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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.
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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
DISC is the abbreviation we use for the IPREFER corn stover management project. Nicholas Heller (Illinois State
University leads this IPREFER objective.

2
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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.

Quarterly Progress Report: November 2020 – January 2021

17

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.

Quarterly Progress Report: November 2020 – January 2021

28

•

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.
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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.

Quarterly Progress Report: November 2020 – January 2021

41

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
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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.
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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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Results

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 A

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

EXHIBIT C

EXHIBIT D

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 ILCTE 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 Project) is exploring how 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 CeMaST-led team is finishing a Cover Crops Science project
book for youth in state and national 4-H
programs. Peer review is underway, and
adoption by 4-H is expected in 2021. 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 2014, Illinois adopted a new 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 reflective 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 reflect the NGSS.
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 joined 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
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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.”

