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How do different colors of grow lights affect plants grown in 50% soil and 50% moon regolith?

Background

In the Spring 2025 Plant the Moon Challenge Jr., we studied the effect of different grow light colors on plant growth.
We planted lettuce, radish, spinach, mustard, Swiss chard, and pak choi. We chose these plants because they were
identified as having high nutritional value and having short growing periods that would fit the experiment. Knowing
that space travel will require efficient growing for providing food for the astronauts, we wanted to grow foods that
would be healthy and give “as much bang for their buck™ as they could. According to Rural Sprout, researchers
identified key nutrients for good health in a 2014 study (Defining Powerhouse Fruits and Vegetables), and evaluated
47 garden-variety crops. “Each food was given a nutrient density score based on the mean percent of daily values they
provide, for every raw 100 grams serving.” (Rural Sprout). Bak choi, or pak choi, scored 92/100; Swiss chard was
given a rating of 89/100; spinach received a nutrient score of 86/100; leaf lettuce scored 70/100; and, mustard greens
scored 61/100. We added radish to our experiment because we compared lettuce and radish growth in a prior
experiment studying soil supplement effects on plant growth in 50/50 soil and moon regolith. Additionally, we were
curious about the difference between above soil growth versus below soil growth of plants, and radishes allowed us to
see how grow light color might effect below soil growth.

In this experiment, we compared plants grown in 100% soil under white LED lights, 50/50 soil/regolith under white
LED lights, and 50/50 soil/regolith under red, blue, and full spectrum lights. This gave us five groupings of plants to
study.

In the Spring 2024 Plant the Moon Challenge, we studied the effect of different soil supplements on the growth of
lettuce and radish plants in 50/50 mixtures of soil and lunar simulant. We found that plants grew best when they
received blood meal as the supplement, and germination was best when plants were treated with liquid kelp
supplement. We took that information and applied it to this Spring 2025 growing period. All plants received water
supplemented with liquid kelp until they germinated. All plants also received an initial supplement of blood meal at the
time of planting and then half-way through the growing period.

From our research prior to the start of the growing period, we learned that blue light is important for plant growth
because it is easy for chlorophyll to absorb and then convert into energy for the plant. One source reported that blue
light was essential for a plant’s germination and that stronger concentrations of it would encourage sprouting and
strong root development. (How the Light Color Spectrum Affects Plant Growth). Another source similarly stated that
“chlorophyll production, root growth, and leaf thickness” were effected by blue light. (Sears, 2023).

Red grow lights, according to our research, would impact the growth of stems and leaves. (Sears, 2023). In the article,
How the Lighting Color Spectrum Affects Plant Growth, it stated that red light helps a plant by preventing the
breakdown of chlorophyll, and when a plant has more chlorophyll, it can make “more nutrients and grow taller and
with more leafy vegetation.”

Finally, full spectrum lighting, including the highest energy light at the purple end of the light spectrum, includes the

effects of both blue and red lighting. In the article, The Right Color for Your Horticulture Lighting, the combination of
red and blue light is said to be the “best mix for promoting healthy, quick-growing plants.”
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Independent Variable

The independent variable for our experiment was the light color that each plant received. We used red lights, blue
lights, full spectrum lights, and white LED grow lights.

Dependent Variables

The dependent variable was the growth of the plants, measured in a variety of ways. We counted the number of sprouts
in each pot, the height of the plant, the length and width of the leaves, the root growth, and the circumference of the
radishes. We also recorded the weight of each plant type at harvest.

Controls

The control pots for the experiment included each type of plant growing in 100% soil and in 50/50 soil and lunar
regolith with both of these controls under white LED lighting. According to How the Lighting Color Spectrum Affects
Plant Growth, white or yellow light would have the least effect on plant growth.

Other controls included watering at the same amount and same timing for all plants initially. Toward the end of the
grow period, we found that our larger plants needed more frequent watering, as they would often start to wilt, with
leaves curling under and drooping stems. During the final two weeks of the growing period, the larger growing plants
under the full spectrum and red lights received an extra watering once a week. The water used was bottled water of the
same brand throughout the experiment because our well water would have introduced other possible nutrients.

All plants received the same amount of lighting each day, which was approximately 12 hours per day, seven days per
week. All lighting was placed the same distance away from all pots at the time of planting. All seeds were planted at
the same time and were kept in a greenhouse set up, with plastic tenting over both of the grow stations. We had
previously found this to be helpful when growing plants indoor due to the cooler and dryer air found in our home. The
inside temperatures and humidity between the two growing stations were comparable throughout the experiment. Also
each pot was covered with clear plastic wrap and held in place with a rubberband until germination occurred to also
help hold in moisture.

