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Winter Annual Oilseed Quarterly Update #14: Current Agronomy Research 
 
This quarterly report is a compilation of agronomic research in winter annual oilseeds 
presented at conferences in 2019. The results in these posters are preliminary and may be 
updated prior to publication. However, taken together, they represent a broad overview 
of the current status of agronomy research into pennycress and camelina at the University 
of Minnesota. 
 
Pennycress (Thlaspi arvense) Yield Peaks at Low Nitrogen Rate 
Matthew A. Ott*, Katherine Frels, Ratan Chopra, M. David Marks, M. Scott Wells. 
Presented at the Crop Science Society of America meeting in San Antonio, TX, November 2019. 
The objective of this study was to determine the yield potential of pennycress under five nitrogen rates, 
namely, 0, 34, 67, 101, and 135 kg ha-1. We also characterized the effect of semi-dwarf plant height 
(pennycress line A7-111) compared to wild type plant height (MN106) under the nitrogen rates. We 
expected that the yield of the semi-dwarf line may be higher than that of MN106 due to improved 
nitrogen use efficiency and less lodging at higher nitrogen rates. We also expected that the nitrogen rate 
that would maximize yield for the MN106 control line to be relatively low. We did not find this particular 
semi-dwarf line to have higher yields than the MN106 line, but we did find that the nitrogen rate that 
maximized MN106 yield was relatively low, at 40 kg ha-1. 
 
Agronomic and Genetic Characterization of Accelerated Development Traits in Field Pennycress 
Matthew A. Ott*, Ratan Chopra, Katherine Frels, M. David Marks. 
Presented at the Crop Science Society of America meeting in San Antonio, TX, November 2019. 
In this study, we planted early flowering pennycress genotypes and the MN106 control in mid-August 
and in late-August. We expected that the early flowering genotypes would flower at least a week earlier 
than the MN106 control within a given planting date, and that earlier planted pennycress would flower 
at least a week ahead of that which was planted later. We found that the earliest flowering genotypes, 
Cover Cress 2032 and A7-25, flowered 8 and 4.3 days before MN106 within a given planting date, 
respectively. However, we did not find pennycress that was planted earlier to flower as early as we 
expected - only two days earlier for A7-25, one day earlier for MN106, while Cover Cress 2032 in the 
second planting date actually flowered earlier than it did in the first. 
 
Using Pennycress Harvest Parameters to Determine Physiological Maturity 
Julija A. Cubins*, M. Scott Wells, Maninder K. Walia, Roger L. Becker, Frank Forcella, Robert D. Gardner, 
Gregg A. Johnson, William Lazarus, and Russell W. Gesch. 
Presented at the IPREFER Meeting in Normal, IL, August 2019. 
The purpose of this project was to use the maximum values of pennycress seed yield and oil content to 
determine when pennycress reached physiological maturity. The main finding was that pennycress 
physiological maturity, i.e. the optimal time to harvest, occurred about ten days before harvest 
maturity, i.e. when the plant is dry to mechanically harvest. Based on this information, we now know 
that pennycress seed can be harvested earlier than harvest maturity, but plant moisture is too high to 
mechanically harvest and a harvest aid may be required to harvest the crop from the field earlier. 
 
Harvest Aid Effect on Pennycress Plant and Seed Moisture, Seed Yield, and Oil Content 
Julija A. Cubins*, M. Scott Wells, Maninder K. Walia, and Russell W. Gesch. 
Presented at the American Society of Agronomy meeting in San Antonio, TX, November 2019. 
The purpose of this study was to determine if the application of a harvest aid would allow pennycress to 
be harvested more rapidly than if we waited for the plant to naturally senesce. We did not find that it 
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was beneficial to apply a harvest aid to pennycress as the untreated plants senesced at the same rate as 
the treated plants meaning that the additional labor and material costs may be economically 
counterproductive. This study only includes one year of data, so all conclusions are preliminary and a 
second year of data is being collected during the 2020 growing season to better understand the 
implications of using a harvest aid to enhance pennycress production. 
 
Agronomic and Economic Challenges of the Emerging Soybean-Pennycress Cropping System 
Julija A. Cubins*, M. Scott Wells, Roger L. Becker, Gregg A. Johnson, Maninder K. Walia, William Lazarus, 
and Russell W. Gesch. 
Presented at the Crop Science Society of America meeting in San Antonio, TX, November 2019. 
The purpose of this project was to quantify the trade-offs of shifting soybean planting date and relative 
maturity to accommodate pennycress harvest in a pennycress-soybean double crop system. This project 
gave us valuable insight on the challenges that still need to be addressed to successfully double crop 
soybean and pennycress including the need to establish market values for pennycress oil and meal, 
reducing pennycress seed loss due to shatter, and choosing a soybean relative maturity that will 
realistically reach full maturity by the end of the growing season. 
 



