucosinolate levels to an ideal level (below regulatory
limits, yet high enough to theoretically provide plant protection against herbivores).
The knockout lines grow like wild types in growth chambers. The CRISPR
machinery has been segregated, and homozygous mutant plants will be planted in the
field for evaluation at the beginning of April. We are in the process of stacking
knockout of this gene with other domestication traits. We also recently obtained
encouraging results for larger seed size through CRISPR gene knockout. Those plants
will also undergo field evaluation, as will new CRISPR lines potentially having
higher seed oil content.

•

We planted CRISPR-induced triple stack plants (low erucic, low fiber, low
glucosinolate) in Western Illinois University greenhouses to bulk up the line. Plants
from this line were also planted last fall at three Midwest locations (ISU, WIU,
CoverCress plots) for field evaluation.

C. Explanation of Variance
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Laboratory work remains reduced to about 80% of pre-COVID levels due to the need for
social distancing. Students in the lab work in two shifts.
D. Plans for Next Quarter
Continue work on the aims stated above. One manuscript has been submitted this quarter;
we will submit another by mid-year.
E. Publications, Presentations and Proposals Submitted
None at this time.
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 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 evaluate new EMS-induced mutations conferring high-priority traits,
including the core domestication traits and value-added traits, including higher total
seed oil content, larger seed size, and high-oleic seed oil. We have planted over 500
lines of newly developed EMS lines to sequence through JGI.

•

We continue to evaluate the natural accessions for variation in the crucial traits.

•

Backcrossing of core-domestication traits is on track, and we should have BC3 or
BC4 for low erucic, reduced pod shatter, early flowering, and reduced glucosinolates
by the end of the summer.
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•

IPREFER variety trials will be monitored from the middle of March for transition and
winter survival.

C. Explanation of Variance
Laboratory work remains reduced to about 50% of pre-COVID levels due to the need for
social distancing. Students in the lab work in shifts.
D. Plans for Next Quarter
Continue work on the aims stated above. We plan on submitting two manuscripts during
the first half of 2021.
E. Publications, Presentations and Proposals Submitted
Marks, M.D., Chopra, R., Sedbrook J. Technologies enabling rapid crop improvements
for sustainable agriculture: Example pennycress (Thlaspi arvense L.). Emerging
Technologies in Plant Science. (In press).
Graduate student Zenith Tandukar (University of Minnesota) has been named a “Next
Generation Scientist for Biodiesel.”
3. Western Illinois University
A. Planned Activities
•

Complete emergence and fall data collection on all field experiments in Macomb, IL.

•

Meet with Southern breeding team members to identify breeding lines for winter
grow out in the greenhouse during the winter months.

•

Select and germinate advanced breeding lines with traits including compact flower
stem, early flowering, improved germination, and reduced seed coat fibers.

•

Complete computer algorithms for running optical seed sorter to recognize seed size
and shape.

•

Complete computer algorithms for running optical seed sorter to recognize seed
contamination.

B. Actual Accomplishments
•

We completed emergence and fall data collection on all field experiments in
Macomb, IL. With a mild warm fall, stand establishment of all plots was excellent.
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•

We met with IPREFER colleagues at Illinois State University and CoverCress to
identify breeding lines needed for seed increases at the WIU greenhouses during the
winter 2021 months.

•

We advanced winter-type breeding lines were selected, germinated in late December,
and placed in vernalization chambers for 21 days at 4C. Traits of particular interest
include:
o Compact flower stem
o Early flowering
o Improved germination, and
o Reduced seed coat fibers
o Spring-type breeding lines were germinated in late January. All seedlings will be
planted in the greenhouse in early February.

•

While writing computer algorithms for running the optical seed sorter, the
manufacturer indicated some internal hardware upgrades were needed to recognize
seed size and shape. We returned the optical seed sorter to the manufacturer in late
January 2021. The manufacturer will return the seed sorter to WIU by June 1, 2021.
The manufacturer will assume all upgrade and improvement costs (estimated at
$50,000).

•

Initiated a large undergraduate research experiment investigating fertilizer treatments
with combinations of nitrogen and phosphorus on five different pennycress breeding
lines in the WIU greenhouses.

•

We completed a total oil analysis by NMR and seed oil constituent analysis by gas
chromatography for trait development in pennycress lines from ISU.

C. Explanation of Variance
Western Illinois University is still under COVID-19 restrictions. Undergraduate student
support of projects and independent student studies are currently proceeding as planned
until further notice. Spring field days are proceeding as planned, but restrictions may
limit the number of attendees per day.
D. Plans for Next Quarter
15 WIU
Research
Farm,
9/20. The
dark block
the middle
is the
Figure 17.
Western
Illinois
University
Research
Farm,inBlock
17 by the
golfPennycress
course
research
which
wasplots.
planted on 10/8/20.
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•

Transplant winter and spring type advanced breeding lines to the WIU greenhouse.

•

Initiate fertilization experiment investigating nitrogen and phosphorus effects on
pennycress plant structure, flowering time, overall seed yield, and seed oil traits.

•

Initiate a large EMS mutant screen for heat stress-tolerant pennycress lines.

•

Organize in-person field days at WIU farms pending COVID-19 restrictions.

•

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

•

Maintain research plots with hand weeding and plot labeling.

E. Publications, Presentations and Proposals Submitted
Educational Presentations
•

Phippen, Winthrop B. Western Illinois University. Classroom lecturer in AGRI-376
“Applied Genetics in Agriculture” regarding CRISPR gene editing in pennycress. 47
undergraduate students, 50 min lecture. Macomb, IL, November 9, 2020.

•

Phippen, Winthrop B. Western Illinois University. Multiple classroom lectures in
AGRN-472 “Principles of Plant Breeding” regarding pennycress breeding. 11
undergraduate students. We began organizing a class project looking at employing
EMS mutant screening for heat stress in pennycress. Macomb, IL, January 2021.
Figure 18. 2Overview of the Western Illinois University Research Farm at harvest
time 2020
Figure 16. Western Illinois University Research Farm Block 3 being planted in early
September 2020.

Professional Conferences /Meetings
•

Esfahanian, Maliheh, Tara J. Nazarenus, Meghan M. Freund, Gary Mcintosh,
Winthrop B. Phippen, Mary E. Phippen, Timothy P. Durrett, Edgar B. Cahoon &
John C. Sedbrook. 2021. “Generating pennycress (Thlaspi arvense) seed
triacylglycerols and acetyl-triacylglycerols containing medium-chain fatty acids.”
Front. Energy Res. January 28, 2021.
https://www.frontiersin.org/articles/10.3389/fenrg.2021.620118/full. doi:
10.3389/fenrg.2021.620118. The Supplementary Material for this article can be found
online
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at: https://www.frontiersin.org/articles/10.3389/fenrg.2021.620118/full#supplementar
y-material
•

Figure 15. WIU Research Farm, 9/20. The dark block in the middle are the Pennycress research
plots.
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Figure 16. WIU Research Farm Block 3 being planted in early September 2020.
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Figure 17 WIU Research Farm Block 17 by the golf course which was planted on 10/8/20.

Quarterly Progress Report: November 2020 – January 2021

33

Figure 18. Overview of the WIU research farm at harvest time, 2020.
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OBJECTIVE 3.3 - CHARACTERIZATION OF PENNYCRESS ECOSYSTEM SERVICES
The goal of the water quality component of the Ecosystem Services group is to assess
pennycress's potential to function as a cover crop.7
1. Planned Activities
The winter objectives focused on finishing post-harvest sampling and preparing for spring
subsurface drainage sampling. We specifically planned to:
•

Harvest soybeans and estimate yields.

•

Establish pennycress cover crops.

•

Sample soil porewater after any fall rains.

•

Construct supports for flow velocity probes in the reference and pennycress plots to
determine water lost from these plots.

•

Prepare automated samplers to capture subsurface water and analyze dissolved nutrient
load losses from the replicated plots.

2. Actual Accomplishments
In central Illinois, the summer and fall of 2020 were among the driest seen in the last 20
years, but we were able to establish robust stands of pennycress in the treatment plots. The
soybean harvest went well, and there was no significant difference in yields between the
treatments. The minimal rainfall meant there was no subsurface flow in our plots or others in
the area, but there was enough for pennycress to establish. The dry soils meant that soil pore
water was limited, and success was patchy within treatments. We had four rain events in
excess of 1.5 cm on 2020 – 11 – 26, 2020 – 12 – 13, 2021 – 01 – 15, and 2021 – 02 – 05. We
sampled the 32 lysimeters for pore water at 18 inches in the root zone. Unfortunately, due to
low soil moisture, we collected samples from a subset on the above dates, 14, 24, 18, and 5,
respectively. The results of these tests are limited by the number of samples per plot. Still,
preliminary data suggest soil pore water nitrate-nitrogen, ammonia, and phosphorus are not
significantly different between the treatments after the soybean harvest. Soil pore water
nitrate increased throughout the fall in the samples we collected water from in all four events.
We also estimated soil fertility and soybean cyst nematode densities in the plots last fall. We
found no significant differences in soybean cyst nematode egg counts between the
pennycress, pennycress, and nitrogen, and reference plots. After the first year of pennycress
7

Bill Perry (Illinois State University) leads the Characterization of Pennycress Ecosystem Services Objective.
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as a cover crop, there were no significant changes in fall soil nitrate nitrogen, ammonia,
phosphorus, or organic carbon following the soybean crop. We did not expect to see changes
after the first year based on other cover crop studies we have conducted.
We have nearly finished constructing the prototype supports to mount the area velocity probe
in the 4-inch subsurface drainpipe in the Agridrains. There are no commercially available
systems, and we may be able to make our system available to other researchers. Once these
supports are completed, we will be fully online to sample subsurface drainage this spring. We
anticipate tiles will begin flowing in early March as the soil porewater melts. Currently, there
is some overland flow of water into the buffer strips. Otherwise, the low temperatures have
limited any fieldwork to sample water or plants.
3. Explanation of Variance
The majority of our experiments that are examining soil and crop responses to pennycress
treatments are on track. The addition of automated sampling of subsurface drainage and the
pennycress nitrogen amendment treatments increased the time required to install that
equipment and move funds to the appropriate lines. We have completed these modifications
to the project and will be prepared to sample soil pore water by the start of March.
For responses of the soils, we have added in the soybean cyst nematode counts to determine
if the density of eggs is affected by pennycress relative to the reference plots. We will also
examine if the dominant race of soybean cyst nematodes changes over the course of the
experiment in the pennycress plots compared to the reference plots.
We have added a side project examining the response of soil organic carbon – carbon
sequestration – to the project to compare pennycress to cereal rye, cereal rye, tillage radish,
and pea, and reference treatments. A stellar undergraduate student, Matthew Nugent, funded
by the Department of Agricultural Sciences at ISU, is working with Rob Rhykerd and
myself. Matt has completed his first sampling and has nearly completed all soil analyses on
the samples collected. This will constitute time 0 sampling, and we will be taking samples
this spring to determine carbon sequestration in the soil profile at every 2 cm to 15 cm and
from 15 to 20 cm and 20 – 25 cm. We predict that soil organic carbon in samples closer to
the surface will respond faster than carbon in the deeper samples and will better depict the
changes compared to samples where the top 6 or 12 inches of soil are homogenized and
assayed for soil organic carbon.
4. Plans for Next Quarter
The plans for spring 2021 will constitute the intensive sampling period where we will
sample:
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•

Water and Dissolved Nutrients (i.e., nitrate nitrogen, dissolved reactive phosphate, and
ammonia) in:
o Soil pore water after each rain event.
o Subsurface drainage water amounts, discharge (Q), leaving the reference and
pennycress plots.
o Use the discharge multiplied by nutrient concentrations to estimate load losses.
o Begin to develop a relationship between soil pore water and subsurface flow
nutrients.