All plants were measured at the same time and day, with measurements taken twice each week. The same ruler was
used throughout the experiment. All the experimental pots contained 50% soil and 50% lunar simulant. Each pot was
watered with water supplemented with liquid kelp during the first week as each germinated and seedlings sprouted.
Each pot was also supplemented with the same amount of blood meal at the time of planting and again at the half-way
point of the grow period. Each type of plant was planted with the same number of seeds regardless of soil mixture or
lighting: lettuce was planted 10 seeds to a pot; radish — six seeds; pak choi — ten seeds; spinach — six seeds; mustard —
ten seeds; Swiss chard — four seeds. The number of seeds planted was in part determined by the size of the seeds, with
some being very small and others larger. We wanted to make sure there would be enough room for seeds to germinate.

Finally, when thinning was done, we thinned each type of plant to the same number of stems so that each plant type
was roughly able to grow in a comparable amount of soil/regolith mix.

Project Hypothesis

Our first hypothesis was that full spectrum light would be the best for all plants to grow because it has blue, red, and
purple light. We hypothesized that the biggest and fullest plants would grow under these full spectrum lights. Our
second hypothesis was that blue light would be better for the radish plants because blue light helps with root growth.
We thought the radish plants under the blue lights would grow well under the blue lights but not as good as under the
full spectrum lights. Our third hypothesis was that the red light would be better for stem and leaf growth for our other
five vegetables because they are all leafy vegetables. We thought the second best growing for our five leafy vegetables
would be under these red grow lights.
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Experimental Design and Procedures

We planted two control types for each seed type. The first control type was 100% soil and the second control type was
50% soil with 50% lunar simulant. Then we planted pots of 50% moon regolith with 50% soil for the test pots. Within
the soil amount for each pot, there was a set amount of perlite that was added so that the perlite and soil did not exceed
50% compared to the lunar simulant 50%. All of these pots started with a single dose of blood meal added to the soil at
the time of planting. Each pot received a second dose of blood meal at the mid-growth point. The amount of blood
meal was at the amount recommended on the packaging. Each pot was given water that had liquid kelp mixed in until
the seeds in the pots germinated.

We planted ten lettuce seeds at a %4 inch depth in each lettuce pot. Six radish seeds were planted at a 2 in depth in each
radish pot. We planted 6 spinach seeds in each pot at a depth of %2 inch. Four seeds of Swiss chard were planted in pots
at /2 inch deep. Ten seeds of pak choi were planted at % inch depth. Ten seeds of mustard tendergreen were planted at
5 inch depth. These were the recommended depths that each individual package stated. We started by using fabric
growing bags that were about five inches by five inches. We found that water was not draining well enough from these
bags, and we had some plant loss that required replanting for the lettuce in 100% soil, the 50/50 mix of spinach under
white light, and the 50/50 mix of spinach under blue light. We transplanted all of the bagged plants into plastic pots at
the half-way point of the growing period when we also added the second dose of blood meal.

All pots were placed under the grow lights for 12-hour light periods and 12-hour dark periods. We looked up the
watering needs of each plant and they needed between one and 1.5 inches of water per week. We watered two to three
times per week depending on the soil moisture. Since we knew that the regolith could compact easier than soil, we also
aerated our pots once a week during the first two weeks using a small wooden skewer to create a few small holes for
oxygen to get into the soil for the roots. We also had a small fan within each grow light area and it was turned on for
four hours each afternoon to help with strong root growth and stem strength once the second week began. We read
online that this was a good practice for plants once they germinate. We did not want to have air moving before
germination so that the soil lost moisture.

Each pot was labeled with what seed was planted in it and under which grow light it was placed. Measurements were
recorded twice each week on Tuesdays and Fridays. All pots were given a full watering in the 24 hours before the grow
period started. This way the soil had some moisture in it at the time of planting. The seeds were then added on the first
day of the growing period. We documented when each plant sprouted and how many sprouts there were. Each week we
measured the height of the greens and recorded the tallest stem or leaf for each pot. We also recorded how many leaves
grew in each pot. We did not initially plan to thin our lettuce, spinach, Swiss chard, or mustard tendergreens. However,
we found that the pots were getting too full in the mustard plants, so we thinned those at the half-way point of growing,
leaving the same number of stems in each pot. We planned to thin our radishes and pak choi to the three largest stems
or plants and did that around the half-way point also. Once the plants were harvested, we measured the circumference
of the radishes grown. We also measured the total weight of the harvested greens of each plant at the end of the
experiment. We had not originally expected to note this measurement but were surprised with the amount of growth in
our plants and believed it would be another point of overall comparison for plant growth.

