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INTRODUCTION

In 2022, NASA scientists managed to effectively grow Arabidopsis Thalian in lunar
regolith samples —during the Apollo 11, 12, and 17 missions (Keeter 2022). This effectively
proved that growth in regolith was possible, however, on day six the plants began to show signs
of struggle and by day 26 the harvested plants were studied, revealing that that plant was in stress
(Keeter 2022). So why exactly did Arabidopsis Thalian show stress indicating a non-ideal
environment? Lunar regolith contains many minerals essential for plant growth. However,
factors such as the lack of nitrogen compounds and the physical composition of the regolith
makes growing plants difficult. The main minerals needed for plant growth are nitrogen (N),
phosphorus (P) and potassium(K) while other minor minerals needed include calcium (Ca),
magnesium (Mg), and sulfur (S). The lack of nitrogen in lunar regolith poses a great issue in
plant growth in addition to the immense amount of iron content and reactive oxygen species in
the regolith causing stress to the plant. Furthermore, other factors such as pH, nutrient uptake,
and moisture values are all outside the ideal range for most crop plants. Studies show that the
more mature/finer (regolith exposed to harsh cosmic rays and weathering) the regolith, the more
stress on the plant (Cartier 2022).

For our experiment we plan to extend NASA’s prior research by targeting all the issues
uncovered by the plants’ DNA. Specifically, we will be addressing the lack of nitrogen through
testing the effect of various concentrations of urine:water solutions, a readily accessible
substance full of nitrogen, on the growth of Raphanus sativus.

Background

Crimson radish (Raphanus sativus) known for its easy growth, is usually planted in 7.2 to
29.4 degrees Celsius conditions, requires adequate amounts of water and can flourish in soils that
are low in nitrogen (Radish: Crimson Crunch). Raphanus sativus needs full sun, takes about 5-7
days for germination and approximately 28 days for harvest (Renee’s Garden).

The scarcity of supplies and resources able to be brought into space is extremely difficult.
So, when considering this, astronauts must use everything to the fullest, this includes their feces
and urine. Because Earth is running out of phosphorus rock (a major plant nutrient) there comes
the issue of not how but when we run out of fertilizer for our plants. Urine and feces have been
used since ancient times as a fertilizer, with urine being pathogen free and known to contain
more nutrients than human feces. Urine seems to be a valuable resource in solving this issue.
Urine is rich in nitrogen and phosphorus, both minerals that are lacking in lunar regolith and vital
for plant growth while also being readily available.

When our team researched lunar regolith, we found that 98-99% of regolith consist of
“Oxygen 41-45%, Silicon (Si), Aluminum (Al), Calcium ( Ca), Iron (Fe), Magnesium (Mg),



Titanium (T1)” while the remaining 1% consist of “ Manganese (Mn), Sodium (Na), Potassium
(K), Phosphorus (P),” ("The Chemical Composition of Lunar Soil," n.d., para. 2-4). While there
are “no (=significant amounts of) carbonates, sulfates, or hydrous (water-bearing) minerals on
the moon,”("The Chemical Composition of Lunar Soil," n.d., para. 7). Furthermore, due to the
lack of atmospheric oxygen, the common “3+ (ferric) oxidation state” of iron on earth does not
exist. Most lunar iron closely resembles the iron on the moon, the less common 2+ (ferrous) state
of iron on Earth and around 10% - is metallic ("The Chemical Composition of Lunar Soil," n.d.,
para. 12).

As for the pH of the regolith it has an average of 9.6 and a general range of 9-10.5. This
dramatic increase in alkalinity substantially harms the development of plant organisms, so we
incorporated Canadian peat moss (pH of 3.0- 4.5) into the growing medium in order to lower the
pH to the ideal pH of 6 to 7.5. Another thing that stood out during our research is the lack of any
organic material in regolith and its tendency to compact in the presence of water. By using dried
chicken manure, peat moss, and coconut coir (little effect on pH) we addressed this problem.

Plants need carbon, in the form of CO2 to grow. This can be received through human

breathing however, considering efficiency it would be best to use a CaCO 3 + acid =>CO ,
or compressed gas cylinders. In our experiment we will be considering our current atmosphere

containing CO , to have the same effect as the gas cylinders.

Considering all these factors we concluded that the Suse of a urine mixture in watering
Raphanus sativus could be effective and efficient in lunar or Martian colonization.

Question

What concentration of urine will provide the best nutrients and acidity to stabilize the
regolith and allow the radish grow to its full potential?

Hypothesis

If the urine combined with amendments to the regolith, results in a high pH , then it will
neutralize the regolith and allow the plant to grow to its greatest capacity.

EXPERIMENTAL DESIGN

Experimental Abstract

The inhospitable conditions of lunar regolith, including its elevated alkalinity and
absence of essential nutrients, presents a substantial challenge for sustainable plant growth to
nourish space exploration. This experiment investigates the potential benefits of human urine as



a natural, available solution for improving the livability and fertility of lunar regolith. Containing
vital nutrients including nitrogen, phosphorus and potassium, as well as an acidic pH, urine
substantiates the pursuit of neutralizing the alkalinity of lunar regolith and rejuvenating the
plants’ wellbeing. In this study, simulated lunar regolith was treated with various concentrations
of human urine, and Raphanus Sativus plants were cultivated under surveillance and controlled
conditions.

