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How does the treatment of the seeds with plasma affect the growth of quinoa seeds in moon regolith?
Background
The purpose of this project was to see if plasma influenced the growth of quinoa seeds planted in moon regolith.
The question being tested was will quinoa seeds that were put on the plasma ball germinate in the regolith faster
than seeds that were not treated on the plasma ball? The goals the researchers wanted to achieve were to
successfully grow quinoa plants in moon regolith and to see if the plasma affected the growth of the plants.
After reading the article, “The Seed of an Idea” (Stephen Ornes, Science News, September 11, 2021), the researchers
decided to see if the fourth state of matter, plasma, would make the seeds germinate faster and potentially increase the
yield of the crop selected to grow in the Lunar Regolith. Like the scientists in the article, the researchers will expose the
seeds to a plasma from a plasma ball before planting.

A plasma ball contains coils and wires inside. The wires have electrons oscillating at a very fast pace inside
them. The electrons start to fall off because the atoms around the wires are being shaken so hard. The inside of
the glass globe of a plasma ball acts as a partial vacuum, this allows electrons to travel out from the glass globe
into the air.
To germinate, seeds need favorable temperature, soil, air, light, and moisture conditions. Without those, seeds
simply won’t germinate. A seed takes up water through its seed coat when a dry seed comes in contact with
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 greatly 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 a plasma for too short a time, and we don’t get a positive effect. If it’s treated too long, it can modify or
cause damage to the DNA.” The plasma can improve the seeds wetting properties and effectively sped up the
germination rates.
The crop the researchers selected is quinoa. Quinoa is an ancient plant from the Inca empire. It can be used in
two ways. The leaves, like spinach, can be eaten in salads or cooked. The seeds can be eaten like a cereal or
ground into a gluten free flour. Both the leaves and the seeds are packed with protein, vitamins, and minerals.
Quinoa contains all nine essential amino acids that human bodies cannot make on their own. This would make it
a multipurpose crop for Lunar colonists.
Quinoa grows best in well-drained loamy soil but, it is also known to grow in poor conditions and at high
altitude. It is accustomed to full sunlight and adjusts to most soil types. It is considered to be a cool-season
plant. When mature, it can grow over 22.5 meters. The researchers felt that this made quinoa a good 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 quinoa chosen by the researchers (Biobío) was selected because of its shorter size (10 to 12.5
meters) and shorter growing season. The researchers felt that a shorter stature plant would be less affected by
the lower gravity conditions on the Moon.
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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.
Experimental Design
The experiment was conducted in a classroom at Storm Grove Middle School.
Experimental Design Procedures:
1. Get out all materials.
2. Put together plant stand.
A. Put 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 50 seeds on the plasma ball in the rectangle. Turn on the plasma ball and let the
seeds stay on the ball for 1 minute. 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 the 50 seeds on the plasma ball for 5 minutes. Put the seeds in a labeled
container. Cover with 118 ml of distilled water. Set aside for one hour.
6. Get out 50 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 3:1: 75% lunar regolith
to 25% cow manure.
11. Test the soil for pH using the recommended procedures:
“1. Take the following volumes of distilled water (20 mL) and analog soil (10 g) and place in a clean,
small glass bottle.
2. Cap the bottle, and shake vigorously for 1 min.
3. Every 5 min, shake again for 1 min. Repeat this 4 times.
4. Let stand for 60 min, then use the provided pH paper to test the pH of the standing liquid “soil
solution.”
5. Replace the analog soil and soil solution to the pot from which it was collected in order to keep the
analog soils the same throughout the experiments.” Record the pH.
12. Label nine, 10 cm, pots by treatment group.
A. Label three pots 1-minute A, 1-minute B, 1-minute C
B. Label three pots 5-minute A, 5-minute B, 5-minute C
C. Label three pots control A, control B, control C
13. Fill each of the nine pots with 12 grams regolith compost mixture.
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14. Plant the three pots that are labeled 1-minute with the 1-minute treated 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 with about 1 cm of regolith. Tap the regolith to make sure there are no air bubbles.
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Pot
1 – 1 minute A
2 – 1 minute B
3– 1 minute C
4 – 5 minutes A
5 – 5 minutes B
6 – 5 minutes C
7 – Control A
8- Control B
9- Control C
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Soil
0.75 lunar regolith
0.75 lunar regolith
0.75 lunar regolith
0.75 lunar regolith
0.75 lunar regolith
0.75 lunar regolith
0.75 lunar regolith
0.75 lunar regolith
0.75 lunar regolith

Amendments
0.25 cow manure
0.25 cow manure
0.25 cow manure
0.25 cow manure
0.25 cow manure
0.25 cow manure
0.25 cow manure
0.25 cow manure
0.25 cow manure
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Crop
Quinoa – 1 minute
Quinoa – 1 minute
Quinoa – 1 minute
Quinoa – 5 minutes
Quinoa – 5 minutes
Quinoa – 5 minutes
Quinoa no treatment
Quinoa no treatment
Quinoa no treatment