Results

For the lettuce crop, we found that the tallest growing lettuce plants were in the full spectrum and red light pots, with
the blue lighted plant only a centimeter behind. These plants grew to 14 cm in height for full spectrum and red light
plants. In terms of leaf length and width, full spectrum lighting produced the best lettuce leaves. The longest leaf was
9.5 cm, with blue lighting second at 7 cm. The widest leaf was 5 cm, with blue lighting again second at 3 cm. Full
spectrum lighting was clearly the best for root growth of the lettuce plants with a 13.5 cm root length. The next closest
root length was 5 cm in the red lighting. See graphs on page 6.

We also found that full spectrum lighting grew the tallest radish plants, with the tallest at 21.5 cm in height. The second
best growth was in the 100% soil control under white light, which grew to 20 cm tall. Again, full spectrum lighting
produced the best leaf length for radish plants at 10 cm in length, with 100% soil control second at 9 cm. Similarly, full
spectrum lead in leaf width throughout the last three weeks of the growing period, with the 100% soil surging in the
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last week to end with them tied at 5 cm in width for radish leaves. Root growth was also tied in these two light settings
(full spectrum and 100% soil under white light), with both measuring 13 cm. However, only the full spectrum lighted
plant grew any radishes. This plant produced two radishes, with one measuring 2.8 cm in circumference and the second
measuring 5.5 cm in circumference. (In comparison, the radish plant we grew in the 2024 PTMC that grew with blood
meal supplement but under white light in the 50/50 mix was 3 c¢m in circumference.) See graphs on page 7.

For the last two weeks of the growing period, full spectrum had the tallest spinach plant at 11 cm. The red lighted
spinach then grew an additional centimeter in the last week to tie it at 11 cm total. The longest spinach leaf was in the
50/50 control in white lighting at 6 cm. The spinach plants in the 100% soil under white light and the full spectrum
lighted were next longest in leaf length at 4 cm. The full spectrum lighted plant produced the widest spinach leaf at 3
cm. In terms of root length, the spinach plant grown under the full spectrum lights grew the longest root at 14 cm, with
the next closest at 7.5 cm for the 100% soil under white lights. See graphs on page 8.

Full spectrum lighting grew the tallest mustard plant but only by a half centimeter at 25 versus the red lighted mustard
at 24.5 cm. The longest and widest leaf for the final three weeks of the grow period was the mustard plant in the 100%
soil under white light, finishing at 11 cm long and 9.5 cm wide. The next closest for length was 9.5 cm and 7 cm in
width, both in the full spectrum plant. The full spectrum plant also grew the longest root, which was nearly double
some of the others at 23 cm. The 50/50 control under white light grew a root to 16 cm and the 100% soil control and
plant under red light were both 12 cm. The ratio of height to root length of the mustard plant was nearly one to one in
the full spectrum plant. This was also the longest root length in the experiment and the best height to root length ratio.
See graphs on page 9.

Swiss chard grew the tallest in the 50/50 control under white light at 21.5 cm, with full spectrum growth second at 19
cm. The 50/50 control also produced the longest leaf length at 10 cm, with the full spectrum behind at 9 cm. Both of
these plants were tied in leaf width at 4 cm. The root length of the 50/50 control under the white light was slightly
longer than the full spectrum at 13 and 12 cm respectively. See graphs on page 10.

The pak choi plant was also tallest in the 50/50 control under white light, growing to 15.5 cm in height, followed by
the 100% soil control at 14 cm and the full spectrum at 13.5 cm. The leaf length was tied at 6 cm for the full spectrum
pak choi plant and the 50/50 control under white. The 100% soil control grew the next longest leaf at 5 cm. The full
spectrum and 50/50 control under white light also tied in the widest pak choi leaves at 4.5 cm, with the 100% soil
control next at 4 cm. The root length of the full spectrum pak choi was longest at 17 cm, with the 50/50 control under
white the second longest at 11 cm. See graphs on page 11.

In terms of the weight of the harvested greens for each plant, full spectrum clearly and consistently produced the most
greens for each of the six plants, with lettuce harvesting a total of 28 grams, radishes 22 grams, spinach 10 grams,
mustard 42 grams, Swiss chard 24 grams, and pak choi 37 grams. A total across all plants and all lighting for harvested
weight of greens was 346 grams. See graphs on page 12.

Conclusion

Our hypothesis was that the full spectrum light would be the best for all plants to grow because it has blue, red, and
purple light, which helps with root growth and chlorophyll production, which helps plants grow taller and with more
leafy vegetation. Our results found that plants grown under full spectrum lights were tied for tallest for lettuce, tallest
for radish, tied for tallest in spinach, slightly tallest for mustard, second tallest for Swiss chard, and third tallest for pak
choi. Additionally, the leaf growth under full spectrum lighting were best for length and width for lettuce, spinach,
second best for length in spinach and Swiss chard, and tied for length growth in pak choi and width growth in Swiss
chard and pak choi. Finally, root growth and overall total greens harvested were the best for plants grown under full
spectrum. This first hypothesis was, therefore, partially correct.

