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Background of the Study

The Plant the Moon Challenge is a global science experiment testing the feasibility of plant
growth in Lunar simulants. This signature competition from the Institute of Competition Sciences aims
to engage, inspire, and motivate students through real-world, challenge-based programming. The main
goal of this challenge is to sustain human life in extreme environments using on-site resources. The data
gathered in this challenge holds the potential to aid future space exploration and assist farmers here on
Earth in growing plants in extreme conditions, offering a beacon of hope for the future of agriculture
(PTMC Project Guide, 2025).

Lunar soil contains no organic matter and is formed strictly through mechanical comminution
from meteoroids and interaction with the solar wind and other energetic particles (Noble, n.d.). They
are not exposed to the wind and water that shapes the Earth. However, plants require the right amount
of organic matter and pH to grow, and with no organic matter in the lunar soil, it is a challenge to grow
them. Our team in this study wanted to determine if amending the lunar regolith simulant with organic
compost mixed with potting soil and peat moss would make Miner's Lettuce grow to its edible stage.
Research Questions:

1. How does amending lunar regolith simulant with organic compost mixed with potting soil and
peat moss affect the growth of Miner's Lettuce or Claytonia Perfoliata?
2. What type and ratio of organic compost to lunar regolith simulant significantly affects the
growth of Miner's Lettuce or Claytonia Perfoliata?
Hypotheses:

Due to its high nutrient content, we hypothesize that amending lunar regolith with organic

chicken manure compost mixed with potting soil and peat moss at a 50/50 ratio will significantly affect

the growth of Claytonia Perfoliata or Miner’s Lettuce.
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Independent Variable:

The type of organic compost that we used. Cow manure, Chicken Manure, and Mushroom Compost.
Dependent Variable:

Our dependent variable is our plant's growth and overall appearance.

The rationale of the Parameter:

Our research findings tell us that amending lunar soil with organic compost will improve sail
structure (Magdoff & Es, 2021) and plant performance (Capole et al., 2023). In that regard, we asked our
local Clemson Extension Agents for help with what type of organic compost and plant we could use for
the study. However, they recommended the analysis of the lunar simulant first. Thus, we sent a sample
of our lunar soil to the laboratory at Clemson University for analysis, and the result shows that lunar soil
has a high pH (9.2), a high amount of potassium, and an excessive amount of calcium. Using the data
from our lunar analysis and advice from our local extension agents, we grew Miner’s Lettuce or
Claytonia Perfoliata and amended our lunar regolith simulant with organic compost.

Miners Lettuce is a leafy green vegetable that can be eaten raw in salads with dressings or used
as an alternative to spinach in cooked dishes. They can grow in any soil and can tolerate alkaline soils.
Miners Lettuce is mild with a hint of nuttiness, with younger leaves having the best flavor. The name
Miners Lettuce comes from the use of the plant by Californian miners during the gold rush who ate it to
prevent scurvy as it is a vibrant source of vitamin C. Miners Lettuce seeds germinate rapidly, with most
seedlings emerging within 7 to 12 days after sowing the seeds. It takes 7 to 8 weeks to reach a size big
enough to harvest reasonable quantities of leaves.

The three commercially available organic composts that we choose are cow manure, chicken
manure, and mushroom compost. Composted chicken manure provides a slow-release source of macro-
and micronutrients, has high nitrogen, potassium, phosphorus, and calcium content, and is rich in

organic matter (Zublena, 1993, as cited in Saliga & Skelly, 2013). Cattle manure is a valuable source of
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key nutrients, including nitrogen (N), phosphorus (P), potassium (K), sulfur (S), magnesium (Mg), and
calcium (Ca), as well as certain micronutrients. It is also a dilute fertilizer due to its high water and
organic materials content (Beef Cattle Research Council, 2023). Mushroom compost improves soil
quality, provides essential nutrients, increases microbial activity, helps control pests and diseases, and is
environmentally friendly (Garden Gate, 2024). Lastly, peat moss and potting soil were added to all our
mixtures to enhance soil nutrients and aeration.

The table below shows the analysis of the lunar regolith simulant.

Agricultural Service Laboratory
171 0ld Cherry Road, Clemson, SC 29634

D i A Phone: 864-656-2068 Fax: 864-656-2069
UZNSI1SVEERRESEISTLY o .

Date: 2/4/2025 1ab Number: 25016156
Account COCLHN
Client Id: Dantaler Zachary
Dantaler Zachary Sample Id: Lunar
904 F. R. Huff Dr. Soil Code 1
St. Matthews, SC, 29135

Soil Report for

Analysis Results
Soil pH 9.2

Buffer pH 8.0 TARGET RANGE
oW | MEDIUM | SUFFICIENT |  HIGH | EXCESSIVE

bs/acre — ' .l : ) ’
B AT tsfocr Sodium (Na) 544 Ibs/acre
Pa 196 e
Cal 5622 Sulfur (S) Ibs/acre
:f ?: Soluble Salts 0.17 mmhos/cm
M, 4 Nitrate Nitrogen 29 ppm
i gs Organic Matter 0.12 % (LOI)

Experimental Design

Our experimental design was carefully crafted to ensure the reliability of our results. We mixed
36% of our different organic compost with 55% potting soil and 9% peat moss in our experiment. We
then carefully distributed 50%, 40%, and 30% from our different mixtures into 50%, 60%, and 70% of the
lunar regolith simulant in each pot. We then add 100 mL of water and mix them thoroughly. Each
combination was replicated in two pots, and we had one pot of 100% for each organic compost mixture
and one pot of 100% lunar regolith simulant to serve as our control. We let the mixture stand for 3 days
before planting the seeds. We planted five seeds in each pot. We placed all our experimental setups on
a plant shelf with grow light. The light was on for 8 hours in 5 days to control the temperature and the

amount of light received by the plants. We watered them without liquid plant food every day in the first
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two weeks, for the seed contains all the nutrients necessary to support a seedling's growth during the
first few weeks of life and to keep the seeds moist.
Measurement and Procedure:

We gathered data between 2:00 — 3:00 pm every other day except Saturdays and Sundays for
eight weeks. We used a ruler to measure the height of our plants and a Vernier pH and temperature
sensor to determine the soil pH and temperature. In watering our plants, we mixed one teaspoon of
MiracleGro all-purpose liquid plant food into two liters of tap water and watered them with % cups of
the mixture every other day after the second week of growing.

