
Evaluation of Pennycress Response to Varying Spring Application 

Rates of Nitrogen 

ABSTRACT
This study was completed to investigate the effects of spring

application of nitrogen on pennycress (Thlaspi arvense L.) yield and

growth. Nitrogen is a costly chemical and application, timing, and

amounts should be optimized to further the likelihood of success upon

adoption. In this study, nitrogen was broadcast applied to 40-square-

foot plots at flowering in seven treatments ranging from 0 to 60

lbs/acre in five replicates per treatment. All plots were randomized in

the field. Total seed yield per plot was weighed after harvest and

cleaned seed was run through a Marvin seed analyzer for seed size

classes and thousand seed weight. Oil percent on a dry weight basis of

seed was collected through NMR. The results showed that nitrogen

application in the spring had no significant impact on seed yield, oil

percent, or thousand seed weight in either this study or the results

collected in 2023. Additional nitrogen application did significantly

increase seed size class in 2024 but not in 2023. Weather data collected

and analyzed to attempt to explain this difference found no significant

differences between 2023 and 2024. As a result of this study, no

recommendation can be made for spring nitrogen application.

MATERIALS AND METHODS
Planting and application method: Gene-edited golden colored ‘tt8t/ARV1’ 

winter pennycress was planted in 4 ft by 10 ft plots on October 1, following a rye 

crop. Prior to planting, a UAN/AMS blend of 50 lbs/acre of nitrogen and 10 

lbs/acre of sulfur were sprayed across all plots. Randomized plots were set up for 

5 reps of 7 treatments of nitrogen varying by 10 lbs. from 0 lbs. to 60 lbs. per acre 

(Figure 3).  For the spring nitrogen treatment, prilled urea was hand-broadcasted 

on April 16 in 2023 and April 10 in 2024 at flowering (Figure 1).  

Plant measurements: In the fall, plant emergence and rosette diameter 

measurements were taken. Just prior to harvesting, each plot was analyzed for 

tillers, floral and stem branching, lodging, and presence of stem and pod disease.  

Three plants were chosen at random from each plot and measured for the height of 

the first pod and total plant height to determine floral area.

Harvest method: On May 27 each plot was individually harvested with the 

Wintersteiger Quantum plot combine to determine total plot seed yield. 

Seed processing: Seeds from individual plots were bagged and labeled in the 

combine. Each bag was thoroughly cleaned using an office tester, seed blower, 

and optical seed sorter as needed. 

Seed analysis: Seed size and thousand-gram seed weight data were collected 

using a Marvin seed analyzer (Figure 2). In this process, approximately 1,000 

seeds were placed in a tray and an image was captured which measures each seed 

in length and calculates circularity and length/width ratio. The samples were 

weighed and a thousand seed weight was determined.

TD-NMR: A weighed and recorded seed sample of roughly 450 mg was collected 

for a time-delay nuclear magnetic resonance analysis for seed oil and moisture.

Sinigrin test: Sinigrin levels were collected from 50 mg samples ground with 

small ball bearings in pH 7.0 buffer. After a 24 hour incubation at room 

temperature (22.5C), glucose levels were measured through a Contour Next 1 

blood glucose meter with test strips.  

Weather data: Rainfall and air temperature was gathered every 15 minutes from 

October 21 through early June by the Spectrum Watchdog 3550 Wireless ET 

Station. Soil moisture and temperature was also collected by Watchdog Sensor 

Pup with SMEC 300.

Data analysis: All data collected was analyzed using ANOVA tests and Tukey 

post-hoc test in RStudio. All graphs were produced using RStudio.

RESULTS
Figure 5 is a set of boxplots which show the change in oil percent from dry weight 

basis, thousand seed weight, and yield based on the varying nitrogen treatments, across two 

years of study. There were slight increasing trends in yield and thousand gram seed weight 

and a decreasing trend in oil percent in 2024, but Tukey HSD results found no significant 

difference in the data for either 2023 or 2024. Figure 4 is a set of box plots showing 

percent of seeds in three different seed classes taken from a thousand seed sample per plot 

and analyzed by Marvin. Both 2023 and 2024 data showed the same increasing trends in 

percent seeds in larger seed categories as nitrogen increased and decreasing trends in 

smaller seed categories, yet only the data from 2024 held a significant difference when run 

through Tukey HSD. Air temperature and rainfall data were collected from the Spectrum 

sensors and compared with the data gathered from 2023 from the National Weather Service 

and soil moisture and temperature was collected from the Watchdog sensor pup for both 

years (Table 1). There were no significant differences in the weather or soil data between 

the two years that would suggest any major changes in pennycress growth or yield (data not 

presented).  Both years’ precipitation data, and soil and air temperatures deviate from the 

20 year averages with dramatically decreased temperatures and slightly increased 

precipitation.
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INTRODUCTION
As pennycress (Thlaspi arvense L.) continues toward 

commercialization, further study should be completed on the 

optimization of nitrogen application to increase yield in pennycress. 

