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ABSTRACT
The purpose of this research project was to understand the effects of additional 

nitrogen in golden pennycress (Thlaspi arvense L.) and how much nitrogen is 

necessary for the effects to happen. With the cost of fertilizers rising each year, 

farmers who adopt golden pennycress as a winter cover crop must  decide if the 

additional costs of fertilizers will be worth the outcome. To understand the effect 

added nitrogen on golden pennycress, Western Illinois University, Illinois State 

University, and The Ohio State University planted golden pennycress in three 

replicates of seven treatment levels varying the amount of added nitrogen from no 

added nitrogen up to 60 pounds per acre. Notes on growth and development were 

taken in the fields before harvest. After harvest, seed yield was calculated, and seed 

oil percentage was determined in the lab using time delay nuclear magnetic 

resonance (TD-NMR). A significant correlation between nitrogen treatment levels 

and average floral stem length was found.   As applied nitrogen increased, the 

average floral stem length increased. While applied nitrogen has previously 

produced a significant increase in seed yield, this growing season’s hot, dry 

conditions produced no significant increase in seed yield across varying amounts of 

applied nitrogen.  Additional research is needed to investigate the effects of added 

nitrogen on golden pennycress.

MATERIALS AND METHODS
 Planting method: WIU planted golden pennycress into 4 ft by 10 ft 

plots on October 1 following tilled oats. ISU planted golden pennycress into 4 

ft by 10 ft plots on October 2 following a no till soybean harvest. OSU planted 

golden pennycress into 5 ft by 5.6 ft plots on September 16 following tilled 

winter wheat.

 Application method: Nitrogen was broadcasted by hand in seven 

different treatment levels ranging from 0 lbs up to 60 lbs per acre in 

increments of 10 lbs per acre. WIU applied nitrogen at treatment levels on 

April 15. ISU applied nitrogen at treatment level on April 14. At OSU, 

nitrogen was applied at the treatment levels on April 7. Figure 1 illustrates the 

WIU plots at varied stages.

 Harvesting method: Before harvesting, 3 plants within each plot were 

randomly selected and measured for growth variables of plant height and 

height from soil to first pod, which was then used to calculate the length of the 

floral stem. WIU harvested on June 5. ISU harvested on June 7. OSU harvest 

on June 8. WIU and ISU plots were harvested using a Wintersteiger Quantum 

Plot Combine (Figure 2). OSU plots were harvested using a Haldrup C-70 

combine.

 Post-harvest processing: Seed was cleaned with an Office Tester, 

blower, and optical seed sorter in preparation for further analyses. Ultra clean 

seed was processed through a Marvin Seed Analyzer for seed area, seed size, 

and other parameters. Seed was also analyzed using TD-NMR to determine 

moisture and oil percentages. 

 Data analysis: Data collected from all treatment levels and locations 

were analyzed using RStudio with ANOVA and Tukey HSD tests.  

Significance was determined by p-values ≤ 0.05. All graphs and tables were 

produced using RStudio. 

INTRODUCTION
 Golden pennycress is a variety of field pennycress (Thlaspi arvense L.) 

that has been gene-edited and bred to reduce the dark seed coat and produce a 

seed coat that is a much lighter golden color. This variety is being cultivated 

for use as a winter cover crop to be inserted into the corn-soybean rotational 

farming system used in the U.S. Corn Belt. Planted in the fall after the harvest 

of one crop, the golden pennycress will mature through winter and spring until 

it is ready for harvest.  It will be followed by planting of the next crop in mid 

to late spring. After harvesting, the seeds can be used for a variety of oil 

products such as biofuel and aviation fuel.  The seed meal has the potential to 

be used for livestock feed. 

 Nitrogen is an important macronutrient used in plants to make amino 

acids and proteins which help a plant function and grow. By having nitrogen 

available for free use, a plant is able to make more proteins than the minimum 

necessary for survival and will experience an increase in growth (Truong 

2017). In soil that has been heavily farmed, nitrogen deficiency in the soil is 

common, and farmers must use additional nitrogen for crops to have sufficient 

nutrients (Rathke et al. 2005). Previous research on nitrogen application to 

pennycress has shown applied nitrogen increased seed yield (Phippen and 

Phippen 2020). With additional nitrogen costing on average more than $500 

per ton alone, the cost of fertilizers impact farmers and the crops they decide to 

grow (Truong 2017).

 An increased growth and yield in golden pennycress would allow 

farmers to increase profit and make up for the loss in applying additional 

fertilizers. Studying multiple growth factors alongside seed yield and oil 

percentage under a variety of treatment levels allows for a thorough 

understanding of the effects that additional nitrogen has on golden pennycress 

(El-Nakhlawy et al. 2009). 

 Three universities were involved in the growing and harvesting of the 

golden pennycress used in this study: Western Illinois University (WIU), 

Illinois State University (ISU), and The Ohio State University (OSU). 

