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e Independent Variable

e Dependent
Variable

The independent variable is
the organic soil. We're
changing the amount of
organic material being
incorporated into the soil such
as potting mix and other
materials.

Soil amendment to simulant

The dependent variable
is plant growth, ph
levels, and amount of
water. We're measuring
the growth of the plant
such as the height and
width as it continues to
grow. Furthermore our
team is collecting the
measurements of water
and pH levels.

(3) Constants/Constraints: The constants that were continuous and consistent

throughout the experiment is the plant pot, regolith stimulants, water, and the amount of

soil.
e Amount of total soil in each pot (1/8c X 14)
e Amount of sunlight per pot 6-8 hrs
e Same number of seeds in each pot (3 total)
[

(4) Hypothesis

The soil on Mars has mostly iron, which is why the regolith is a red dusty color. The
environment on Mars is below freezing and has a thin atmosphere that is mostly carbon dioxide.
The surface on Mars is rough, dry and rocky. The soil lacks organic nutrients to support the
growth of spinach. To grow spinach it needs water, partial shade, and well drained soil. Nutrients
from compost that contain calcium, potassium, nitrogen, and phosphorus, may help maintain a
soil with a pH of 6.5-7.0 needed to grow spinach. If organic soil is mixed with Martian regolith
to provide the required nutrients to grow spinach, then it’ll increase the growth rates and

demonstrate the viability of growing spinach in Martian soil.

(6) Background/Reasoning

Mars was chosen as our focus of research because it was a-part of our school curriculum
last year. Our team had a well-rounded knowledge on the conditions and environment of Mars
that would help assist our experiment and research on cultivating plants. Knowing that the
conditions on Mars are harsh, consisting of iron soil similar to volcanic, our independent variable
was thus decided on the mix of organic material with Martian regolith. We decided that the




growth rates such as the height would be the dependent variable measured throughout the
experiment. Hence the variables and planet focus for our experiment was decided on relating to
our previous studies on Mars.

7) Experimental Rationale

The overall value our experiment contributes is providing data and insight by exploring
crop cultivation on Mars with different combinations of soil and Martian regolith. As scientists
are studying and researching methods, information, and acquiring knowledge on how to plant
nutrient-rich food on Mars our findings provide an aid as our main focus was the soil. By testing
how different soil mixtures, specifically Martian regolith blended with organic material affect
plant growth. This study aims to demonstrate the achievability of planting in Martian soil,
increase growth rates, and determine the most effective combination of soil components to
support healthy plant development in account of the conditions on Mars.

Grow Pot Setup TEAM ID: 21198

Crop Spinach Spinach Spinach (Midpoint)
Pot with 100% A B C
simulant only
50% top soil A B C
50% organic soil
CONTROL
70% simulant A B C
30% organic soil
50% simulant A B C
50% organic soil

9) Procedures

Our team implemented a watering schedule, adjusting the frequency and amount of water
based on the soil’s pH levels. Plants were typically wanted 3-4 days a week depending on our
school schedule. When soil pH readings were on the lower scale we increased the amount from
the usual 50 mL to 75 mL of water maintaining a balance between those numbers to ensure that
it was consistently the same.

Data was routinely collected on sheets of paper consisting of each’s pots of spinach.
These logs included the soil pH, plant height (in centimeters), and volume of water measured.
Our findings were charted and organized such as designated pots with varying soil compositions,
dates, and structures of the paper to write in the data. That way we can effectively and efficiently
gather our new findings and maintain our methods throughout the experiment.



Monitoring soil pH and water is essential when testing plant growth in Martian regolith
because these two factors provide information on plant health, soil condition, and its viability.
Soil pH affects how well spinach is able to absorb nutrients such as nitrogen, phosphorus, etc
especially in an environment like Mars. The regolith on Mars lacks organic matter and has high
content requiring us to track the levels. Thus, we made sure to pay special focus by regularly
adjusting small amounts of water based on the pH levels and measuring it to maintain a pH of
6.0-7.0 to ensure that the spinach thrives.

Plant height serves as a measurable indicator of growth and how the soil is effectively
supporting the plant. By tracking changes in height and tying it together with soil pH levels we
can determine whether organic soil and compost to Martian regolith makes it successful. This
data supports the hypothesis and could contribute to future research in sustaining plant growth in
Martian regolith.
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11) Data Collection

In total, we used five groups of pots which each consisted of two pots initially, with a
third pot being added at the midpoint of the experiment.

Below is the breakdown of the soil compositions used for each group:

e Group 1: 100% Martian simulant (no organic material).

e Group 2: 50% Martian simulant and 50% organic material.
e Group 3: 50% topsoil and 50% organic soil.

e Group 4: 70% Martian simulant and 30% organic material.

For each group, we tracked the following data points on a daily basis:

e Soil pH: Monitored for each pot (ex: simulant with organic, simulant only).
e Growth (in centimeters): Measured the height of plants in each pot.

e Watering Volume (mL): Recorded the amount of water given to each pot based on soil pH
and plant growth.