•

Plant Biomass and Diversity
o Pennycress biomass will be sampled five times during the spring prior to harvest on
or around June 1, 2021.
o Weed biomass and diversity will also be sampled five times during the spring prior to
harvest on or around June 1, 2021, from the experimental plots and other weed
reference plots where weeds are allowed to grow as a reference.
o Estimate carbon and nitrogen content of both pennycress and weeds to determine
assimilation and immobilization.
o Estimate pennycress yield in the pennycress and pennycress and amended nitrogen
plots.

•

Soils
o Fertility, soil organic carbon
o Soybean cyst nematodes
o Establish a stand of corn following pennycress.

5. Publications, Presentations and Proposals Submitted
•

Publications
None this quarter.

•

Professional Conferences /Meetings
None this quarter.
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OBJECTIVE 3.4 - LIFE CYCLE SUPPLY CHAIN DEVELOPMENT
1. Planned Activities
Team meeting to review goals prior to May/June harvest and finalize CI project needs.
2. Actual Accomplishments
•

Carbon evaluation projects with Purdue University are adding relevant sensitivity
analysis and will be delivered in March 2021. Argonne was not interested in the project,
and a private company is being contracted to run a detailed LCA to evaluate direct carbon
impacts.

•

AURI has scoped grain cleaning, drying, and storing for the 2021 harvest, as well as
small crush batches on the same harvest. A CoverCress agronomist and four AURI
personnel are in line with sample sizes and needs.

•

CoverCress has described all its supply chain approach based on partnerships.

3. Explanation of Variance
No variances were noted.
4. Plans for Next Quarter
•

AURI team will make a presentation in March 2021 to show all the details in their plan
and guarantee all needed planning for post-harvest operations are in place.

•

CoverCress will make a presentation on its economic model in March 2021.

•

Purdue’s CI work with detailed sensitivity analysis to be completed.

5. Publications, Presentations, and Proposals Submitted
None at this time.

OBJECTIVE 3.5 – EDUCATION AND 3.6 EXTENSION AND OUTREACH
1. Planned Activities
•

Pilot activities from the project book through a variety of hands-on, virtual/synchronous,
and asynchronous sessions.
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•

Complete peer review (with subject matter experts from within IPREFER) and begin a 4H review of the Cover Crop curriculum.

•

Format the lessons into a ready-to-publish project book.

•

Work with the Chicago High School for Agricultural Sciences to embed cover crop
activities/research in classroom activities and school-based internships.

Ohio State University
Participate in Objective conference calls to discuss efforts.
2. Actual Accomplishments
•

4-H project book activities/lessons are currently under review by IPREFER scientists to
check for content accuracy.

•

Piloted activities from the project book through various hands-on, virtual/synchronous,
and asynchronous sessions.

•

Presented Cover Crop Products activities through 4-H SPARK Camps in Fulton, Mason,
Peoria, and Tazewell Counties.

•

Lessons are formatted into a ready-to-publish project book unless feedback from reviews
suggests formatting changes.

•

Agricultural Engineering Activity published and distributed through the Peoria Riverfront
Museum's Virtual Engineering Week.

•

Team member Emily Schoenfelder worked with State 4-H Food Systems Specialist,
Mark Becker, to lay out a rough timeline for rolling out Cover Crops as an official 4-H
project:
o April: General introductory Illinois Extension blog post.
o July: Submit a draft book and exhibit requirements.
o August: Make a formal announcement with logistics to Illinois Extension staff.
o September: Offer training on the curriculum for staff at all-staff meeting.

•

We collaborated with the Illinois Extension Program Coordinator located at Chicago
High School for Agricultural Sciences to submit a USDA NIFA Women and Minorities
in STEM (WAMS) grant, which would fund recruitment visits from CHSAS to ISU for
students and parents, during which they would complete hands-on activities related to
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IPREFER. This grant proposal was a step toward building a partnership with CHSAS that
we hope will lead to the integration of our IPREFER curricular activities into their
curricula.
•

CoverCress, Inc. released an educational marketing video:
https://www.youtube.com/watch?v=4uZ9QLqlWig&t=5s.

3. Explanation of Variance
•

Revising the project book to be at a middle school reading level has required more time
than anticipated, which pushed back the review by IPREFER scientists.

•

The Chicago High School for Agricultural Sciences is most interested in collaborating
following peer review of curriculum materials, so integrating IPREFER activities into
their classroom curricula will be pursued after we have completed a review and
publication of the materials.

4. Plans for Next Quarter
•

Continuing piloting activities from the project book, as the pandemic allows, and sharing
potential cover crop projects through 4-H club meetings throughout central Illinois.

•

Complete peer review with IPREFER scientists and begin a 4-H review of the
curriculum.

•

Follow through with the plan to launch the 4-H project book.

•

Publish case studies developed by IPREFER faculty in online databases.

•

Ohio State University
o Begin staging guide discussion (Dec. 2020 target date).
o Support graduate research on seed pelleting.

5. Publications, Presentations and Proposals Submitted
•

Proposal. Darner, R. (PI), Solomonson, J. (Co-PI), Maxwell, L. (Co-PI). Immersive
career explorations to diversify the agricultural sciences. US Department of Agriculture.
$100,000.

•

Brakke, Mary and Rebekka Darner. 2020. Using undergraduate research experience to
enhance interdisciplinary competency in agricultural sciences. Innovative/LearnerCentered Teaching Poster Presentation. American Association of Agricultural Educators
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2020 North Central Region/National Learner-Centered Teaching Conference. Oct. 14 –
16, 2020.
•

Hagaman, Matthew. 2020. “IPREFER: The Wonder Weed.” CeMaST Connections, Fall
2020, Vol. 1 See Exhibit D.
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Active Ingredient(s)

Atrazine

Mesotrione

Pyroxasulfone

Isoxaflutole

Isoxaflutole + Thiencarbazone

Dimethenamid + Saflufenacil

Tembotrione

Topramazone

Tembotrione + Thiencarbazone

Glyphosate + Mesotrione +
S-Metolachlor

S-Metolachlor + Atrazine +
Mesotrione + Bicyclopyrone

Trade name

AATREX 4L

CALLISTO

ZIDUA SC

BALANCE FLEXX

CORVUS

VERDICT

LAUDIS

IMPACT

CAPRENO

HALEX GT

ACURON

PRE

POST

POST

POST

POST

PRE

PRE

PRE

PRE

PRE

PRE

Appl.

7, 14

9.4

0.22, 0.44

0.07, 0.14

0.22, 0.44

1.1, 2.2

0.41, 0.82

0.365, 0.73

0.365, 0.73

0.44, 0.88

4.7, 9.4

Prod. Rate
(L ha-1)

Table 1. Herbicides used, active ingredients, application time
and product use rate in two experiments, C-20-07 Herbicide
Rate and C-20-08 Atrazine Tank-mixtures.

❑ Two experiments were conducted on a Greenbush silt loam at
the WIU Agricultural Field Laboratory’s Agronomy Farm.
❑ Preemergence herbicides were applied June 6, 2020, and
postemergence herbicides were applied June 15, 2020 using
a backpack sprayer. Single- and multiple-a.i. herbicides were
applied at 1X and 2X labeled rates. PRE/POST treatments
and herbicides in the Atrazine Tank-mixture study were
applied at 2X rates only (Table 1).
❑ Corn was harvested for silage on Oct 6, and pennycress
variety ‘MN-106’ was no-till planted with a John Deere 750
drill (19-cm row spacing) at 2.8 kg ha-1 on October 8th, 2020.
❑ Pennycress stand counts were recorded on November 4th,
2020 by counting four 30-cm lengths of row (Figure 4).
❑ Data were analyzed using PROC GLIMMIX in SAS 9.4.

Methods

Objective: To evaluate the pennycress sensitivity to
herbicide carryover from the previous corn crop.

Hypothesis: Residual herbicides used in corn will
reduce fall stand establishment of pennycress.

Hypothesis and Objective

domesticated as an oilseed crop to produce biofuel for
the airline industry. Pennycress will be planted in the
fall following corn (Zea mays) and harvested in midMay before soybean (Glycine max) planting.
❑Pennycress is a small-seeded weed and there is
concern that carryover of residual corn herbicides may
inhibit fall stand establishment, but published data are
lacking regarding safe replant intervals for pennycress
following the use of residual corn herbicides.

❑Field pennycress (Thlaspi arvense) is being

Introduction
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Pennycress stand was not reduced
by planting into plots treated with residual herbicides in early
June (Figure 1). In particular, pennycress stand was equal
when herbicides were applied at 1x and 2x labeled rates
(Figure 2), and when supplemental atrazine was applied with
Group 27 herbicides (Figure 3).
❑Based on these results and results from a preliminary study
(data not shown) residual herbicides applied in the spring will
likely have limited effect on pennycress planted in the fall,
provided conditions are favorable for herbicide degradation at
normal half-life intervals (see posters #128, #131).
❑This experiment will be repeated in 2021. Additional studies
should examine pennycress stand when conditions are not
favorable for microbial degradation of herbicides.

❑We reject the hypothesis.

Discussion

Figure 2. Pennycress stand 4 weeks after planting as affected by
herbicide rate. Means are the average of all single and multiple
a.i. treatments. There was no difference, p=0.05.
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Figure x. Pennycress seedlings
in drilled row 4 weeks after
planting.

by AFRI competitive grant
2019-69012-2985.
❑ We thank Kinsey
Tiemann, Elaina
Crawford, Koby Peterson
and Nathan Stufflebeam
for their assistance in
conducting this study.

❑ This research was funded
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Figure 3. Pennycress stand 4 weeks after planting as affected by
the addition of atrazine. Means are the average of Acuron,
Callisto, Capreno, Corvus, and Halex GT treatments. There was
no difference, p=0.05.

+ atrazine

1X rate
0

– atrazine

2X rate

Figure 1. Pennycress stand 4 weeks after planting. Means for Single a.i. (active ingredient) and multiple a.i. herbicides represent the mean of
1X and 2X labeled rate treatments applied in June. PRE/POST herbicides were applied at 2X labeled rates. Error bars represent standard
error. There were no differences among treatment means, p=0.05.
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Jacob W. Johnson, Brent S. Heaton, and Mark L. Bernards, Western Illinois University, Macomb, IL

Field Pennycress (Thlaspi arvense) Population and Growth Following Corn
Treated with Group 27 Herbicides

EXHIBIT

mesotrione
tembotrione
isoxaflutole
topramezone
tolpyralate
saflufenacil
atrazine
thiencarbazone
rimsulfuron

Treatment Name

Half-life Rate 1 Rate 2 Rate 3 Rate 4 Rate 5
(days) (g ai/ha) (g ai/ha) (g ai/ha) (g ai/ha) (g ai/ha)
5 to 15
52.5
26.3
13.1
6.6
3.3
15
46
23
11.5
5.75
2.87
2.4
26.3
13.1
6.6
3.3
1.64
14
12.3
6.1
3.06
1.53
0.77
1.2
18.2
9.1
4.55
2.27
1.14
9 to 32
37.4
18.7
9.4
4.7
2.34
6 to 60
560
280
140
70
35
12
9.2
4.6
2.3
1.15
0.574
2 to 4
6.6
3.3
1.64
0.82
0.41

Table 1. Herbicide active ingredient, half-life and rates used in dose-response
study.

❑ Dose response experiments were conducted in the Spring and Fall of 2020
at Western Illinois University’s School of Agriculture Greenhouse in
Macomb, IL. The greenhouse was set to a 15:9 h day:night with a
temperature of 25±5 C.
❑ An Ipava silt loam soil was modified at 4 parts soil, 1-part perlite, and 1-part
sand to improve drainage in 10 cm square pots. Approximately 15 seeds of
pennycress variety ‘ARV1’ were planted in each pot and watered
immediately prior to herbicide application.
❑ Herbicide treatments (Table 1) were sprayed using a single-tip chamber
sprayer with nozzle 8002EVS at an application volume of 180 L ha-1.
❑ The experiment was arranged as a randomized complete block design with
six replications.
❑ Stand counts and visual estimations of chlorosis and necrosis were made
21 days (~3 weeks) after initial spray application was made.
❑ Data were analyzed using proc glimmix in SAS 9.4. ANOVA output
indicated that the Fall and Spring runs were different, only data from the
Spring run was graphed using Sigma Plot 14.0. A linear regression model
was fit to the data.