Hypothesis
The hypothesis is if quinoa seeds are treated with plasma, then the seeds that were exposed for 1 minute will
germinate faster and have a higher yield, because studies on other seeds have shown that plasma treatment does
improve germination.
Independent Variable
The amount of time the seeds are exposed to plasma. The investigators feel that seeds treated with plasma will
germinate faster than the control group. One minute was chosen because of the size of the seeds. A longer
period of exposure to plasma, could modify or damage the DNA of the quinoa seeds.
Dependent Variable
The growth of the plants and the yield of the group. The height of the tallest plant in each pot will be measured.
Measurements
The pH will be measured weekly.
The number of plants in each pot will be counted every other school day. The tallest plant in each pot will be
measured.
Controls
The investigators chose to use 25% cow manure and 75% moon regolith for the study. The cow manure is the
only amendment for this study.
Three pots will be planted with quinoa seeds that have not been exposed to plasma. All other growing
conditions will remain the same.
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Results
pH measurements
Date
pH
10/11/21 8
10/20/21 8
10/26/21 7
11/3/21
7
11/9/21
8
11/16/21 7
11/27/21 7 *
12/3/21
7
*Test conducted by teacher
Log Book Observations
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Data Table
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Discussion and Conclusion
The hypothesis was if quinoa seeds are treated with plasma, then the seeds that were exposed for 1 minute
would germinate faster, because studies on other seeds have shown they would germinate faster. The data taken
by the researchers did support the hypothesis.
The experiment results showed that the seeds that were exposed for 1 minute grew the tallest. Between the data,
pot 1 minute B seemed to always have the tallest plants, or tie for the tallest plants. The controls and the 5
minutes groups seemed to be almost the same heights. Some of the heights of plants decreased a bit between the
dates 11/09 and 11/18. The average height every day that data was taken was 7.52 centimeters. The graphs
show that pot 1 minute B had a pattern of having the tallest plants.
In conclusion, the seeds that were on the plasma ball for 1 minute had the tallest plants. The control and 5minute seeds had almost the same heights. The tallest plant was 10 centimeters tall from pot 1 minute B. The
shortest plants recorded were 4.5 centimeters tall, from pots 1 minute A, 5-minute B, and Constant C. The
average height for each day data was recorded is 7.52 centimeters tall. The data supports the hypothesis stated.
The investigators were unable to collect data on the mass of the plants because they lacked a scale that would
measure the small mass. These photos were of the final harvest:

Possible sources of error include the watering of the plants. The investigators spilled some of the water while
watering so possibly some pots didn’t receive the full 50 mL or 25 mL of water. The plants might have been
watered too much after they were established.
The investigators learned that the amount of water given to the plants should be adjusted as the plants develop.
This is important because quinoa likes well drained soil and the regolith tended to hold the water. The plant
leaves started turning brown and the investigators believe this was because the plants had received too much
water. After withholding water, the plants began to thrive again and the leaves turned green again.
Another possible source of error is not getting the ruler to stick straight up when measuring the plants. This was
because the light fixture was in the way. Measurements were more accurate when the pots were removed from
the stand when being measured.
The consistency of the data might have been affected by the researcher’s ability to monitor the plants. The
researchers monitored the plants on the days they had science class. They wrote observations twice one week,
three times the next week, twice the next week, etc. No observations were made on weekends.
If this experiment was run again, it would be beneficial to tape the plasma ball in advance to help the seeds to
stay on the plasma ball. Initially, the investigators place the seeds on the plasma ball without tape and the seeds
rolled off. Electrical tape was added to the ball and the seeds stayed in place.
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For further studies, a good recommendation is to add more fertilizer or compost to the regolith because the
regolith lacked nutrients. Although quinoa does well under poor soil conditions, the plants did not thrive. The
investigators do not know if over watering or lack of nutrients affected the plant growth the most.
Before conducting further studies, the investigators would suggest germinating quinoa seeds in regular soil.
This would allow investigators to know what to expect when planting quinoa under normal conditions and to
use this information as a basis for comparison.
This experiment was valuable because it demonstrates that quinoa can grow in moon regolith. It would be a
good crop to grow on the moon. Quinoa can grow in poor conditions and at high altitudes. The quinoa growth
reached 10 cm and, if the experiment had continued, it would have grown more. The quinoa would have grown
taller during the growth period if the proper amount of water was added.
The experiment also showed how plasma affected the growth of the plants. The quinoa seed that were on the
plasma ball for one minute grew the tallest with the seeds that were exposed for five minutes in a close second
place for height.
Quinoa provides high protein and minerals when eaten. It would be a healthy and nutritious food for astronauts
and the future colonists of the moon. Scientists can look at the data and see the that continued studies on quinoa
would be valuable.
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Counting Seeds

Tape on plasma ball to hold seeds.

Placing seeds
on plasma ball.
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Seeds on plasma ball. Pots and plant stand.

Preparing regolith and compost mixture.
Putting mixture into pots.

Soaking seeds. Draining seeds for planting.
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Planting seeds. Initial pH testing.

Plant stand
set up.
Initial plants.
More growth.
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Plants after being over watered.
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