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ABSTRACT

MATERIALS AND METHODS

Planting:

Winter gene-edited golden pennycress line ‘tt8-t/ARV1’ was planted in 1.2m by 3.0m (4 ft by 10 ft) 

plots using the broadcasting method on October 1, 2023. The experiment utilized four different 

seeding densities: 3.36, 5.60, 7.85, and 10.08 kg/ha (3, 5, 7, and 9 lbs/acre). All plots received 

uniform amounts of nitrogen and sulfur fertilizer (UAN/AMS Blend). Prior to planting, 56 kg of 

nitrogen per hectare and 11.2 kg of sulfur per hectare were applied to the soil.

Plant measurements:

Before harvesting, plots were measured for various growth variables including the first appearance 

of flowers, full flowering date, floral branching, number of plant tillers, plant dry biomass (kg), and 

total seed yield (kg). Three plants at random were selected and measured for plant height (cm) and 

first pod height (cm) to calculate floral area (Figure 2). All plots were harvested on May 27, 2024 at 

full maturity (Figure 1). Seed and biomass yield was weighed for each plant. 

Seed analysis:

The 1,000 seed count was conducted with the Marvin seed analyzer (MarviTech, Germany), which 

captured images to determine seed dimensions, circularity, and length/width ratio. Seed weight was 

measured using a Mettler Toledo analytical balance and recorded in Excel via Winwedge 2.0 

software. Total oil content and moisture in 450 mg samples of pennycress seed were measured using 

nondestructive TD-NMR with a Bruker Minispec MQ40, employing calibration curves established 

from oil and moisture standards. Percent oil and moisture were calculated using the Bruker software 

and exported to Excel for further analysis, with oil expressed on a dry weight basis.  For sinigrin 

content determination, approximately 50 mg of seed was added to 750 μL of a pH 7 phosphate 

buffer and 10 - 7/64” chrome steel ball bearings in a 1.5-mL snap-cap centrifuge tube. The mixture 

was homogenized by grinding for 10 minutes at speed eight in a Next Advance Pro Series bullet 

blender. The vials were incubated at room temperature (22℃) for 24 hours, at which point glucose 

content was measured using a Contour Next One blood glucose meter and test strips.

Data analysis:

All data collected was then run through RStudio for ANOVA to determine the significance of each 

density treatment. All graphs were created in RStudio.

INTRODUCTION

Agriculture in the Midwest currently depends heavily on unsustainable practices 

such as monoculture crop production and intensive fertilizer use (Cubins et al., 2019). One 

proposed solution is introducing a winter annual cover crop into the predominantly summer 

annual cropping system. This approach has generated interest in pennycress (Thlaspi

arvense L.) as a way to enhance the sustainability of production systems. Pennycress is 

valued for its ability to grow as a winter annual and its potential to produce industrial oil, 

making it an appealing choice both environmentally and economically during the off-

season. Despite extensive research focusing on pennycress as an agricultural weed, very 

little is known about the best management practices.

Other Brassica species, such as canola (Brassica napus L.), camelina (Camelina 

sativa), and carinata (Brassica carinata) are influenced by different seeding rates. For 

canola, the optimum seeding rate is approximately 5.0 kg/ha in eastern Canada (Ma et al., 

2016). As planting density decreases, total plant biomass in canola increases (Angadi et al., 

2003). Similar findings are observed in camelina, where lower plant densities can result in 

more siliques, branches, and seeds per plant (Bakhshandeh et al., 2023). The recommended 

practice for Carinata production in the southeastern United States is a seeding rate of 3 

kg/ha (Mulvaney et al., 2019).

Similar strategies could enhance crop performance and increase oil yield in 

pennycress fields. The main objective of this study was to investigate the impact of various 

planting densities on achieving the highest seed and oil yield. This study involved testing 

four different seeding rates: 3.36, 5.60, 7.85, and 10.08 kg/ha (3, 5, 7, and 9 lbs/acre), 

under field conditions. Understanding how planting density affects seed yield and time to 

harvest is vital for improving agricultural efficiency and the economic viability of oil 

production. This study aims to offer valuable insights to help farmers optimize input costs 

and maximize output, making oilseed crops like pennycress more profitable and 

sustainable.
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Figure 1. Combine harvest of density plots 2024

Figure 2. In field measurements of first pod and plant height at maturity.