Abstract
Reducing plant height has improved harvest index, nitrogen use efficiency
(NUE), and standability in many crop species. We identified a dwarf
pennycress line in a mutagenesis population created by treating pennycress
seeds with ethyl methanesulfonate (EMS). To test if this line had increased
harvest index, improved standability, and NUE compared to wild type
pennycress, we evaluated physiological responses to nitrogen rate. A low
nitrogen rate of 34 kg ha-1 maximized yield for the wild-type line, and a
similar result is expected for the semi-dwarf line. The semi-dwarf mutant
was not taller than the wild-type line in any site years. Across the two years
of the study and all N-rates, the semi-dwarf line was 70 cm tall in Rosemount
(RMT) and 44 cm in Morris (MOR) while the wild-type line was 76 cm (RMT)
and 46 cm (MOR) . Limited lodging in the wild-type was observed in RMT in
Year 1, but was not severe enough to impact harvestability. No lodging was
observed in Morris.

Objectives
1) To determine the optimal nitrogen rate for pennycress; 2) to understand
nitrogen rate effect on pennycress plant height, and 3) to test if a semi-dwarf
genotype may have improved standability at higher N-rates compared to
wild-type pennycress.

Materials and Methods

Experimental Design: This two year genotype x nitrogen rate study was
conducted in Rosemount (RMT) and Morris (MOR), MN starting with Year 1
planting in autumn 2017 and ending with Year 2 harvest in spring 2019.
Year1 was a RCBD with 5 replications, and Year2 was a split-plot RCBD with 7
replications and with N-rate as the main plot and genotype as the subplot.
Genotypes:

• MN106, wild-type pennycress accession
• A7-111, semi-dwarf pennycress mutant line derived from EMS treated

MN106 seed
Planting: For both years and locations, the study was planted in early
September. The seeding rate was 11.2 kg ha-1 on 19 cm rows in Year1 and on
25 cm rows in Year2. Plot sizes were 1.5 m by 4.5 m. Winter wheat was used
as a plot border in Year2.
Nitrogen Application: Urea (46-0-0) treated with Agrotain® was the source
of N. Nitrogen rates (and seasons applied) were 0, 34(Fall), 34(Spring),
67(Spring), 34(Fall)45(Spring), 101(Spring), and 135(Spring) kg ha-1. For the
fall applications, N was applied in early October. For the spring applications,
N was applied in early-to-mid April.
Data Collection:
• Seed Yield: Two samples from a central row a meter each in length were

taken by hand at physiological maturity for both years.
• Seed Quality: Spectra were collected on seeds at room temperature on a

DA 7250 NIR spectrometer using the Micro Mirror ModuleTM from Perten
Instruments Inc. with a 950 to 1,650 nm wavelength range and a scan
resolution of 5 nm.

Statistical Analysis: Microsoft Excel 2016 was used to create figs 2 & 4 and
perform two tailed t-tests. R version 3.5.2 was used to create fig 3, perform
regressions, the Tukey’s mean comparisons, and the Box-Cox transformation.

Results
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Fig. 2. Plant height results from the Rosemount location in Years 1
and 2. A two-tailed t-test was performed on the wild-type MN106
line heights versus the semi-dwarf A7-111 line heights across all
nitrogen rates for a given year to compare genotype means. Year 1
N-Pooled t-test, P < 0.01, n=24. Year 2 N-Pooled t-test, P = 0.1, n=49.

Pennycress (Thlaspi arvense) Yield Peaks at Low Nitrogen Rate
Matthew A. Ott*, Katherine Frels, Ratan Chopra, M. David Marks, M. Scott Wells                          Contact: ottxx142@umn.edu

Fig. 1. The experiment in Rosemount on 23 May 2019.
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MN106 Seed Glucosinolates:
Inversely Related to N-Rate – RMT Yrs 1&2

Fig. 4. Seed glucosinolate levels determined by Near Infrared
Spectroscopy (NIRS) on samples harvested in Rosemount in Years 1 and
2. Data was transformed with a Box-Cox transformation (lambda=2) to
meet assumptions of ANOVA and for mean separations with Tukey’s
HSD. Original means are presented with n=10.

Conclusions

• 40 kg ha-1 was the optimal nitrogen rate for pennycress
for the RMT location, as it balances yield, cost, and
environmental concerns (Ott et al. 2019).

• Similarly, this low level of nitrogen led to a boost in plant
height (Fig. 2 and written results). This is also an indicator
that yield and height are positively correlated.

