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ABSTRACT

Field pennycress (Thlaspi arvense L.) is a new commercial cover
crop in development, meaning that little is currently known about its
fertilization requirements. Pennycress, as a Brassica species, contains
glucosinolates, a sulfur-rich family of compounds that are known to
Improve insect and disease resistance but are detrimental to seed meal
value. Specifically, pennycress contains a glucosinolate known as
sinigrin. The objective of this study was to determine whether sulfur
fertilization has any effect on pennycress, particularly on vyield, oil
percentage, or sinigrin content.

Elemental sulfur was applied prior to planting at five different rates
(0, 10, 20, 30, and 40 lbs./acre) with five reps for each treatment, for a
total of 25 plots. All plots were also treated with 50 Ibs./acre nitrogen at
time of planting. Plants were evaluated in the field prior to harvest, and
seed characteristics were measured using TD-NMR, MARVIN Seed
Analyzer, and glucose meters. No significant differences were found in
seed yield, oil content, or seed size. However, sinigrin content increased
at 10 Ibs./acre of sulfur, after which point it plateaued, indicating that the
relationship between sulfur fertilization and glucosinolate content may
follow a saturation curve. It seems likely that the sulfur value at which
glucosinolate content peaks is also the ideal sulfur level for pennycress
health, but further study is required to tease out that relationship.

Figure 1. Sulfur being applied to plots via backpack sprayer
prior to planting pennycress seed in the fall.

INTRODUCTION

Field pennycress (Thlaspi arvense L.) is currently in development
as a commercial cover crop and source for sustainable aviation fuel.
Pennycress, as a member of the Brassicaceae family, contains sulfur-
based compounds known as glucosinolates. These compounds act as a
natural pest deterrent and are therefore favorable in wild pennycress.
However, as pennycress is also being investigated as a potential source
for animal seed meal, glucosinolate compounds are undesirable in the
commercial crop, since they make the seed meal unpalatable to livestock
(Zanetti et al., 2019).

Unlike other Brassica species, the Thlaspi sp. only contains one
type of glucosinolate, known as sinigrin. Since glucosinolates contain
sulfur, one question to consider is whether fertilization with elemental
sulfur would increase sinigrin concentration in pennycress seed. Results
In other Brassica species indicate that sulfur fertilization increases
glucosinolate content in white mustard (Sinapis alba) (Serafin-
Andrzejewska et al., 2020), camelina (Camelina sativa) (Jiang et al.,
2016), and spring oilseed rape seed (Brassica napus var. napus) (Szulc et
al., 2003). It is especially likely that this relationship exists in pennycress
because sinigrin is synthesized from methionine, a sulfur-containing
amino acid (Falk et al., 2007).

Elemental sulfur was applied pre-planting in the fall at rates of 0,
10, 20, 30 and 40 Ibs./acre, with five reps for each treatment. Plants were
evaluated prior to harvest, after which seed was harvested, cleaned, and
measured for thousand seed weight, oil content, and sinigrin content.

Figure 2. A) Seed with buffer and ball bearings
prior to grinding; B) seed after being ground for 10
minutes; C) glucose measurement being taken with a
blood glucose meter after 24hrs of incubation.
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Figure 3. Taking plant height measurements in the field (A) and
(B) a close-up image of black spot disease (Alternaria
brassicicola) on pennycress seed pods.

MATERIALS AND METHODS

Field Preparation and Harvest:

Drexel Suffa elemental sulfur was applied pre-planting via backpack
sprayer on September 30, 2023 (Figure 1). Nitrogen was also applied
pre-planting in the form of urea at a rate of 50 Ibs./acre. Plots were laid
out in randomized order (see Figure 4) and established October 1. Prior
to harvest, plots were evaluated for floral area (the difference between
the height of the first pod and total plant height), floral branching, stem
branching, tillers, lodging, stem lesions (Sclerotinia fungus), and black
spot disease (see Figure 3). All plots were harvested on May 27, 2024
using a Wintersteiger Quantum plot combine. The seed variety used in
this study was a golden gene-edited winter line ‘tt8-t/ARV1.’

