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Introduction

To establish colonies on The Moon or Mars, astronauts need a sustainable way to
survive by growing various plants for sustenance and medicinal purposes. In the “Plant the
Moon Competition”, the researchers realized that there was a very strong focus made by other
teams on planting food on The Moon or Mars and that there was a lack of medicinal plants
being researched. The researchers believed that Achillea millefolium (Common yarrow) is a
hardy, useful tool for astronauts to use on the Moon, due to the yarrow's healing properties it
can be useful for allowing astronauts to “grow their First Aid kit”.

The researchers believed that further exploration into medicinal plants could be an
extremely valuable asset in the health of astronauts. Plants like yarrow can be used to treat
wounds, colds, and other common ailments. However, the task of growing plants on the Moon
or Mars has proven itself to be difficult. Lunar soil has many different types of minerals, but its
carbon and nitrogen levels- two important nutrients- are dependent upon solar winds, meaning
that the levels can, and do fluctuate (Gibson 58-59). This could mean that the lunar soil has
insufficient amounts of nitrogen at different times of the year or even day by day. Also, lunar
soil has very poor water retention, meaning the plant that the researchers chose needs to be
drought tolerant if they were to choose lunar soil. On the other hand, Martian soil is water
retaining, so the researchers would have to choose a plant that needs more water for it to
survive in Martian regolith. Also, the amount of nitrogen in Martian soil has been shown to
decrease, which is not good for the environment of plants (Mancinelli abstract). In contrast, the
Miracle-Gro Potting Soil that was used during this project contains nitrogen: 0.21%, phosphate:
0.11% potash: 0.16%, and other nutrients (HEB). While this does supplement the
aforementioned lack of nitrogen, researchers suspect that this may not be enough to grow the
plants by itself due to the fact that potting soil is sometimes combined with Earth soil. Studies
have shown that the main nutrients that plants need are nitrogen, phosphorus, potassium,
magnesium, calcium, sulfur, boron, iron, copper, manganese, chlorine, molybdenum, and zinc
(Uchida 31-32, 49-51). Since nitrogen is such a large factor, the researchers decided to
primarily focus on the decomposition/ nitrogen cycle. By using earthworms, the researchers
believed that the worms will go through the same processes that they go through on Earth, that
is adding nutrients/nitrogen to the soil through their ability to decompose the nutrients already

present in the potting soil/regolith. The researchers chose lunar soil and yarrow seeds due to
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their medicinal properties. The researchers also believed that the amount of nutrients in the
potting soil would be sufficient to sustain the worms and give the plants their necessary

nutrients due to the yarrow’s ability to live in non-ideal conditions.

Experimental Design
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(Figure 1. Initial Grow Setup, (Figure 2. Initial Grow Setup, (Figure 3. Initial Grow Setup,

zoomed out) zoomed in) plant close up)

In the Skyview High School building, the researchers set up their experiment on a grow
light rack in a temperature-controlled room. The researchers adjusted the height of the rack so
that all plants were an equal distance from the grow light. If they were to grow too tall, the
height of the grow light could be readjusted to make sure the plants didn’t exceed the limit for
distance to the growth lights. The overhead lights were only ever turned on for brief periods of
time for recording videos, and the nearby window always had the blinds shut. The researchers
would take out the plants from the setup for brief measurements and observations, giving all of
the plants approximately five minutes out of the setup. The researchers determined that the
small amount of time out of the system and the introduced light from the overhead lights was
negligible due to the ratio of time in the controlled system to the time outside of it. The
researchers mixed the soil-worm mixture for each pot. The researchers planted the yarrow with
the provided N-95 mask as a safety precaution to prevent the ingestion of the lunar soil through

breathing. The researchers found that each worm weighed approximately 1g. The reason why
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the researchers made these experimental design choices was to control as many outside
variables as possible, while still keeping it simplistic. The researchers have complete control
over the lighting, the water, and the amount of soil/ worms. This makes the experiment as a
whole more accurate.