• There have been anecdotal reports from other
researchers that the Morris location is challenging for
pennycress. We plan to investigate the effect of soil
micronutrients such as sulfur (a substrate for glucosinolate
production) on pennycress performance.

• We observed an inverse relationship between seed
glucosinolate levels and nitrogen rate. Lower levels of
anti-nutritional glucosinolates would allow the seed meal
to be used for livestock feed. Thus applying nitrogen could
help with marketability, but the external costs must still be
taken into account. A similar pattern in terms of nitrogen
rate was also found in broccoli for the same class of
glucosinolates when soil sulfur levels were relatively low
(Omirou et al. 2009).
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• Year 2 samples for the semi-dwarf line A7-111 are still being
processed, and we will only report data with two years of
results.

• The fall applied nitrogen rates did not improve seed yields
beyond those of their spring applied counterparts, and only
the spring applied effects on seed yield are presented here for
simplicity.

• Averaging over genotypes and years, height increased by 18%
as a result of the 34 kg ha--1 nitrogen application, and only by
10% beyond this as a result of the 135 kg ha-1 application.

• Some lodging (scored on 0-5 basis) was observed for line
MN106 in RMT in Year 1 at the 135 kg ha-1 N rate. The mean
lodging score was 2.2 for MN106 and 0 for A7-111 (P<0.05).
This level of lodging in MN106 did not impact harvestability.

• Plant heights and seed yields at the Morris location were
surprisingly low over both years. Across the two years of the
study and all N-rates, the semi-dwarf line was 44 cm tall while
the wild-type line was 46 cm, and the two-year average yield
for the wild-type line at the highest N-rate was 1135 kg ha-1.

Results Continued

Regression of Hand Harvest Grain Yield on N-Rate
Overlaid with Tukey’s Means Comparison Test – RMT Yrs 1&2

Fig. 3. Hand harvest results for the MN106 wild-type line from Rosemount
Years 1 and 2. There was a significant positive correlation between seed
yield and nitrogen rate, and a linear plateau model fit the data. n=53.

Intercept=1279 P<0.001 β1 = 37 P<0.001 clx = 40 P<0.001 Nagelkerke R² = 0.37
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Introduction 
Over half of Minnesota’s 81 watersheds are substantially polluted by excessive 
phosphorus and one fourth are similarly impacted by nitrogen (MPCA, 2014). Cover 
crops have been shown to reduce water contamination caused by excessive amounts of 
these nutrients (Kaspar et al. 2012), yet only 2% of Minnesota cropland is planted with 
cover crops each year (USDA Census of Agriculture 2012). Not only is lake recreation 
being diminished as a result of algae blooms supported by abundant phosphorus levels, 
but water from both shallow (<15m) and deep wells (>15 m) in several regions of the 
state has become unsafe to drink, with nitrate levels exceeding 10 mg L-1 (MPCA, 2014). 
  
Improving the net financial return from cover crops is expected to facilitate more 
widespread adoption among growers. There are multiple requirements that a given 
cover crop species must meet to have the potential to become widely implemented in 
Minnesota, including winter hardiness, an early harvest date to free up land for summer 
crops, a high rate of N uptake, and substantial production of a high-value raw 
material.  This has severely limited the options of cover crop species that have a realistic 
potential for widespread success in Minnesota, to an extent that one of the better 
options may be to domesticate a species that already meets many of these requirements 
(Sedbrook et al. 2014). Using this approach, we have identified lines of pennycress 
(Thlaspi arvense L.) that flower and mature early. We are also collaborating with 
researchers from Western Illinois University, CoverCress, and the Anderson lab at the 
University of Minnesota, all of whom have shared pennycress lines, sites, and labor as 
part of this project. 
 

Objectives 
We have both an agronomic and genetic component to our overarching goal of hastening 
the harvest of pennycress in the spring. We aim to find an optimal planting date range for 
early maturing pennycress lines and determine planting date’s effect on yield and harvest 
index. Additionally, we intend to discover the genes underlying the early 
flowering/maturing traits we observe in these pennycress lines to allow for reliable 
marker assisted selection in the pennycress breeding program. 
 

Materials and Methods 
Field Study. Fig. 1 shows our experimental design for the genotype by planting date study.  
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Harvest Maturity MNA7-248 F2 

P < 0.01 a a 

b 

Planting Date: 
8/17/19 

Planting Date: 
8/31/19 

Photo Taken 5/11/19 by Austin Dobbels 

Fig. 1. A pennycress genotype by planting date study planted in a randomized 
complete block design with three replicates in each of four planting dates (two 
shown). The three earliest flowering genotypes for at least one PD are highlighted. 

