Team Name: Walkie Talkies Team Number: 11421
Challenge Division: Plant the Moon
Rationale/Background:

The goal of the project was to see if the effects of plasma on the growth of Bok Choy plants were significant
enough to cause them to grow in moon regolith. The seeds were placed on a plasma ball, and if they
germinated faster than those that were not treated with the same substance, the researchers would like to
know why.

After reading a Magazine, “Science New/Plant Power” about the project, the researchers decided to
investigate the effects of plasma on the seed's growth. They will try to see if this substance can help increase
the crop's yield and speed up its germination. The seeds were exposed to a plasma ball before planting. Also,
according to The Seed of an idea, “For decades, scientist have known that exposure to plasma can safely kill
pathogenic bacteria, fungi, and viruses” this also supports the idea of plasma helping to efficiently kill bacteria.

The wires and coils of a plasma ball are made up of different types of atoms. The electrons inside these wires
are moving at an amazingly fast rate, and they start to fall off when the other atoms around them are shaken.
The plasma ball's glass globe acts as a partial vacuum, which allows the electrons to escape.

To germinate, seeds need favorable temperature, soil, air, light, and moisture conditions. Without those,
seeds simply will not germinate. A seed takes up water through its seed coat when a dry seed encounters
moist soil. As it takes up more water, the seed coat cracks open, and the seed expands. A seed embryo is
made-up of a small shoot and root, with the root emerging first. After that happens, the shoot begins to
emerge from the seed.

Soil and air temperatures affect different vegetable germination rates. Having the seeds at a steady
temperature quickens the germination duration. Cooler temperatures slow germination rates. For most seeds,
germination is fastest when the temperature is around 70 degrees Fahrenheit.

Plasma has been shown to quicken plant growth and create higher yields. Biochemist Alexander Volkov stated,
"Apply plasma for too short a time, and we do not get a positive effect. If it is treated too long, it can modify or
cause damage to the DNA.” Plasma can improve the seeds wetting properties and effectively speed up the
germination rates.

The crop the researchers selected is Bok Choy. Bok choy originated 3,500 years ago in China's fertile Yangtze
River region. It can be used in two ways. Bok Choy is widely used in Chinese cooking, frequently in soups,
salads, stir-fries, and fillings for spring rolls, potsticker's, steamed buns and dumplings. Its mild flavor shines
when it is stir-fried in sesame oil with a little garlic and/or ginger and a splash of soy sauce or a sprinkle of salt.
Bok Choy would make a great Crop for eating and growing for lunar colonists.

Bok Choy grows best in rich soil but; it is also can grow in poor conditions and at high-altitude. It is accustomed
to full sunlight and adjusts to most soil types other than very dry soil. It is a cool-season plant. When mature, it
can grow over .6096 meters. The researchers felt that this made Bok choy an excellent choice because the
simulated moon regolith was developed based on the Highlands area of the Moon which is the higher altitude
area of the Moon.

The variety of Bok Choy chosen by the researchers was selected because of its shorter size (0.3048 to
0.6096meters) and shorter growing season. The researchers felt that a shorter stature planet would be less
affected by the lower gravity conditions on the Moon.



The researchers added cow manure to the regolith before the seeds were planted. Cow manure was chosen to
simulate the night soil, or human excrement that might be available to fertilize crops on the Moon.

Hypotheses and Variables

If Bok Choi seeds were treated with plasma for a long amount of time rather than a short amount of time,
then the Bok Choi seeds will germinate faster and will also grow in moon regolith better because treating the
seeds with plasma for a longer time should rough up the seed coating allowing them to absorb more water
helping them to germinate faster and become stronger plants.

The Variables
Independent - How long the seeds are treated with plasma
Dependent - How tall the seeds grow

Controlled - Plants that aren't treated with plasma

Experimental Parameters Descriptions/Procedures

The experimental parameters are going to be moon regolith, manure, water, Plasma, Bok Choy seeds, 1/3™
seeds in plasma for 45sec, 1/3™ seeds in 3min, 1/3™ seeds with no plasma. My experiment will take place at
school in a classroom or lab. We will be seeing if plasma will allow the Bok Choy seeds to grow in moon
regolith. There will be 4 participants helping in this experiment. Also, the Bok Choy seeds will be separated
into 3 separate groups, 2 of the groups will be for separate times for being treated with plasma and the last
group will be for no plasma treatment. Also, there will be 9 pots labeled with the different groups.

Experimental Design Procedures:
1. Get out all materials.
2. Put together plant stand.

A. Put the tray on bottom level. This will hold the plants.

B. Put tray on top to provide stability.

C. Hang light fixture from top rails. Hang the light from the seventh chain.
3. Put on goggles, lab coats, gloves, and masks.
4. Get out the seeds and a plasma ball. Get some electrical tape and use it to make a rectangle on the plasma
ball bulb. Put 1/3 of the seeds on the plasma ball in the rectangle. Turn on the plasma ball and let the seeds
stay on the ball for 45 seconds. Turn off the plasma ball. Remove the seeds. Put the seeds in a labeled
container. Cover with 118 ml of distilled water. Set aside for one hour.
5. Repeat step 4 except leave another 1/3 seeds on the plasma ball for 4 minutes. Put the seeds in a labeled
container. Cover with 118 ml of distilled water. Set aside for one hour.

