Experiment Title

Growing Food Across Worlds: A Two-Site Study of Plant Growth in
Martian Regolith Simulant

Team Members

Team Name: Cosmic Cousins

Ella (Brooklyn, USA) and Landon (Guyana)

We are cousins who formed an international science team to make
advanced research more accessible to students in different parts of
the world.

Background

Long space missions to the Moon or Mars will require astronauts to
grow food to sustain themselves, as the cost of transporting food,
according to NASA scientists at a Plant the Moon Webinar described,
can be as much as $1,000 per kilogram. However, Martian regolith is
very different from Earth soil. It lacks nutrients, organic matter, and the
ability to hold water well. Scientists are still learning how to help plants
survive in these conditions. For future Artemis-style missions,
astronauts will not be able to bring big bags of potting soil from Earth.
They will need to turn local regolith into something plants can survive
in, using the least mass and water possible. Our experiment explores
simple, low-mass ways to do that.

We formed Cosmic Cousins because chances to do experiments like
Plant the Moon/Plant Mars are rare in developing countries. By
teaming up across the U.S. and Guyana, we showed that kids in
different places can share the same experiment, trade ideas every



week, and learn science together even when their schools have very
different resources.

Team photo: we met over zoom weekly to discuss our experiment

Research Question

How do planting method and substrate amendment affect germination
and early growth of edible crops in Martian regolith simulant across
two environments?

Hypothesis

We predict that our soil and seeding treatments, and the two different
environments, will affect plant growth in clear ways.



Main hypothesis (treatments):

If we use Oasis® cubes and mix 50% potting soil into the regolith (M),
then our radish, lettuce, and tomato plants will grow taller and
healthier than in plain regolith, because the cubes and potting mix will
hold more water, add nutrients, and help roots spread.

Secondary hypothesis (Oasis vs. direct seeding):

We also predict that using Oasis® cubes on top of 100% regolith (R)
will improve germination and early growth compared to direct seeding
in 100% regolith (C), since the cubes create a moist, well-aerated
“mini nursery” for each seed and protect seedlings during their most
sensitive stage.

Site hypothesis (Brooklyn vs. Guyana):

Finally, we predict that plants in Guyana’s warmer, more humid
tropical climate will, on average, grow faster and reach greater height
than plants in Brooklyn’s cooler, drier indoor environment, especially in
the improved soil treatments (R and M), where better substrate and
friendlier climate can work together.

Variables

Independent Variables
- Substrate/seeding treatment (3 levels):
- C: 100% Martian simulant, direct seeded
- R: Oasis® 1" cube + 100% simulant
- M: Oasis® 1" cube + 50% simulant : 50% potting mix
- Site (2 levels):
- Brooklyn, NY (temperate) vs. Guyana (tropical)
- Crops:



- Radish - Root crop = compact, reliable calories

- Lettuce - Leafy crop = quick vitamins and variety

- Tomato - Fruiting crop = most challenging but important for
long-term diet and morale
Together, these three crops act like a tiny model of a real
astronaut menu: fast and dependable roots, quick leafy
greens, and a harder but important long-term goal of fresh
fruit.

Dependent Variables:
- Growth of plants: days to germination, days to first true leaf,
height (cm), leaf count

Control Variables:

- Crop - we had the same seed type, number of seeds, and
starting point of germination in each pot for every pot.

- Lighting - all pots will be kept under the indoor lighting
conditions, although the natural light in Guyana may be slightly
brighter as it is near the equator

- Data collection methodology - we met every Sunday and shared
data collection experience and used the same measuring
protocol, including using the same hydrometer to record 24 hour
temperature and humidity

Growth Pot Setup

At each site we grew three crops: radish (fireball variety), lettuce (Dov
Romaine variety), and tomato (Microtom variety) under three
treatments: Control (100% simulant, direct seed), R (cube + simulant),



and M (cube + 50/50 mix). This resulted in nine pots per site using
identical protocols.

Experimental Rationale

Our experiment asks a question that matters for both astronauts and
students: how can we make harsh Martian regolith more like real
soil, especially when we only have a short 8-week grow window?
Many space-farming studies use advanced labs and long timelines. In
contrast, we tested simple, realistic changes: seed cubes and a 50/50
potting-mix blend using the same kit and constraints other PTMC Jr
teams have.

By running the same experiment at two very different sites (Brooklyn
and Guyana), we also explored how environment changes the
outcome. Comparing a temperate indoor setup to a warm, humid
tropical one helps us see how climate and substrate work together to
support (or limit) plant growth in regolith simulant. At the same time,
our “Cosmic Cousins” team model shows that kids in different
countries can share methods and data to contribute real information to
the astrobotany community.

Pot Setup and Procedures

At each site, we used nine small pots and followed the same setup:
three crops (radish, Dov romaine lettuce, and Micro Tom tomato) x
three treatments (Control, R, M). Control pots were filled with 100%
Martian regolith simulant and direct-seeded. R pots used regolith plus
one Oasis® 1" cube, and M pots used a 50/50 mix of simulant and



potting mix plus a cube. All pots were watered to field capacity,
labeled by crop and treatment, and placed together in a 1020 tray.

