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Introduction

Pennycress (Thlaspi arvense L.) is a winter oilseed cover 
crop1. The former weed contains oils that can be use for 
many products including biofuel, animal feed, and oil.2 In 
order to increase profits for growers, breeders must work to 
improve yield. To address this concern, the UMN 
pennycress breeding team is working to identify genotypes 
with greater pod size and fill and discern which field 
locations provide ideal growing conditions.
In this experiment, 24 genotypes were planted in three 
replicates at four field locations in Minnesota: Morris, 
Rosemount, St. Paul, and Waseca. The correlation 
between pod size and fill was investigated, and field 
locations and genotypes were compared. The data 
generated will aid the breeding program in the discovery of 
lines and field locations associated with greater pod fill and 
ultimately greater yield.

Methods

● At each field location, 10 mature pods were collected 
from the middle two rows of all 72 plots (Fig. 1A,B, C)

● All pods were secured to white paper with matte tape and 
then photographed (Fig. 1D)

● Pod area was measured with ImageJ (Fig. 1E)
● Each pod was broken open to calculate pod fill
● Excel was used to calculate each plot’s average pod 

area and fill. T-Tests and ANOVAs were performed.

Results
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Conclusions

● St. Paul and Waseca produced the biggest pods and 
highest fill out of the four locations. 

● Location had more of a correlation to seed pod size and 
fill compared to genotype.

● ImageJ was a very efficient tool in mass measuring all the 
seed pods and making the process more time efficient.

● Genotype MN16172-4 was found to be statistically 
significant in seed pod fill and contained the most seeds 
per pod on average.

Future Directions

● Acquire yield data to determine if there is a relationship 
between pod size, pod fill, and yield

● Compare soil samples from advanced yield trial sites to 
shed light on the observed differences between locations

● Utilize MN16172-4 as a breeding parent to increase pod 
fill and experiment at other corn belt locations such as 
Indiana.
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Location Pod Size (cm2) Seeds per Pod
St. Paul 1.58 A 13.52 A
Waseca 1.50 B 13.32 A

Rosemount 1.36 C 12.69 B
Morris 1.35 C 12.25 C

(E)(C)

(D)
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Figure 1. Pod Collection, Processing, and 
Measurement Workflow

(A) Overhead view of Waseca field on
June 12, 20243

(B) Pennycress plot in Waseca4

(C) Collection vial with mature pods
(D) A completed pod sheet
(E) Bulk pod measurements performed with 
ImageJ

Table 2. Analysis of Variance of Seed 
Pod Size and Fill Between Genotypes.

● MN19045 had the largest 
average seed pod area; 
however, it did not have the 
highest pod fill

● MN16172-4 had above 
average seed pod fill paired 
with a lower than average pod 
area

● X17014-164 was overall the 
lowest in both seed pod size 
and fill

● The correlation coefficient was 
below 0.05 meaning seed pod 
area and seed pod fill do not 
have a strong correlation.

● Location appears to have a 
stronger impact than genotype 
to average seed pod area and 
fill

Table 3. Analysis of Variance of Seed 
Pod Size and Fill Between Locations.

● Pods from St. Paul were significantly larger compared to Rosemount and Morris.
● Pods from St. Paul and Waseca contained significantly more seed than the other 

two locations (Table 1).

● The F ratios show that there is a more 
significant difference in seed pod size 
and fill per location when compared to 
the genotypes. 

● The pod fill F ratio shows that although 
it is not strong, because it is over 1.0 it 
has some variability among the 
genotypes.

● The sum of squares for pod fill reflects 
much greater variability between the 
different genotypes (Table 2).

Table 4. Average Seed Pod Size and Pod Fill in 
Advanced Yield Trial Lines.
Genotype Pod Area (cm2) Seeds per Pod

MN19045 1.71 A 12.97 EFGHI

MN106tt2 1.60 B 11.43 K
MN19044 1.59 BC 13.37 CDEFGH

x17014_2 1.53 BCD 12.78 GHI

x17014_185 1.51 BCDE 12.07 JK

MN16207 1.51 BCDE 12.71 HIJ

MN16172-4 1.50 CDEF 14.39 A
x17014_113 1.48 DEFG 13.12 EFGH

MN106ind1fae1rod1 1.45 DEFGH 13.34 CDEFGH

MN106tt8 1.45 BCDEFGHIJK 11.95 EFGHIJK

MN106 1.44 EFGHI 12.70 HIJ

x18F019-7 1.43 EFGHIJ 13.92 ABCD

x18F019-9 1.43 EFGHIJ 14.05 ABC

X17014-47 1.43 EFGHIJ 12.38 IJ
Ames29509 1.43 EFGHIJ 12.79 FGHIJ

x18F019-3 1.42 FGHIJ 13.50 BCDEF

MN17077-2 1.41 FGHIJ 14.09 AB

x18F019-14 1.40 GHIJ 12.81 FGHI

x18F018-4 1.38 HIJ 13.25 DEFGH

x18F017-3 1.36 HIJ 12.99 EFGHI

x18F017-8 1.35 IJ 13.47 BCDEFG

MN106ind1fae1rod1tt2 1.35 IJ 11.62 K
MN19018 1.34 JK 13.56 BCDE

X17014-164 1.26 K 11.41 K

Table 1. Average Seed Pod Size and Pod Fill in Four Minnesota Fields.

Genotype
ANOVA DF

Sum of 
Squares F Ratio

Pod Size 23 2.59 8.7

Pod Fill 23 174.76 10.08

Location
ANOVA DF

Sum of 
Squares F Ratio

Pod Size 3 2.66 68.37

Pod Fill 3 68.89 30.48

● The F ratios show there is 
significant variation in both seed 
pod size and pod fill between 
locations.

● The sum of squares for pod size 
shows little variation which indicates 
that location may not have a 
significant impact on pod size. 

● The sum of squares for pod fill 
shows that there is a high deviation 
among data points. This suggests 
the location may have an effect on 
seed pod fill (Table 3).
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