6. Get the last 1/3 of the seeds. Put the seeds in a labeled container. Cover with 118 ml of distilled water. Set
aside for one hour. These are the control.
7. Drain the 1-minute treated seeds with a sieve and place the seeds in a dry labeled container.
8. Drain the 5-minute treated seeds with a sieve and place the seeds in a dry labeled container.
9. Drain the nontreated seeds (control) with a sieve and place the seeds in a dry labeled container.
10. Outside, in a large container mix moon regolith with cow manure. Use a ratio of 2:4: 50% lunar regolith to
50% cow manure.
11. Test the soil for pH. Record the pH.
12. Label nine, 10 cm, pots by treatment group.
A. Label three pots 45-seconds A, 45-seconds B, 45-seconds C



B. Label three pots 4-minute A, 4-minute B, 4-minute C

C. Label three pots control A, control B, control C XX
13. Fill each of the nine pots with 12 grams regolith compost mixture. —

14. Plant the three pots that are labeled 45-seconds with the 45-seconds treated ) [ ]
. . . XX XX
seeds. Plant two seeds in the north, two seeds in the east, two seeds in the south,

two seeds in the west, and two seeds in the center of the pot. Cover the seeds

Smm—
with about 1 cm of regolith. Tap the regolith to make sure there are no air XX
bubbles. —

15. Repeat step 14 with the 4-minute treated seeds and the control seeds.

16. After all, nine pots are planted, water each pot with 90 ml of distilled water.

17. Take pots inside and place on the plant stand using the following pattern generated through a random
number generator:

18. Turn on the lights. Put the lights on a timer and have them on for 10 hours per day.

19. Observe plants daily and record observations.

20. Once plants emerge, record height of plants.

21. Water plants every day until they germinate. 50 ml of water was used to start, then was adjusted to 25ml.
22. Once plants are established, water every other day.

23. If too many plants germinate, “weed” the less hardy plants. Record.

24. Take pH readings once per week, record readings.

25. Once plants are established, “harvest” the plants and mass them. This will be the to see how they’ve
grown.

Data/Observations

Height of tallest Plants in each pot water: 25mL
10/7/2022 10/14/2022 10/21/2022 10/24/2022 11/7/2022 11/14/2022 11/21/2022 11/24/2022

4-min 4-min 4-min 4-min 4-min 4-min 4-min 4-min
A:lcm, 9mm A:2cm, 3mm A:2cm, 6mm A:3cm A:3cm, 7mm A:dcm, 5mm A:4cm, 7mm A:4cm, 9mm
B:5mm B:8mm B:1cm B:1cm, 4mm B:1lcm, 9mm B:2cm, Smm B:2cm, 7mm B:2cm, 8mm
C:1mm C:2mm C:3mm C:4mm C:5mm C:5mm C:1cm, 6mm C:lcm, Smm
45-sec 45-sec 45-sec 45-sec 45-sec 45-sec 45-sec 45-sec
A:dmm A:7mm A:9mm A:lcm, 3mm A:lcm,8mm A:2cm, Smm A:2cm, 7mm A:2cm, 9mm
B:6mm B:8mm B:9mm B:lcm, 2mm B:lcm,9mm B:2cm, 2mm B:2cm, Smm B:2cm, 6mm
C:6mm C:Bmm C:lcm C:1lcm, 5Smm C:2cm C:2cm, Imm C:2cm, 4mm C:2cm, 7mm
Con. Con. Con. Con. Con. Con. Con. Con.

A:3mm A:Smm A:Bmm A:lcm, 2mm A:lcm, 7mm A:2cm, Smm A:2cm, 6mm A:2cm, 8mm
B:5mm B:7mm C:9mm B: 1cm, 1mm B:1cm, 7mm B:1lcm 9mm B:1lcm, 9mm B:2cm, 2mm

C:6mm C:7mm C:1cm C:1cm, 6mm C:2cm, Imm C:2cm, 7mm C:2cm, 8mm C:2cm, 9rnm‘
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Results

The hypothesis was supported by the data because the data states that if the Bok Choi seeds were treated
with plasma for a longer amount of time, then they would germinate faster, and the seeds would grow taller.
The plants in pot A — 4 minutes was the tallest plant. The data did vary amongst the pots. The plants that were
not exposed to plasma grew slowly and were very little while the plants that were exposed to plasma were the
biggest and fastest growing. We did not recognize any unexpected patterns in the data. We observed that
some plants were greenish-yellow in color and another plant was dead due to overwatering. Some possible
sources of error during the experiment were not watering the plants on some days and then overwatering the
plants on other days. If we were to do this experiment again, we would keep better track of the watering. We
would also look at other organic materials to add to the regolith to make it less powdery. This is important
because when water was added to the regolith, it was almost like cement. Our experiment was valuable
because we learned plasma might be useful to use to speed up the germination of seeds.



Project Photographs

Team Logo Mixing regolith with manure




Preparing pots.

Treating seeds.

Soaking seeds.

Planting seeds.