Specific measurements and observations from the experiment:

e On 2/12/25, pots in Group 1 (100% stimulant) had a pH of 7.5 for pots A and B, with no
visible growth recorded. Group 2 (50/50 simulant and organic material) had pH values
ranging from 6 to 6.5, also with no visible growth. Group 3 (50% topsoil, 50% organic)
had a consistent pH of 6.5 but no plant growth. Group 4 (70% simulant, 30% organic)
had pH values of 6.5 and no growth. 50 mL of water was used that day.

e On 2/14, Group 2 pots A and B showed the first signs of sprouting, with a pH of 7 and
6.5. Group 1 still showed no growth, with a consistent pH of 6. 50 mL of water was used
that day.

e Initially, Group 1 (100% simulant) showed no signs of growth. However by later
February Group 1 also began sprouting, with plant heights reaching approximately 67
cm in several pots.

e By 2/24, Group 1 had substantial growth with pot A reaching 3.5, 5, and 6.5 cm, and pot
B at 6, 2.5, and 2.5 cm. (Each Sprout) Group 2 was holding steady with plant heights of
5.5 and 6.5 cm. Group 4 and 3 during this time still had no visible growth or sprouting.
50 mL of water was used that day.

Midway through the experiment, we introduced an additional pot labeled C to all groups
to back up our results by observing if similar growth patterns would emerge under the same
conditions.

e On 3/13, Group 1 pot A reached 9 cm, and pot B had 4 and 3 cm consisting of a pH level
of 7. Group 2 remained around 6 cm for pot B with a pH level of 7. Group 3 had no
visible growth in pots A and B, but in pot C there was a sprout around 5.5 cm. Group 4
still had no visible growth or sprouting with either of its pots with a pH level of 6.5. 50
mL of water was used that day.

e By 3/20, Group 1 kept pace with pot A at 9 cm and pot B at 4 cm. Group 2 remained
strong with pot B growing to 7 cms with a pH level of 7. Group 3 still had no growth in
pots A and B but consisted of a pH level of 7, whilst pot C grew to 6 cms. Group 4
consistently maintained a pH of 6.5 with still no growth in all the pots. 75 mL of water
was used that day before spring break in-order to prevent dehydration during the
off-days.

e Finally 3/24 was the last day data was gathered before the end of the growing period.
Group 1’s pot A maintained 9 cm growth, pot B reached 3.6 cm, and pot C sprouted to 1
cm with a pH of 7.5. Group 2 held at 7 cms with a pH of 7. Group 3 had no visible
growth in pot A and B, but pot C has grown to 7 cm. Group 4 remained with no growth
and had a pH of 7.5.
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Overall Conclusion & Results

(12) Analysis
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Overall the experimental design was effective, testing all soil mixtures and variables like

water and pH levels constant across all groups. The data collected was consistent, with
reliable measurements showing growth rates of plants throughout the experiment.
However, the results challenged the initial assumption that Martian stimulants would

limit growth, as the 100% stimulant group unexpectedly showed viable growth.



One observation that was important is that our findings have shown it takes more time for
plants to sprout in Martian soil. While Group 2 (50/50 simulant and organic material)
showed the first signs of sprouting by 2/14, Group 1 did not show noticeable growth until
several days later. During the mid-point, another pot labeled as C was added to Group 1
to support its results, and the same delay occurred as the spinach began to sprout nearing
the end of the growth period. However once sprouted, the spinach in the simulant-only
group showed steady and healthy growth, eventually outperforming other groups.

(13) Future Considerations

An improvement we would like to make would be better mixtures in the soil composition
and more specific data. If given a second chance to repeat the experiment we would have
recorded how many leaves the sprout had, what color it maintained, and if the soil color
or consistency had changed. In our experiment an improvement we would have liked to
add would be natural organisms into the soil compositions, such as worms in a protected
environment. Adding worms to the soil we would have liked to observe if the soil/plant
results using Mars regolith had been changed or affected due to a living organism in the
same environment.

(14) Conclusion

This experiment set out to test whether spinach could grow in Martian regolith in which
soil mixtures would best support plant growth and development. The results of the
experiment showed that spinach can indeed grow in 100% Martian stimulant, surprising
us by demonstrating the most successful growth compared to other soil mixtures.
Initially, we hypothesized that the lack of nutrients in Martian Regolith would possibly
hinder growth but the 100% stimulant disproved this by thriving. The 50/50 mixture
(organic and stimulant) also showed promising results, with plants growing well and
developing. Despite the unexpecting results, both of these mixtures support the idea that
combining Martian regolith with organic materials could effectively increase growth rates
and demonstrate viability. Overall, despite Martian soil’s challenging components, this
experiment has shown that plants can be grown in Martian soil with or without mixture.

Overall, this experience was rigorous, immersive, but yet enjoyable throughout the
several weeks spent on this challenge. Our team learned about combining aerospace and
biology in-order to create the best soil composition for our plants. We learned things such
as how to properly take care of the plants, the best mixtures, and what was suitable to
grow plants on Mars. The coolest thing was observing and noticing our plants grow in the



stimulant, as beforehand we were hesitant of its viability to grow in the Martian Regolith
without organic material. It taught us to be open-minded about our experiment, and that
mindset can be applied to future parts of our academic career. This was an unforgettable
opportunity that united students with similar interests to create an impactful
accomplishment to the scientific community.