Methods

Objective: To evaluate the pennycress stand establishment to
simulated herbicide carryover from important corn herbicide active
ingredients.

Hypothesis: Pennycress stand will not be affected once herbicide
application rate is less than would be expected after 4 half-life
periods.

Hypothesis and Objective

❑

Pennycress is being domesticated as an oil seed crop for use as a
biofuel for the airline industry.
❑ Plant breeders developing pennycress lines have occasionally
observed injury from Group 27 herbicide carryover.
❑ Half-life describes the degradation rate of a herbicide active
ingredient in the soil. The half-life of the Group 27 herbicides used
in corn is less than 15 days (Table 1, Shaner 2014).
❑ Greenhouse dose-response studies based on herbicide half-life can
provide useful data on pennycress sensitivity to herbicides that may
carryover from the previous crop, or that may be useful in
managing weeds within a pennycress crop.
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Figure 2. Pennycress growing in
lowest dose of topramezone.

This research was funded by AFRI competitive grant 2019-69012-2985 from USDA-NIFA.
We thank Mason Blickenstaff and Nathan Stufflebeam for their assistance.
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❑ We accept the hypothesis. Pennycress stand equaled that of the untreated check
(6.5 plants pot-1, data not shown) when herbicide dose of Group 27 herbicides was
less than or equal to the concentration expected after 4 half-life periods (0.06x labeled
rate) (Figure 1).
❑ Mesotrione, tembotrione, isoxaflutole, topramezone, saflufenacil, and atrazine
herbicides all reduced pennycress stand at application rates equal to 0.5x or 0.25x
the labeled rate. Tolpyralate, rimusulfuron and thiencarbazone herbicides had little
effect on pennycress stand.
❑ Based on half-life intervals and herbicide application time in corn, herbicide carryover
injury in pennycress should be rare with these herbicides.
❑ This experiment will be repeated a third time, and followed with dose-response
experiments using commercial corn herbicide mixtures.

Discussion

Figure 1. Pennycress stand 3 weeks after planting and herbicide application as affected by herbicide active ingredient and simulated half-life
dose.
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Daniela R. McConville, Claudia R. Bland, Brent S. Heaton, Mark L. Bernards, Western Illinois University, Macomb, IL

Field pennycress (Thlaspi arvense) Response to Simulated Carryover of
Group 27 Herbicides in the Greenhouse

EXHIBIT B

Hypothesis and Objective

Field pennycress, also known as stinkweed, is a winter annual, and
is being cultivated as an oilseed cover crop to be grown after corn
and before soybean.
Herbicides used in commercial agriculture for control of grass and
broadleaf weeds pose a danger to field pennycress production, and
there is a lack of data on herbicide carryover for pennycress stand
establishment.
Dose response studies may be used to simulate herbicide
degradation in the soil, and identify herbicide levels that will not
negatively impact a cover crop (Heaton & Bernards 2016).

repeated in the Fall of 2020 in Western Illinois University’s
Agronomy Farm’s Greenhouse.
❑ The greenhouse was set to a 15:9 h day:night with a temperature of
25±5 C.
❑ An Ipava silt loam soil was modified at 4 parts soil, 1-part perlite,
and 1-part sand to improve drainage. Approximately 15 seeds of
pennycress variety ‘ARV1’ were planted in 10x10 cm pot and
watered immediately prior to herbicide application.
❑ Herbicide treatments (Table 1) were sprayed using a single-tip
chamber sprayer with nozzle 8002EVS at an application volume of
180 L ha-1.
❑ The experiment was arranged as a randomized complete block
design with six replications.
❑ Stand counts and visual estimations of chlorosis and necrosis were
made 21 days (~3 weeks) after initial spray application was made.
❑ Data was analyzed using proc glimmix in SAS 9.4. Data from the
Spring and Fall applications were combined and a linear regression
model was fit to the data.

❑ Dose response experiments were conducted in the Spring and

Methods

Objective: To determine field pennycress sensitivity to Group 15
herbicide carryover using simulated half-life doses in the greenhouse.

Hypothesis: Field pennycress stand will be reduced by Group 15
herbicide carryover.
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Figure 2. Field pennycress growing in
the greenhouse on 10 Nov 2020.
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Figure 3. Pots in the spray chamber
prior to application.
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❑ We accept the hypothesis because field pennycress stand increased as Group
15 herbicide dose decreased.
❑ The average stand count in the untreated check was 11 plants pot-1.
❑ Based on a typical application time of Group 15 herbicides (no later than early
June in corn) and pennycress planting (after September 1), herbicide
concentrations will likely be 1/8th to 1/32nd of the applied dose (3 to 5 half-life
periods).
❑ Pyroxasulfone most negatively affected pennycress stand among the Group
15 herbicides, and 2,4-D among the Group 4 herbicides. Clopyralid and
dicamba had no effect on pennycress stand at doses equal to what would be
expected after 3 half-life periods.
❑ Future research should include dose-response studies with multiple active
ingredient corn herbicides.

Figure 1 (above and right). Pennycress
stand 3 weeks after planting as affected by
seven herbicide active ingredients and five
simulated half-life doses.
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Nathan L. Stufflebeam, Mason R. Blickenstaff, Claudia R. Bland, Brent S. Heaton and Mark L. Bernards

Field pennycress (Thlaspi arvense) Response to Simulated Carryover of
Group 15 Herbicides in the Greenhouse
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IPREFER:

The Wonder Weed
Matthew Hagaman

ILCTE and CeMaST:
A Collaborative Grant
Project Impacting
Illinois CTE Teachers
Dr. Chris Merrill
The Illinois Career and Technical Education Innovative Curriculum Resources (ILCTE) project is a federally funded project from the Perkins Act that is
disseminated through the Illinois State
Board of Education. The project is led
by Dr. Chris Merrill, who is a Professor in
the Department of Technology and a CeMaST Associate Director, along with Dr.
Brad Christensen of CeMaST, who serves
as the project’s STEM and CTE Curriculum Specialist. The mission of ILCTE
is to facilitate and coordinate Career and
Technical Education (CTE) programs in
public secondary schools, primarily for
Grades 6–12. ILCTE project personnel
focus on providing current, relevant, and
innovative curricula; professional teaching and learning development; technical
assistance; and resources to CTE teachers
and career counselors.
ILCTE believes that innovation is the
key to successful CTE education, which
should ultimately enhance, inspire, and
transform CTE programs in Illinois. Although I CT is currently in its final
year of this funding cycle, the team hope
that this project will be renewed for another 5 years starting in July 2021.
All ILCTE developed curricula, professional development, and other resources
are free to Illinois teachers. All materials
can be accessed on the ILCTE website,

IPREFER (the Integrated Pennycress
Research Enabling Farm & Energy Resilience Pro ect is exploring ho field pennycress (Thlaspi arvense L.) can be leveraged as an oilseed cover crop throughout
the Midwestern United States.
Although most cover crops can be planted for many reasons (including erosion
control, improved soil structure, moisture
and nutrient retention, and weed prevention), pennycress can serve all these roles
while also serving as a source of food to
early-season pollinators and serving humankind as a source of biofuels and livestock feed. Pennycress grows during the
off-season germinating in the fall and
maturing just before corn or soybeans are
planted in the spring.
IPREFER is a collaboration between
ISU and other academic and commercial
partners. CeMaST supports the education, outreach, and extension objectives
of the project by providing educational
opportunities to Illinois youth as well
as making connections between farmers, researchers, and other stakeholders
throughout the state. In October, CeMaST used a cover crops game to familiarize legislators and other members of
the public with the variety of careers
supported by the project.
At present the Ce aST-led team is finishing a Cover Crops Science project
boo for youth in state and national 4-H
programs. Peer review is underway, and
adoption by 4-H is expected in
. The
project book teaches youth about plant
science, agricultural practices, ecosystem
interactions, and biofuel production using
pennycress as an exemplar. Pennycress
has not traditionally been used as a cover crop; however, because this research is
taking place right now, students completing cover crops projects are able to learn
alongside researchers across the Midwest!
In
4 Illinois adopted a ne set of
K–12 science standards, the Next Gener-

ation Science Standards (NGSS). These
standards focus on bringing genuine
science experiences into the classroom
fueled by students’ natural curiosities,
questioning, and knowledge. Although
Illinois adopted these standards 6 years
ago, standardized testing for K–12 students remains re ective of the previous
science standards rather than the NGSS.
Recently, Dr. Harvey Henson at Southern Illinois University – Carbondale secured funding to have teams of teachers
across different grade bands come together to write new items for the Illinois Science Assessment that re ect the
SS.
Each of these teams are formed and led
by faculty across Illinois, and some have
already started writing items!

Illinois Science
Assessment Item
Writing Development
Dr. Tanya Josek

CeMaST Director Dr. Rebekka Darner and Drs. Sarah Boesdorfer (Assistant Professor of Chemistry Education at ISU) and Tanya Josek (CeMaST
Post-Doctoral Associate have oined Dr.
Henson and will be leading a Central Illinois team of teachers in June 2021 and
June 2022. The Central Illinois team will
consist of three groups of elementary,
middle, and high school teachers who will
cumulatively write a total of 36 question
clusters (18 per year). As a part of this
program, teachers will also be able to
participate in NGSS professional development to advance their knowledge of
NGSS. Drs. Boesdorfer and Josek will be
joined by Helen Brandon (Bloomington
District 87), Dr. Lisa Tranel (Professor
of Geology at ISU), and Dr. Brad Christensen (CeMaST’s Integrated STEM instructional designer) who will serve as
content experts and bias reviewers for
4

CeMaST Staff Spotlight
Every issue we will highlight three outstanding members of our crew. Thank you for all that you do!

Matthew Hagaman

Dr. Tanya Josek

Olesya Courier

I am currently working as an instructional designer at CeMaST, splitting my
time between the Smart Grid for Schools
(SGFS) and IPREFER (Integrated Pennycress Research Enabling Farm & Energy Resilience Project) grant projects. I
also teach e-Commerce in ISU’s Department of Technology.

This is my second year as a Post-Doctoral Associate here at CeMaST. I am working with Dr.
Rebekka Darner and Dr. Catherine O’Reilly
(ISU Geology) as a part of the Project EDDIE Team. I have been working on developing
a tool that measures the pedagogical orientation of biology, ecology, and geology professors.

My name is Olesya Courier, I am the
Marketing, Event, and Conference Coordinator. I have been working at CeMaST for about three years. Right
now, I am working on a few projects:

For SGFS, I spend most of my time
working with technology, wearing the
hats of software developer, web designer,
video editor, and industrial technologist.
I am most excited about CeMaST’s recently-released virtual grid construction
game and the upcoming virtual reality
experience exploring jobs at a local solar
farm construction site. For IPREFER,
Matthew spends his time developing interactive learning experiences for youth
in the areas of plant science, cover crops,
and bioenergy. He is excited to host a 4-H
special interest club on these topics soon.

Later this semester I will have the honor of
teaching two ecology labs in Dr. Victoria
Borowicz’s BSC 201 Ecology course. The labs
I will be teaching will be modules developed
by Project EDDIE community members. In
June 2021, I will also be working with Dr.
Darner and Dr. Sarah Boesdorfer (Assistant
Professor of Chemistry Education at ISU)
to lead a team of Central Illinois teachers
to develop Illinois State Assessment items.
Although my Ph.D. is in Entomology, I am
grateful to have the opportunity to be working in science education.

•
•

In his free time, Matthew enjoys hiking
and spending time in nature.