The second hypothesis was that the blue light would be best for radish plants, as it has a positive impact on root

growth. We speculated that radish plants grown under blue lights would grow well under blue lights but not as good as
under the full spectrum lights. We found this hypothesis to not be correct, as root growth was the smallest for all plants
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under blue light and no radishes were grown under blue light. The only successful radishes were grown under full
spectrum lights, with two radishes grown.

The final hypothesis was that red light would be better for stem and leaf growth for the five leafy vegetables — lettuce,
spinach, mustard, Swiss chard, and pak choi. We believed that the plants grown under red lighting would likely be the
second best growing, after full spectrum lighting. This hypothesis was partly true, with lettuce and spinach growth tied
in full spectrum and red lighting plants and mustard growth under red lights second only to full spectrum lighting.
Therefore three of the six plants did grow as well as or second best under the red lighting compared to the full
spectrum lighting.

Two additional observations we made at the end of the experiment and did not have answers for included noting that
the end of experiment “dirt” (either 100% soil and 50/50 mixes) appeared very different in the full spectrum dirt than
the other four trays of dirt. The full spectrum used mixture appeared much lighter than the other four and we wondered
if this indicated more thorough or efficient uptake of minerals from the dirt compared to the others. We did not have
time to investigate this but it may be something to investigate in future experiments. The other observation was that the
light and dark value of the color in the leaves across light exposure. On the surface, the full spectrum leaves appeared
darker than the others, though we did not have the opportunity to measure the color values ourselves. This also may be
something to further investigate in a future experiment. See photos on page 19.
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Radish Growth, Separated by Lighting
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Spinach Results

Spinach Growth, Separated by Lighting
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Combined Results Across Plants for Root Growth and Total Harvest Weight

Root Length, Separated by Vegetable and Lighting
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Set up of Smithtown Academy Space Farmers for Plant the Moon 2025

Top (L to R): Seeds from Burpee for experiment — Pak Choi, Mustard,
Swiss Chard, Radish, Lettuce, & Spinach; Blood Meal and Liquid Kelp
supplements added to our Organic Potting Mix (soil) and Moon
Regolith; wooden skewer for aerating

Middle Row: In garage to mix the pots

Bottom Row: All set up under grow lights waiting for the beginning of
the grow period when seeds will be added — two on left of first picture
are white LEDs and three on the right of first picture are the colored
grow lights — full spectrum, blue, and red
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Lettuce Plants

L to R: Full spectrum harvest
of lettuce on scale; Lettuce
side-by-side; Lettuce length
of root measurement; Lettuce
full spectrum prior to harvest

Radish Plants

Left to Right and Clockwise: Radishes
harvested; larger radish with
circumference band and weight;
Radishes side-by-side; smaller radish
with circumference band and weight;
Radish from full spectrum before harvest
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Spinach Plants

Right to Left and Clockwise:
Full spectrum spinach before
harvest; Spinach side-by-side
prior to harvest; Spinach after
harvest

Mustard Plants

L to R and Clockwise:
Mustard before harvest from
above and from side; Mustard
after harvest side-by-side;
Mustard full spectrum weight
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Swiss Chard Plants

L to R and Clockwise: Swiss chard prior
to harvest; leaves of Swiss chard - 50/50
mix under white vs full spectrum vs red;
full spectrum Swiss chard weight

Pak Choi Plants

Top to bottom, Left to Right: Leaf comparison of pak
choi—50/50 mix under white light vs full spectrum vs red
light; Pak Choi prior to harvest; Pak Choi after harvest
side-by-side; Full spectrum pak choi weight
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Smithtown Space Farmers
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Top to Bottom: White light controls - left
to right — 100% soil and 50/50 mix;

Full spectrum plants (middle row)

Blue and Red Light Plants (bottom row)
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Future Experimental Possibilities

Left to Right: comparing used “dirt” color — 100% soil under white, 50/50 mix under white, full spectrum, blue, red —
maybe study nutrient changes from pre and post experiment
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Team Name: Smithtown Academy Space Farmers
Team Number: 21151
Challenge Category: Middle School

How do different colors of grow lights affect plants grown in 50% soil and 50% moon regolith?

