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Abstract: Corn and soybean production dominate the landscape in Minnesota, with
more than 8 million acres per year in corn and nearly the same in soybean. There are
significant externalities associated with nearly 60% of Minnesota working lands being
dominated by two annual crops. Recent data from Minnesota Pollution Control found
that more than 75% of nitrate nitrogen in surface waters originated from cropland
sources. Cover crops can address many nutrient losses and protect Minnesota’s water
resources, however, adoption is lackluster. Developing plant-based technologies that
provide ecosystem services and offers early adopters the ability to extract profit is
paramount. The agronomic development of winter annual oilseeds and accompanying
education for cropping systems across Minnesota may provide the needed catalyst to
spur adoption. Before realizing widespread adoption, there are significant gaps in the
agronomic management to support the deployment of winter annual oilseeds such as:

determining optimal cropping system and fall oilseed-planting dates, nitrogen fertilizer
regimes, application of harvest aids and management for improve oilseed grain yield,
and pervious crop residue management (e.g. corn stover). This proposal focused on the
impacts of fall oilseed planting dates and corn residue removal on growth and
development of pennycress and winter camelina. Although there was variation from
year to year, pennycress establishment was better for the early planting dates, whereas
winter camelina performed better at the mid to late September interseeding dates. Cereal
rye establishment was best at the early September interseeding planting dates. Even
thought interseeding planting date impacted all three cover crops, the populations were
highly variable across sites with percent cover ranging from 0 to 30% before freeze up.
Corn residue placement greatly impacted the survival and grain yield of the oilseeds
ranging from as low as 10 kg ha-1 to 400 kg ha-1 in winter camelina and pennycress
respectively. To address the corn residue impacts on oilseed development, a stover
removal project assessed the minimal stover removal needed to produce oilseeds. We
found that 50% or greater removal significantly improve oilseed fall establishment.
More research is needed to explore particle size and placement of corn residues impacts
on oilseed development along with evaluating a range of early maturing, low biomass,
high harvest index hybrids. It is possible to designed a system that minimizes yield loss
in the corn at the same time improves the establishment of the winter annual oilseeds.

Background: Sustainable intensification of agricultural systems has been suggested as a
way to increase food, fiber, energy and feed to meet future demands. Heaton and Schulte
(2013) describe the concept of temporal intensification in agriculture whereby the goal is
to increase the number of crops grown in a given time period. The idea is to use as much
of the growing season as possible to gain additional economic benefits beyond that
realized by a single crop. This type of strategy can be extended to include multiple
economic, environmental, and ecological benefits. This is especially relevant in the upper
Midwest where large portions of the agricultural landscape are void of cover from early
fall through late spring leading to soil erosion and off-site movement of nutrients (Ochsner
et al., 2009). Many farmers have considered planting cover crops, such as winter rye,
vetch, clovers, and radish, into standing corn or following wheat, pea, soybean, or corn
harvest, to provide living plant cover throughout the year. However, farmers find current
cover crop systems challenging citing difficulties in establishment and termination and
potential risk of crop competition when water is limiting. Furthermore, cover crops are not
perceived as directly contributing to the profitability of the cropping system (Leavitt et al.,
2011).
Field pennycress (Thlaspi arvense L.) and Camelina (Camelina sativa L. Crantz) are
proposed as crops that can fit into a strategy aimed at temporal intensification for greater
profitability while providing needed cover to address critical soil and water quality
issues. Field pennycress and camelina are winter annuals that can be harvested for seed in
late May to early June – early enough to plant a full season soybean that can be grown on
the same acreage. From and economic standpoint, the seed from both crops is an
important source of oil that can be used across numerous biofuel platforms (Johnson et
al., 2007; Moser et al., 2009; Phippen and Phippen, 2012). Pennycress and camelina also
has the potential to provide late fall and early spring weed suppression and may also
promote populations of beneficial insects, especially pollinators and crop pest predators.
Strategies that allow for ‘temporal intensification’ of agriculture are in the interest of both
farmers and industrial processors and can provide numerous ecosystem services.
Pennycress and camelina offer all of these advantages and have a tremendous opportunity
for genetic improvement (Dorn et al., 2013). The objectives of this research are to 1)
Evaluate the effects of seeding date on pennycress and camelina emergence across
cultivars (ranging in dormancy) in a high-residue field corn system and 2) Evaluate field
pennycress and camelina emergence, growth and productivity across a range of corn
residue levels and environments.
Previous research indicates that pennycress and camelina should be seeded in late August
or early September to achieve optimal seed yield. This strategy works well in small grain
or silage-corn fields where the crop is harvested early with little crop residue present
prior to pennycress or camelina seeding. However, small grain (1.35 million acres) and
silage-corn (0.36 million acres) production is limited in southern Minnesota (NASS,
2014). To make a significant impact on profitability and ecosystem services using
pennycress or camelina, these crops must be more compatible with field corn (8.3 million
acres), which is the dominant crop in rotation with soybean (7.0 million acres)(NASS,