•
•

Smart Grid for School,
Midwest Annual Robert Noyce
Teacher Scholarship Program,
Illinois Summer Research Academy,
High School Research Symposium.

Outside my work, I love spending time
with my family. I am a mom to two boys
(5th grader and 9th grader). We love
watching movies together, playing board
games, and taking our dog Ozzy on walks.

Post-secondary science education is one of my
passions because it is a very important field of
work that helps one better understand how to
reach and help their students when teaching.
Outside of work I enjoy spending time with
my wife and our three dogs (Scooby, Blue, and
Adora) and playing boardgames with friends.
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Dr. Winthrop B Phippen

Anne Kinzel

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

Project Manager
Western Illinois University
School of Agriculture
Email: anneKinzel@iprefercap.org

“Our mission is to optimize 0ff-season pennycress oilseed
production By overcoming production and supply chain
bottlenecks.”
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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, Southern Illinois University, 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 (“USDA-NIFA”).
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, Southern Illinois University, 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, Southern Illinois University, 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, Southern Illinois University, 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 the 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, 2021 – April 30, 2021
PROJECT ADMINISTRATION AND GOVERNANCE
We accomplished the following project governance and administrative tasks during the second
quarter of Year 2.
1. Planned Activities
•

Conduct a virtual second annual meeting on August 3-4, 2020. We will highlight Year 1
accomplishments and organize Year 2 activities.

•

Continue improving project website and integration with social media platforms.

•

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

•

Discuss agreement with Purdue University to conduct land-use change assessments for
Carbon Intensity scoring for aviation fuels.

•

Hired an additional two undergraduate students to assist with greenhouse and laboratory
experiments.

2. Actual Accomplishments
•

Completed summer intern website pages, links to field days, collaborator videos, and
integrated links for other NIFA CAP projects.

•

Selected two interns (Ross Sousa and Tommy Wood) for the 2021 summer internship
program.

•

We hired four undergraduate students (Alex Shaw, Hannah Carlock, Tommy Wood, and
Lucas Unland to assist with greenhouse and research plot maintenance at the WIU
research farm.

•

Completed guidelines and descriptors for plant breeding and agronomy studies for
depositing data in the UMN data banks.

•

Continue publicizing the IPREFER project in farm-related media (See Exhibit A).
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•

Purdue University has completed the land-use change assessments for Carbon Intensity
scoring for both biodiesel and renewable fuels. We are waiting on the finalized report. Jet
fuel will be added pending the final results of the first two products.

3. Explanation of Variance
Western Illinois University is beginning to loosen COVID-19 restrictions. Spring field days
are proceeding as planned as in-person events on May 4 and May 20, 2021, but we may have
to restrict attendance.
4. Plans for Next Quarter
•

Begin organization of 3rd annual meeting of IPREFER to occur in August 2021. Due to
COVID restrictions, the annual meeting will be virtual and hosted by WIU.

•

Adjust IPREFER Advisory board by adding representatives for large scale producers for
both southern and northern regions

•

Initiate Year 3 funding sub-awards to collaborators

5. Publications, Presentations, and Proposals Submitted
•

Education Presentations
Classroom lecture in AGRN-472 Principles of Plant Breeding regarding pennycress
breeding and gene editing. Eleven undergraduate students, April 2021. Initiated and
selected EMS mutant plants for heat stress symptoms in pennycress as a classroom
laboratory.

•

Outreach Presentations
o Guest speaker, Scouts of America, Pennycress basics and the IPREFER project. 17
Student participants and parents from troop 315 in West Central Illinois. Macomb, IL.
April 13, 2021 (Photo 1)
o Plant breeding student working on pennycress project (Cassidy Crow) selected for
WIU recruitment campaign. April 28, 2021 (Photo 2).
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Photo 1. Scouts of America, Pennycress Basics, and the IPREFER Project. 17 Student participants and parents from
Troop 315 in West Central Illinois. Macomb, IL. April 13, 2021.

Photo 2. Plant breeding student working on pennycress project. Cassidy Crow was selected for the WIU recruitment
campaign. April 28, 2021.
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OBJECTIVE 3.1 – AGRONOMIC MANAGEMENT
1. Yield Trade-off Leveraging Corn Relative Maturity and Desiccants (“CRM”)
(Objective 3.1.1)1
Recent work suggests that corn grain yield and grain moisture at harvest are increased by 88
kg ha-1 (1.4 bu ac-1) 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). The application of desiccants
can further shorten the time for corn to reach harvestability. The team will assess corn and
pennycress yield trade-offs through 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), Western Illinois University, Ohio State University and
Illinois State University
•

Planned Activities
o Process corn samples for yield.
o Measure plant densities and percent green cover of pennycress before winter
freeze.
o Setup standardized spreadsheet for data recording/storing.
o Search to fill postdoc positions for agronomic studies.
o Fertilize pennycress in all treatments.
o Flag out Year 2 location and take soils samples - send to Alex Hard.
o Measure pennycress plant densities and percent cover.
o Assess pennycress growth and development.
o Plant soybean.
o Harvest pennycress.

•

Actual Accomplishments
o Corn grain samples for yield have been processed and yields calculated.

1

Russ Gesch (USDA-ARS) leads the CRM team.
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o Emerged pennycress plant densities and green cover were measured in all but the
95 d corn plots (very few seedlings have emerged before freezing).
o Initial soil samples have been ground and sent for chemical/physical analysis.
o We hired a Postdoc.
o All plots were fertilized.
o Samples were sent to UMN in care of Alex Hard.
o Assessed pennycress phenology and flowering.
•

Explanation of Variance
o Pennycress stand densities and green cover could not be assessed in 95 d corn
plots due to plants only beginning to emerge.
o Drought has impacted the soybean and delayed pennycress maturation.

•

Plans for Next Quarter
Standardize spreadsheets for data recording and storage.

•

Publications, Presentations, and Proposal Submitted
o UMN/IPREFER Virtual Field Day.
o ISU Field Day

2. Corn Residue Management ("DISC") (Objective 3.1.2)2
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 due primarily 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 to
not 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).
A. Minnesota (USDA and RROC), Western Illinois University, Ohio State University,
and Illinois State University

2

DISC is the abbreviation we use for the IPREFER corn stover management project. Nicholas Heller (University of
Minnesota) leads this IPREFER objective.
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•

•

•

Planned Activities
o

Process corn sample for yield.

o

Measure pennycress plant densities and percent green cover.

o

Setup standardized spreadsheets for data recording/storage.

o

Fertilize pennycress in all treatments.

o

Flag out Year 2 location and take soils samples and send to Alex Hard.

o

Prepare field day presentations.

Actual Accomplishments
o

Corn grain samples taken this past fall have been processed and yields calculated.

o

Pennycress plant densities and % green cover could only be measured in the
silaged control plots because plants in the other treatments for this study were
only beginning to emerge prior to winter freeze-up.

o

We have taken multiple plot pictures.

o

Soil samples taken last summer for site characterization have been sent for
chemical/physical analysis.

o

Fertilized PC in all treatments

o

Flagged out Year 2 location and take soils samples - send to Alex Hard

o

Measured PC plant densities and % cover

o

Prepared field day presentations (See Photo 3).

Explanation of Variance
Pennycress stand densities and green cover could not be assessed in 95 d corn plots
due to plants only beginning to emerge.

•

Plans for Next Quarter
o

Assess pennycress growth and development.

o

Plant soybean.

o

Harvest pennycress.
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o
•

Standardize spreadsheets for data recording and storage.

Publications, Presentations, and Proposal Submitted
None this quarter.

Photo 3. IPREFER and UMN (virtual) Field Day, Apr. 21, 2021.

3. Novel Seed Treatment for Improved Pennycress Performance (“PELLET”) (Objective
3.1.3)3
A. Minnesota (USDA and RROC), Illinois State University, and Ohio State University
•

Planned Activities
o

Record the residue type for this study (PREFERRED: no residue or clean till,
grain corn residue post-harvest, or soybean residue post-harvest). The number of
sites desired: three in MN, two in IL, two in WI, and three in OH.

o

Collect a composite 8” soil sample to characterize the site (analyze for CEC,
percent OM, pH, soil P, K, Ca, and Mg – base soil analysis). Also include the
information related to the predominant soil series from the Web Soil Survey.

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 Ohio State University.

Quarterly Progress Report: February 2021 – April 2021

7

•

o

Ideally, the planting date would be mid-late September. Seed envelopes should be
broadcast into plots (4 ft x 4 ft), with a 2 ft border around each plot to allow for
sampling. One envelope should be used per plot using the provided plot map.

o

Assess stand around first frost (early-mid November) using a 0.25m2 area in each
plot. Collect one image from a consistent height and process using Canopeo,
using a similar procedure to broadcast treatments in the Residue study.

Actual Accomplishments
o

Land is earmarked at each intuition for the PELLET 2021 Fall rollout

o

Conversion to Workday internally caused some challenges, but materials are
ordered and received to continue pelleting activities.

o

We established a repeatable procedure for pelleting seeds.

o

We quantified fall establishment in breeding trial plots.

o

We quantified fall establishment in agronomic trial plots.

o

We secured a land area for the PELLET trial at a new Ohio location for planting
Au21.

o

We completed the initial pelleting germination screen (See Table 1)

o

We participated in conference calls with the Education objective.

Table 1. Germination percentage of pennycress at different Genotype and pelleting treatments under
Pelleting
GA Pelleting
GA Soak
Control
MN 106
86.33b A
94.00a A
97.16a A
53.66c B
MN106NS
51.16b B
94.83a A
94.83a A
19.17c C
TT8
55.33c B
63.66ab B
84.5a B
72ab A
B3
40.16b B
94.50a A
96.00a A
27.33c C
Letters denote significant differences among treatments with factors at the 0.05 probability level. Capital
letters denote differences among germplasm within each seed treatment. Small letters denote differences
among seed treatment within each germplasm.

•

Explanation of Variance
o

•

We have not started a staging guide for pennycress as conversations with other
team members have yet to occur.

Plans for Next Quarter
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o

Assess winter survival in March-early April. Collect a spring stand count and
Canopeo image from each plot as was done in the fall.

o

Apply 40 lbs N/ac broadcast as urea prior to bolting.

o

In mid-May, assess crown integrity and inspect leaves for lesions. Check five
plants and provide a percent leaf coverage for each.

o

Prior to harvest, assess stem lodging on a percentage basis (percent of plants
experiencing lodging, note if lodging is light, moderate, or severe as well based
on stalk angle from erect).

o

Hand harvest 0.25m2 and thresh plants for assessment of seed yield, harvest
moisture, and seed quality.

o

Advise graduate student.

o

Order materials to facilitate activities.

o

Begin seed pelleting experiments.

o

Evaluate establishment in Fall 2020 breeding trial.

o

Evaluate establishment in Fall 2020 agronomic trials.

o

Participate in conference calls to discuss efforts.

o

Oversee graduate student research projects.

o

Assess pennycress winter survival.

o

Continue pelleting assessments.

4. Tools for Integrated Weed Management (“WEEDS”) 3.1.44
A. Western Illinois University
•

•

4

Planned Activities
o

Spray and rate IR-4 herbicide studies.

o

Take stand counts on herbicide carryover studies.

Actual Accomplishments

Mark Bernards (Western Illinois University) leads the WEEDS Team.
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•

o

Sprayed and rated IR-4 herbicide studies.

o

Took stand counts on herbicide carryover studies.

Explanation of Variance
None noted.

•

•

Plans for Next Quarter
o

Conduct harvest IR-4 and herbicide carryover studies.

o

2. Plant corn and spray herbicide carryover studies.

o

3. Plant corn for DISK and CRM studies.

Publications, Presentations, and Proposals Submitted
Presented a poster summary of University of Minnesota data on pennycress injury
and yield response after pre and early post-emergence herbicide application at the
Weed Science Society of America Annual Meetings.