Figure 3. Over head drone images of all density plots from April 30 to May 27, 2024.  First image displays 

location of seeding density rates of each plot of 3, 5, 7, and 9 lbs./acre.

RESULTS

Over head drone images of maturing plots can be seen in Figure 3.  Only plant biomass and the number 

of tillers were found to be significantly impacted by seeding rates (Figure 5). Illustration of increase 

tillers with increasing seeding rates can be seen in Figure 4.  Other evaluated parameters, including seed 

size, total oil yield, first flowering date, plant height, height of first pod, floral branching, and total seed 

yield, did not show significant differences across the various planting densities. A range of 

measurements can be seen in Table 1. 

Figure 4. Impact on the number of tillers per plant for density treatments of 3.36 kg/ha, 5.60 

kg/ha, 7.85 kg/ha, and 10.08 kg/ha.

3.36 kg/ha 5.60 kg/ha 7.85 kg/ha 10.08 kg/ha

CONCLUSION

Optimizing planting densities to maximize biomass and tiller production without compromising other 

critical agronomic traits can help producers increase the efficiency and profitability of pennycress as a 

sustainable oilseed crop.  Future studies should focus on investigating lower seeding density in 

combination with lower nitrogen rates.
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Variable Average Standard Deviation 

Rosette diameter (cm) 5.38 0.62

First pod height (cm) 41.54 5.82

Plant height (cm) 74.06 4.90

Floral area (cm) 31.46 3.11

Seed yield (kg/ha) 2,078.68 249.54

Seed oil (liters/ha) 827.5 103.8

% oil (dwb) 36.35 0.66

Thousand seed weight (g) 0.85 0.03

Sinigrin (µmoles/g) 51.67 4.90

Table 1. Plant and seed measurements for variables that were found not to be significant across treatments.

Figure 5.   Seeding rate impact on (A) total fresh plant biomass and (B) number of tillers.

DISCUSSION

Lower seeding rates 3.36 kg/ha (3 lbs/acre) resulted in higher plant biomass and more tillers compared 

to higher seeding rates 10.08 kg/ha (9 lbs/acre) (Figure 4A and 4B). Additionally, there was an 

observation that lower density 3.36 kg/ha was associated with a later maturity date (Figure 3). This is 

likely due to reduced competition for resources, allowing individual plants to grow larger and mature 

more slowly.  Pennycress shows similar responses to planting densities compared to canola, camelina, 

and carinata.  Canola and camelina also produce more biomass and branches at lower densities (Ma et 

al., 2016; Bakhshandeh et al., 2023).  Our results offer practical advice for optimizing pennycress 

planting density to boost biomass and tiller production without affecting other important traits. 

A B

Field pennycress (Thlaspi arvense L.), an emerging oilseed crop within the

Brassicaceae family, is closely related to canola (Brassica napus L.) and rapeseed

(Brassica napus). Unlike these established crops, optimal production guidelines for

pennycress, including planting density or seeding rates, are still under development.

Plant density is a critical factor that can significantly influence seed production and

yield. This research aims to examine the impact of varying plant densities on

flowering and seed production characteristics that directly affect seed yield. A field

experiment was conducted using a golden pennycress line at four different seeding

rates: 3.36, 5.60, 7.85, and 10.08 kg/ha (3, 5, 7, and 9 lbs per acre). All treatments

were given 56 kg of nitrogen and 11.2 kg of sulfur per hectare prior to planting.

Plots were measured for: date of first flower, full flowering date, plant height, height

of first pod, floral branching, plant tillers, plant biomass, and total seed yield for each

plot across all treatments. Only total fresh biomass and number of tillers were

significantly impacted by density treatments. Although 3.36 kg/ha treatment did not

have a significant difference from the highest seeding rate, the time to maturity was

delayed. Determining the optimal seeding rate for pennycress will greatly improve a

producer’s ability to generate consistently high seed yields without impacting the

following crop.
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