On Day 1, we sowed the seeds at both sites using the same seed lots
and then followed a shared measurement schedule. We used Govee
thermo-hygrometers to log 24-hour temperature and humidity, then
entered daily averages into our Environmental Log. Each week we
met on Zoom to measure plant height, count leaves, record days to
emergence and first true leaf, and describe plant health. After a
fertilizer-burn event affected the first planting, we documented what
happened, replanted both sites using the same protocol, and
continued our weekly measurements so that the second batch could
still give meaningful comparisons across sites and treatments.

Experiment Photos and Description

Brooklyn Experimental Station Setup Guyana Experimental Station Setup



Week 5 Brooklyn after fertilizer burn and reseeding Week 5 Guyana with 2nd batch seedling

Brooklyn Experimental Station week 8 photo and final measurements




Temperature & Humidity (Daily Avg)

BK vs GY:

33

Guyana Experimental Station week 8 photo and final measurements

Data Collection

% AlplwnH aaneRy

[Ta] [Fs]
[Te]

85
7
55

g

| sg/ve/iT
| sefze/Tl
| sz/oz/iT
| SZ/8T/TT
| sz/9t/1t
| SZ/YT/TT
| sz/zT/it
| SZ/OT/TT
| SZ/8/11
| se/9/T1
| se/v/TT
| sefe/tt
| SZ/1€/0T
| sz/ez/oT
| sz/Lz/ot
| sz/sz/ot

b | sz/ez/ot

i | sz/tz/ot

 sz/et/on

o sz/cr/ot

i | sz/st/ot

5 | se/et/ot

W“.H.. | sz/t/ot
;

p_C
p_C

BK_Tem
.- GY_RH %

— GY_Tem

p—

N

| SZ/6/01
| se/tfot
| sz/s/fot
| se/efot
| sz/t/fot
| S¢/62/6

wn
—

31
29
27
25
23
21
19
17

.Figure 1: Environmental Data



Weekly Height — Radish (by Site, Batch, and Treatment)
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Figure 2: Weekly height, Radish by site, batch and treatment
Weekly Height — Lettuce (by Site, Batch, and Treatment)
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Figure 3: Weekly height, Lettuce by site, batch and treatment




Weekly Height — Micro Tom Tomato (by Site, Batch, and Treatment)
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Figure 4. Weekly height, Tomato by site, batch and treatment

Analysis

During the first four weeks, both Brooklyn and Guyana successfully
germinated all three crops. In the initial planting, seeds in Oasis®
horticulture cubes (R and M) often reached their first true leaves
sooner than seeds in plain regolith, especially in Guyana. For
example, Guyana radishes in 100% simulant took about 21 days to
reach first true leaf, while radishes in the M treatment (50/50 + Oasis)
did so in about 9 days, less than half the time. Lettuce in Guyana also
formed true leaves earlier in M (about 17 days) than in the Control
(about 36 days), which suggests that the lightweight, water-holding,
well-aerated cubes gave seedlings a much better start in the harsh
simulant.

Our biggest challenge came when we began fertilizing. In Week 4, we

started using a 19-19-19 fertilizer at 74 tsp per liter of water. This
turned out to be too strong for plants growing in regolith simulant. In
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Brooklyn, many plants showed fertilizer burn, wilted, brown leaf edges
and stalled growth, while Guyana plants showed milder symptoms. To
keep the experiment fair and synchronized, we decided to replant all
nine pots at both sites at the start of Week 5. From that point on, our
weekly “trend line” graphs and Week 8 measurements focus on this
second planting, and we treat the first planting and fertilizer burn as an
important limitation and learning moment.

The environmental log helps explain why the two sites behaved
differently. Over the experiment, Brooklyn averaged about 21.4°C and
56.5% relative humidity, while Guyana averaged about 29.1°C and
76.1% relative humidity. That means Guyana was roughly 7-8°C
warmer and about 20% more humid on a typical day. This likely made
it easier for plants to grow and to handle salts from fertilizer in
Guyana, while the cooler, drier air in Brooklyn slowed growth and
made fertilizer burn more severe.