5. Monitor Soybean Cyst Nematode (Heterodera Glycines, SCN) in the cropping rotation
(“SCN”) (Objective 3.1.5)5
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 system. Preliminary results indicate no increase in SCN
population density in pennycress compared with the no cover crop treatment. It is possible
that pennycress as a winter cover crop does not support SCN reproduction, or pennycress
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. University of Minnesota
•

Planned Activities
o

5

Perform end of 2020 season soil sampling for SCN.

Cody Hoerning and Senyu Chen (University of Minnesota) lead the SCN Team.
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•

•

o

Complete germplasm evaluation of pennycress lines.

o

Acquire soybean seed for susceptible and resistant spring planting treatments.

o

Prepare experimental protocol for 2021-2022 field season.

o

Submit protocols are stations where experiments are established.

o

Contact research managers on labor needs and expectations.

o

Organize and review agronomic and nematode data collected in Fall 2020.

Actual Accomplishments
o

All the planned activities for the period were accomplished.

o

Completed the end of 2020 season soil sampling for SCN.

o

Completed germplasm evaluation of pennycress lines.

o

Acquire soybean seed for susceptible and resistant spring planting treatments.

o

Prepare experimental protocol for 2021-2022 field season

o

Submit protocols are stations where experiments are established.

o

Contact research managers on labor needs and expectations.

o

Organize and review agronomic and nematode data collected in Fall 2020.

Explanation of Variance
o

•

All planned activities were accomplished. The Illinois sites were delayed one
year, as was previously described. The sites will be prepared this spring, and the
pennycress will be planted in Fall 2021.

Plans for Next Quarter
o

Collect agronomic measurements.

o

Collect pennycress biomass and yield data.

o

Soil sample for SCN.

o

Process SCN samples for egg counts.

o

Apply fertilizer.
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o
•

No-till drill soybean into pennycress at the appropriate physiological level.

Publications, Presentations, and Proposals Submitted
Hoerning, C. (2020). Evaluating Winter Annual Oilseeds as Alternative Hosts to
Heterodera Glycines. Unpublished manuscript, University of Minnesota.

6. Contribute to the identification and development of soybean varieties specifically
adapted to pennycress inter-cropping systems (“SELECT”) (Objective 3.1.6)6
Minimizing yield trade-offs between pennycress and soybean in a relay cropping system is
paramount. Recent research detected sizeable differences in light transmittance-related
properties between pennycress crop canopies. This indicates that both canopies represent
different stress environments for the relay-planted soybean, potentially requiring different
soybean cultivars to be relay-planted. Further, the good performance of the relay-planted
soybean cultivars suggests a stronger competitive ability that might 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 fall of 2019 with the bulk planting of pennycress ‘MN106’. A
large number of soybean cultivars are slated for relay cropping into the pennycress spring of
2020 with the expressed goal of revealing large variations in soybean yield response to relayplanting. A large number of cultivars will, therefore, increase chances to identify uniquely
superior cultivars. In addition, such group size will maximize the chances of identifying
superior cultivars.
A. Minnesota (RROC and USDA)
•

•

6

Planned Activities
o

Monitor growth and development of pennycress

o

Apply POAST to control for wheat volunteers.

o

Apply N fertilizer based on BMP.

Actual Accomplishments
o

Checked in on SOYSELECT Pennycress (4/21/2021). Mostly fall emerged
pennycress, and relatively uniform. Some weeds are still in the rosette stage.

o

Applied POAST to site to control grass weeds and volunteer spring wheat

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

Explanation of Variance
o

•

Applied Nitrogen fertilizer.

Nothing to report.

Plans for Next Quarter
o

Monitor flowing timing and pennycress maturation.

o

Relay plant soybean panel.

o

Harvest pennycress.

OBJECTIVE 3.2 - BREEDING AND GENOMICS – PENNYCRESS IMPROVEMENT
1. Illinois State University
Through multi-state testing, our research teams have generated high-yielding pennycress
breeding lines and identified/validated trait-improving mutations and natural variants. These
were our planned activities for the third quarter.
A. Planned Activities
•

Utilize marker-assisted selection and CRISPR gene editing to complete the
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
•

New CRISPR-edited transgene-free mutants designed to reduce seed glucosinolate
levels, increase oil content, or increase seed size were transplanted into the field in
early April and are growing well. We should get relevant in-field growth and
compositional data next quarter. We also have, growing in the field, triple-stack
CRISPR mutants having reduced erucic acid, reduced seed glucosinolate content, and
reduced seed coat fiber (two triple-stack genotypes along with single and double
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mutants). The plants are growing well, so we should obtain quality data. These data
are slated for inclusion in a high-profile manuscript to be submitted this fall.
•

We purchased a new Licor LI-6800F Portable Photosynthesis and Fluorescence
System and used it on field growing pennycress plants of different genotypes to
acquire data on photosynthetic efficiencies, carbon assimilation, and water use
efficiency at various temperatures from near freezing to near 33 degrees C. These
data showed meaningful differences between genotypes and identified the optimal
temperature for pennycress photosynthetic efficiency.

•

A visiting Fulbright Scholar from Egypt joined our lab in March and will be
conducting research on this project through December of 2021.

C. Explanation of Variance
Laboratory work remains somewhat reduced due to COVID-19 impacts. Everyone in the
lab has gotten vaccinated near the end of this reporting period, so hopefully, productivity
will return to normal or near normal.
D. Plans for Next Quarter
We will continue to work on the aims stated above.
E. Publications, Presentations and Proposals Submitted
•

Publications
o Jarvis, B.A., T.B. Romsdahl, M. McGinn, T.J. Nazarenus, E.B. Cahoon, K.D.
Chapman & J.C. Sedbrook. (2021). “CRISPR/Cas9-induced fad2 and rod1
mutations stacked with fae1 confer high oleic acid seed oil in pennycress (Thlaspi
arvense L.).” Frontiers Plant Sci. 12:652319.
https://doi.org/10.3389/fpls.2021.652319.
o Marks, M.D., R. Chopra, & J.C. Sedbrook. (2021). “Technologies enabling rapid
crop improvements for sustainable agriculture: Example pennycress (Thlaspi
arvense L.).” Emerg. Topics Life Sci. ETLS20200330.
https://doi.org/10.1042/ETLS20200330.

•

Patent Awarded
Patent No. US 2021/0084936 A1. Mar. 25, 2021. Low Glucosinolate Pennycress
Meal and Methods of Making. Tim Ulmasov, John C. Sedbrook, Michael David
Marks, Michaela G. McGinn, Cristine Handel, Ratan Chopra, Brice Allen Jarvis.
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https://patentimages.storage.googleapis.com/05/45/0b/fb62b66f6883d4/US20210084
936A1.pdf 7
•

Presentation
Illinois State University Lexington Farm, April 16, 2021. Speakers: Nicholas Heller
(Organizer and speaker), John Sedbrook, Bill Perry, Chris Aulbach & L. C. Yang
(See Exhibit B).8

•

News Media
Illinois Farmer Today. Phyllis Coulter. April 30, 2021. “Agronomist: Creating new
crop like flying plane while building it.”
https://www.agupdate.com/illinoisfarmertoday/news/crop/agronomist-creating-newcrop-like-flying-plane-while-building-it/article_9389b3e8-a860-11eb-bd1ec735fd4156a8.html.

2. University of Minnesota
A. Planned Activities
Through multi-state testing, our research teams have generated high-yielding pennycress
breeding lines and identified/validated trait-improving mutations and natural variants.
These were our planned activities for Year 2-Q2:
•

Utilize marker-assisted selection and CRISPR gene editing to complete the
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

7

Tim Ulmasov, John C. Sedbrook, Michael David Marks, Michaela G. McGinn, Cristine Handel, Ratan Chopra,
and Brice Allen Jarvis are part of the IPREFER project.
8
Nicholas Heller (Organizer and speaker), John Sedbrook, Bill Perry, Chris Aulbach are part of the IPREFER
project
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•

We continue to evaluate new EMS-induced mutations conferring high-priority traits,
including the core domestication traits and value-added traits of higher total seed oil
content, larger seed size, and high-oleic seed oil.

•

We have submitted genomic DNA for 500 new EMS lines to build a mutation library
for pennycress.

•

We have coordinated the collections of 500 natural accessions across different parts
of the globe and are growing them for developing a resequencing resource for
pennycress improvement.

•

Backcrossing of core-domestication traits is on track, and we should have BC3 or
BC4 for low erucic, reduced pod shatter, early flowering, and reduced glucosinolates
by the end of the 2021 summer.

•

IPREFER variety trials were evaluated for their establishment in spring 2021 and
their flowering time, and we anticipate harvesting these trials in middle of June.

•

We have isolated 10 good lines with high oleic, reduced shatter, and reduced
glucosinolates for testing in fall 2021.

•

We have also started genotyping and purifying seeds with the high oleic reduced
shatter trait for future release as a cultivar.

C. Explanation of Variance
•

Laboratory work remains reduced to about 50% of pre-COVID levels due to the need
for social distancing. Students in the lab work in shifts.

•

Our lead breeder left the program, and we had some challenges with IPREFER strip
trials because of winter annual weeds.

D. Plans for Next Quarter
We will continue working on the aims stated above. One manuscript was submitted and
is currently being revised. We will submit an additional manuscript in the second half of
2021.
E. Publications, Presentations and Proposals Submitted
•

Presentations
Development of gene mutation index in field pennycress (Thlaspi arvense L.), ICAR
2021 (June 2021).
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•

Publications
None this quarter.

•

Professional Conferences /Meetings
None this quarter.

3. Western Illinois University
A. Planned Activities
•

Transplant winter and spring type advanced breeding lines to the WIU greenhouse.

•

Initiate fertilization experiment investigating nitrogen and phosphorus effects on
pennycress plant structure, flowering time, overall seed yield, and seed oil traits.

•

Initiate large EMS mutant screen for heat stress-tolerant pennycress lines.

•

Organize in-person field days at WIU farms pending COVID-19 restrictions.

•

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

•

Maintain research plots with hand weeding and plot labeling.

B. Actual Accomplishments
•

Completed initial winter survival and flowering notes for all field experiments in
Macomb. Stand establishment of all plots was excellent. (Photo 4)
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Photo 4. WIU research plots in Macomb, Illinois. April 20, 2021. The plots are in full bloom and looking great.

•

Completed growouts in the WIU greenhouses of select ISU gene-edited breeding
lines containing traits of interest, including early flowering, low erucic acid, low
glucosinolates, low fiber, high oil, large seed size, and thick stems (Photo 5).

Photo 5. ISU gene-edited breeding lines of pennycress in the WIU greenhouse, April 2, 2021.
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•

Advanced winter-type breeding lines with traits of interest including compact flower
stem, early flowering, improved germination, reduced seed coat fibers, and large seed
size were increased in the greenhouse.

•

Completed large undergraduate research experiment investigating fertilizer treatments
with combinations of nitrogen and phosphorus on four different breeding lines of
pennycress in the WIU greenhouses. We are waiting to complete the seed and seed oil
analyzes.

•

Completed EMS mutant screen for heat tolerance in the greenhouse in collaboration
with the IPReP pennycress project.

C. Explanation of Variance
Western Illinois University is beginning to loosen COVID-19 restrictions. Spring field
days are proceeding as planned as in-person events on May 4 and May 20, 2021, but may
be restricted to a limited number of attendees per day.
D. Plans for Next Quarter
•

Complete harvesting of winter and spring type advanced breeding lines at the WIU
greenhouse.

•

Complete harvesting fertilization experiment investigating nitrogen and phosphorus
effects on pennycress plant structure, flowering time, overall seed yield, and seed oil
traits at the WIU greenhouse.

•

Harvest large EMS mutant screen for heat stress-tolerant pennycress lines.

•

Organize and conduct in-person field days at WIU farms on May 4, 2021, and May
20, 2021. Participated in Illinois State University Pennycress Field Day (4/16/21).

•

Maintain research plots with hand weeding and plot labeling.

