How Do Different Types of Fertilizers Mixed with Lunar Simulant
Affect the Growth of Arugula?

Team #24644 Team Name: The Mean Greens Benjamin Franklin Middle
Coach: Mrs. Hatch

Hypothesis
Our question is “What type of fertilizers mixed with lunar simulant will help arugula grow the best?”
After researching the topic, we decided to test worm castings, Miracle-Gro, and banana peel powder. We
hypothesized that, in soil containing 50% lunar simulant, arugula grown in worm compost will show
more sustained growth and higher soil nutrient levels over the 8-week growing period than banana peel
powder, Miracle-Grow soil, and unfertilized soil.

Independent/Dependent Variables

The independent variable was the type of fertilizer given to the arugula. (worm castings, banana peel
powder, Miracle-Gro, or no fertilizer).

The dependent variables for our experiment were the number of leaves (average of the 3 pots), the
height of the longest stem (average of the 3 pots), and soil nutrient levels ( N, P, K, and pH).

The control included the containers, the amount of regolith (50%), the type of light, the light amount,
the water amount (120 mL), frequency (twice a week), and the number and depth of seeds.

Background

For our Plant the Moon project, we investigated how different fertilizers affect the growth of arugula.
We selected arugula because it typically germinates in just five to seven days and can usually be
harvested as microgreens in as little as 10 to 14 days. It also has a shallow root system, which means it
does not need deep and complex soil to grow. In other words, it is very adaptable to different types of
soil. Arugula also responds very well to minimal additives, like what we are doing for our experiment
with the fertilizer. Arugula is very rich in nutrients, like vitamin K, vitamin A, vitamin C, and folate,
which are essential for astronauts' sustained health.

Since the regolith has no nutrients, to better assess the best fertilizer, we added soil testing to the data
collection. In addition to helping our astronauts have a healthy diet, we personally want to know if
organic fertilizers are better than synthetic fertilizers. This year, our class won a grant for a worm farm.
So we chose to use compost from our worm farm. This experiment will help us understand soil samples
and how to adjust the nutrients when needed to best support plant growth.

Growth Setup

For the experiment part, we had a total of 12 pots. 3 pots for each of the 3 fertilizers plus the control.
The fertilizers are: Miracle-Gro, worm compost, banana powder, and regular topsoil.



5 seeds will be buried s inch deep for each pot. We watered the arugula twice a week (Tuesday and
Thursday) because the regolith drains water quickly. We gave the arugula 120 mL of water each
watering day. The full-spectrum LED light was used and placed on a timer with 12 hours on and 12
hours off.

While the experiment was taking place, the original planting and replanting (week 4) were done by
putting five seeds in each pot. Plants were watered twice weekly. In the experiment, once a week, the
plants were measured by growth and number of leaves, then we averaged the height of the plants of the
3 pots and the number of leaves for each testing group, as shown in the charts. Every other week, we
took and tested soil samples for pH, K, N, and P, which are the potential of hydrogen, potassium,
nitrogen, and phosphorus. Later in the experiment (week 4), boxes were added under the plants to raise
them closer to the light. (6 inches from the light)

Materials
PPE (N95 Mask) 10. Distilled water
Gloves 11. Soil Nutrient Testing Kit
Arugula seeds 12. Rulers
Lunar Regolith 13. Recording Sheets
Topsoil 14 Measuring spoons
Identical planting containers 15. Graduated cylinder
Miracle-Grow soil 16. LED Lights
Banana peel powder 17. Timer

Worm compost from our school/classroom vermicomposting farm

Procedures

Mix soil for all pots using 1 cup lunar regolith simulant and 1 cup alternate.

Fill identical containers with equal amounts of soil mixture.

Plant arugula seeds(5 seeds per pot) 0.3 cm deep.

Apply fertilizers:

a. Control: 1 cup Regolith and 1 cup Top Soil.

b. Miracle-Grow: 1 cup Regolith and 7/8 cup Top Soil + 2 TB Miracle-Grow Soil.

c. Worm compost: 1 cup Regolith and 7/8 cup Top Soil + 2 TB Worm compost mixed into
soil once at the beginning of planting.
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d. Banana peel powder: 1 cup Regolith and 1 cup Top Soil + 1 teaspoon powder.
5. Water all plants with 120 mL of water 2 times per week.
6. Place plants under a full-spectrum grow light with a schedule of 12 hours a day(8 pm to 8 am)
using a timer.
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Average Number of Leaves (Counted on Friday)

Week | Week | Week | Week | Week | Week | Week | Week
1 2 3 4 5 6 7 8
Control 2 10 8 6 12 7 6 3
Miracle-Gro 0 12 13 13 15 12 13 4
Banana Peel 0 8 26 10 18 18 27 22
Worm Casting 0 13 30 18 30 30 29 46
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Average height of the tallest stem in each of the 3 pots (Measured on Friday and in cm)
Week | Week | Week | Week | Week | Week | Week | Week
1 2 3 4 5 6 7 8
Control 2.5 2.3 2.1 3.5 2.7 2 2 1.5
Miracle-Gro 3 3.3 3 4 4 3.5 3.6 2.6
Banana Peel 2.3 2.6 3.4 3.5 4 3.8 3.5 4
Worm Casting 1.5 0.8 2.4 2.8 3 2.5 33 4.3