Background

In the Spring 2025 Plant the Moon Challenge Jr., we studied the effect of different grow light colors on plant growth.
We planted lettuce, radish, spinach, mustard, Swiss chard, and pak choi. We chose these plants because they were
identified as having high nutritional value and having short growing periods that would fit the experiment. Knowing
that space travel will require efficient growing for providing food for the astronauts, we wanted to grow foods that
would be healthy and give “as much bang for their buck™ as they could. According to Rural Sprout, researchers
identified key nutrients for good health in a 2014 study (Defining Powerhouse Fruits and Vegetables), and evaluated
47 garden-variety crops. “Each food was given a nutrient density score based on the mean percent of daily values they
provide, for every raw 100 grams serving.” (Rural Sprout). Bak choi, or pak choi, scored 92/100; Swiss chard was
given a rating of 89/100; spinach received a nutrient score of 86/100; leaf lettuce scored 70/100; and, mustard greens
scored 61/100. We added radish to our experiment because we compared lettuce and radish growth in a prior
experiment studying soil supplement effects on plant growth in 50/50 soil and moon regolith. Additionally, we were
curious about the difference between above soil growth versus below soil growth of plants, and radishes allowed us to
see how grow light color might effect below soil growth.

In this experiment, we compared plants grown in 100% soil under white LED lights, 50/50 soil/regolith under white
LED lights, and 50/50 soil/regolith under red, blue, and full spectrum lights. This gave us five groupings of plants to
study.

In the Spring 2024 Plant the Moon Challenge, we studied the effect of different soil supplements on the growth of
lettuce and radish plants in 50/50 mixtures of soil and lunar simulant. We found that plants grew best when they
received blood meal as the supplement, and germination was best when plants were treated with liquid kelp
supplement. We took that information and applied it to this Spring 2025 growing period. All plants received water
supplemented with liquid kelp until they germinated. All plants also received an initial supplement of blood meal at the
time of planting and then half-way through the growing period.

From our research prior to the start of the growing period, we learned that blue light is important for plant growth
because it is easy for chlorophyll to absorb and then convert into energy for the plant. One source reported that blue
light was essential for a plant’s germination and that stronger concentrations of it would encourage sprouting and
strong root development. (How the Light Color Spectrum Affects Plant Growth). Another source similarly stated that
“chlorophyll production, root growth, and leaf thickness” were effected by blue light. (Sears, 2023).

Red grow lights, according to our research, would impact the growth of stems and leaves. (Sears, 2023). In the article,
How the Lighting Color Spectrum Affects Plant Growth, it stated that red light helps a plant by preventing the
breakdown of chlorophyll, and when a plant has more chlorophyll, it can make “more nutrients and grow taller and
with more leafy vegetation.”

Finally, full spectrum lighting, including the highest energy light at the purple end of the light spectrum, includes the

effects of both blue and red lighting. In the article, The Right Color for Your Horticulture Lighting, the combination of
red and blue light is said to be the “best mix for promoting healthy, quick-growing plants.”
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Independent Variable

The independent variable for our experiment was the light color that each plant received. We used red lights, blue
lights, full spectrum lights, and white LED grow lights.

Dependent Variables

The dependent variable was the growth of the plants, measured in a variety of ways. We counted the number of sprouts
in each pot, the height of the plant, the length and width of the leaves, the root growth, and the circumference of the
radishes. We also recorded the weight of each plant type at harvest.

Controls

The control pots for the experiment included each type of plant growing in 100% soil and in 50/50 soil and lunar
regolith with both of these controls under white LED lighting. According to How the Lighting Color Spectrum Affects
Plant Growth, white or yellow light would have the least effect on plant growth.

Other controls included watering at the same amount and same timing for all plants initially. Toward the end of the
grow period, we found that our larger plants needed more frequent watering, as they would often start to wilt, with
leaves curling under and drooping stems. During the final two weeks of the growing period, the larger growing plants
under the full spectrum and red lights received an extra watering once a week. The water used was bottled water of the
same brand throughout the experiment because our well water would have introduced other possible nutrients.

All plants received the same amount of lighting each day, which was approximately 12 hours per day, seven days per
week. All lighting was placed the same distance away from all pots at the time of planting. All seeds were planted at
the same time and were kept in a greenhouse set up, with plastic tenting over both of the grow stations. We had
previously found this to be helpful when growing plants indoor due to the cooler and dryer air found in our home. The
inside temperatures and humidity between the two growing stations were comparable throughout the experiment. Also
each pot was covered with clear plastic wrap and held in place with a rubberband until germination occurred to also
help hold in moisture.

