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Abstract
Discovering the best ways for our astronauts to grow their own food and sustain themselves will allow us
to further expand the horizon of space exploration. At the moment the best way to do this is unknown.
This paper highlights our experiment to test 3 different lunar regolith-to-soil ratios to see which produced
the highest quality products. Our findings conclude that while the best ratio depends on the types of plant
grown, however, a ratio of 25% WC / 25% PS / 50% LR in the majority of cases produced plants with the
highest biomass as well as greatest height when compared to the control and other mixtures.

Background
Our team became interested in this experiment after we began learning about sustainable agriculture and
our world’s many struggles with producing fresh foods. During our time investigating these topics, we
learned about the trials being conducted by NASA and other groups on how to best grow food on other
planets.
As of now, we feed our astronauts with prepackaged and freeze-dried foods. This will soon become an
issue when our astronauts travel further into space. It will become impractical to send shipments of
supplies many times during months-to-years long trips. Re-supply trips are very costly. In the distant
future, we also will come upon the issue of settling on another planet. Whoever settles there will need a
way to feed themselves, they cannot rely on another planet to constantly send shipments as the population
grows. Simply put, we need our astronauts to be able to sustainably produce their own food in space. Not
only will it save money, but it will expand our range of opportunities for space exploration greatly.
We wanted to contribute to this cause, so we decided to conduct our experiment to be included in NASA’s
Plant the Moon Challenge. Our choice experiment was to figure out what the best Lunar Regolith-to-soil
ratio would result in the greatest growth and harvest.
Due to the COVID-19 pandemic, we, unfortunately, had to combine our middle school group and our high
school group experiments into one paper. During the month of writing, we were constantly switching
between online and offline. However, our high schoolers were given the opportunity to come into the
school to work, which was not available to the middle school group, resulting in us having to take over
the majority of their portion of the project.
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Experiment Design:
Our experiment was conducted at our school, Stockbridge Jr/Sr High, in Stockbridge, Michigan,
beginning by planting and initial watering on February 19th, 2021.

Soil and Pot preparation
We used multiple different soils and mixtures to conduct our experiment. The different types of soil used
were (Miracle Grow) plain potting mixture (PM), the Plant the Moon Challenge-supplied lunar regolith
(LR), and locally acquired worm casting (WC). Using these three bases, we created three mixtures. Our
three mixtures are as follows: 50% PM to 50% LR, 50% WC to 50% LR, and 25% WC and 25% PM to
50 LR. In our experiment, we color-coded them as yellow, blue, and red, respectively. We used green to
label our control, which was 100% potting Mix. Prior to filling each pot with soil, We placed felt squares
in the bottom of the pots to prevent soil runoff. Each pot is 3.25x3.25x3.5 there were a total144 pots, 36
of each soil type filled with 200ml of soil.

Plant selection and seeding
We chose 6 different plants: peas (pisum sativum), radishes (cherry belle), mustard (mizuna red streaks),
beets (detroit red top), bok choy (pak choy), and arugula (eruca sativa). We chose these based on Their
short growth time and small space requirements. The short growth time allowed us to survey fully grown
plants. Had we not chosen these quickly-growing plants, we would have to measure developing plants,
which could potentially skew our results. As well, the plants having small space requirements to most
efficiently use the small space we have and to better allow us to control other variables. Each soil type
had 6 of each plant, and each pot started with 4 seeds, this was to prevent any non-sprouting seeds from
skewing results, once the seeds had germinated, the strongest of the four was selected while the other
three were removed.

Lighting and layout
The trays were placed into an empty planting bed, in a 2 x 6 orientation, with the trays lined up according
to soil type. Grow lights were then hung equally-spaced apart above the trays to ensure equal distribution
of light. As the plants grew larger we increased the space between them to prevent them from
overshadowing each other but maintained the same lighting fixture as well as in the planting bed The
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lights we used were rated 4800 lumens and remained at a constant height throughout the experiment and
were fixed full-spectrum (to most closely simulate daylight) with a light intensity rating of 80 PAR/PPF.