Nitrogen is a highly used macronutrient in plants and is essential for cell 

growth, protein creation, plant growth, and photosynthesis. Availability 

of nitrogen gives the plant the ability to increase structural size allowing 

for the support of higher floral and pod production (El-Nakhlawy et al., 

2009). An increase in plant height, seed protein content, and thousand 

seed weight were found to correlate with increasing nitrogen application 

in carinata (Brassica carinata). Seed yield and oil content were also 

found to increase in carinata but the yields were not increased as much 

when nitrogen was applied at flowering as opposed to at planting or 

bolting (Seepaul et al., 2020). Winter canola (Brassica napus) varieties 

showed a substantial increase in yield as a result of spring application of 

nitrogen (Ferguson et al., 2016) and winter biotype camelina (Camelina 

sativa L.) responded in a similar manner and was optimized to 67 kg of 

N per hectare (60 lbs./acre) before decrease in yield was seen (Gregg et 

al., 2024).

Weather conditions also play a vital role in oil seed yield. Temperature 

has a significant effect on yields during seed development while during 

early reproductive phases, temperature, drought stress, and incident 

radiation significantly affected potential yields and oil content in oilseeds 

(Weymann et al., 2015).

This study focused on the effect of spring applied nitrogen on 

pennycress development.   Rates of 0 to 60 lbs. N were applied in 

randomized field plots in Macomb, IL in 2023 and 2024. Weather data 

was collected throughout the entire growing season. 

CONCLUSIONS
While there was a significant difference in the 2024 data for percent seed size 

showing an increase in seed sizes as a response to nitrogen application, there was no 

significant increase in yield or oil percent as a response to nitrogen. Given the results of 

these studies, there is not enough increase in yield to make addition of spring nitrogen 

applications profitable. There are discrepancies between these results and the results 

found on other oilseeds (Seepaul et al., 2020; Ferguson et al., 2016; Gregg et al., 2024). 

Soil temperature is especially cooler than the 20 yr average for both years.  A decrease in 

soil temperature negatively affects the ability of canola to uptake nitrogen (Laine et al., 

1994), which is consistent with our response in pennycress. Since environmental 

conditions cause variation in the results of this study, further study is required to fully 

determine whether spring application of nitrogen should be recommended for 

pennycress.
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Figure 5. Graphs indicating no significant effects of nitrogen rates on A) Total seed oil % 

(dwb); B) Total seed yield (lbs/acre); C) Thousand seed weight (grams) in 2024 and D) 

Total seed oil % (dwb); E) Total seed yield (lbs/acre); F) Thousand seed weight (grams) in 

2023. Red dashed line indicates trendline for the treatment means.

Figure 2. Determination of seed characteristics using Marvin 

seed analyzer.   

Figure 3. Aerial images of treatment plots showing maturity and gradual dry 

down from April 30 to May 27 at harvest. First panel indicates plot layout.

Figure 1.  Broadcast application of nitrogen in spring of 2023 at early 

flowering stage.

Table 1. Deviation from the 20 yr average (1993-2023) of monthly precipitation 

and average air and soil temperature during 2023 and 2024 in Macomb , IL.

Deviation from 20 yr average

Month 20 yr average 2023 2024

Average of total monthly precipitation (in)

March 3.55 0.57 0.70

April 4.93 3.05 -2.08

May 6.72 5.77 3.40

Average monthly air temperature (°F)

March 39.18 -0.06 -7.18

April 51.16 -1.99 -3.44

May 62.39 -2.83 -4.78

Average monthly soil temperature at 4" (°F)

March 38.18 -5.00 -8.29

April 49.94 -4.28 -4.03

May 61.47 -6.04 -4.46
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Figure 4. Graphs indicate the effect of nitrogen rates on the percent seeds in three 

different seed classes in 2023 and 2024. Significant differences based on Tukey’s 

tests are indicated by letters. 
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