2014). Successful integration of camelina and pennycress in field corn situations requires
an understanding of when to plant pennycress or camelina as well as the effects of high
residue environments on cover growth and oilseed yield.
Progress made toward the original goals of the project:
Obj. 1: Evaluate the effects of seeding date on pennycress and camelina emergence
across cultivars in a high-residue field corn system.
This project was delayed over a year due to lack of a safe high clearance planter.
Originally, the research group retrofitted a high clearance tractor (Image 1) and was able
to plant but not without damaging the corn crop in nearly all plots by knocking over
stalks with the wheels and/or chain harrows. The equipment was adjusted to reduce
damage and eventually, through careful operation, oilseeds could be planted with less
impact on the corn crop. The high clearance tractor (“yellow tractor”, Image 1 and 2) also
failed in the field and had to be rebuilt to continue planting the trials. Due to safety
concerns, we did not continue planting. In 2016 we acquired a new (safe) high-clearance
tractor designed to address the above issues (Image 3).

Image 1. Prototype high clearance tractor. This tractor damage corn in the planting
methods project and the planting date projects.

Image 2. Yellow tractor left rear wheel damaged bushing and retaining bolt. After
repairs, retaining bolt failed to hold, even after solid welding of bolt. Tractor was parked
and studies were discontinued until a safer tractor was sourced.

Image 3. Avenger high-clearance adjustable tractor outfitted with Gandy Orbital Air
Seeder and soil disturbance units.
The new interseeder (Image 3) afforded the program a safe and reliable platform to
interseed oilseeds across a range of environments and timings. When interseeding oilseed
commenced, Winter camelina “Joelle”, pennycress “MN106,” and gibberellic acid
treated field pennycress were planted into standing corn using the Avenger high clearance
machine with a Gandy air seeder delivering seed to the area between four corn rows.
Oilseeds were established into a standing corn at Waseca ROC, Rosemount ROC, Morris
USDA research facility, and Lamberton ROC fall of 2016. Planting dates were: Aug. 15,
Sept. 1, Sept. 15, and Oct. 1. Establishment of the oilseed crops was surveyed in 0.25 m2
plots prior to corn harvest, and overhead photos were taken of each plot to determine
percent green cover. We observed marginal establishment for the first 2 planting dates,
and low establishment for the last two. We were not able to plant the last planting date at
3 of the sites, due to late fall rains. Corn was harvested from the plots in early November;
effort was made to cut stalks as high as possible and stalk choppers were turned off so
that residue would not form a uniform cover on the ground that may smother the oilseeds.
Corn residues were on an average 8 Mg ha-1 with the greatest at RROC (9 Mg ha-1). The
following spring 2017, plots were assessed for winter survival. Ice sheets were observed
at RROC. Although cover crop populations were variable at the location, overhead
imaging revealed that the Sept. 1 planting date was optimal for establishment (Figure 1).
Spring biomass trends for the pennycress only revealed that early planting date resulted
in greater biomass production (Figure 2) whereas camelina was not impacted by planting
date (Figure 2).
Oilseed grain yield was harvested (6/15/2017) and soybeans were double cropped behind
the oilseed. Camelina grain yields were low (<10 kg ha-1) at three out of four sites, and
are not reported here. Complementary research is underway to address the issue of low
camelina yield in intercropped corn. Corn stover may play a role in this cropping system,
as the site with the lowest stover productivity had the most promising camelina yields.
Future work will focus on corn varieties known to produce lower rates of stover. It was
observed that, even without corn present, camelina performed better at the ends of the
rows, where the seeding rate was slightly higher. Based on this observation, we will be
increasing our seeding rate this year and are implementing a seeding rate study to hone in

on the ideal seeding rate in intercropped camelina. Pennycress grain yields ranged from
120 kg ha-1 to 440 kg ha-1 and biomass 500 kg ha-1 to 1200 kg ha-1 dry matter (Figure 3).

Figure 1. Spring percent coverage assessed through overhead digital imagery (April 4th
2017) and post-processing analysis with ImageJ. Bars with shared letters within cover
crop category are not significantly different at (P < 0.05).

Figure 2. Dry matter biomass harvested as impacted by fall planting dates. Biomass was
harvested on 5/15/2017. Bars with shared letters within cover crop category are not
significantly different at (P < 0.05).