Controls:

We have four different setups: three experimental and one control group. The controlled group
is compost of one pot of 100% Lunar Regolith Simulant, one pot of 100% chicken manure, potting soil
and peat moss mixture, one pot of 100% cow manure, potting soil and peat moss mixture, and one pot
of 100% mushroom compost, potting soil and peat moss mixture. We also controlled the amount of
water, light, and plant food received by all setups to ensure that our independent variable only affected
our plant's growth.

Modification

During the third week of growing, we noticed that our plant stem was thin and that the plant
was lying flat on our lunar regolith simulant mixture. We adjusted the height of the light; however, the
plant condition stayed the same. We noticed that our lunar regolith mixture in the pot was compacted
to almost half of the pot. Our coach told us to tear half the pots to expose the plant. Since we used
paper pots, tearing it is not a problem. We placed the torn parts at the bottom of the new pot and put
the half pot on top. We then started tilling the soil around the edges to allow air into the roots. A week

later, our plants were doing well.
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Discussions:

Figure 1.4 shows the height of Miner's Lettuce throughout the growing period. The second week
shows that the 60/40 organic chicken and cow compost mixtures were doing well. However, toward the
last three weeks, the mushroom compost gained momentum and reached a height of almost 16 cm or 6
inches at a 50/50 ratio. All three organic compost mixtures and ratios were doing well in terms of
Miner's lettuce growth and appearance. The leaves change from two elongated leaves to a circular semi-
heart shape. We observed flowers in the middle of the leaves during the last two weeks of the growth
period. All these changes that we observed were expected for Miner's Lettuce growth.

Figure 1.1 shows the wet biomass that we measured after the growth period. We pulled the
Miner's Lettuce from the pot, cleaned the roots, and measured the mass of the plants. To compare it to
our control, we get the average mass of the two pots for each ratio. The data shows that the lunar
regolith amended with organic cow manure compost mixture has a significantly greater wet biomass in
a 60/40 ratio than the organic chicken and mushroom compost mixtures. However, at a 70/30 ratio, the
mushroom compost mixture has greater biomass than the organic chicken and cow compost mixtures. A
comparison of Figures 1.1 and 1.4 shows that the organic cow manure and chicken manure compost
mixtures were shorter than the mushroom compost mixture. However, we observed that the organic
cow manure and chicken manure compost mixtures at a 60/40 ratio were thicker than the mushroom
compost mixture. Their stems grew vertically and horizontally; most horizontal growth was longer than
vertical growth. One pot plant was connected to the next, making Miner's Lettuce an excellent ground
cover.

Figure 1.2 shows the pH changes of different organic compost mixtures over time. The data
indicates that all organic compost mixtures and ratios pH were lowered to an average of 6.5, the perfect
pH for Miner's lettuce optimal growth requirements 6-7. Thus, comparing the figures 1.1, 1.2, and 1.4,

Miner's Lettuce thrived and grew in all organic compost mixtures and ratios. On 100% Lunar Regolith
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Simulant, Miner's Lettuce germinates, grows to almost 5cm, and eventually dies. However, we noticed
late seed germination around the seventh week of the growing period. Fig 1.3 shows the average weekly
temperature of our experimental setup in degrees Celsius. The temperature ranges from 22 to almost
24 degrees.

Conclusion:

The result of our investigation shows that cow manure, chicken manure, and mushroom
compost mixed with potting soil and peat moss in all ratios have lowered the Lunar regolith simulant pH
from 9.2 to an average of 6.5, which resulted in positive growth of our plant. However, more growth
was observed in a cow manure mixture at a 60/40 ratio. Furthermore, amending the lunar regolith
simulant with organic compost mixed with potting soil and peat moss enabled our plant Miner's Lettuce
to grow to its edible stage.

Organic matter plays a significant role in plant growth and production by improving soil's
physical, chemical, and biological functions. Organic matter from organic compost and potting soil
enables the lunar regolith to grow plants. The three organic composts used in the study showed positive
results on the growth of Miner's Lettuce. The data gathered is significant in the future planting of the
moon for it enables the plant to grow well even in the 70/30 ratio of lunar regolith simulant to the
organic compost mixtures.

Miner's Lettuce is an excellent plant choice for growing on the moon, for it can thrive even in a
higher ratio of regolith to organic compost mixture and is a good source of vitamins. According to a
study in the Journal of the American Dietetic Association, just 100 grams of Miner's Lettuce contains a
third of our daily vitamin C, 10 percent of iron, and 22 percent of vitamin A (Bergo, 2024). Aside from
being a good food source, Miner's Lettuce can self-pollinate and serve as a good ground covering.

In the future, we would like to measure the plant's horizontal and vertical growth, change the

light color to mimic the moon's lighting and amend the lunar regolith with organic compost only.
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Furthermore, we want to investigate whether increasing the ratio of Lunar Regolith Simulant to organic

compost to 80/20 and 90/10 will still make the Miner's Lettuce grow.

Pictures:
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