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ABSTRACT
The purpose of this research was to characterize the top ten pennycress elite
lines across varying environments to assess the location effect on seed yield, oil
content, and oil constituents. Researchers have made major improvements to the
commercial lines when compared to wild populations. With the adoption of
pennycress across the U.S. Corn Belt, there is a dire need to investigate how
pennycress performs at different latitudes and with different soil types. In order
for pennycress to be profitable, farmers must harvest a yield of 1,200-1,500
pounds/acre of seed. However, the oil content and oil constituents also play a key
role in profitability. Ten elite pennycress varieties were grown across the U.S.
Corn Belt to better understand how those characteristics changed according to
factors such as variety, location, plant height, height to first pod, and rosette size.
It is clear that locations like Western Illinois University and Illinois State
University generated the greatest yields, which is most likely due to longer
growing seasons. Additionally, the CoverCress lines (B3WG, B28WG, and
B48WG) performed well compared to varieties grown in past years with respect
to seed yield and oil constituents. This research found that location and variety
had a significant role in seed yield, thousand seed weight, oil yield, oil
constituents, and total oil percentage.

Figure 3. Results of multi-state variety trials. Gold bars indicate golden seeded varieties, while gray bars indicate black seed varieties. Boxplots display
Minimum, Q1, Median, Q3, Maximum, and outliers. The green graph indicates yield by location.
Table 1. Response of variables by variety. Gold cells show golden seeded varieties, while gray bars show black seeded varieties. numbers in parentheses are
the ranges of responses.
Variable

B28WG

B48WG

B3WG

tt8-t/ARV1

tt2/MN106

E-891-13

ARV1

MN106-3mut

MN17077-2

MN106

5.7
(2.6 - 9.7)

5.6
(2.9 - 9.3)

5.6
(2.4 - 10.8)

5.4
(3.1 - 8.5)

5.6
(3.1 - 10.1)

4.8
(2.5 - 8.2)

5.3
(2.5 - 9.0)

5.7
(3.0 - 9.4)

5.9
(2.5 - 10.4)

5.976
(2.350 - 10.400)

57.1
(20.0 - 102.6)

62.8
(19.3 - 106.7)

62.3
(22.7 - 97.5)

61.5
(20.2 - 96.0)

55.6
(17.5 - 99.1)

57.1
(20.8 - 99.1)

61.1
(23.2 - 91.4)

56.9
(19.7 - 91.0)

61.5
(21.3 - 94.0)

62.6
(22.7 - 98.6)

33.9
(11.5 - 63.5)

38.6
(9.2 - 63.0)

39.1
(10.8 - 60.3)

39.0
(10.7 - 63.0)

37.4
(11.3 - 61.5)

34.6
(11.7 - 64.0)

38.0
(12.7 - 62.0)

34.9
(11.2 - 57.0)

38.7
(11.7 - 60.0)

39.9
(12.7 - 62.0)

Average Seed Yield (lbs/acre)

1674
(877 - 2631)

1367
(782 - 2211)

1391
(776 - 2232)

1346
(681 - 2265)

866
(306 - 1849)

1209
(120 - 2146)

1412
(430 - 2353)

1373
(828 - 2025)

1214
(358 - 2893)

1198
(462 - 2161)

Thousand Gram Weight
(TGW)

0.91
(0.77 - 1.11)

0.89
(0.81 - 1.01)

0.92
(0.79 - 1.05)

0.91
(0.81 - 1.09)

1.02
(0.81 - 1.09)

0.94
(0.79 - 1.04)

1.01
(0.87 - 1.11)

1.01
(0.90 - 1.12)

0.96
(0.84 - 1.16)

0.95
(0.81 - 1.08)

32.55
(30.01 - 34.14)

31.43
(30.45 - 32.50)

31.21
(28.62 - 32.87)

34.53
(29.16 - 37.16)

32.83
(30.41 - 34.86)

31.23
(28.49 - 33.02)

30.75
(28.39 - 34.88)

30.28
(28.40 - 32.73)

31.13
(29.34 - 32.92)

31.13
(28.88 - 34.09)

C18:1 D9
(Oleic Acid)

43.35
(39.16 - 47.39)

41.58
(35.09 - 47.41)

42.80
(36.65 - 48.64)

15.51
(13.07 - 20.14)

11.25
(9.62 - 14.89)

14.48
(11.48 - 18.68)

14.45
(12.00 - 18.47)

57.81
(54.21 - 60.54)

13.91
(11.94 - 17.10)

12.60
(10.28 - 17.03)

C18:2
(Linoleic Acid)

32.16
(28.67 - 34.28)

32.80
(29.45 - 35.66)

32.70
(29.26 - 35.46)

24.28
(21.86 - 27.86)

22.21
(19.64 - 24.72)

23.03
(20.61 - 27.24)

23.00
(20.58 - 25.60)

17.22
(15.89 - 18.26)

22.29
(20.52 - 24.44)

21.39
(19.17 - 23.05)

0.26
(0.00 - 1.22)

0.17
(0.00 - 1.05)

0.44
(0.00 - 0.93)

7.54
(6.32 - 8.50)

7.72
(6.73 - 8.68)

8.71
(7.50 - 10.09)

7.85
(6.85 - 8.96)

1.48
(0.91 - 1.97)

8.76
(7.78 - 10.05)

8.23
(7.32 - 9.59)

0.12
(0.00 - 2.25)

0.05
(0.00 - 1.26)

0
(0 - 0)

30.32
(24.68 - 35.23)

32.55
(29.44 - 37.21)

29.77
(21.60 - 33.84)

31.68
(27.59 - 35.42)

2.05
(0.00 - 3.71)

32.05
(28.76 - 35.48)

34.01
(30.23 - 36.51)

Average Rosette
(cm)
Average Plant Height (cm)
Average Height to First Pod
(cm)

Figure 1. Harvesting mature pennycress at Western Illinois University.