Planting. Seeds from each genotype with soaked in a 0.08% solution of gibberellic acid 
then dried back down with desk fans at 22 C a week prior to the first planting date. The soil 
was prepped with a tractor pulled rotor tiller a few days prior to planting. A half a gram of 
seed was planted into each square meter plot by evenly sprinkling the seed within the 
flagged boundary and raking the soil to bury it to a depth of approximately 6mm. Planting 
dates were: 8/17, 8/31, 9/13, and 9/28/2019 . The last two dates are not shown in Fig. 1. 
Scoring Earliness. When the first pennycress line began to develop buds, the plots were 
visited each day to score for first flower, 25% plot flowering, 50% plot flowering, 75% plot 
flowering, and 90% plot flowering. When the first pennycress line began to senesce, 
photos of each plot were taken from a height of 130 cm approximately every other day. 
Each photo is being analyzed in ImageJ twice –  first for the percent of green and yellow 
hues in the range of 26 -116 and a brightness range of 0-60 as this was found to best 
capture total biomass within the plot. Then each photo is analyzed again for the percent of 
green hues in the range of 47-116  with a brightness range of 0-60, as these ranges were 
found to best capture green biomass. We expect the ratio of percent green to percent 
yellow-green hues to be relatively lower for lines that senesce early. 
Harvest. Above and below ground biomass from ten plants from the center of each plot 
were collected into  #40 brown paper grocery bags. Samples were dried in a 35 C oven for 
at least four days before the total biomass was weighed and the seeds threshed then 
weighed. Tukey’s HSD was used for all field analyses.  
 

Results - Field Study 

Discussion 
A possible explanation for the drastic effect of planting date on the flowering of CoverCress 
line 2032 (Fig. 2 A+B) is that it’s requirement of vernalization duration is shorter than that 
of all other lines tested in this study. Line MNA7-25 is known to have a relatively short 
vernalization duration requirement, which likely contributed to winter some injury in a 
study conducted in 2017-2018 (data not shown). If the CoverCress 2032 vernalization 
duration requirement is even shorter than that of MNA7-25, then it may be more at risk 
when planted in mid-August in MN.  
 
A potential concern regarding earlier flowering and senescing lines of pennycress is that 
there could be a tradeoff between earliness and yield. We did not observe such a tradeoff 
in this study (Fig. 3).  The lines that flowered early likely had about the same amount of 
time in the seed fill stage as the MN106WT control line, so both flowering and 
senescence appear to have shifted earlier in tandem.  
 
In the greenhouse in Jan/Feb 2019, we observed Line MNA7-248 flower two days earlier 
than wild-type (data not shown), but senesce four days earlier (Fig 4). There may be a 
signal of early flowering in MNA7-248 in our field experiment (Fig 2), but any potential 
differences were too small to be detected, suggesting a possible need for more replication 
in a future field experiment. We are still analyzing plot photos with ImageJ to quantify 
senescence of these lines from the field experiment. We have made crosses using this line 
and other early flowering/maturing lines, and we have already seen an additive effect 
among these genes that are accelerating development in pennycress.  
 
These studies have shed more light on how we can further optimize pennycress 
agronomics and genetics. Including growing degree days along with planting date as a 
covariate in predicting pennycress flowering and yield will also likely be useful. However, 
we have observed that in general, mid-August to early-September plantings establish, 
flower, and mature better than mid-to-late September plantings. For years with 
prolonged mild autumn temperatures,  planting in mid-August may be too early for 
pennycress lines that have a reduced vernalization duration requirement. There is a 
chance that stacking enough early flowering markers could shift a pennycress line from a 
winter growth habit into a spring growth habit. As we stack early flowering and senescing 
markers, we will test for growth habit and vernalization duration. We expect to develop a 
combination of markers in a line that will optimize pennycress yields and accelerate 
development so that the total winter crop and summer crop yields can be maximized.  
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Results - Greenhouse Study Materials and Methods Continued 
Greenhouse Study. An F2 population of MNA7-248 x MN106WT was planted on 10/26/18 in 15.2 x 
15.2 cm pots. When the first plant began to develop buds, notes of first flower were taken every 
day until all plants had flowered. When the first plant began to senesce, notes on when 90% of 
pods on the plant contained mature black seeds were taken. Leaf tissue was collected from each 
plant and DNA was isolated using the Epoch Life Science GenCatch plant genomic DNA purification 
kit. DNA from the six earliest flowering plants was pooled and as well as for the six latest flowering 
plants. DNA samples were submitted to the University of Minnesota Genomics Center for whole 
genome sequencing using the Illumina HiSeq 2500 sequencing system on high-output mode with 
paired-end reads of TrueSeq nano libraries for 125 cycles with v4 chemistry. This WGS data allowed 
us to leverage the gene annotations from The Arabidopsis Information Resource (TAIR) to narrow 
down a list of candidate genes. We then genotyped our F2 population using end point genotyping 
with the LightCycler® 480 by Roche for the Senescence-Associated Subtilisin Protease (sasp) gene – 
see greenhouse study results. Fisher’s protected LSD was used for mean separation of harvest 
maturity for this line. 