The researchers decided to use lunar soil for this experiment due to the choice of plant.
The researchers wanted to use a medicinal plant, and in their research, found yarrow. Yarrow is
drought-tolerant, meaning that it survives well in dry environments. Yarrow won’t survive as
well in moist environments, as the plant needs well-drained soil and thrives in areas with less
than 1 inch of precipitation per week (COMMON 3). Since Martian soil is water-retaining, the
researchers thought it was the obvious solution to pick the lunar soil.

There are a variety of reasons why the researchers decided to use yarrow. First of all,
the plant is extremely hardy. It is known to be invasive in other countries, spreading very
quickly due to its resilience. Yarrow is well known for being drought tolerant, which is perfect
for lunar soil’s low water retention. The main reason why yarrow would be a valuable tool for
astronauts is its medicinal properties. This plant has been used in traditional medicine for
Native American tribes and in Greece for thousands of years. Just by rubbing yarrow on your
skin or brewing it to make yarrow tea, it can be used to treat earaches, coughing, toothaches,
head colds, throat irritation, nausea, and fevers. It is also known for being used as a laxative, a
way to normalize the menstrual cycle, a pain killer, and it can stop bleeding (COMMON 3-4).
Yarrow can also be used as a vitamin/ mineral supplement for astronauts since it contains
vitamins A and C and the minerals potassium, phosphorus, magnesium, calcium, zinc,
phosphorus, and niacin (Produce). However, there are potential drawbacks associated with
yarrow. Yarrow can cause allergic reactions like skin rashes. It is also known to possibly induce
menstruation, and cause miscarriages. (Apothecary, Sinai) The researchers decided that
although these possible side effects exist, the plant could still be useful for astronauts, as long
as pregnant women don’t use it. There are still many ways the plant can be used for good.
Having medicinal plants as a method of First Aid allows spacecraft to have more room in their
cargo for other supplies instead of just medicine. Also, replanting effectively gives astronauts
the ability to have as much yarrow as they need. The researchers hope that this experiment
could be used to inspire other research on other medicinal plants, as they believe that these

plants are valuable to the safety of astronauts on the Moon or Mars.
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The reason why researchers decided to use worms to make the yarrow grow taller is
because worms affect the Earth’s environment. Worms play a critical role not only in the
nitrogen cycle but in providing nutrients to the soil (Blanchart, 1999). The researchers believe
that the worms will have an overall positive effect on the plants by providing nitrogen and

nutrients to the soil.

Variables
For our independent variable, researchers changed the amount of worms per pot. For the
dependent variable, researchers measured the height of the tallest leaf of each plant in
centimeters. The variables that the researchers controlled were the soil pH, the amount of light,

the pot size, the amount of seeds, and the time to grow.

Hypothesis
If the researchers were to put different amounts of worms into different plant pots with
lunar soil, potting soil, and yarrow seeds, then the plant with more worms would grow taller
because, on Earth, worms help supply nutrients to plants in Earth soil, so the worms should

have the same effect with the lunar regolith.

Materials

—

5, Medium-sized plant pots

500g of lunar soil

482¢ of potting soil (Miracle Gro)
18g of worms

Water

Grow Light

N-95 Masks

Popsicle sticks

A A A R B

Sharpie
10. Ruler
11. Scale
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Procedure

. Using an N-95 mask as a precaution, use a scale to weigh 100g of lunar soil and

add the soil into each plant pot.

In the first two pots, weigh out and add 100g of potting soil.

For the 1% pot, weigh out and add 98g of lunar soil and 2g of worms. (Approx.
2 worms)

For the 3% pot, weigh out and add 94g of lunar soil and 6g of worms.
(Approx. 6 worms)

For the 5% pot, weigh out and add 90g of lunar soil and 10g of worms.
(Approx. 10 worms)

Mark each pot accordingly with the popsicle sticks and Sharpie

Add an equal amount of seeds per pot, and push them down with your thumb
very lightly into the soil so that they go to a depth of about 1/8th of an inch.
Set up a grow light, making sure that it is level so that each plant pot gets an
equal amount of light.