Farmbot bed containing all mixture soils ^

Farmbot bed containing control soils ^

Watering
Throughout the experiment we maintained an equal soil moisture level of each plant, keeping it within the
range of 8-9 on our moisture sensor, we then watered the plants throughout to maintain this moisture
level. All plants were watered from the same source to ensure no variation could affect results.

Measurement
Throughout the experimental measurements were taken every Monday and Thursday when feasible. We
originally planned to do this every week until completion, however, Due to covid shutdowns and school
vacation days, there were periods of 1 to 2 weeks where measurements were not taken. All measurements
of height were taken in centimeters while all measurements of weight were taken in grams.

Scientific Method
Hypothesis:
We believe the plants will grow best in the 50% Potting Soil (PS) / 50% Lunar Regolith (LR) mixture.

Independent Variables:
Soil Composition

Dependent Variables:
Height, Plant Mass, Fruit mass, Green Mass, and the number of leaves.
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Controls:
We kept all soils at consistent moisture of 8-9 on our (name of moisture sensor). We have one plant per
pot, and six of each type of plant per soil. They received the same amount of light for 12 hours each day.
pH was measured and was kept at a constant 6-7 pH across all of the pots. Plants were also kept equally
distanced from each other.

Results
It appears that the 25% WC / 25% PS / 50% LR soil did the best overall. The soil has the highest average
growth of all plants (average of each plant type averaged together). The total average is 50 cm, the 50%
PS / 50% LR did second-best at 39.236 cm, followed by the 50% WC / 50% LR at 36.318 cm, and finally
the control soil at 32.837 cm. Germination was also consistent across soil mixtures with all plants falling
within 3-6 days of each other.
If we break this down by plant, the best soil varies. Peas did best in the 50% PS / 50% LR surpassing all
other soils. The radishes, beets, and bok choy did not see a significant difference across the three
experimental soils, falling slightly short of the control. Mustard did best in the 50% WC / 50% LR.
Arugula did best 25% PS / 25% WC / 50% LR.

Final Measurements (Height)
Peas
Control - 71.28cm
50% PS / 50% LR - 113.167cm
50% WC / 50% LR - 59.84cm
25% WC / 25% PS / 50% LR - 92.5167cm
Radish
Control - 21.01667cm
50% PS / 50% LR - 17.9cm
50% WC / 50% LR - 17.5cm
25% WC / 25% PS / 50% LR - 18cm
Mustard
Control - 42.17cm
50% PS / 50% LR - 53.63cm
50% WC / 50% LR - 91.52cm
25% WC / 25% PS / 50% LR - 88.53cm
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Beets
Control - 21.53cm
50% PS / 50% LR - 20.66cm
50% WC / 50% LR - 18.5167cm
25% WC / 25% PS / 50% LR - 19.45cm
Bok Choy
Control - 17.21667cm
50% PS / 50% LR - 15.63cm
50% WC / 50% LR - 13.25cm
25% WC / 25% PS / 50% LR - 15.53cm
Arugula
Control - 23.83cm
50% PS / 50% LR - 15.43cm
50% WC / 50% LR - 17.3167cm
25% WC / 25% PS / 50% LR - 66.05cm
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Biomass comparison
Breakdown by plant:
Peas
Control - 5.23g
50% PS / 50% LR - 22.03g
50% WC / 50% LR - 7.47g
25% WC / 25% PS / 50% LR - 10.3g
Radish
Control - 14.47g
50% PS / 50% LR - 20.52g
50% WC / 50% LR - 15.47g
25% WC / 25% PS / 50% LR - 14.87g
Mustard
Control - corrupted due to human error
50% PS / 50% LR - 33.73g
50% WC / 50% LR - 39.68g
25% WC / 25% PS / 50% LR - 35.48g
Beets
Control - 28.46g
50% PS / 50% LR - 35.68g
50% WC / 50% LR - 24.6g
25% WC / 25% PS / 50% LR - 28.27g
Bok Choy
Control - 69.65g
50% PS / 50% LR - 58.95g
50% WC / 50% LR - 67.88g
25% WC / 25% PS / 50% LR - 75.98g
Arugula
Control - 26.72g
50% PS / 50% LR - 25.62g
50% WC / 50% LR - 26.57g
25% WC / 25% PS / 50% LR - 38.44g
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The soil that produced the highest biomass of all plants was our 25% WC / 25% PS / 50% LR soil,
followed by the 50% PS / 50% LR, then 50% PS / 50% LR, then lastly our control soil. All of the mixture
soils outperformed the control. Part of this may be due to how much natural light the plants were exposed
to. Both of our beds were placed by a large window, however, the bed containing the control plants was
farther away from the window than the other. This may have potentially skewed our results.