Fig. 2. Date when 50% of plot was flowering was noted for PD1 (A) and PD2 (B). 
Values are means with n=3. Analyzed with Tukey’s HSD. 

A 

B 

Fig. 3. Harvest index observations for PD1 (blue bars) and PD2 (orange bars). 
Values are means with n=3. Analyzed with Tukey’s HSD. 

Fig. 4. A) Harvest maturity scored as the date when 90% of the pods on a plant contained 
mature black seeds. Values are means with  n≥5. Analyzed with Fisher’s protected LSD. 
B) End-point genotyping results from Roche LightCycler® 480 run with sasp marker.  

A 

B 

 

Agronomic and Genetic Characterization of Accelerated Development Traits in Field Pennycress 
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Introduction Discussion (continued)
Opportunity: Integrate pennycress (Thlaspi arvense L.) on agricultural 
land as a profit-generating winter annual crop in the Upper Midwest.

• Pennycress is a winter-hardy plant that survives Minnesota winters 
and can grow at temperatures as low as -2.5°C.1

• Pennycress oil can be used as an industrial biodiesel feedstock, 
making it a more attractive option to growers compared to other cover 
crops.2

• The timing of physiological maturity in pennycress has not been 
established.

• Current pennycress lines retain unfavorable weedy characteristics, 
such as silicle shatter, which can cause harvest losses to exceed 60% 
of the total seed yield.3

Challenge: Harvest pennycress after it reaches physiological maturity, 
but before seed loss occurs due to silicle shatter

Materials and Methods

Using Pennycress Harvest Parameters to Determine Physiological Maturity
Julija A. Cubinsa, M. Scott Wellsa, Maninder K. Waliab, Roger L. Beckera, Frank Forcellac, Robert D. Gardnera, Gregg A. Johnsona, William Lazarusa, and Russell W. Geschc

aUniversity of Minnesota, Twin Cities; bUniversity of Nevada, Reno; cNorth Central Soil Conservation Research Laboratory, USDA-ARS, Morris, MN

Conclusions
• Delaying harvest to harvest maturity decreased seed yield by 

70% due to shatter at Morris compared to the maximum yield.

• Phenology may be a good predictor of physiological maturity. 
Physiological maturity was achieved when silicles were 
between 50-60% mature at both locations.

• It is important to delay harvest until all parameters of 
physiological maturity [i.e., 1000-seed weight (not shown), 
seed yield, oil content, and oil quality (not shown)] are 
maximized.

• Physiological maturity occurred when seed moisture was high, 
66% at both locations, indicating that harvest aids may needed 
to decrease seed and plant moisture to facilitate mechanical 
harvest.

Results
Oil content:
• Oil content was low early in the trial at both locations and 

increased quickly before plateauing.

• Oil content maximized between 300 and 320 g kg-1.

Seed yield:
• The seed yield at Morris was very low at early and late harvest 

dates, which reflected seed immaturity and silicle shatter, 
respectively. 

• Seed yield at Rosemount did not statistically change with 
respect to harvest date late in the trial, an unexpected resulted 
that may have been due to less mature seed at the final 
harvest interval compared to Morris. 

• The average seed yield maximum at Morris was 1100 kg ha-1. , 
whereas the average seed yield maximum at Rosemount was
969 kg ha-1.

Physiological maturity:
• Based on oil content and seed yield maximization, as well as 

parameters not shown, physiological maturity occurred nearly 
two weeks before harvest maturity.