Carefully set each plant underneath the grow light

10. Water each plant as much as is needed for the soil to be moist

11. Measure the height of the tallest part of the yarrow once a week

Data

Data was first measured on 2/26. During the first week of the growth period, researchers
planted the seeds. In one of the weeks, there was a snow storm which shut down the
researcher’s school, which prevented them from checking on the plants. During the second
week the plants continued sprouting. The researchers decided to take data after the plants had

grown higher in an effort to avoid damage.
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Height (cm)
0% Front 0% Back 1% 3% 5%
226 1cm 1em 1.3 em 0 cm 1.5 cm
Days Data was 35 2.45cm 2.45em 3475 cm 0 cm 5.08 cm
Collected 312 6cm 55 cm T ecm 0 cm & cm
319 Tom 9ecm 4.5 cm 0 cm 9 cm
326 13 cm 153 cm 16 cm 0 cm 16 cm

Figure 4. Table of Days Of Data Collection and Height (cm)

Figure 5. Growth Of Plants Overtime

Observations (2/26): All of the plants except for 3% started growing in a more bush-like way,
some pots (like 1%) are more clumped together while others (like 5%) are spread out more, the
most "lively" looking plants are 1% and 5%.

Observations (3/5): There is one clump of mold in the 1% plant pot. The leaves in all of the

pots except for the 3% are all beginning to look more like a yarrow bush (the leaves are
separating, it’s looking greener, etc.)

Observations (3/12): The back 0% was very dehydrated in contrast to the rest of the plants. 5%
and 1% are in the lead for height. 5% has a couple of very tall leaves. 1% is more full of tall
leaves. The dehydrated 0% looks the palest underneath the light and the 1% looks the greenest.
Observations (3/19): The plants are very green! Underneath the light, they look pale, but
outside of it, they are all a deep green. The fullest plant pot is 1%, and the tallest plant pot is
5%, however, it doesn’t look as healthy as the other plants. In how healthy they look, the order



Casey Flinn, Olivia Countney, Sofia Gomez Almazan, 8

would be: 1%, back 0%, front 0%, 5%, and 3%. There are new sprouts in the 5% and both of
the 0 %s. The 5% is more spindly than the 1%.

Observations (3/26): Both 0%s are very green. When watering the 5%, you can hear the worms
moving around. 5% is becoming more yellow, in future experiments it might need more water.
1% is very green and has started sprouting even more.

Observations (Unearthing): The front 0% had dry-ish soil and lots of root growth. The 0%

back’s leaves were tangled together, it was the most withered due to lack of water, and it had
lots of roots. Researchers were unable to find any worms in the 1% plant lot. Most of the roots
of this plant were at the bottom and so was the lunar soil. The roots were weak/ easy to take
apart, and they formed the most around areas with clumped lunar soil.

3% had 5/6 of the worms still living. Also, the worms were longer and wider.

5%: Every worm survived in this plant pot (10/10) and grew. This plant pot also had the least
compacted soil. All of the plant pots except 3% had their roots pushed out to the edges.

Analysis & Results

On the last day of the experiment, the 1% plant pot and the 5% plant pot were tied for
the tallest height at 16 cm. For all of the days leading up to the last however, the 5% plant pot
was overall the tallest plant. The researchers believe this is due to the amount of worms that
were added to this pot. Each plant pot had a unique way they grew.

First of all, the controls (both of the 0% plant pots) behaved the same, up until day 3/12.
On this day, the back plant pot was found to be more dehydrated than the other. Also, the tallest
leaf of this pot was 0.5 cm shorter than the other. However, the next week, this pot grew to be
taller than the front 0% pot for the rest of the experiment, as shown in Figures 4 and 5. This is
strange behavior given the fact that these two plants were given the same conditions. These
differences are likely due to a variable that the researchers couldn’t control. If the potting soil
wasn’t mixed very well in manufacturing, then one of the plants may have had higher nutrient
density than the other. If this is the case, then the potting soil nutrient density could have
affected the other plant pots for the rest of the experiment.

For the 1% plant pot, it overall was the healthiest of all of the pots, even if it wasn’t as
tall as the 5% for most of the experiment. Upon unearthing the plant, we found no worms

within the soil. Also, the mold clump that the researchers discovered on 3/5 was suspected to be
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a clump of lunar soil. The researchers were confused about how this plant could have thrived in
the way it did without the worms and came to the conclusion that the worms died, and then
decomposed, releasing nutrients into the soil in that way instead of how lying worms release
nutrients. This plant shows another positive of using worms, which is that if they do not
survive, their dead waste material can still help the plant after their death. Even though this is
the case, further amendments to the experiment are recommended for long-term plant growth.