Fruit Production and Mass
The average weight for the control radishes is 6.75g, 50% PS / 50% LR
average is 14.583g, 50% WC / 50% LR is 9.12g, and 25% WC / 25% PS /
50% LR is 8.1. The best soil for producing radishes is the 50% PS / 50%
LR, as it is 5.463g higher than the second-highest soil. The worst soil was
the control, as all the other soils fared much better.

The same is true for beets. The best soil was the 50% PS / 50% LR soil at
10.98g. The rest of the soil averages were 2.82g for the control, 6.15g for 50%
WC / 50% LR, and 5.77g for the 25% WC / 25% PS / 50% LR. The best soil
produced beets that weighed 4.81g more than the second-best soil on average.
The control soil produced the smallest beets.

The peas followed this trend with the 50% PS / 50% LR as the best. The
average number of pea pods produced was 3.33 and weighed a total average
of 4.23g. Both the control soil and the 25% WC / 25% PS / and 50% LR
produced an average of 1.67 pea pods. However, the weight varied greatly.
The average weight for the control soil was 0.28g, while the average of the
25% WC / 25% PS / 50% LR was 1.88g. The 50% WC / 50% LR produced
an average of 1.83 pea pods and weighed 1.37g. The mixtures all fared
better than the control soil. Exposure to sunlight again may have contributed
to this.
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Discussion and conclusion
Future experimentation
During the harvesting phase of the experiment, we found that many of
the plants were completely root-bound (as seen to the left). This only
occurred in the (Scientific name for Bok Choy), (Scientific name for
radish), (Scientific name for beet), and (Scientific name for mustard),
regardless of soil type. In a few of the previously mentioned plants, the
roots penetrated the cloth and grew out of the bottom of the pots. The
cloth was placed on the bottom of the pot to prevent soil from washing
away during watering. These events indicate that larger pots will need
to be used for future experiments to prevent this. We also noticed that
the soil had become compacted during the watering process (seen in the picture to the right taken
February 22nd), this is due to the lack of organic matter
in the soil resulting in it being unable to resist
compaction from watering from the top (we saw this
most predominantly in the wormcast mixture) in the
future we will try a wick based watering system where
water is introduced to the bottom and pulled up by the
wick, we would also like to run another experiment
where the organic matter from the plants grown in the
experiment soil is reintroduced and replanted we would
then compare the growth results to see if we could
rehabilitate the soil through this process and result in a
nutrient surplus. Another possible future experiment
would be using the seeds from the plants produced in this experiment, to compare them to the original
seeds. We also plan to run a second experiment using significantly more aggressive mixes, currently, all 3
experimental groups are only 50% lunar regolith, we would like to use groups of escalating 10%
increments from 60% to 100% lunar Regolith.

Worm Cast
The 50% WC / 50% LR soil had to be watered significantly more often, as the worm cast and lunar
regolith both do not retain water well, so they dried out more quickly. This resulted in significantly higher
water usage on these plants to maintain the same level of moisture as the other soils. The worm cast has a
texture and consistency comparable to that of clay. It was initially very moist but dried out very quickly.
On the other hand, the lunar regolith was very much like sand, which allowed water to pass through and
would absorb very little water.
Despite this, there are benefits to worm cast. For example, it has a very high nitrogen content, in which
the lunar regolith is sorely lacking. To balance both negatives and benefits, we decided to split the worm
cast with potting soil, as a 25% 25% mixture. It did not have the same issue of drying as fast, as well as
slightly outperforming the 50% potting soil in arugula and mustard. Excluding the peas, the average
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growth for the other plants was within 1cm of the other soil. It significantly outperformed the 50% worm
cast mix in every plant category except mustard.
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