Design:
• Locations in Morris and 

Rosemount, MN
• Randomized complete block 

design
• Four replications
• Selected wild type MN 106
• Planted on Sep 16, 2016 in 

Morris and on Sep 27, 2016 in 
Rosemount

• Plots were 1.5 x 3.0 m
• Treatment was pennycress 

harvest date
• Morris had 8 harvest 

treatments, Rosemount had 7 
harvest treatments

Analysis:
• The REG procedure in SAS and 

the AIC were used to aid in 
model selection comparing 
linear, quadratic, and linear 
plateau models

Figure 3. Changes in seed yield (kg ha-1) with respect to cumulative growing degree days, Morris and Rosemount, MN

Figure 2. Changes in oil content (%) with respect to cumulative growing degree days, Morris and Rosemount, MN

Physiological maturity (left) 
occurs when maximum dry 
matter has accumulated in 
seeds4

Figure 4. Pennycress at physiological 
maturity when 50% of silicles and 
seeds were mature

Harvest maturity (right) occurs 
when the plant has dried 
enough to harvest

Figure 5. Pennycress at harvest maturity 
when 90% of silicles and seeds 
were mature

Figure 6. (below) Physiological and harvest 
maturities with respect to 
pennycress seed yield

Discussion

PM: June 12
HM: June 21

PM: June 12
HM: June 23

Data Collection:
• Plots were assessed for 

growth stage prior to harvest
• Harvested biomass was 

threshed for seed yield
• Seed was analyzed using 

nuclear magnetic resonance 
for oil content

Objectives
1. Evaluate the effect harvest date on pennycress oil content and seed 

yield
2. Use pennycress harvest parameters to determine when physiological 

maturity occurs i.e., the earliest possible harvest date

Figure 1. 
Germinated 
pennycress (i.e., 
harvest losses) from 
silicle shatter due 
delayed harvest. 
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Introduction Discussion (continued)
Opportunity: Integrate pennycress (Thlaspi arvense L.) onto agricultural 
land in the Upper Midwest as a profit-generating winter annual crop.

• Pennycress is a winter-hardy plant that survives Minnesota winters 
and can grow at temperatures as low as -2.5°C.1

• High oil content and potential markets as an industrial feedstock make 
pennycress a more attractive option to growers when compared to a 
traditional cover crop.2

• To ensure successful integration into the corn-soybean [Zea mays L.-
Glycine max (L.) Merr] rotation, pennycress must be harvested as 
early as possible in the spring.

• Pennycress reaches physiological maturity approximately 2 weeks 
before harvest maturity, indicating potential for earlier harvest3.

Challenge: Decrease the time between physiological maturity and 
harvest maturity to facilitate earlier mechanical harvest.

Materials and Methods

Harvest Aid Effect on Pennycress Plant and Seed Moisture, Seed Yield, and Oil Content
Julija A. Cubins1, M. Scott Wells1, Maninder K. Walia2, and Russell W. Gesch3

1Department of Agronomy and Plant Genetics, University of Minnesota, Twin Cities; 2Extension, University of Nevada, Reno; 3North Central Soil Conservation Research Laboratory, USDA-ARS, Morris, MN

Conclusions

Results

Design:
• One location: Rosemount, MN
• Randomized complete block design
• Four replications
• Plot size: 3.0 x 3.0 m
• Reduced shatter line ‘IO217’
• Planting date: 27 Sept 2018
• Treatment application: 1 July 2019
• Treatments were applied at 

physiological maturity
• Controls were naturally senescing 

pennycress harvested at 
physiological and harvest maturities

• Harvest date: 8 July 2019

Analysis:
• Data was analyzed in R 

3.5.24

• The lmer function in the 
lem4 package5 was used to 
determine if differences 
existed within desiccants

• Mean separation was 
conducted using Tukey’s 
HSD (P < 0.05) in the 
agricolae package6

Data Collection:
• Seed samples were 

collected to determine 
moisture content before 
treatment application

• Plots were hand 
harvested for crop 
biomass moisture and 
seed moisture, yield, and 
oil content. 

• Harvested biomass was 
threshed for seed yield

• Seed oil was analyzed 
using near-infrared 
spectroscopy

Objectives
1. Evaluate pennycress biomass and seed for moisture following the 

application of a harvest aid
2. Assess pennycress samples for seed yield and oil content

Treatment Rate (qt ac-1)

Defol
(sodium chlorate)

2
4

Diquat
(diquat dibromide)

1
2

Swath
Control: Physiological maturity (PM)
Control: Harvest maturity (HM)

Table 1. Harvest aid treatments and rates

NSNS

Figure 3 (left). Pennycress seed yield (kg ha-1) with respect to treatment. Values were not significant across treatments.
Figure 4 (right). Pennycress oil content (g kg-1) with respect to treatment. Values were not significant across treatments.

Discussion

This project was 
funded by: 

This project was a joint 
collaboration between:

Biomass Moisture:
The use of a harvest aid successfully reduced pennycress 
biomass moisture following physiological maturity.

• Swathing at physiological maturity (Fig. 5) was the 
most effective at decreasing biomass moisture, but 
Defol applied at 4 qt ac-1 and both Diquat treatments 
were similarly effective in reducing moisture content.