•

Prepare plot combine for harvesting research plots at WIU, OSU, ISU, CoverCress,
and UW in May and June.

•

Receive optical seed sorter for cleaning yellow seeded pennycress lines. Complete
calibration and establish protocols for operation.

•

Host summer interns Ross Sousa and Tommy Wood to complete studies on GA seed
treatments and nitrogen fertilization experiments.

E. Publications, Presentations and Proposals Submitted
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OBJECTIVE 3.3 - CHARACTERIZATION OF PENNYCRESS ECOSYSTEM SERVICES
The goal of the water quality component of the Ecosystem Services group is to assess
pennycress's potential to function as a cover crop.9
1. Planned Activities
The spring objectives are still ongoing, and our specific objectives were to:
•

Sample pennycress and weed biomass over the growing season.

•

Sample soil porewater near the root zone of the cover crops (30cm) compared to
reference plots.

•

Finish installation of ISCO automated samplers and data loggers and sample tile water
leaving the reference and pennycress plots while working on getting funding to
instrument the fertilized pennycress plot tile drainages.

•

Sample soil fertility.

•

Sample soybean cyst nematodes.

•

Complete soil analyses for time 0 carbon sequestration with depth experiment and sample
spring cover crops on carbon sequestration (Rob Rhykerd, Illinois State University).

•

Assist Frank Forcella (Minnesota) in collecting native pollinators on pennycress.

•

Estimate pennycress seed yield at the end of the growing season.

•

Hire a new graduate student to study nutrient losses in tiles and hire field assistants.

•

Complete analysis of fall/winter data for:
o Soybean yields.
o Soybean Cyst Nematodes.
o Soil Fertility.
o Soil porewater.

2. Actual Accomplishments

9

Bill Perry (Illinois State University) leads the Characterization of Pennycress Ecosystem Services Objective.
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•

We managed to establish a robust stand of pennycress last fall, even during the dry
conditions that affected germination and stand uniformity compared to 2019. In addition,
the frequent light spring rains promoted spring germination (Figure 1 and 2).

•

We sampled pennycress and weed biomass four times this spring and will sample one
more time prior to harvest, the first week of June 2021, when we will also estimate
pennycress seed yield. Pennycress biomass in the nitrogen amended plots germinated and
grew faster in the early spring than unfertilized plots, but by May 10, 2021, the
pennycress biomass in the unfertilized plots was similar.

•

We sampled soil pore water after each rain event with greater than 0.5” of rain using soil
lysimeters, PVC tubes with porous ceramic cups on the ends. The lysimeters were put in
place in October after soybean harvest and have been in all winter. The spring rains did
not have enough rain to reach the root zone, 30 cm, and limited soil pore water data
collection. While sampling plant biomass, we observed numerous bird nests not seen in
previous years and which were absent in rye cover crops (Figure 3).

•

We installed ISCO automated samplers and data loggers, and everything is working well.
We, however, did not receive enough rain in the fall or winter of 2020 and the spring of
2021 was dry until 2.7 inches of rain on May 8, 2021, when the stream flooded (Figure
4).

•

We collected weekly pollinator samples for Frank Forcella, but honeybees in St. Louis,
MO, were seen by Cris Handel (CoverCress) (Figure 5).

•

Matt Nugent has completed the analysis of the time 0 soil analysis in the carbon
sequestration project. He graduated in May, and a new student will replace him this
summer (Figure 6A).

•

We have had a graduate student, Ryan Meyer from Drake University, join our team (not
pictured).

•

We have one intern, Alex Hafner, join the team as of May 17, 2021 (Figure 6B).

•

We have hired two part-time undergraduate assistants, Ben Bugno and Tom Harvolic
(Figure 6C).
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Figure 1. A) Low resolution aerial view of north pennycress plots on April 14th. B) Magnified view
showing white squares of paper where manual biomass estimates have been taken. These photos
have a corresponding image that can estimate biomass and nitrogen content in the plant biomass.
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Figure 2. A) Pennycress plot looking from the northwest corner of the norther plots back to the farm. B) The
separation between the reference and pennycress plots in the northern part of the north plots in Figure 1
C) Reference and pennycress plots in the south fields showing shorter pennycress that was mostly spring
germinated.
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Figure 3. Pennycress plots are home to a lot of wildlife, including A) ground-nesting robins and B) eastern
meadowlarks or red-winged blackbirds that have been parasitized by brown-headed cowbirds, and C) another nest
of either eastern meadowlarks or red-winged blackbirds.
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Figure 4. Flood on May 8th when tiles started for flow. A) The south plots looking east along the reference (left) and
pennycress plots (right) and B) The tile samplers in the northwest corner of the northern plots.
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Figure 5. Native pollinator on pennycress and B) honeybee on pennycress in St. Louis, MO (Photo Courtesy of Cris
Handel.
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Figure 6. Students on the project are A) USDA IPREFER intern Alex Hafner, B undergraduate assistants Tom Harvolic
and Ben Bugno, and C) Undergraduate researcher Matt Nugent, lower left, graduate student Jack Wang, middle, and
undergraduate volunteer Noah Price, right taking biomass estimates.
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3. Explanation of Variance
We are on track to accomplish the objectives of our studies and are only hampered by the
lack of rain. The dry fall limited establishment to the pennycress stand, but this year we will
plant the commercial golden seed strains of pennycress that have better germination rates.
The lack of rain has hampered soil pore water and sub-surface drainage sampling. To date,
we have only received one storm large enough to result in tile flow. We are working out the
logistics and hydrology of sampling the drainage water for volume and nutrients. The tile
water has so few suspended particles that the flow meters are having difficulty measuring
water velocity.
We will have sampled soil fertility, soybean cyst nematodes, pennycress seed yield by the
first week of June.
4. Plans for Next Quarter
The plans for the end of the spring and summer will focus on data analysis and taking
samples for the end of the pennycress crop and the start of the corn crop. We will
specifically:
•

Sample subsurface drainage for:
o Discharge – the amount of water leaving the plots.
o Dissolved nutrient concentrations in the subsurface drainage water as milligrams per
liter
o Calculate the loads or mass loss of nitrogen and phosphorus from the subsurface
drainage, which is the discharge multiplied by the nutrient concentration and is
expressed as kilograms per time period.
o The lysimeters will be removed, cleaned, and prepared for next fall.

•

Plant biomass and Diversity
o Finish sampling pennycress and weed biomass.
o Estimate pennycress seed yield.
o Analyze a portion of the pennycress and weed biomass on the last sampling date to
determine carbon and nitrogen content to estimate nitrogen immobilization per acre.

•

Soils
o Complete sampling and analysis for soil fertility and soil organic carbon
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o Complete and analyze soybean cyst nematode egg counts.
•

Carbon Sequestration
o Collect samples under the reference, rye, clover and pea, and pennycress treatment
plots
o Analyze for soil organic carbon, soil fertility, and a range of other parameters

•

Establish a stand of corn following pennycress.

•

Analyze mineralization of pennycress relative to cereal and annual rye.

We are also developing another side project for Ryan Meyer and Alex Hafner to study the
mineralization of pennycress, pennycress with low glucosinolates, cereal rye, and annual rye.
An issue with cover crops is the return of nutrients to the subsequent cash crops, corn or
soybean, and how the cash crop yield is affected. We will examine the loss of biomass and
nitrogen from the samples over time which will be modeled as a negative exponential as they
release nutrients to corn. We predict the lower C:N ratio of pennycress will decompose faster
and return nutrients to following cash crops faster than rye.
5. Publications, Presentations and Proposals Submitted
•

Publications
None this quarter.

•

Professional Conferences /Meetings
Illinois State University Pennycress Field Day, Apr. 16, 2021. Normal, IL (See Photo 6).
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Photo 6. Bill Perry, Illinois State University "Pennycress Field Day." Apr. 16, 2021.

•

Proposals
Illinois Nutrient Research Education Council (NREC): “Assessing Diverse Cover Crops
for Carbon Sequestration, Mineralization, N and P Efficiency, and Economic Impact on
Illinois Crops Rotations.” Rhykerd, Heller, Sedbrook, and Perry.

OBJECTIVE 3.4 - LIFE CYCLE SUPPLY CHAIN DEVELOPMENT
1. Planned Activities
•

The AURI team will make a presentation in March 2021 to show all the details in their
plan and guarantee all needed planning for post-harvest operations are in place.

•

CoverCress will make a presentation on its economic model in March 2021.
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•

Purdue will complete its Carbon Intensity work which will contain a detailed sensitivity
analysis.

2. Actual Accomplishments (See Exhibits C & D)
•

The carbon evaluation project with Purdue University is in process and results will be
released once the final data verification is completed.

•

AURI has scoped grain cleaning, drying, and storing for the 2021 harvest, as well as
small crush batches on the same harvest. A CoverCress agronomist and four AURI
personnel are in line with sample sizes and needs. Both AURI and CoverCress’ long-term
grain storage studies show stability at six months. AURI is also continuing its work with
biodiesel.

•

CoverCress has described all its supply chain approach based on partnerships and is
pursuing actionable large-scale grain handling.

3. Explanation of Variance
No variances were noted.
4. Plans for Next Quarter
•

Continue long-term grain storage studies and present data from AURI and CoverCress on
Wild Type (WT) Pennycress and Golden Pennycress storage.

•

Continue updating and optimizing economic modeling.

•

CoverCress will supply IPREFER with Golden Pennycress for next season’s IPREFER
agronomy studies and field trials.

5. Publications, Presentations, and Proposals Submitted
None at this time.

OBJECTIVE 3.5 AND 6 - EDUCATION, EXTENSION, AND OUTREACH
1. Planned Activities
•

Continuing piloting activities from the project book, as the pandemic allows.

•

Sharing potential cover crop projects through 4-H club meetings throughout central
Illinois.
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•

Complete peer review with IPREFER scientists and begin a 4-H review of the
curriculum.

•

Follow through with the plan to launch the 4-H project book.

•

Publish case studies developed by IPREFER faculty in online databases.

•

Admit the 2021 cohort of IPREFER interns. (See Exhibits E, F & G)

2. Actual Accomplishments
•

Piloted activities from the project book with three 4-H clubs across the Fulton-MasonPeoria-Tazewell Unit in Illinois.

•

Continued conversations with state-level 4-H staff to ensure the 4-H project book can be
launched on time.

•

Supported environmental science researchers participating in Illinois State University's
High School Research Symposium.

•

Collected and analyzed data for the spring field days hosted by IPREFER collaborators
(Figure 7). Wilcoxon-signed rank tests indicated statistically significant gains in all
conceptual areas, except for knowledge about potential economic benefits at the UMNhosted field day (Figure 7c).

•

Revision of the IPREFER internship evaluation survey

•

Delivered CoverCress field days: https://docs.google.com/spreadsheets/d/1hea2osd0viFTSl3HwaUB72Ur6pRLQDSTheJbV8NJEI/edit?pli=1#gid=0

•

Admitted the 2021 IPREFER intern cohort, one of which will work on an Extension
management book for their internship.

•

Started discussions related to staging and management guides with Kyle Verhoff
(IPREFER intern).

3. Explanation of Variance
•

Revising the project book to be at a middle school reading level has required more time
than anticipated, which pushed back the review by IPREFER scientists.

•

Hiring support staff to complete case studies took far longer than anticipated.

4. Plans for Next Quarter
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Working primarily from June to August 2021, we should accomplish the following:
•

Continuing piloting activities from the project book, as the pandemic allows, and sharing
potential cover crop projects through 4-H club meetings throughout central Illinois.
Summer workshops have been set up to serve six counties with partners, including 4-H
and the YWCA.

•

Complete peer review with IPREFER scientists and begin 4-H review of the curriculum.

•

Follow through with the plan to launch the 4-H project book.

•

Publish case studies developed by IPREFER faculty in online databases.

•

Continue evaluating and analyzing education/outreach/extension programs hosted by this
team and IPREFER collaborators.

•

Prepare a management and staging guide for internal review.