All plants were measured at the same time and day, with measurements taken twice each week. The same ruler was
used throughout the experiment. All the experimental pots contained 50% soil and 50% lunar simulant. Each pot was
watered with water supplemented with liquid kelp during the first week as each germinated and seedlings sprouted.
Each pot was also supplemented with the same amount of blood meal at the time of planting and again at the half-way
point of the grow period. Each type of plant was planted with the same number of seeds regardless of soil mixture or
lighting: lettuce was planted 10 seeds to a pot; radish — six seeds; pak choi — ten seeds; spinach — six seeds; mustard —
ten seeds; Swiss chard — four seeds. The number of seeds planted was in part determined by the size of the seeds, with
some being very small and others larger. We wanted to make sure there would be enough room for seeds to germinate.

Finally, when thinning was done, we thinned each type of plant to the same number of stems so that each plant type
was roughly able to grow in a comparable amount of soil/regolith mix.

Project Hypothesis

Our first hypothesis was that full spectrum light would be the best for all plants to grow because it has blue, red, and
purple light. We hypothesized that the biggest and fullest plants would grow under these full spectrum lights. Our
second hypothesis was that blue light would be better for the radish plants because blue light helps with root growth.
We thought the radish plants under the blue lights would grow well under the blue lights but not as good as under the
full spectrum lights. Our third hypothesis was that the red light would be better for stem and leaf growth for our other
five vegetables because they are all leafy vegetables. We thought the second best growing for our five leafy vegetables
would be under these red grow lights.
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Experimental Design and Procedures

We planted two control types for each seed type. The first control type was 100% soil and the second control type was
50% soil with 50% lunar simulant. Then we planted pots of 50% moon regolith with 50% soil for the test pots. Within
the soil amount for each pot, there was a set amount of perlite that was added so that the perlite and soil did not exceed
50% compared to the lunar simulant 50%. All of these pots started with a single dose of blood meal added to the soil at
the time of planting. Each pot received a second dose of blood meal at the mid-growth point. The amount of blood
meal was at the amount recommended on the packaging. Each pot was given water that had liquid kelp mixed in until
the seeds in the pots germinated.

We planted ten lettuce seeds at a %4 inch depth in each lettuce pot. Six radish seeds were planted at a 2 in depth in each
radish pot. We planted 6 spinach seeds in each pot at a depth of %2 inch. Four seeds of Swiss chard were planted in pots
at /2 inch deep. Ten seeds of pak choi were planted at % inch depth. Ten seeds of mustard tendergreen were planted at
5 inch depth. These were the recommended depths that each individual package stated. We started by using fabric
growing bags that were about five inches by five inches. We found that water was not draining well enough from these
bags, and we had some plant loss that required replanting for the lettuce in 100% soil, the 50/50 mix of spinach under
white light, and the 50/50 mix of spinach under blue light. We transplanted all of the bagged plants into plastic pots at
the half-way point of the growing period when we also added the second dose of blood meal.

All pots were placed under the grow lights for 12-hour light periods and 12-hour dark periods. We looked up the
watering needs of each plant and they needed between one and 1.5 inches of water per week. We watered two to three
times per week depending on the soil moisture. Since we knew that the regolith could compact easier than soil, we also
aerated our pots once a week during the first two weeks using a small wooden skewer to create a few small holes for
oxygen to get into the soil for the roots. We also had a small fan within each grow light area and it was turned on for
four hours each afternoon to help with strong root growth and stem strength once the second week began. We read
online that this was a good practice for plants once they germinate. We did not want to have air moving before
germination so that the soil lost moisture.

Each pot was labeled with what seed was planted in it and under which grow light it was placed. Measurements were
recorded twice each week on Tuesdays and Fridays. All pots were given a full watering in the 24 hours before the grow
period started. This way the soil had some moisture in it at the time of planting. The seeds were then added on the first
day of the growing period. We documented when each plant sprouted and how many sprouts there were. Each week we
measured the height of the greens and recorded the tallest stem or leaf for each pot. We also recorded how many leaves
grew in each pot. We did not initially plan to thin our lettuce, spinach, Swiss chard, or mustard tendergreens. However,
we found that the pots were getting too full in the mustard plants, so we thinned those at the half-way point of growing,
leaving the same number of stems in each pot. We planned to thin our radishes and pak choi to the three largest stems
or plants and did that around the half-way point also. Once the plants were harvested, we measured the circumference
of the radishes grown. We also measured the total weight of the harvested greens of each plant at the end of the
experiment. We had not originally expected to note this measurement but were surprised with the amount of growth in
our plants and believed it would be another point of overall comparison for plant growth.

Results

For the lettuce crop, we found that the tallest growing lettuce plants were in the full spectrum and red light pots, with
the blue lighted plant only a centimeter behind. These plants grew to 14 cm in height for full spectrum and red light
plants. In terms of leaf length and width, full spectrum lighting produced the best lettuce leaves. The longest leaf was
9.5 cm, with blue lighting second at 7 cm. The widest leaf was 5 cm, with blue lighting again second at 3 cm. Full
spectrum lighting was clearly the best for root growth of the lettuce plants with a 13.5 cm root length. The next closest
root length was 5 cm in the red lighting. See graphs on page 6.