• The top performing treatments reduced moisture to 
12% or below, the threshold for optimal mechanical 
harvest.

• Applying Defol at a rate of 2 qt ac-1 and allowing the 
crop to senesce naturally to harvest maturity were the 
least effective treatments. 

• This was unsurprising given 
that all treatments were 
applied following 
physiological maturity3. 

• Yield was highest when 
harvested without a harvest 
aid, indicating that a 
reduced shatter line of 
pennycress may be suitable 
for production without 
introducing additional costs.

• Yield for all treatments in 
this trial exceeded the 
estimated values required 
for pennycress profitability7.

It may be possible to harvest pennycress within one week of 
physiological maturity.

• The proceeding summer annual can be planted as soon as 
pennycress harvest is completed and will better take 
advantage of the limited growing degree days in the Upper 
Midwest.

The added economic value of using a harvest aid in pennycress 
production remains questionable and it is important to remember 
this information represents only one year of data collection. 

• Two more years of data will be taken to gain better 
understanding of the effect of harvest aids on pennycress 
production

Figure 5. Senior scientist Kevin Betts 
swathing pennycress at physiological 
maturity.
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Figure 6. Senior scientists Kevin Betts and 
Alex Hard harvesting pennycress at full 
maturity.

Seed Moisture:
Seed moisture at physiological and harvest maturities did not 
vary between treatments.

• All treatments were effective at reducing seed moisture 
between physiological maturity and harvest maturity.

Seed Yield and Oil Content:
Seed yield and oil content did not vary between treatments.
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Figure 1. Seed and biomass moisture (%) with respect to treatment and sampling time. Within the “Biomass at harvest” variable, 
treatments that share a letter are not significantly different from each other. There were no significant differences in moisture 
content of seed sampled at physiological or harvest maturity.
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Introduction Discussion (continued)
Opportunity: Increase farm economic resiliency in the Upper Midwest by 
introducing a winter annual cash cover crop into the corn-soybean (Zea 
mays L.-Glycine max [L.] Merr) rotation.

• Double-cropped soybean yields may be depressed compared to a full 
season soybean5, but total annual seed yield can be increased by 
harvesting two crops over the course of a single growing season6.

• Pennycress (Thlaspi arvense L.), a short season winter annual, can 
contribute to near-term farm profitability due to its applications as an 
industrial biofuel feedstock7.

Challenge: Ensure profitability of the soybean-pennycress double 
cropping system despite temporal limitations in the Upper Midwest.

Materials and Methods

Agronomic and Economic Challenges of the Emerging Soybean-Pennycress Cropping System 
Julija A. Cubins1, M. Scott Wells1, Roger L. Becker1, Gregg A. Johnson1, Maninder K. Walia2, William Lazarus3, and Russell W. Gesch4

1 Dept. of Agronomy and Plant Genetics and 3Dept. of Applied Economics, University of Minnesota, Twin Cities; 2Extension, University of Nevada, Reno; 4North Central Soil Conservation Research Laboratory, USDA-ARS, Morris, MN

Objectives
1. Assess double-cropped soybean and pennycress for seed yield
2. Estimate the net value of products produced in a soybean-pennycress 

cropping system compared to a full-season soybean control

Conclusions
In order to offset the costs associated with double cropping and 
produce a profitable cropping system, the APV of the soybean-
pennycress double crop needs to exceed that of a full-season 
soybean. 
To achieve this:

• Soybean varieties must be chosen based on the likelihood 
that they will reach full maturity prior to inclement weather.

• Unfavorable weedy characteristics of pennycress, such as 
silicle shatter, must be mitigated through breeding and 
appropriate crop management to increase yield stability.

• Market values for pennycress oil and meal must be 
established.

This cropping system is a work in progress and still requires further 
research before it can be adopted on farms in the Upper Midwest. 

Discussion

Figure 2. Aggregate seed yield of soybean and pennycress by treatment in 2017 and 2018, respectively. Within a year and 
crop, treatments that share a letter are not significantly different from each other. Crops that do not have letters showed no 
differences across treatments. There were no significant differences in aggregate yield between treatments in either year.

Results

Table 1. Treatments as designated by pennycress desiccant and harvest dates and soybean 
planting dates

Treatment

Pennycress Soybean
Phenology11 at 

desiccation Maturity 
group

Planting date
2017 2018 2017 2018

Soy No pennycress 1.9 May 31 June 1
Des 1 84 78

1.1 June 23 June 22
Des 2 85 81
Des 3 86 84

PC No desiccant

Figure 1. Various experimental stages: Pennycress one week after desiccant application (left),
non-desiccated pennycress (center), control soybean plot (right), Rosemount, MN (2018).

