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To create high yielding CoverCress® lines, it is important that we optimize germination rates and early plant vigor. Insight on how seeds respond to pH is vital because this will enable farmers 
around the Midwest to receive seeds that are well suited for their soil types. By understanding ideal planting densities, we could provide our customers with information that will lead to favorable 
plant establishment. Since CoverCress® can be planted after corn harvest, shade from residue can limit the light access to the seed. Determining what lines have maximum plant vigor with limited 
light is vital. Therefore, three experiments to test these conditions on 8 commercial track lines were conducted (1) seed germination in pH conditions of 5.0, 7.0, and 9.0, (2) seedling growth in 
planting densities of 10, 25, 50 and 100 seeds per 22 by 18 cm pot, (3) and plant vigor in light durations of 8, 16 and 22 hours. These experiments concluded that lines 2, 3, and 6 can successfully 
germinate within all three pH ranges. The highest germination rates were seen in the smallest planting density, resulting in 7 of the 8 lines reaching 100% germination with a more robust root 
system. After analyzing the light duration experiment, only line 6 had similar growth in all light conditions. This indicates the line’s reliability regardless of varying light conditions, displayed by 
limited plasticity within the hypocotyl. With this knowledge we can select more advantageous traits regarding germination and plant vigor in our breeding program.
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Conclusion

We tested 8 CoverCress® lines that are on a commercial track. Three experiments, inspired 
by Singh and Singh in 2009, were designed to determine if there were significant disparities 
among germination rates and plant vigor when placed in varying conditions such as density, 
light exposure, and pH variation. By observing these lines, we can determine what 
improvements are needed within the breeding program. This will inform us about what 
conditions are most favorable for each line and enable a foundation for creating lines with a 
wider pH range, decreased hypocotyl plasticity, and a more robust root system.

(A) (B)

CoverCress® lines 1 and 7 show sensitivity to pH variation. (A) Agar plates with 
pH 5.0, 7.0, and 9.0 were created with KOH or HCl. Fifty seeds from each line 
were plated for each pH condition and placed in a germination chamber with an 
average temperature of 18.48°C and a 15/9 diurnal cycle. Presented are the 
results from day 5. (B) Germination was recorded when the radical reached 1mm 
in length and then discarded from the plate. Plates were monitored for 7 days.

Lower planting density seedlings have a more robust root system. (A) Aliquots of 10, 25, 50 and 100 
seeds from each line were dispersed onto pots containing FPX germination mix. The trays were placed in 
a germination chamber for 22 days with an average temperature of 18.48°C, average humidity of 91.39%, 
and a 15/9 diurnal cycle. (B) 10 seedlings were selected at random from each pot, cleared of all soil, and 
weighted to determine the average mass of each seedling. (C) Line 2 seedlings from the 10 and 100 seed 
planting density, clearly show a contrast of root length and fragility. The root phenotypes of line 2 are 
representative of all 8 lines.

1 out of 8 lines show minimal plasticity in seedling height and leaf 
area in response to light duration. (A) 48 seeds from each line were 
planted no more than 5mm deep in FPX germination mix. This was 
repeated three times to test the following light conditions: 8 
hours (short day length), 16 hours (long day length), and 22 hours 
(speed breeding or extreme light conditions). The average 
temperature was 17.9°C, the average humidity was 94.2%, and the 
light intensity was around 17,600 LUX. (B) The germination rate of 
each line was recorded on the last day of the experiment, day 30. (C) 
The height of 8 randomly selected seedlings was measured with 
ImageJ to determine the average height of each seedling. Seedling 
height was measured from the tip of the tallest leaf to the soil. (D) The 
area of the oldest true leaf from 8 randomly selected seedlings was 
measured using ImageJ to determine the average area of a leaf at 30 
days of germination. (Image not shown) Note that while discarding 
the samples, the roots from 22 hours of light exposure were observed 
being root-bound compared to the roots exposed to 8 hours of light 
that were less developed.
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o Lines 2, 3, and 6 can successfully germinate within the pH ranges of 5.0-9.0 in a lab setting. These 
lines may have similar germination rates in the field and could be tested over several planting 
seasons to ensure accuracy. 

o Smaller planting densities result in a higher germination rate, increased plant mass, and a more 
vigorous root system. Through further research, we plan on using this data to improve seed 
germination in high planting densities.

o In low-light duration conditions, most lines grow taller, suggesting they have longer hypocotyls. 
This may lead to fragile seedlings that may fall over. Line 6 demonstrated its ability to remain 
unchanged in environments with varying amounts of light, which may allow it to grow well in 
fields with high shading from corn residue. Future gene editing approaches should be investigated 
that could lower the plastic response of the other lines.
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