Which Mars regolith supplement works the best to facilitate plant growth?

Background:

Before finding this challenge, my plan was to build off of another student's reach. The original
experiment was to find a way to grow plants in Mars regolith, but the difference was that the other student made
his own regolith and only grew green lima beans. We decided to find a Mars simulate online and check the
composition, but while finding a Mars sand simulate to grow our plants in, we stumbled across this challenge.
After getting a sponsor, I started jotting down every piece of research we found, starting from which plants to
choose to plant to even the structure of our videos. The name of our team ended up being the name of the other
student who conducted the research before us: Mars Vitality. This research was very valuable to our team leader,
Josselyn Kmiec, because she wants to become an aerospace engineer in the future and this kind of experiment
really prepares her for just that. Although the other members of Mars Vitality have no intention of majoring or
minoring in anything related to the experiment we conducted, we all still learned some valuable things. Bryanna
Brown thinks this information is valuable because it still helps us learn and grow in case it is necessary to
occupy a different planet in our lifetime . Paolo Leduna believes this experiment is valuable because it is a fun
way to understand the reality of our future and being able to take charge of an experiment of this caliber.
Tameka Alexander says this experiment is important because it helped her form a connection with her team and
learn things we would have never thought of. Madeline Kmiec thinks this experiment is valuable because
although grasping these concepts was difficult, she was able to develop her critical thinking skills. Mackenzie

Lindsey believes this experiment is important because it gives students the chance to solve real world problems.

Experimental Design:

We grew kale, green beans, squash, broccoli, baby carrots, beets, onions, tomatoes, bush beans, radish,
and spinach. We researched the depth at which each plant should be planted to give each plant a chance. For
instance, if we planted all of them at one inch, different plants may have a better chance at sprouting at that
depth than others. We also checked the nutritional value of the plants chosen to grow to make sure the
astronauts would be sustained if this was only what they ate. Every type of plant grew at some point, but we got
the most growth from green beans, squash, beats, and spinach. Our containers were 3D printed in different
colors to indicate the different additive and regotith mixture. The containers had 16 wells each. The four corners
were water wells, one was a control, and the rest were the different plants stated above. Beneath the wells, there
were channels to let water pass from the water wells to the different soil wells. We placed all containers inside a
grow tent with a carbon filter to control the emissions from the grow tent and an artificial light to simulate the

times that the plants may be exposed to sunlight. Because it is expected that artificial light would be used to



grow plants on Mars, we use the optimal hours of light for the plants. Sixteen hours is the ideal amount of
sunlight for plants, so we have the light timed to turn on at 5am and turn off at 9pm. All of the wells were equal
distance from the artificial light with straight regolith (the control) being at the center. Figuring out the right
amount of water to give the plants was tough but we settled on 8 mLafter observing the plants. It seemed we
were over-watering in the beginning at 10 mL, then under-watering at 6 mL. In the video, we introduce that on
November 5, 2021, we began adding one drop of worm tea from our worm farm created for the experiment with
each 8 mL. We started to see the results of the worm tea after about a week or two of using it. We gathered data

every Wednesday.

Each colored well had its own mixture.
Mixtures are in the graph below.

Container Color Soil Mixture
Black 50% Martian regolith, 50% mulch
Blue 50% Martian regolith, 50% peat
Yellow 50% Martian regolith, 50% cotton burr compost
Green 50% Martian regolith, 50% potting soil
Red 50% Martian regolith, 25% mulch, 25% compost
Purple 50% Martian regolith, %25 compost, 25% peat
White 50% Martian regolith, 25% potting soil, 25% mulch
Orange 50% Martian regolith, 25% potting soil, 25% peat
Turquoise 100% Martian regolith

Hypothesis:

My hypothesis was that the mixtures with only one additive were not going to grow as well as the plants
with two additives, except for the Regolith and potting soil mixture, which is technically already a mixture.
Most additives we used wouldn’t be used on their own to grow plants. In other words, generally people don’t
use straight peat to grow plants, and adding Mars Regolith definitely wouldn't increase the chances of
germination. Having a combination of different additives with each having different properties and aiding with

different parts of the growing cycle we believe had a greater chance of having a plant germinate.



Independent Variables or Parameters:

The parameters for this experiment were the different supplements added to the Mars regolith. Each
container held 50% Mars regolith and 50% additive mixture.
Dependant Variables:

For the first phase of this experiment the dependent variables measured were the height, number or
leaves, and general growth that varied between each container. For the next phase, since we will have a longer
growing period, we plan to also measure the edible and compostable biomass.

Measurements:

We measured the original pH, soil density, moisture, height, number of leaves on germination plants, and
even their original conductivity. Every Wednesday, we measured the moisture content of the mixtures in the
control wells, height of the germinated plants, and the number of leaves on each germinated plant. I have
created a bar graph of the height results. We also took the measurements of the pH of the original additives
without anything added to it.