Seed Yield (continued):
Double-cropped (i.e., late planted) soybean yielded significantly 
less than the full-season soybean control in both years (Fig. 2; 
Table 1).

• This is consistent with prior research that found soybean 
yield rapidly declined with each day it was planted after 30 
May in the Midwest6.

• Late-planted soybean did not reach full maturity by the first 
frost in both years (Fig. 5).

This project was 
funded by: 

This project was a 
joint collaboration 
between:

Design:
• One location: Rosemount, MN
• Randomized complete block 

design
• Four replications
• Plot size: 3.0 x 7.6 m
• Treatment was pennycress 

desiccation date
• Controls:

• Naturally senescing 
pennycress 

• Full season soybean

Pennycress Management:
• Selected wild type ‘MN106’
• Planted 27 Sept 2016 and 

15 Sept 2017 
• Fertilized with 

79-34-34 kg ha-1 N-P-K
• Assessed for phenology and 

desiccated with Defol 5 
(sodium chlorate)

• Combine harvested in 2017 
and hand harvested in 2018

• Assessed for seed and oil yield

Soybean Management:
• Mid-season soybean was 

double cropped with 
pennycress

• Glyphosate applied for weed 
control on 11 Aug 2017 and 28 
June 2018

• Assessed for seed and oil yield

Analysis:
• Data was analyzed in R 3.5.28

• The lmer function in the lme4
package9 was used to determine 
if year was a significant effect

• Mean separation was conducted 
using Tukey’s HSD (P < 0.05) 
with the HSD.test function in the 
agricolae package10

Economic Data:
• Approximate processed value (APV) of each crop was calculated 

using the equation: APVi=[(Oi x Po) + (Mi x Pm) – Fi]12;
where APVi is the approximate processed value at treatment i,
Oi is the calculated oil production at treatment i,
Po is the estimated oil price13,
Mi is the calculated meal production at treatment i,
Pm is the estimated meal price13,14,
Fi is the cost of field management at treatment i15

• Rapeseed oil14 and meal13 prices were used as a proxy for 
pennycress as pennycress does not currently have market values

Figure 3. Approximate processed value of soybean and pennycress by treatment in 2017 and 2018, respectively. Treatments 
within a year that share a letter were not significantly different from one another.

Treatment

Yield to offset production costs Yield to breakeven with monocrop
kg ha-1

2017 2018 2017 2018
Des 1 1270 1987 1986 2057
Des 2 1253 1318 2054 2257
Des 3 1269 1292 2126 2101

PC 1287 1296 2202 2151

Table 2. Pennycress seed yield required to offset production costs of the double crop and breakeven with the value of the 
soybean control based on the pennycress oil content, rapeseed market prices, and calculated soybean APV for each treatment.

Seed Yield:
Aggregate seed yield of the double-cropped treatments 
yielded similarly to the full-season soybean control 
(Fig. 2; Table 1).

Pennycress yield was dependent on phenology at desiccation 
(Fig. 2, Table 1).

• Pennycress seed yield was highest when it was 
desiccated at physiological maturity15.
(i.e., Des 1, 2, and 3 in 2017 and Des 3 in 2018)

• Untimely precipitation when pennycress was fully 
mature led to seed dispersal due to silicle shatter in 
2018 (data not shown), corresponding to a decrease in 
seed yield (Figs. 2 and 4).

Figure 5. Full season (foreground) and double-cropped (background) soybeans one 
month before the season’s first damaging frost, 26 Sept 2017, Rosemount, MN.

Figure 4. Pennycress germination 
following silicle shatter and combine 
harvest in 2018, Rosemount, MN.

Value of Products:
The full-season soybean produced the highest APV in both years 
(Fig. 3).

• In 2018, the third desiccation treatment (i.e., Des 3) 
produced APVs similar to both the control soybeans and 
the double-cropped treatments in that year, but did not 
exceed the values produced by the double crop in 2017.

• Field costs for the double-cropped treatments were more 
than double those of the soybean control (data not shown), 
decreasing the potential for profitability despite a lack of 
difference in seed yield between the groups.

The pennycress yield required to offset production costs was 
similar across years and almost all treatments (Table 2).

• The first and second desiccation treatments in 2018 (i.e., 
Des 1 and 2) required a higher seed yield than other 
treatments due to seed immaturity at desiccation (Table 1).

• Based on the treatments where pennycress reached 
physiological maturity before desiccation, the yield 
required to offset production costs averaged 1278 kg ha-1.

The pennycress yield needed to equal the APV of the full-season 
soybean was consistent across years and treatments and double 
the highest yields seen in this study (Fig. 2; Table 2).
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