We also found that full spectrum lighting grew the tallest radish plants, with the tallest at 21.5 cm in height. The second
best growth was in the 100% soil control under white light, which grew to 20 cm tall. Again, full spectrum lighting
produced the best leaf length for radish plants at 10 cm in length, with 100% soil control second at 9 cm. Similarly, full
spectrum lead in leaf width throughout the last three weeks of the growing period, with the 100% soil surging in the

Page | 3



last week to end with them tied at 5 cm in width for radish leaves. Root growth was also tied in these two light settings
(full spectrum and 100% soil under white light), with both measuring 13 cm. However, only the full spectrum lighted
plant grew any radishes. This plant produced two radishes, with one measuring 2.8 cm in circumference and the second
measuring 5.5 cm in circumference. (In comparison, the radish plant we grew in the 2024 PTMC that grew with blood
meal supplement but under white light in the 50/50 mix was 3 c¢m in circumference.) See graphs on page 7.

For the last two weeks of the growing period, full spectrum had the tallest spinach plant at 11 cm. The red lighted
spinach then grew an additional centimeter in the last week to tie it at 11 cm total. The longest spinach leaf was in the
50/50 control in white lighting at 6 cm. The spinach plants in the 100% soil under white light and the full spectrum
lighted were next longest in leaf length at 4 cm. The full spectrum lighted plant produced the widest spinach leaf at 3
cm. In terms of root length, the spinach plant grown under the full spectrum lights grew the longest root at 14 cm, with
the next closest at 7.5 cm for the 100% soil under white lights. See graphs on page 8.

Full spectrum lighting grew the tallest mustard plant but only by a half centimeter at 25 versus the red lighted mustard
at 24.5 cm. The longest and widest leaf for the final three weeks of the grow period was the mustard plant in the 100%
soil under white light, finishing at 11 cm long and 9.5 cm wide. The next closest for length was 9.5 cm and 7 cm in
width, both in the full spectrum plant. The full spectrum plant also grew the longest root, which was nearly double
some of the others at 23 cm. The 50/50 control under white light grew a root to 16 cm and the 100% soil control and
plant under red light were both 12 cm. The ratio of height to root length of the mustard plant was nearly one to one in
the full spectrum plant. This was also the longest root length in the experiment and the best height to root length ratio.
See graphs on page 9.

Swiss chard grew the tallest in the 50/50 control under white light at 21.5 cm, with full spectrum growth second at 19
cm. The 50/50 control also produced the longest leaf length at 10 cm, with the full spectrum behind at 9 cm. Both of
these plants were tied in leaf width at 4 cm. The root length of the 50/50 control under the white light was slightly
longer than the full spectrum at 13 and 12 cm respectively. See graphs on page 10.

The pak choi plant was also tallest in the 50/50 control under white light, growing to 15.5 cm in height, followed by
the 100% soil control at 14 cm and the full spectrum at 13.5 cm. The leaf length was tied at 6 cm for the full spectrum
pak choi plant and the 50/50 control under white. The 100% soil control grew the next longest leaf at 5 cm. The full
spectrum and 50/50 control under white light also tied in the widest pak choi leaves at 4.5 cm, with the 100% soil
control next at 4 cm. The root length of the full spectrum pak choi was longest at 17 cm, with the 50/50 control under
white the second longest at 11 cm. See graphs on page 11.

In terms of the weight of the harvested greens for each plant, full spectrum clearly and consistently produced the most
greens for each of the six plants, with lettuce harvesting a total of 28 grams, radishes 22 grams, spinach 10 grams,
mustard 42 grams, Swiss chard 24 grams, and pak choi 37 grams. A total across all plants and all lighting for harvested
weight of greens was 346 grams. See graphs on page 12.

Conclusion

Our hypothesis was that the full spectrum light would be the best for all plants to grow because it has blue, red, and
purple light, which helps with root growth and chlorophyll production, which helps plants grow taller and with more
leafy vegetation. Our results found that plants grown under full spectrum lights were tied for tallest for lettuce, tallest
for radish, tied for tallest in spinach, slightly tallest for mustard, second tallest for Swiss chard, and third tallest for pak
choi. Additionally, the leaf growth under full spectrum lighting were best for length and width for lettuce, spinach,
second best for length in spinach and Swiss chard, and tied for length growth in pak choi and width growth in Swiss
chard and pak choi. Finally, root growth and overall total greens harvested were the best for plants grown under full
spectrum. This first hypothesis was, therefore, partially correct.

