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“Despite knowing they won’t be here for long, they still choose to live their
brightest lives — sunflowers.” – Rupi Kaur
Background
This experiment was an extension of our summer experiment,
where we grew the Three Sisters in Martian regolith (see
Appendix B for report). We had poor germination rates over
the summer, so the primary goal for this experiment was to
improve germination. We used the corn stalks and leaves we
harvested during the summer as a soil amendment this fall.
Experiment Design
A total of 36 pots were used to set up this experiment.
Controls 1-4 each have 175 mL of Miracle Gro potting mix
with no further amendments. Table B is a duplicate of Table A
to allow for repeated trials (see Figure 1). All pots use the
same crop, “Big Smile” dwarf sunflower (Helianthus annuus).
Pots 1A-16A and 1B-16B (32 total) have 80-50% MGS-1
simulated Martian regolith, 0-30% chopped corn, and 20%
worm castings. The value at the top of the column states how
much corn is added to each pot. All of the pots with pink plant
markers have 0% corn, 80% regolith, and 20% worm castings.
All of the green markers have 10% corn, 70% regolith, and
20% worm castings. All of the blue markers have 20% corn,
60% regolith, and 20% worm castings. The purple markers
have 30% corn, 50% regolith, and 20% worm castings. Each
row represents the amount of gypsum added to each pot, from
0g to 3g. We have two independent variables with four levels
each and two replicates for a total of 2x4x2=32 experimental
pots, plus 4 earth controls.
Figure 1. Experimental Design

Hypothesis
Our team expects that increasing the amount of chopped corn
mixed with Martian regolith will improve the germination rate
and plant growth. We also think that adding gypsum to the
regolith will have a positive effect.
Independent Variables
The volume percent of chopped corn “waste” mixed into
MGS-1 was varied (0%, 10%, 20%, 30%). The corn was
grown in MGS-1 during our summer experiment. The second
independent variable was the mass of gypsum powder added
to each pot (0g, 1g, 2g, 3g).
Dependent Variables
We will monitor the number of seeds germinated and days to
germination to evaluate if corn and gypsum improve
sunflower germination. To quantify plant growth, we will
count the number of leaves and measure plant height (cm).
Measurements
Germination was checked daily during the initial phase of this
experiment. At the mid-project point, the healthiest plants
were transferred to our aquaponics systems. Measurements of
plant height and number of leaves were then recorded weekly.
Controls
Four pots of potting soil will be used as experimental controls
for comparison. Controlled variables include: amount and type
of water, type of lights, duration of lights (off for germination,
16h for growth), each pot received 20 vol% worm castings,
type of seed (“Big Smile” dwarf sunflower, Helianthus
annuus), number of seeds (3 in each pot, to be thinned after
germination), size of pot (8cm square peat pot), and total
volume planting mix per pot (175 mL).
Results
Our team saw successful germination overall for sunflowers
grown in MGS-1, but our rate of plant growth was less than
expected when compared with the plants grown in potting soil.
All sixteen soil mixtures had seeds that germinated, and we
were surprised to have one of the best germination percentages
(83%) in the pots with no corn and no gypsum added (1A and
1B, combined). Another interesting result was that some of the
seeds did not germinate during the first phase of the
experiment, but they sprouted after the soil was transferred to
wicking pots in the aquaponics systems. This caused a delay in
the days to germination, but it was pleasing to see that the
seeds eventually germinated.
Figure 2 shows that the addition of 2g gypsum to a 175mL pot
of regolith had the highest germination rate overall, viewing
gypsum as the independent variable.
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Figure 2

Figure 5

Figure 3 shows that the highest germination rate was observed
when corn was not added to the soil mixture. This was
contrary to what was expected.

Figure 6 shows the effect of gypsum on plant height. The
tallest plants had 2g gypsum added to 175 mL regolith pots,
but the difference is not significant.

Figure 3

Figure 6

Figure 4 shows the germination time. The Earth controls
germinated at a rate of 100% in 5 days. The Martian regolith
germination time had much greater variability, ranging from
10 days to 28 days. Fastest germination times tended toward
lower additive rates, which was again contrary to expectations.

Figure 7 shows how adding corn to the regolith mixture
affected plant growth. Again, there is not a large difference,
but the 30% corn had the tallest plants on average.
Figure 7

Figure 4

Figure 5 shows how plant height was affected by the addition
of chopped corn and/or gypsum to the regolith. The best
recipe, as far as plant height was concerned, was 2g gypsum
and 20% chopped corn waste. While corn and gypsum tended
to slow the germination time, they had better plant growth in
the long run.

Discussion & Conclusions
We hope that a future colony on Mars will eventually be able
to establish a plant growth system that utilizes Martian
regolith as an in-situ resource. As plants begin to cultivate,
they will have inedible parts that can be composted and
worked back into the regolith to ultimately build a rich,
organic soil. We attempted to simulate that process in this
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experiment through the addition of worm castings (constant)
and chopped corn waste (varied). While we did not see the
increased plant growth we had hoped for, it still seems
sensible to further investigate growing crops on Martian
regolith and then working the harvest back into the soil to add
organic matter.

Figure 9

The other variable that we investigated was adding gypsum to
the regolith to improve soil texture and balance the salts. We
saw a slight positive effect at the 2g per 175mL addition rate,
but this will need to be further tested with other plants and
with multiple samples to evaluate the reliability of this result.
One of our greatest challenges was that plant health
deteriorated when we transplanted from our germinating pots
to the aquaponics systems. Interestingly, some of the seeds
that germinated after transplanting surpassed the plants we had
moved, so we think that we shocked our plants when we
moved them. In retrospect, we should have planted in our
aquaponics systems to begin with or used a different design
altogether. Figure 8 shows that we had good germination and
healthy seedlings midway through the experiment.

Figure 10

Figure 8

Finally, Figure 11 shows our happy little sunflower in potting
soil. We hope to continue our research and find what makes
this sunflower so happy, so we can bring this joy to Mars!
Figure 11

We made a qualitative comparison of root development on the
final day of the growth period. All pictures are linked in
Appendix A, but Figures 9 and 10 show two extremes: 0g
gypsum and 0% corn (Fig. 9) compared with 3g gypsum and
30% corn (Fig. 10).
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Appendix A
Supporting Media
Team Video:
https://drive.google.com/file/d/14T9NeaTzTMzakbvpEDRcDUekoXuaGP1G/view?usp=sharing
Project Photos and Videos:
https://drive.google.com/drive/folders/1_vsDhwZxp0ngzm_RPA1uqoP5iEI_bad8?usp=sharing
Key Descriptive Images:
Figure 12: Germination chambers
used in Phase 1.

Figure 13: Schematic of AquaSprouts aquaponics garden.

Image Source: https://www.aquasprouts.com/pages/learn

Figure 14: Four aquaponics tanks
used in Phase 2.

Figure 15: Thirty-two pots
germinating in Phase 1.

Figure 16: Top 16 plants moved to
aquaponics bed in Phase 2.
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Appendix B
Project Data
Experimental Design:
Experimental Design Plant Mars Fall 2021
SJDS Fall21 Initial Experimental Design.pdf
Raw Data and Analysis:
Sunflowers Plant Mars Data
Plant Mars Fall 2021 Raw Data SJDS.pdf
Plant Mars Summer 2021 Report:
Plant Mars Project Report - St. James Day School - Summer 2021.pdf
Team Logbook:
Logbook SJDS Plant Mars Fall 2021.pdf