•

Evaluate the IPREFER internship.

•

Attend and present at the annual IPREFER meeting.

5. Publications, Presentations, and Proposals Submitted
•

Hagaman, M. “Products from pennycress: Fallow land to fruitful products.” Illinois State
Fair STEM Playground.

•

Koirala, N. April 23, 2021. Graduate Colloquium presentation:
https://osu.zoom.us/rec/share/TVRSnDtdLLfk_X2DUydScTpjEF2f7TwiFY9lR_FHasDk
MoiHiu-4jiDolkVa-4IQ.kKt-EOvphDuHg-l-
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Figure 7. Self-reported pennycress knowledge gain as a result of two field days conducted in spring of 2021. Solid
lines indicate knowledge gain at the ISU-hosted field day. Dashed lines indicate knowledge gain at the UM-hosted
field day. Wilcoxon-signed rank tests indicated statistically significant gains in all conceptual areas, except for
knowledge about potential economic benefits at the UMN-hosted field day (c).
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Illinois State University
Cover Crop Field Day
16 April 2021 4pm-6pm ISU Research Farm in Lexington, IL
25578 ISU Farm Lane, 61753

- No Cost to Attend – See cover crops in action!
- Cover Crop Fields Tour at 4pm followed by discussions and presentations
- Successes and overcoming struggles of implementing Cover Crops
- Increasing Farm Profit, Carbon Credits, Ecosystem Services, and more!

Pennycress – get paid to grow this cash cover crop
demonstration at field-scale
ecosystem services
weed suppression
domestication and improved genetics

Annual Rye
Radishes, Clover, Oats, Peas

Many ways of planting and managing
Cereal Rye

Supply chain team update – 03/19/2020
Carbon related efforts:

Grain handling efforts:

• Dr. Farzad will deliver results of a

• AURI’s long term grain and meal

base case and 2 sensitivity analysis

experiments show stable results (no

of ILUC CI next week and it will be

changes) in composition after 6

sent to the iprefer management

monhts. The 9 month samples will be

team.

presented in a month.

• UMN PhD student started program

• Detailed plans for the post harvest

to work on LCA and economic

handling and studies to be presented

modeling for pennycress. It will

at the April team meeting. Studies will

include models for north and south

be focused on AURI’s capabilities for

Midwest business plans (relay / corn

small crush batches and CoverCress

soy rotation)

larger seed handling partners for
commercial like volumes.

New team leader:
• Mike DeCamp will start as supply
chain team leader in April

NEWS
for immediate release
March 24, 2021
The First ‘Cash Cover Crop’ Edges Closer to Commercialization
CoverCress Inc. announces $8 million in partner funding for new low carbon oilseed
(ST. LOUIS) – Midwestern farmers are one step closer to the prospect of growing a new cover crop that
will generate a cash margin while supporting regenerative agriculture. CoverCress Inc. announced it has
raised another $8 million to fund its final stage of crop development and scale up for its first commercial
planting for the fall of 2022.
Bunge Ventures Ltd., the venture capital arm of the leading global agribusiness and food company
Bunge (NYSE: BG), led the Series B-1 financing round. REG Ventures, LLC, a subsidiary of Renewable
Energy Group, Inc. (Nasdaq: REGI), a leading U.S. producer of biodiesel and renewable diesel, was
another new strategic investor.
The innovative company is developing a new winter oilseed crop under the CoverCressTM brand. It’s
planted near corn harvest, and harvested immediately before soybean planting, enabling three full
season crops in two seasons. Derived from field pennycress, a native winter annual, the low carbon
intensity oil from the plant represents a new scalable source of material for producing fuels like
renewable diesel, biodiesel and sustainable aviation fuel.
“The game changer is that unlike other cover crops, the CoverCress seed has the potential to deliver a
cash profit margin for the farmer,” said CoverCress Chief Operating Officer Mike DeCamp. “This new
round of funding reflects the downstream demand we anticipate for CoverCress oil and meal.”
Scientists used plant breeding to increase yield and accelerate maturity, as well as advanced gene
editing tools to improve the oil and meal quality. Billed as the “cash cover crop,” the CoverCress crop
generates revenue as animal feed, either as a whole grain feed ingredient, or when processed, as a highprotein meal in addition to the low carbon intensity oil.
The plant offers the environmental benefits of other winter cover crops, grown during the offseason on
existing corn and soybean farmland. Cover crops are known to sequester additional soil carbon, as well
as reduce soil erosion and improve water quality.
“We are pleased to invest in this business that provides farmers with a tremendous opportunity to
address global climate challenges by growing new crops that help lower carbon emissions,” said Bunge
Ventures Chief Investment Officer and Managing Director Nanda Kumar Puthucode. “The CoverCress
crop is an exciting new regenerative non-GMO cover crop that offers many potential applications as
fuel, feed and food.”

Combined with an extended commitment of funding from other partners, including Bayer, this new
round of funding gives the company buy-in from the entire supply chain, DeCamp said. He added that it
will give the company enough runway to deliver on its plan to begin commercial production by fall of
2022.
“Bio-based diesel is making a real impact by reducing carbon emissions today,” said REG President and
CEO Cynthia ‘CJ’ Warner. "Developing additional sources of feedstock like CoverCress oil will enable us
to grow our impact well into the future and double down on the positive impacts we can have on the
environment, as the CoverCress crop also helps to prevent nutrient loss and increases soil carbon
sequestration.”
About CoverCress Inc.
CoverCress Inc. is an innovative startup company developing a new winter oilseed crop under the
CoverCressä brand. Founded in 2013, the company is converting the native winter annual, field
pennycress, using plant breeding to improve yield and maturity combined with advanced gene editing
tools to improve fiber and oil composition. As the “Cash Cover Crop,” CoverCressä seed allows corn and
soybean farmers to add a new crop into their rotation on existing land during winter, while offering the
environmental benefits of a cover crop, including improved soil health and carbon sequestration. It
generates farm revenue as a whole grain feed ingredient, or when processed, as a low carbon intensity
oil for renewable fuel production, and as a high-protein meal. The St. Louis-based company plans a
commercial launch in 2022, with the goal of growing to millions of acres across the lower Midwest.
Learn more at CoverCress.com.
CONTACTS:
Jenna Higgins Rose
573.808.0815
jenna@rosemedia.biz
Cristine Handel
(314) 691 9152
chandel@covercress.com

Brandon John found more internship applications. Here is the most recent info:
We have 31 applicants.
17/31 - Female, 16/31 Male
8/31 - First-generation college students

4/31 - African American or Black
3/31 - Hispanic, Chicano, Mexican American, Mexican, Central or South
American
2/31 - East Asian or Asian American
0/31 - American Indian or Polynesian
19/31 - Non Hispanic White or Euro- American
3/31 - Prefer not to idenIfy
9/31 - MN, IL or OH
21/31 - Other US
1/31 - International

8/31 - Biology/GeneIcs/Molecular and Cell Biology/Biotechnolgy
6/31 - Biochemistry
15/31 - Botany/Plant Science/Environmental Science/Agriculture/Sustainable Plant
Systems
1/31 - Other (Math and Biology)

A few students do not qualify either because they will graduate before the
summer or are not US citizens. After I remove these from the spreadsheet
I will send the spreadsheet to researchers--later today. Applications
materials (Letter of Intro, Resume and Transcript) can be accessed from
the spreadsheet. I need to organize letters of recommendation. Brandon
John will post these to the IPREFER site early next week. I will let
researchers know when these are available.
I will ask researchers to identify their top three candidates by the end of
next week, 2/26. There are some impressive candidates!
I would like to let students know if they have an internship offer by 3
March.
Mary

Checking in with IPREFER… Justin Larkin, 2020 IPS-URE Research Fellow
1. What is your major, why did you apply to IPREFER initially? What did you want to
get out of the experience?
My major is Plant Science, with a focus in breeding and genetics. I had worked for
the pennycress breeding program at the University of Minnesota, so I knew of the
crop already. I applied because I wanted to learn lab skills and experience what a
commercial plant improvement company was like. Specifically, I saw that there
were positions focusing on gene editing and microbiology at Covercress, and those
sounded exciting.
2. What are 2 or 3 things you’ve learned from your experience as an IPREFER
Research Fellow?
I learned so much at Covercress, it’s hard to boil it down to just 2 or 3 things. I
learned the level of detail it takes to do gene editing work and got hands on
experience with some cutting-edge microbiology techniques. I also learned about
some of the ways in which commercial science differs from that done in academia,
and how those two groups can collaborate for the betterment of both.
3. What would you say to a younger student heading into their first undergraduate
research internship?
It’s okay to feel like you don’t know enough when you go into it. The people who
are sponsoring the internship understand that this is primarily a learning experience
and are there to help. As long as you really focus on absorbing as much information
as you can, and work hard to practice and apply that knowledge, you’ll do great.
4. When you tell friends/family find out that you work/ worked with PENNYCRESS,
what did/ do they say or ask?
Since I’ve worked with pennycress for a while now, most of my friends and
family have heard that I believe very strongly in the ideals behind the pennycress
project. Their questions usually have to do with ecosystem services, and the end
uses of the oil.
5. What was the best and the most challenging thing about being an IPREFER
Research Fellow?
The level of independence was frightening at first. There was a level of
ownership to this project that really forced me to accept and learn from my
mistakes. This also means that when I successfully finished my constructs, that was
my wholly my achievement. I was able to look back and see my growth, and I came
out of it feeling more confident in my abilities as a scientist.
6. Do you think your IPREFER experience will help you professionally? If so, how?

Checking in with IPREFER… Justin Larkin, 2020 IPS-URE Research Fellow
The relationships I built with the people at Covercress have already helped
connect me to organizations I’m interested in working for. On top of that, I have more
references from people that I feel truly understand me, my work ethic, and my
aspirations.
7. What is next for you? Job?/grad school?
I’ve applied to a few grad school programs specializing in plant biotechnology
and sustainability, but I’m not married to the idea of going to grad school right away. I
know I’ll go one day, but I wouldn’t mind working for a year or two at a company like
Covercress.

Checking in with IPREFER’s… Joe Rickman, 2020 IPS-URE Intern
1. What is your major, why did you want to contribute to IPREFER? What did you
want to get out of it?
I am a biology major hoping to go dental school. I wanted to contribute to the
IPREFER program because I really believe in the research being conducted and
the wide application of uses domesticated pennycress can be used for. I wanted
to get experience in a research lab and conducting my own research project.
2. What are 2 or 3 things you’ve learned from your research experience?
I think the number one thing I learned from this experience is that it is ok to ask
for help as well as offer yours when others need it, whether it be your fellow
undergrads, grad students, or post docs/ professors. I also learned that you are
going to encounter a lot of setbacks and problems with any type of project or
study. Planning ahead properly can help reduce some of the roadblocks but be
prepared to still run into some issues and don’t get discouraged when you do.
3. What would you say to a younger student heading into their first undergraduate
research internship?
Its ok to make mistakes and it’s heavily, heavily encouraged that you ask
questions. You will learn so much more by being curious and really thinking
about the research you are doing.
4. When you tell friends/family find out that you work/ worked with PENNYCRESS,
what did they say or ask?
They wanted to know what pennycress was, how/ why we were attempting to
domesticate it, and what specifically I was doing on a day-to-day basis.
5. What was the best and the most challenging thing about being an intern?
The best part was for me was the friendship and camaraderie I built with my
fellow interns and how I actually enjoyed coming to work. The most challenging
aspect was probably trying to understand all the complex research going on in
the broader IPREFER program. Again, asking lots and lots of questions will help!
6. Do you think your IPREFER experience will help you professionally? If so, how?
The IPREFER experience will definitely help out professionally. It has taught me
a wide variety of skills like how to approach a research project, how to work
effectively in a group setting, how to build professional relationships with peers
and professors as well as in general being a very impressive addition to my
resume.