The second hypothesis was that the blue light would be best for radish plants, as it has a positive impact on root

growth. We speculated that radish plants grown under blue lights would grow well under blue lights but not as good as
under the full spectrum lights. We found this hypothesis to not be correct, as root growth was the smallest for all plants
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under blue light and no radishes were grown under blue light. The only successful radishes were grown under full
spectrum lights, with two radishes grown.

The final hypothesis was that red light would be better for stem and leaf growth for the five leafy vegetables — lettuce,
spinach, mustard, Swiss chard, and pak choi. We believed that the plants grown under red lighting would likely be the
second best growing, after full spectrum lighting. This hypothesis was partly true, with lettuce and spinach growth tied
in full spectrum and red lighting plants and mustard growth under red lights second only to full spectrum lighting.
Therefore three of the six plants did grow as well as or second best under the red lighting compared to the full
spectrum lighting.

Two additional observations we made at the end of the experiment and did not have answers for included noting that
the end of experiment “dirt” (either 100% soil and 50/50 mixes) appeared very different in the full spectrum dirt than
the other four trays of dirt. The full spectrum used mixture appeared much lighter than the other four and we wondered
if this indicated more thorough or efficient uptake of minerals from the dirt compared to the others. We did not have
time to investigate this but it may be something to investigate in future experiments. The other observation was that the
light and dark value of the color in the leaves across light exposure. On the surface, the full spectrum leaves appeared
darker than the others, though we did not have the opportunity to measure the color values ourselves. This also may be
something to further investigate in a future experiment. See photos on page 19.
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Spinach Results
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Growth in centimeters
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Pak Choi Results

Pak Choi Growth, Separated by Lighting

14-Feb 21-Feb 28-Feb 7-Mar 14-Mar 21-Mar 28-Mar 30-Mar
5 7 9 9 10 10 10 14
55 7 9 9 9 11 14 15.5
4.5 7 7 9 11 11 13 135
7 7 75 8 9 9 9
6 10 10 11 12 12 125
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Growthin Length of Pak Choi Leaves, Separated by Lighting
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Growth in Width of Pak Choi Leaves, Separated by Lighting
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M Red 3 1 2 2 3
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Combined Results Across Plants for Root Growth and Total Harvest Weight

Root Length, Separated by Vegetable and Lighting
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e Blue 4 4 4 o) 3.5 5
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Total Harvest of Each Plant, Separated by Lighting
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0 3 0 30 4 26
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3 0 1
25 2 7

e \\hite-Soil es—\\Vhite-Mixed essssFull-spectrum essssBluc es—Red
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Set up of Smithtown Academy Space Farmers for Plant the Moon 2025

Top (L to R): Seeds from Burpee for experiment — Pak Choi, Mustard,
Swiss Chard, Radish, Lettuce, & Spinach; Blood Meal and Liquid Kelp
supplements added to our Organic Potting Mix (soil) and Moon
Regolith; wooden skewer for aerating

Middle Row: In garage to mix the pots

Bottom Row: All set up under grow lights waiting for the beginning of
the grow period when seeds will be added — two on left of first picture
are white LEDs and three on the right of first picture are the colored
grow lights — full spectrum, blue, and red
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Lettuce Plants

L to R: Full spectrum harvest
of lettuce on scale; Lettuce
side-by-side; Lettuce length
of root measurement; Lettuce
full spectrum prior to harvest

Radish Plants

Left to Right and Clockwise: Radishes
harvested; larger radish with
circumference band and weight;
Radishes side-by-side; smaller radish
with circumference band and weight;
Radish from full spectrum before harvest
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Spinach Plants

Right to Left and Clockwise:
Full spectrum spinach before
harvest; Spinach side-by-side
prior to harvest; Spinach after
harvest

Mustard Plants

L to R and Clockwise:
Mustard before harvest from
above and from side; Mustard
after harvest side-by-side;
Mustard full spectrum weight

Page | 15



Swiss Chard Plants

L to R and Clockwise: Swiss chard prior
to harvest; leaves of Swiss chard - 50/50
mix under white vs full spectrum vs red;
full spectrum Swiss chard weight

Pak Choi Plants

Top to bottom, Left to Right: Leaf comparison of pak
choi—50/50 mix under white light vs full spectrum vs red
light; Pak Choi prior to harvest; Pak Choi after harvest
side-by-side; Full spectrum pak choi weight
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Smithtown Space Farmers
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Top to Bottom: White light controls - left
to right — 100% soil and 50/50 mix;

Full spectrum plants (middle row)

Blue and Red Light Plants (bottom row)
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Future Experimental Possibilities

Left to Right: comparing used “dirt” color — 100% soil under white, 50/50 mix under white, full spectrum, blue, red —
maybe study nutrient changes from pre and post experiment
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