CONCLUSION
 While there is an effect on growth due to the addition of nitrogen, the location 

of where the golden pennycress will be grown must also be considered. Although the 

average seed yield showed no significant difference, the hot, dry spring may have 

influenced the yields and results. Another indication that unusual environmental 

conditions impacted the results is that a significant increase in floral stem length with 

nitrogen applications is expected to produced an increase in seed yield. Finally since 

a previous growing season’s results demonstrated a significant increase in seed yield 

with nitrogen applications, further research is needed to conclusively determine the 

effects of nitrogen treatment on pennycress seed yield. These differences will impact 

how farmers decide to grow golden pennycress as a cover crop in future growing 

seasons.
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Table 1. Results of multi-university treatment trials of nitrogen application at varying levels, A) lists the averages of results from WIU, B) lists the averages of 

results from ISU, C) lists the averages of results from OSU, and D) lists the averages from all locations combined. 

Figure 2. Harvesting mature pennycress at Western Illinois University 

on June 5, 2023.
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Variable 0 lbs. 10 lbs. 20 lbs. 30 lbs. 40 lbs. 50 lbs. 60 lbs. 

Average Plant 

Height (cm)
76.25 76.5833 78 75.3333 80.1667 76.6667 77.4167

Average Height 

to First Pod 

(cm)

48.3333 43.75 46.1667 43.5 46.6667 46.75 43.4167

Average Seed 

Yield (kg)
1.1375 1.075 1.17 1.0212 1.1937 1.095 1.1287

Oil % - Dry 

Weight Based 

(DWB)

36.9925 36.895 36.9075 36.665 36.935 36.1725 36.3825

Average Floral 

Stem Length

(cm)

27.9167 32.8333 31.8333 31.8333 33.5 29.9167 34

RESULTS
Table 1 shows the average results for the data collected from the three 

locations (A-C) and the averages across all locations (D).  Results from 

ANOVA statistical analyses on the data can be seen in Table 2.  As 

expected, due to differing soils and growing environments, statistically 

significant differences were observed for all variables across the three 

locations.  Only the average floral stem length exhibited statistically 

significant results for both the various nitrogen treatments and locations.  

Figure 3 are the box plots of the growth and production variables versus 

nitrogen treatments with significance occuring in floral stem length.  

Figure 4 is the box plot for floral length versus treatment.  Significant 

differences in floral stem length were observed between the 0-50 and 0-60 

lbs of nitrogen per acre treatments. The most significant differences in 

growth and production were seen when comparing locations rather than 

treatments.

Variable 0 lbs. 10 lbs. 20 lbs. 30 lbs. 40 lbs. 50 lbs. 60 lbs. 

Average Plant 

Height (cm)
55.250 59.750 57.917 60.167 59.083 61.333 57.250

Average Height 

to First Pod 

(cm)

27.667 28.917 28.000 29.500 30.250 29.417 27.250

Average Seed 

Yield (kg)
0.685 0.740 0.739 0.861 0.761 0.741 0.704

Oil % - Dry 

Weight Based 

(DWB)

35.500 35.623 35.633 35.310 35.310 35.398 35.273

Average Floral 

Stem Length

(cm)

27.583 30.833 29.917 30.667 28.833 31.917 30.000

Variable 0 lbs. 10 lbs. 20 lbs. 30 lbs. 40 lbs. 50 lbs. 60 lbs. 

Average Plant 

Height (cm)
51.8333 60.75 55.5 55.9167 57.25 64.8333 62.4167

Average Height 

to First Pod 

(cm)

27.8333 32.75 30.1667 28.8333 28.4167 39.4167 32.1667

Average Seed 

Yield (kg)
0.660 0.877 0.697 0.973 0.9927 1.236 1.128

Oil % - Dry 

Weight Based 

(DWB)

37.59 37.1325 37.585 37.2425 37.3625 37.55 37.2033

Average Floral 

Stem Length

(cm)

31.4167 37.6667 35.1667 33.5000 37.9167 42.0000 39.0000

Variable 0 lbs. 10 lbs. 20 lbs. 30 lbs. 40 lbs. 50 lbs. 60 lbs. 

Average Plant 

Height (cm)
61.111 65.694 63.806 63.806 65.500 67.611 65.694

Average Height 

to First Pod 

(cm)

34.611 35.139 34.778 34.278 35.111 36.361 34.278

Average Seed 

Yield (kg)
0.828 0.897 0.869 0.952 0.982 1.024 0.987

Oil % - Dry 

Weight Based 

(DWB)

36.613 36.550 36.708 36.507 36.536 36.266 36.202

Average Floral 

Stem Length

(cm)

26.500 30.556 29.028 29.528 30.389 31.250 31.417

A.

B.

C.

D.

Variable Treatment Location

Average Plant Height (cm) 0.841 <2e-16

Average Height to First Pod (cm) 0.998 <2e-16

Average Seed Yield (kg) 0.624 1.41e-06

Thousand Gram Weight (TGW) 0.998 <2e-16

Oil % - Dry Weight Based (DWB) 0.87 <2e-16

Average Floral Stem Length

(cm) 0.011 0.000131

Figure 3. Response of growth and production variables by treatment level (0lbs-60lbs of nitrogen per acre). Gold bars mark significance based on ANOVA tests. 

Table 2. Results of ANOVA tests. Green cells represent significance.

Figure 1. Nitrogen treatment studies at Western Illinois University taken via 

drone on A. April 13, B. May 8, and C. May 29, 2023.

A. C.B.

Figure 4. Box plot and Tukey HSD results for floral stem length for the various nitrogen 

treatments.  Bars with different letters are statistically significant. 
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