Seed Testing:

Cleaned seed was run through a MARVIN Seed Analyzer to measure
thousand seed weight. Seed was also analyzed for moisture and oil
content via TD-NMR.

Sinigrin Testing:

Approximately 50 mg of seed was added to 750 uL of a pH 7 phosphate
buffer and 10 7/64” chrome steel ball bearings 1n a 1.5-mL shap-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 left at room temperature (22°C) for 24 hours, at which point
glucose content was measured using a Contour Next One blood glucose
meter and test strips (Figure 2) (Phippen et al., 2024). Glucose
measurements were repeated three times for each plot. Sinigrin content
was calculated using a calibration curve with known amounts of sinigrin
and glucose.

Data Analysis:
Data collected were analyzed with ANOVA tests and Tukey’s post-hoc
test using RStudio. All graphs were produced using RStudio.

RESULTS

ANOVA tests comparing different sulfur treatment levels were
run for all dependent variables (see Table 1), but the only variable that
yielded a significant result was average sinigrin, with a p-value of
0.00142 (a.=0.05). The ANOVA test was run again for average sinigrin,
this time combining all the sulfur treatments (10, 20, 30, and 40 Ibs./acre)
Into a single treatment condition and using O lbs./acre as the no treatment
condition, which yielded a significant p-value of 2.12e-5.

Tukey’s post-hoc analysis was run to compare average sinigrin
levels between sulfur treatment levels. Figure 5 shows that the only
significant difference found was between no treatment and any sulfur
treatment; even when sulfur application was increased to 40 Ibs./acre,
there was no significant increase in sinigrin past the initial increase at 10
Ibs./acre.

Table 1. ANOVA test results for variables showing no
significance. Tests were performed comparing sulfur treatment (10-
40 Ibs./acre) to no treatment (O Ibs./acre).

Black Spot Disease 0.672
Floral Area 0.849
Floral Branching 0.39
Tillers 0.328
Thousand-Seed Weight 0.634
Yield 0.697
Yield Qil 0.917
USDA National Institute of Food and Agriculture
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Figure 4. Aerial shots showing gradual dry-down of the plots between April and May, 2024.
Randomized plot layout is shown to the far left.
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Figure 5. Plots comparing sinigrin content between treatments (left) and between the 0
Ibs./acre plots and all other treatment levels (right). Letters at the top of the graph indicate
significant difference according to Tukey’s post-hoc test; in both plots, the only significant
difference is between 0 Ibs./acre (a) and all other treatments (b).

DISCUSSION

Santos et al. (2018) found that glucosinolate content in cabbage leaves peaked after 8.9
Ibs./acre sulfur was added. The results of this study support their findings; the relationship
between glucosinolate content and sulfur fertilization appears to follow a saturation curve, with
glucosinolates plateauing after x amount of sulfur is reached. In this case, sinigrin content for
pennycress seems to plateau between 0 and 10 Ibs./acre sulfur, which may indicate the ideal
sulfur level for the plant is somewhere within that range. The current recommended sulfur
application for pennycress producers is 10 Ibs./acre; the results of this experiment appear to
support that, which is good news for producers. However, it is possible that the peak is even
earlier.

It is important to keep in mind that sinigrin makes seed meal less palatable to livestock
and harder to sell (Zanetti et al., 2019). Determining the optimum amount of sulfur required will
help producers maintain plant health while reducing their input costs and maximizing profit.

CONCLUSIONS

Sinigrin content in pennycress appears to peak at or before 10 Ibs./acre of sulfur are
applied, after which point higher sulfur application yields no change. Further experimentation is
required to identify the exact level of sulfur at which sinigrin content peaks. Future studies should
Investigate lower sulfur levels of 0, 2, 5, 10, and 15 Ibs./acre. Additional research should also
focus on the relationship between sinigrin levels and plant pathogenic fungi; questions remain
about whether gene editing to completely remove sinigrin, as with the AOP2 gene edit, would
produce a plant that is more vulnerable to insects and disease.
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