Controls:

All of the plants were kept in a grow tent to keep them in the same growing conditions and removed
from the varying external environment. Each plant got the same amount of light and was the same distance from
the light. We watered the plants with distilled water to keep minerals in the tap water from varying the results.
We wanted all of the plants every Monday, Wednesday, and Friday. We also kept the amount of water constant
across the containers, even if altering the amount of water given. All were giving worm tea at the same time and
watered at the same time. Each well, except for the water wells, had the same amount of mixture in them,
except for the orange well’s mixture. The orange container contained potting soil, peat, and regolith, which
when put into the wells it would not fit without packing. Since the packing could have smothered those plants,
not allowing for any growth, we decreased the mixture volume for the orange container. We left one well
without a seed in each container, but still watered and treated like the others, as a control. When we measured
moisture we used this well so as not to disturb the growth of other plants. We also added an entire container
with only the Mars Regolith as an additional control. It was treated exactly like the others and had the same

seeds, water, and worm tea added as the other containers.



Results:
Graphs of height of the plants (measured in inches)

*The containers not represented below did not have any growth
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MOISTURE 11/3/21 11/5/21 11/10/21 11/17/21 12/1/21
Mars Regolith 8 g/m3 10+ g/m?3 8 g/m3 10+ g/m3 | 10+ g/m3
Mars/Peat 7 g/m?3 8-9 g/m3 6 g/m3 10+ g/m?3 10 g/m3
Mars/Mulch| 2 g/m3 8 g/m3 4-5 g/m3 8-9 g/m3 8 g/m3
Mars/Compost 1 g/m3 4-5 g/m3 7 g/m3 9-10 g/m3® | 6-7 g/m3
Mars/Potting Soil 6 g/m3 6 g/m3 4 g/m3 10+ g/m3 7 g/m3
Mars/Mulch/Compost 9 g/m3 6 g/m3 9 g/m3 4 g/m3 10 g/m3
Mars/Peat/Compost 6g/md | 6-7g/m3 | 5-6gm3 | 10+g/m3 | 8-9g/m?
Mars/Potting soil/Mulch | 10 g/m3 8-9 g/m3 9 g/m3 10+ g/m3 8 g/m3
Mars/Potting Soil/Peat 9 g/m3 8-9 g/m3 7 g/m3 7-8 g/m? 6-7 g/m3

Number of leaves:

*Any plant not represented below didn’t have any growth

' 1171021 | 11/17/21 | 11/24/2
1
Squash 2 3 5

REGO/POTTING | 11/10/21 | 11/17/21 | 11/24/2
SOIL/PEAT 1
Green Beans 2 2 0
Squash 3 4 6
Spinach 2 6 10

REGO/POTTING 1171072 | 11/17/2 | 11/24/2
SoIL 1 1 1
Squash 3 4 4
Beets 3 4 4
Tomatoes 3 0 0
Spinach 6 8 8




REGOBEEE | 11/1021 | 11/17/21 | 12/1/21
Green Beans 0 2 5

REGO/POTTING | 11/10/2 | 11/17/21 | 11/24/21

SOIL/MULCH 1

Beets 1 0
Spinach N/A 6

11/10/21 | 11/17/21 | 11/24/21
Green Beans 0 0 0

Initial pH, Density, Conductivity, and Moisture

Additive pH Density Conductivity Moisture
Mars Regolith 5-6 pH 1.37 g/mL Very High 10 g/m3
Peat 6 pH 966 g/mL High 7 o/
6-7 pH 98 g/mL High 7 ofmd
Cotton burr 6-7 pH 1.059 g/mL Medium 3 g/m?

compost

Potting soil 6 pH 1.024 g/mL High 8 g/m3
Mulch/Compost 6 pH 1.086 g/mL High 10 g/ms
Peat/Compost 7 pH .895 g/mL Very High 5 o/m?
Potting soil/mulch 6-7 pH .964 g/mL High 10 g/m3
Potting soil/peat 6-7 pH .92 g/mL Medium 9 o/m3




Discussions & Conclusions:

From our results, we found that different plants grew better than others. We also found that our
green container, which was a mixture of Miracle Grow potting soil and Mars regolith, had the best
results. Because we are expanding on this experiment, we are going to take the potting soil, along with
the other additives to an analysis lab to see if we can figure out which components of the potting soil
gave us the results that we had. The purpose of all of this is to make the payload to Mars as light as
possible. In the future, we would like to make pots with a better watering system and start the worm tea
addition earlier. We will also be using a programmable irrigation system to facilitate watering. All of us
feel we have grown a lot with this experiment and with the knowledge gained, we hope to successfully

continue this expiriment in Phase 2.



Images







Thank you for joining us on this journey :)