Checking in with IPREFER’s… Joe Rickman, 2020 IPS-URE Intern
7. What is next for you? Job?/grad school?
I plan to take a gap year after my senior year of undergrad and apply to dental
school the following cycle!

Internship Summer Memo – Mary Brakke April 26, 20201
Dear Summer 2021 Intern,
Congratulations on your acceptance to the Integrated Plant Systems - Undergraduate Research Experience
program through the IPREFER project! I'm writing to provide you with details on the program.and to ask
you to complete this short Google Form which requests for contact information during the program and
internship arrangements.
Internship start dates are from early May to the end of May depending on the needs of the internship
supervisor. The internship is a full-time, ten-week position. During this time, you be supervised by
experienced scientists, work closely with members of a research team and contribute to IPREFER project
goals.
In addition to participating in lab and/or field research, interns attend online meetings during which they
learn about the goals of this multi-disciplinary project and related research. Through these meetings, you
will become acquainted with many of the researchers working on the IPREFER project and will get to
know interns who are working at collaborating institutions including CoverCress Inc., the University of
Minnesota, Illinois State University, Western Illinois University, and the Ohio State University. During
the program, you will receive guidance in presenting scientific information and will prepare a
presentation of your research. Recorded presentations will be included in our IPREFER annual project
meeting in August.
Your safety during this reseach experience is top-priority. The program includes training in safe research
practices in the lab and the field. All interns are expected to follow COVID 19 safety measures and
guidelines as required by their host institution. Failure to comply with COVID requirements may result in
dismissal from the program.
Your internship stipend will be awarded in 3 payments: a check for $2,000 will be sent during week one, a
second check for $2,000 will be sent during week 5, and a third check of $800 will be sent during week 10.
Some of you will need to travel to your internship site. A travel/housing stipend will be provided to assist
with these expenses. If you will be relocating, I will follow up with you individually regarding travel and
housing arrangements.
Additional information on program activities and guidelines will be provided during a program
onboarding meeting during the second week of May. The date and time of the meeting will be confirmed
next week.
I will be in contact with you regularly in the upcoming weeks. Meanwhile, if you have questions, please
don't hesitate to contact me.
I look forward to getting acquainted this summer!
Best,
Mary
--

Internship Summer Memo – Mary Brakke April 26, 20201
Mary Brakke, Ph.D.
Assistant Teaching Professor
Dept. of Agronomy and Plant Genetics
411 Borlaug Hall
1991 Upper Buford Circle
University of Minnesota
St. Paul, MN 55108
Phone: 612-625-1251
Fax: 612-625-1268

2021 IPREFER INTERNSHIP - INITIAL PROJECT DESCRIPTIONS

Opportunity

Researcher/

Interns

Location

Goals

Project or Question

Knowledge, skills or
interests, students
should have

Knowledge, skills or
experiences the
students will
acquire

William Rice

Field,
greenhouse,
& lab. Field
sites are
across
southern
Minnesota.
Travel will
be
provided.

The main goal of this
research is to
determine the plantpest interactions with
the pathogen
soybean cyst
nematode (SCN) and
an emerging winter
oilseed pennycress.
We are also actively
screening and
breeding for genetic
resistance in
pennycress.

How do the juvenile
SCN stages develop
in the roots? How do
pest population
change based on
management? Where
can we find novel
resistance traits for
pennycress SCN
resistance?

Basic writing,
communication, and
time management
skills. Ability to work
in a team.

Microscope skills.
Data collection and
analysis skills. Team
building and team
work. Greenhouse
germination and
growing skills.

Field, seed
processing
lab, &
chemistry
lab.

Improve stand
establishment of
pennycress in the fall

Do Gibberellic acid
(GA) treatments
improve stand
establishment in the
fall? What is the
optimal length of
time for seed
treatment to improve
stand establishment?

Basic field, lab, &
chemistry experience

Small plot research,
plant breeding
evaluations, data
collection, plot
combine operation,
seed cleaning and
processing, optical
seed sorting, nondestructive pulsed
NMR for total oils,
and Gas
chromatography.

Improve quality and
seed yield of
pennycress in the

Does timing of spring
applied nitrogen
influence pennycress

Basic field, lab, &
chemistry experience

Small plot research,
plant breeding
evaluations, data
collection, plot

Institution

1. Plant Pest
Interactions

Cody
Hoerning
• UMN

2. Improving
Pennycress Stand
Establishment

Win Phippen
• WIU

• Macomb,
IL

3. Improving
Pennycress
Quality & Seed
Yield

Win
Phippen
• WIU

Field, seed
processing
lab, &
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chemistry
lab.

spring with minimal
nitrogen application.

seed quality and
yield?

combine operation,
seed cleaning and
processing, optical
seed sorting, nondestructive pulsed
NMR for total oils,
and gas
chromatography.

To provide an
undergraduate
student a hands-on
experience in a
commercial breeding
and commercial
agronomy program.

GA (gibberellic acid)
seed treatment
studies that work on
application methods
and rates for GA
application in
commercial settings.
Potential harvest time
grain handling (at the
beginning of the
summer) and seed
processing and
packaging to help
get ready for planting
(at the end of the
summer) for a
commercial business.

Willingness to work
outside in the field.
Have interest in
Agronomy,
Horticulture or Plant
Science.

Basic understanding
of conventional plant
breeding at a
commercial scale.
Applied agronomy &
horticultural
practices.

Developing Unique
Dual Indices
sequencing
strategies for high
throughput
identification of
CRISPR-Cas9
pennycress mutants

Developing Unique
Dual Indices
sequencing
strategies for high
throughput
identification of
CRISPR-Cas9
pennycress mutants

Basic laboratory skills
& some
understanding/intere
st in genetics

Opportunity for a
junior scientist to be
trained in basic and
advanced laboratory
techniques, PCR,
genotyping, and
developing Unique
Dual Indicices
sequencing
strategies for large
scale population
analyses. Will work
one on one with a
senior scientist to

Macomb, IL

4. Commercial
Pennycress
Breeding &
Agronomy Handson Experience

Chris
Aulbach

5. Developing
Unique Dual
Indices
Sequencing
Strategies for
High Throughput
Identification of
CRISPR-Cas9
Pennycress
Mutants

Michaela
McGinn

• CoverCress

Various
CoverCress
yield trial
locations
• St Louis,
MO

• CoverCress

Lab &
greenhouse
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develop new
genotyping and
sequencing platforms
for high throughput
genetic analyses.
6. Pennycress
Breeding Work
(Identify genes &
screen for traits)

Ratan
Chopra
• UMN

• Claire Biel
• Marsha
Menos

Field,
greenhouse
& lab
• St. Paul
campus

• Identify candidate
genes that affect
the important
agronomic or
quality traits in
pennycress.
• Screen for
agronomic traits
such as seed size,
flowering, height,
branching, etc.

7. Work with
Gene Editing
Technologies for
New Trait
Development in
Pennycress

Rahul
Patharkar

8. Characterize
Pennycress
Growth &
Development &
Identify
Phenotypic Stage
Progression

Alex Lindsey

9. Work with
Ecosystem
Services &
Pennycress

Bill Perry

Lab

The goal is to use
gene editing
technologies for new
trait development in
pennycress.

Field &
greenhouse

To characterize
pennycress growth
and development
and identify
phenotypic stage
progression

• CoverCress

Kyle Verhoff

• OSU

• ISU

• Columbus
OH

Alex Hafner

ISU campus
laboratory &
farm (20
miles north
of campus)
• Lexington
Il

• Assess pennycress
impacts on
reducing nutrient
flux, nitrogen and
phosphorus, from
subsurface
drainage
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• Screen for mutants
in different abiotic
stress during
germination

Interest in working
field and lab setup
and be excited about
plant biology.

Interns will learn
about phenotyping in
the field setups,
harvest, NIRS
scanning, DNA
extraction,
genotyping, PCR and
data analysis

Interested in learning
molecular
biology/gene editing
technologies. Skills
and knowledge on
molecular biology
techniques is a plus.

Molecular biology &
gene editing
techniques.

• Photography skills

• In-depth
knowledge on plant
development and
stage identification

• How planting
density effects the
tillering in dwarf
pennycress
• Identification of
shoot architecture
mutants in
pennycerss
Early maturity,
herbicide resistance
in pennycress.

• Interests in plant
phenotyping

• Assembly of
extension materials
• Soil organic carbon
and carbon
sequestration

• Use of computers –
Windows/Mac and
data organization

• Decomposition of
pennycress, cereal
and/or annual rye
and release of C

• Use of excel, word,
& PowerPoint

• Basic water
chemistry analysis
using a Latchat
QuickChem Flow
Injection Analysis
System

throughout the
year.
• Determine
abundance and
diversity of
pollinating insects
of pennycress
which flowers
earlier than most
other plants.

and N to
subsequent cash
crops

• Background in a
course on general
chemistry

• Subsurface
drainage water
chemistry analysis
and data analysis
using R

• Ability to work in
outdoor conditions
and a driver’s
license

• Use or R & RStudio
with tidyverse

• Measure
pennycress forage
resources (pollen &
nectar) for
pollinators and
characterize the
health of both
individual honey
bees and colonies
near pennycress
fields.
10. Help Develop
Commercial
Supply Chains
Winter Oilseed
Cash Cover Crops

Colin
Cureton &
Connie
Carlson
• UMN

• Isaac
Goldman
• Caleb
Mesick

Remote,
with
opportunitie
s for inperson
meetings,
interviews, &
photo/video
media
developme
nt onlocation in
2021 as
COVID
allows.

Develop supply
chains that allow for
the commercial
launch of winter
oilseed cash cover
crops
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Preferred
Knowledge/Skills

• Use of GitHub
• Background in
basic statistics

In this project
students will develop
marketing,
communications, and
messaging for winter
annual “cash cover
crops” such as winter
camelina and
pennycress that are
being developed by
the UMN Forever
Green Partnership,
which have potential
to advance major
agribusiness and
food companies'
recent commitments

• Background,
experience, or
studies in
marketing,
business,
audio/visual
production, science
communication,
journalism, or
writing
• Interest in the food
industry and
consumers'
emerging
sustainability values
are a plus

• Basic soil sampling
and analysis of soil
organic carbon and
other
physichochemical
parameters
• Use of automated
water samplers ISCOS
• Use of R - RStudio &
tidy verse & GGPlot
• Use of GitHub for
sharing of data and
code
• Basic identification
of common weeds
in agricultural
systems

Practical skills in
communicating/mess
aging emerging
opportunities to
advance sustainability
in Midwestern
agriculture and the
food industry.
Cutting-edge
consumer research,
engagement, and
marketing with a
strong sustainability
focus. Finished
projects to add to
marketing and
design portfolios.

to address climate
change, water
quality, soil erosion,
and other
environmental issues
through
“regenerative”
agricultural practices
such as cover crops.
While only 6% of US
agricultural land is
currently using cover
crops, the case for
cover crops is now
well established
among growers.
However, cover crops
much less "cash
cover crops" and
their benefits are not
understood as well
by the general
consumer, nor has
agribusiness and the
food industry
developed effective
marketing strategies
for communicating
these benefits. The
team of students will
develop a
communications and
marketing toolkit
(concise slide deck,
infographics,
potentially
supportive photo/vid
eo, and key
messaging language)
for promoting the
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• Willingness to learn
the basic
agronomics,
economics, and
multifaceted
benefits of
incorporating “cash
cover crop” winter
oilseeds like
camelina in Upper
Midwestern US row
crop agriculture
• Students should be
excellent
communicators,
creative, thoughtful,
and good
collaborators with
their fellow
students,
researchers,
growers, and
consumers

environmental and
economic benefits of
winter annual "cash
cover crops," with
particular focus on
winter camelina, in
food and other
products in ways that
align with emerging
consumer value
drivers of
sustainability and
impact.
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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
wb-phippen@wiu.edu

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

Our mission is to optimize ff-season pennycress oilseed production
y overcoming production and supply chain bottlenecks.

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.”