Even thought we are able to establish in the fall, there are several issues impacting
survivability of the oilseeds from fall establishment to spring harvest the following year.
One of the most notable challenges is the corn residue (i.e. stover). Our team chose to
harvest the corn as high on the plant as possible, and turned off the stalk choppers on the
rear. The idea was to leave as much of the corn residue in tacked so to less the impact on
the developing and overwintering oilseeds. However, given the amount of corn residue,
we have failed to achieve spring oilseed populations (Image 4A) warranting harvest with
exceptions to cereal rye (Image 4B).

Image 4. Spring oilseed (A) and cereal rye (B) growth interseeded the prior fall (Sept 1st)
into standing grain corn. Corn was harvest with plot combine, and corn residue was left
in tacked to maximize oilseed establishment.
Obj. 2: Evaluate field pennycress and camelina emergence, growth and productivity
across a range of corn residue levels and environments.
In the autumn of 2014 and again in 2015, oilseeds (pennycress and winter camelina) were
hand seeded and lightly incorporated (15 and 8 kg ha-1, respectively) into R6 field corn at
Rosemount ROC, Waseca ROC, Lamberton ROC, and Morris USDA research facility.
Following establishment of the oilseeds, field corn was hand-harvested for grain. The
corn stover was manipulated in plots by removing a percentage of corn stalks in the
center two corn rows (2 & 3) of each plot; percentages removed were 0, 25, 50, 75 and
100. Removal was done by hand, evenly across each plot. The outside two corn rows (1
& 4) were completely removed to prevent neighboring plot interactions. Removed stover
was weighed in the field, and a representative sample was collected and dried to
determine dry weight of biomass remaining in plots.
Before corn harvest, percent cover of the winter crops was estimated visually and
overhead photos of 0.25 m2 quadrats in the center inter-row within each plot were taken
for digital cover analysis. After corn harvest, percent cover by stover was visually
estimated, and overhead photos of 0.25 m2 quadrats in the center inter-row were again
taken to estimate percent stover cover.

Picture 3. Overhead photo of Lamberton plot with 25% stover removed (left) and 75%
stover removed (right).

Picture 4. Lamberton plots with 75% stover removal center, 100% stover removal (right),
and 50% stover removal (left) after corn harvest
Data from the overhead photo illustrates the impacts of corn stover on oilseed survival.
As corn stover rate increased from 0 to 6 Mg ha-1 (e.g. 100, 75, … , 0) there was an
observed reduction in pennycress survival (Figure 1). The greatest reductions to
pennycress percent cover were observed in the 4.5 Mg ha-1 (25%) corn stover rate.
Treatments with less than 3 Mg ha-1 remaining stover exhibited the greatest pennycress
coverage ranging from 80 to 100 % (Figure 1).

Figure 3. Pennycress percent coverage as influenced by corn stover removal. Percent
cover data was generate via the post-processing of the overhead images (Picture 3). Corn
stover removal did impact pennycress survival (P < 0.05). Means followed by the same
letter are not significantly different based on Tukey HSD test (P < 0.05).
Long-term sustainability and impact of the project: We recognize that overcoming the
corn residue interference is paramount in designing a cropping system farmers in the
upper Midwest can adopt. We know that stover removal best favors the oilseeds,
however, the practices of stover removal (i.e. carbon removal) is not sustainable. Future
projects must develop an economical and environmental sound way of integrating
oilseeds into the corn-soybean cropping system. Much of what we learned in this project
is currently being package a NIFA SAS CAP to support the agronomic development of
pennycress in the corn-soybean rotation for the upper Midwest.
Additional funds secured to continue the project: The funding from the project laid
the foundation to secure an additional cover crop planting date (Minnesota only), and a
larger NIFA CAP investigating cover crop planting dates across the upper Midwest.
Please see below a list of project that leveraged the funds in this proposal.
Investigator Status: PI
External Agency: Forever Green Agriculture Initiative
Project Title and Dates: Expanding the Footprint: New Cropping System Opportunities
for Forever Green Crops. 9/2016 – 6/2019.
Direct Costs: $132,000
External Agency: Forever Green Agriculture Initiative
Project Title and Dates: Agronomic development of winter annual oilseed in a field corn
production system. 10/2015 – 10/2017.
Direct Costs: $149,936

Investigator Status: Co-PI
External Agency: National Institute of Food and Agriculture
Project Title and Dates: A novel management approach to increase productivity,
resilience, and long-term sustainability in cropping systems in the Upper Midwest.
4/2016 – 3/2018.
Direct Costs: $ 2,147,839 ($168,487 to Wells)
Undergraduate, graduate student and post-doc education and opportunities
provided by the grant: Project supported research objectives across a range of graduate
students. Kevin Anderson assessed residue impacts on oilseed development, oilseed
planting methods, and supported the oilseed planting date research. Technology from this
program (e.g. interseeder) was utilized to support both Rebekah Carlson’s and Cody
Hoerning’s M.S. research programs. I addition to support the above graduate students
there was one MAST students that was supported by this research.
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