By Week 8 of the second planting, we saw the same pattern in almost
every crop and site: M > R > C. For radish in Brooklyn, plants in 100%
simulant (C) reached about 3.0 cm tall, while radishes in the M
treatment grew to about 8.5 cm, almost three times taller. In Guyana,
radishes in R and M both reached about 6.5 cm with 4 leaves, while
the Week 8 Control radish was so heavily pest-damaged that we
flagged it as “damaged” instead of using it in our final comparison.
Lettuce showed a similar pattern: in Guyana, Control lettuce finished
at about 3.0 cm tall with 3 leaves, while M-treatment lettuce reached
about 6.5 cm with 6 leaves, roughly twice the height and leaf number.
Brooklyn lettuce also favored M (about 6.5 cm) over R (about 4.0 cm),
though the cooler climate kept all plants smaller overall.
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Micro Tom tomato was our toughest crop. All tomatoes stayed short
compared with radish and lettuce, but the same ranking appeared: in
Brooklyn’s second planting, the M tomato reached about 2.0 cm, while
the R tomato stayed at about 0.5 cm, a four-fold difference in height.
In Guyana, Week 8 Micro Tom plants were still small in all treatments,
but again M (2.0 cm, 5 leaves) was taller and bushier than C (1.0 cm,
2 leaves). These small but consistent gains suggest that fruiting crops
need more time and more advanced systems to truly succeed in
regolith simulant, even when we use a helpful seeding cube.

Taken together, our graphs and numbers tell a clear story. Oasis®
cubes on their own (R) already help by giving each seed a lightweight,
moist, and well-aerated “mini nursery” inside the regolith, improving
early growth compared with direct seeding. Combining the cube with a
50/50 potting-mix amendment (M) delivers the biggest gains, turning
the simulant into something much closer to real soil. This pattern
appears in both Brooklyn and Guyana, even though their climates are
very different, which suggests that our basic conclusion that “M works
best, R helps, C struggles”is robust across environments.

Future Considerations

Next Experiments, we would:

- Test more amendment levels. Instead of just 0% and 50%
potting mix, future teams could try 10%, 25%, 50%, and 75%
blends to find the smallest amount of organic material that still
gives strong growth in regolith.
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Explore different starter materials. Our experiment used
Oasis® horticulture cubes, but future work could compare them
to other lightweight seed-starting media (like rockwool or peat
plugs) to see which works best in simulant.

Refine fertilizer strategies. We saw how easy it is to cause
fertilizer burn in regolith. A follow-up study could test weaker
solutions added slowly over time, or different nutrient recipes for
each crop, while monitoring EC and pH.

Extend the timeline for fruiting crops. Micro Tom almost
certainly needs more than 8 weeks in simulant to show its full
potential. A longer experiment could measure actual fruit yield
and not just height and leaf count.

Build more student “twin-site” teams. Our two-site setup
showed that kids in different countries can share protocols and
compare data. Future PTMC teams could link multiple
classrooms around the world to build a larger, shared data set on
how plants grow in regolith simulants.

What We Learned

We learned that plants in regolith simulant are much more
sensitive to fertilizer strength than plants in normal potting soil. A
nutrient mix that feels “mild” on Earth can still burn roots in simulant.

We learned that simple changes, like adding a lightweight seeding
cube and a 50/50 potting-mix blend, can make a huge difference. In
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some cases, our M plants were about 2—3 times taller than plants in
100% simulant by Week 8.

We discovered that environment really matters. Guyana’s warm,
humid air helped seeds sprout faster and recover better from stress,
while Brooklyn’s cooler, drier air slowed growth and made fertilizer
burn more severe. Seeing the same soil pattern (M > R > C) in both
Brooklyn and Guyana helped convince us that our results were real
and not just random chance.

We saw that root crops and leafy greens (radish and lettuce) are
much easier to push to success in regolith than fruiting crops like
Micro Tom. But even small tomatoes taught us a lot about the limits of
short-term space farming.

Finally, as Cosmic Cousins, we learned that students in a developed
and a developing country can run the same experiment, share data
every week, and contribute real results to the astrobotany community,
long before we are old enough to be astronauts ourselves.

Conclusion

In this project, we tested how planting method and soil treatment
affect edible crops grown in Martian regolith simulant, and whether
results change between Brooklyn and Guyana. Across radish, lettuce,
and Micro Tom tomato, we saw the same pattern: plants in 100%
simulant struggled the most, Oasis® cubes improved early growth,
and the 50/50 simulant + potting mix + cube treatment worked best
overall. The tropical site in Guyana often produced slightly taller
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plants, especially for radish and lettuce, suggesting that warmer, more
humid conditions can boost the benefits of improved soil.

Our fertilizer-burn setback and replanting reminded us that real
experiments are messy, just like real missions in space would be. We
had to adjust, restart, and carefully record what changed. That
experience felt realistic for space farming, where a single mistake
could force astronauts to restart a crop under time pressure. It also
showed us that plants grown in regolith simulant may need gentler
fertilizer levels than plants grown in normal potting soil.

In the end, Cosmic Cousins showed that young students in different
countries can run a coordinated experiment, share data, and learn real
lessons about how hard it is to grow food in regolith. Our results
support the idea that future space farms will need to engineer regolith
into a more soil-like medium and that lightweight seeding cubes like
Oasis® could play an important role because they hold water, let roots
breathe, and are easy to transport. We also learned that starting with
more forgiving crops like leafy greens and root vegetables may be the
most realistic first step, while scientists continue working toward the
harder long-term goal of reliable fruit production on another world.
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