INTRODUCTION
Over the past three years, researchers have been breeding elite lines of
pennycress which exceeded expectations. Each year, ten lines were selected,
grown, and harvested throughout the U.S. Corn Belt (Figure 1). As a cash cover
crop, pennycress serves a vast number of benefits to farmers and ecosystems alike
(Wortman et al., 2020). In this research, new lines bred from previously superior
lines were analyzed and compared to their parental lines (Figure 2).
Like other cover crops, pennycress is planted in between the rotation of other
crops that a farmer is growing. Specifically, pennycress fits best into the cornsoybean cropping systems (Ott et al., 2019). It is planted after fall harvest and
before planting the following year. Although not investigated in this research,
other important factors that could affect seed yield, oil percentage, oil yield, and
oil constituents are maturity, latitude, soil composition, and growing degree days.
The main difference between pennycress and other cover crops is that
pennycress is very profitable and can generate a variety of end products.
Pennycress offers the flexibility to be gene edited to adjust seed for varying food
and industrial markets by modify seed oil constituents. Typically, longer chain
fatty acids (C22:1 erucic acid) are used in biofuel production. However,
researchers are more concerned with producing shorter chain fatty acids (C18:1
oleic acid and C18:2 linoleic acid), which are primary components of animal feed
for chickens and other livestock (Figure 3). Increasing the amounts of short chain
fatty acids and reducing fiber content will make the feed taste better to the
animals. It is clear the golden seeded commercial lines, especially the whole grain
(WG) varieties, have been successfully bred to fulfill their role as an animal feed
product (Table 1). Since there are multiple end products of this cover crop,
farmers can get paid to grow it, as well as providing the main function of cover
crops: revitalizing soil and protecting biodiversity on fallow land (Carrie et al.,
2015).

Oil % - Dry Weight Based
(DWB)

C20:1 D11
(Eicosenoic Acid)
C22:1
(Erucic Acid)

RESULTS
Table 2. Results of ANCOVA tests. Green cells represent significance.
Variable

Variety

Location

Plant Height

Height to First Pod

Rosette Size

Variety:Location

Seed yield

3.58E-11

<2e-16

0.042

0.017

> 0.05

< 2e-16

Thousand Gram
seed Weight

6.09E-14

<2e-16

> 0.05

> 0.05

> 0.05

7.41E-09

Oil yield

1.74E-10

<2e-16

0.00022

> 0.05

> 0.05

4.74E-05

Oil %

<2e-16

1.08E-09

> 0.05

0.00753

> 0.05

0.00018

C18.1

< 2e-16

< 2e-16

0.00156

> 0.05

> 0.05

< 2e-16

C18.2

< 2e-16

< 2e-16

> 0.05

0.00188

> 0.05

2.08E-05

C18.3

< 2e-16

< 2e-16

0.003914

0.026732

> 0.05

0.000103

C20.1

< 2e-16

< 2e-16

> 0.05

0.0224

> 0.05

5.61E-09

C22.1

< 2e-16

5.86E-12

> 0.05

0.0141

> 0.05

4.45E-07

CONCLUSION
It is clear that breeders have vastly improved the capabilities of
pennycress with the commercial lines (B3WG, B28WG, and B48WG)
(Table 1). Seed yield, oil yield, oil percentage, and oil constituents of
these varieties excelled. In general, there appears to be a large impact on
the response variables based on the variety and the location it is grown at
(Figure 3). Secondary influences on the response variables would be plant
height, as well as height to first pod. Based on this research, plant height,
height to first pod, and location are the most important factors affecting
seed yield, oil yield, oil percentage, and oil constituents (Table 2).
Another important factor to consider is thousand gram seed weight (TGW)
which critical in transportation and handling of seed, as well as processing
on a large scale.
Figure 2. Multi-state variety trial in flower in Macomb, IL on April 2022.

MATERIALS AND METHODS
Planting Method: Ten elite varieties were selected over three years for this
experiment. The seeds were planted in the fall and harvested in the following
spring. All seed were pre-treated with a 30 sec GA treatment. Plot sizes
measured 4’ x 15’ and seeded at a rate of 5-6 lbs/acre. Randomized field plots
maps were generated at each location.
Harvesting Method: All plots were harvested at maturity using a plot
combine (Figure 1). Seed was bagged and sent for further processing and
testing.
Post-Harvest Processing: Seed was cleaned with an Office Tester, Blower,
and Optical Seed Sorter in preparation for further analysis. Ultra clean seed
was processed through Marvin Seed Analyzer for seed area, seed size, and
other parameters. Seed was also analyzed using IR-NMR to determine
moisture and oil percentage. Finally, seed was analyzed using Gas
Chromatography (GC) to determine oil constituents and makeup.
Data Analysis: Data collected from all locations were analyzed with

ANCOVA tests using RStudio. All graphs and tables were produced
using RStudio.
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