For the 3% plant pot, given the metrics between 1% and 5% in Figure 4, researchers
believed that the growth would have been in between the two of those pots. However, this pot
didn’t sprout at all. The researchers have a couple of theories for why the plant pot with 3%
worms had no growth. Firstly, the researchers believe that the worms may have been fatigued
from being in the bin/ bait shop for too long. Secondly, the soil, being poor at retaining water,
could have made them dry out. Third, and the most likely of the three, the worms could have
eaten the yarrow seeds from hunger. Upon unearthing the plants, the researchers found that 5
out of the 6 worms in the pot survived, meaning that one of the worms likely died from one of
the two causes above. The reason why this plant didn’t show any mold even with one of the
worms dying could be explained by the fact that the other 5 worms were still alive. The
researchers believe that the worms ate the yarrow seeds, and then proceeded to eat the body of
the dead worm (due to the fact the researchers did not find the dead worm’s body) which gave
them enough nutrients from the soil and from the seeds/ dead worm to sustain themselves over
the grow period. The soil would likely have provided enough nutrients to the worms like with
the 5% pot, however, they instead went for the seeds/ body.

For the 5% plant pot, over the grow period this plant was equal in height or taller than
every other plant. However, in the researcher's observations, this plant was shown to be the
least healthy other than with the 3% plant pot. Overall the leaves were more spindly, and paler,
and the bush was the least full of the group. Upon unearthing, this plant had all 10 of the 10
worms alive. This led researchers to believe that the cause of the plant’s height was the increase

in nutrients supplied by the worms.
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Conclusion

The data the researchers found did agree with the hypothesis that if the researchers were
to put different amounts of worms into different plant pots with lunar soil, potting soil, and
yarrow seeds, then the plant with more worms would grow taller because, on Earth, worms help
supply nutrients to plants in Earth soil, so the worms should have the same effect with the lunar
regolith.

The 5% plant pot (the one with the most amount of worms) was tied with the 1% plant
pot at the end of the experiment. Researchers believe that this was due to the nutrients supplied
by the worms in both scenarios, with the living worms in 5% and the dead waste supplied by
1%. Initially, researchers believed that the nutrients present in the potting soil would have been
enough to sustain the worms through the growing period. While the nutrients in the soil did
sustain the 5% pot, the 1% and 3% show that an amendment should be made to this
experiment. Researchers believe that if this experiment were to be repeated, it would be
recommended to use worm food within the mixture in order to prevent the deaths from the 1%
plant pot and the death of the worms/ seeds in the 3% plant pot. Another change that
researchers would make to this experiment would be the ability to find nitrogen levels in the
soil. Adding this could confirm suspicions of the worms releasing more nitrogen into the soil
through the nitrogen cycle. Also, finding a way to test the nutrients of the beginning soil instead
of relying on the potting soil’s website could lead researchers in the future to have more control
over the starting soil, leading to the controls behaving in the same way. The last change the
researchers would make to the experiment is determining a method of differentiating mold and
clumped lunar soil. We originally marked 1% as having spots of mold in it, but upon further
examination, the researchers believe this may have been a false positive given the fact during
the unearthing, they couldn’t find the mold. While this could have been mold given that the
worms in the pot died, researchers believe it was more likely that the worms completely
decomposed, providing the plant with nutrients, leading to its height and fullness. If a method
was developed to differentiate the two materials, this experiment may have been more accurate
to when the worms in the pots died. Overall, this experiment was successful in the growing of
yarrow in lunar soil. Researchers believe that with further experiments, the effect of worms on
medicinal plants, especially yarrow, can assist astronauts with their healing properties as long

as the methods of sustaining the worms and plants are expanded upon.
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Photos

Week 1 (2/12):

Week 2 (2/19):
No Photos, Weather Delay

Week 3 (2/26):

Week 4 (3/5):
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Week 5 (3/12):

Week 7 (3/26):
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