0= Depleted 1= Deficient 2=Adequate 3=Sufficient 4=Surplus

Week 1 Week 3 Week 5 Week7
Control
Nitrogen (N) 1 1 1 0
Phosphorus (Pot) 1 2 1 1
Potassium (K) 3 3 3 1
Miracle-Gro
Nitrogen (N) 1 2 1 1
Phosphorus (Pot) 2 1 1 0
Potassium (K) 3 3 3 1
Banana Peel
Nitrogen (N) 1 1 4 4
Phosphorus (Pot) 2 2 2 2
Potassium (K) 3 3 3 3
Worm Casting
Nitrogen (N) 4 2 3 4
Phosphorus (Pot) 1 2 1 1
Potassium (K) 4 3 3 4
pH (average of 3 pots) | Week1 | Week3 | Week5 | Week7
Control 7 6.5 6.5 7
Miracle-Gro 7.5 7 7.2 7.5
Banana Peel 7.8 6.8 7 7.2
Worm Casting 6.8 7.3 7.2 7
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Analysis and Conclusion

Our research question was “What type of fertilizer mixed with the lunar simulant will help the arugula
grow the best?”” We predicted that the worm castings would make the arugula grow the best because
worm castings provide nitrogen, phosphorus, and potassium. These nutrients are released gradually,
giving a more sustained growth. They also help to stabilize the pH in the soil.

We hypothesized that the soil containing 50% lunar simulant mixed with the worm castings would yield
the most crop and have the most leaves. Our hypothesis was supported by our data: plants in the
worm-casting fertilizer grew taller and performed better than those in banana peel, Miracle-Gro, or no
fertilizer, as seen in the tables and charts showing leaf growth, height, and sustained nutrient levels.

Soil sampling is difficult, expensive, and takes more time than we expected. For soil testing, we had
support from a Certified Crop Adviser, John Everhart, with areas of expertise in Fertilizer Application.
He taught us how to take a clean soil sample, test, and read the results. Being able to understand the
readings helped us make connections between the growth and explain our results more scientifically by
adding data to our observations. Because arugula grows fast, we knew it needed sufficient nitrogen. We
knew phosphorus would support the root growth, and we monitored the potassium for the overall health.
Lunar simulant had no nutrients, was very compact, and could raise the pH, so we needed to monitor the
nutrient levels and pH to get the information that was needed.

Over the course of the experiment, the amount of nutrients in the soil varied. We were unsure if they
were due to human error in testing or if the nutrients were actually dipping. At the beginning of the
experiment, the nutrients were at a level we expected for Miracle-Gro, Banana peel, and the control.
Worm casting started much higher than we predicted. While we were taking our measurements, the soil
nutrients would often correlate with plant growth and leaf count, making it more comfortable to connect
the leaf count with the soil ratings. After reading “Plant Nutrient Deficiencies” by Agriculture In The
Classroom, we knew that adding fertilizer in the middle of the growing timeline would be appropriate
since we observed a decline in the number of leaves and the health of the plants. The height graph can
be deceiving because they were growing, by leggy, thus skewing the averages. In week 4, we repeated
the fertilizer and replanted seeds for each pot, and in less than one week, we saw significant growth both
in height and leaves.

During our experiment, we had several challenges, mostly around the plant we chose to work with and
learning how to take a soil sample. Early in the experiment, the arugula showed growth, but they were
extremely fragile and often became damaged during measurement. We observed that the plants were
stretching toward the light, indicating insufficient light exposure. To address this, we adjusted the setup
by lifting the plants to approximately 6 inches from the lights, where initially they were 10 inches from
the lights. At week 4, we decided to replant and reapply the fertilizers to improve growing conditions
and to assist with the loss of plants due to damage when measuring. We were concerned at the low levels
of nitrogen in all the pots, so we felt that midway would be an appropriate time to apply the fertilizer
again. This was done in the same amounts as the setup. By week 5, we observed stronger and more
sustained growth in the plants treated with organic fertilizers (banana peel and worm castings), while the
plants treated with Miracle-Gro did not show as much improvement and were mostly at the same level.
At the end of the growing period, we cut open the pots and examined the soil and the roots. We observed



that the plants had shallow roots, which likely contributed to their instability and being fragile. We
believe the regolith limited the water retention and nutrient availability, making it more difficult for
roots to grow deeply and establish themselves. Additionally, we noticed issues with water drainage and
absorption. Water moved quickly through the soil and collected in the bottom tray, where it remained for
24-36 hours. However, when we opened the pot and examined the soil, it was moist.

An unexpected observation was discovered when we were examining a worm casting pot. We
discovered a large worm. While it is possible that a small worm was initially present in the worm
castings and became mixed into the soil, the size of this worm was surprising, as it was significantly
larger than those currently in our worm farm. This pot’s plant had the healthiest leaf growth of all the
samples. This worm was not intentionally fed, as we do in our worm farm, which makes its growth
unexpected. We wonder if it increased aeration and gave additional worm castings, thus nutrients,
causing the plant to seem healthier. (See pictures of the worm and the plant)

Again, upon evaluating the leaf growth, soil levels, and average height of the stems proved that arugula
planted with worm casting fertilizer performed better over 8 weeks than the Maricle-Gro, banana peel
powder, or topsoil alone when mixed with lunar regolith.

Future work

If we were to get another opportunity to do this experiment again, we would correct some of the

mistakes we made and change our experiment. One variable we will change if we do this again is the
plant we used. We would not pick arugula again because it does not have roots strong enough to dig into
moon soil. The final variable we would change is what we are testing. Since we know the best fertilizer
available to us, which is the worm castings, we would instead test something where we find creative
ways to stimulate and strengthen root growth. Finally, one thing we would improve on for our team
personally was better data collection, organization of the data, and weekly discussions as a team, citing
strengths and weaknesses. In regards to data collection, we would not take the average of the 3 pots but
would just take measurements of 3 pots. We feel that we might have given the wrong impression of
growth if you just looked at the height chart alone. Leggy stems will grow long/tall, but they are not
healthy. Also, when a plant died, it had a huge impact on the average because of how much a zero will
pull an average down. We will consider this next time to make sure that accurate inferences can be made

when evaluating the effectiveness of an independent variable.