Ultimately, the data from this experiment suggests that urine could play a critical role in
elevating plant agriculture on the Moon, eventually contributing to long-lasting life support
systems for long-term space exploration missions. Further analysis is needed to advance
understanding of the effect of urine treatments on the long-term effects on plant health.

Experimental Parameters

In this experiment assessing the potential of utilizing urine to neutralize alkalinity and
enhance nutrient deficiencies in lunar regolith for plant growth, there are several experimental
parameters crucial to its development. The concentration of urine applied to the regolith
simulant, expressed as urine:water ratios ranging from 0.081 to .127, is the independent variable
being tested on Raphanus Sativus. Additionally, the age of the person sourcing the urine is an
independent variable. The dependent variables include the height, stem width, number of leaves,
and leaf coloration. The controlled variables accentuate the effects of urine and included
fertilizer type, growing container, light exposure, watering frequency, measuring frequency, seed
source, plant species, and temperature. Finally, the incisive and compact ranges of urine
concentrations allow for thorough investigation of urine’s effectiveness on plant growth,
necessitating extensive efforts to minimize uncontrolled variables such as bacterial
contamination that potentially alter experimental results.

VARIABLES

Crop:

Round Red Radishes Crimson Crunch Raphanus Sativus
Information:

Growing temperature range: 4.5-21 C (ideal = 16C) Sun/Shade: Full sun
Sow Seeds: 1 inch apart, 5 inch deep

Days to Germinate: 5-7 days

Days to Harvest: Approx. 28 days



Growing Medium Components

matter to the soil.

Soil Additive Purpose Percent by mass Price
Dried Chicken To simulate human 1 $15.99 (3.751bs)
Manure feces and add organic

Canadian Peat To help lower thepH | 5 $17.68 (10 Quarts)
Moss of the regolith and
increase water
holding capacity.
Gypsum The calcium of the 2 $8.95 (11b)
(CaSO , ) Gypsum will bind to
the iron content in the
regolith to prevent
iron toxicity.
Coconut Coir To help combat the 2 $16.98 (2 Quarts)
compacting of
regolith.
Each cup will hold 2 ounces of the soil (90% regolith and 10% soil additives)
Urine  Water Ratio Total amount of  Total amount of
(ml) (ml) urine (ml) water (ml)
0.081081
3 37 08 84 1030
0.086956
3.1 36.9 52 86.8 1033.2
0.089918
3.2 36.8 26 89.6 1030.4
0.092896
33 36.7 17 92.4 1027.6
0.095890
34 36.6 41 95.2 1024.8
0.098901
3.5 36.5 1 98 1022
0.101928
3.6 36.4 37 100.8 1019.2




0.104972

3.7 36.3 38 103.6 1016.4
0.108033
3.8 36.2 24 106.4 1013.6
0.111111
3.9 36.1 11 109.2 1010.8
0.111111
4 36 11 112 1008
0.114206
4.1 359 13 114.8 1005.2
0.117318
4.2 35.8 44 117.6 1002.4
0.120448
43 35.7 18 120.4 999.6
0.123595
4.4 35.6 51 123.2 996.8
0.126760
4.5 35.5 56 126 994
Dependent Variable
- Stem radius
- Leaf
- Leaf quality
- Height
Control

Our 3-control pots will be using miracle grow potting mix to showcase the growth of
Raphanus sativus in normal earth conditions with no soil additives and only be watered with
plain water (40ml). Frequence of watering will be every other day like the test plants.

PROCEDURES



Planting Procedures

Begin by preparing the simulated lunar regolith (lunar soil), making sure that each
container receives a consistent amount of regolith, along with measured amounts of soil additives
such as dried chicken manure, peat moss, gypsum, and coconut coir. Make sure each Raphanus
sativus seed will be planted at a depth of 6-8 mm ensuring that each container receives a
consistent amount of regolith. For consistency, one seed will be planted per pot. Each pot will be
labeled according to its specific group (ex: urine concentration or control). Once labeled, the pots
will be watered with 40 mL of the corresponding water-to-urine mixture . The pots will then be
placed in a growth chamber, where they will receive equal exposure to controlled light and
temperature conditions throughout the experiment.

Watering Procedures

Water is vital for all plants to grow and survive. Water comprises up to 9.5% of a plant’s
tissue. It is needed for a seed to sprout and is responsible for carrying nutrients throughout the
plant as the plant grows. It is also necessary for other important processes in plants such as
photosynthesis, cell structural support, and transpiration (Richmond). In this experiment,
however, pure water will not be used to hydrate the plants but rather solutions of varying
concentrations of water and urine. The procedure for watering the experimental plants is, (or
will be) as follows. Team members will add 40 ml of urine concentration to the plants. The urine
will then be diluted with the water at a ratio ranging from 0.081 to .127. The urine should not be
applied on leaves or other parts of the plants because it could cause foliar burning and create
consumption issues. The urine concentration will be added to the plants every other day at 10:15
am.

Light Procedures

The Moon has a day-to-night cycle of about 29.5 earth days (On every orbit- moon gets
about 2 weeks’ worth of daylight/nighttime (each 14.75 days)). A plant’s exposure to sunlight
intensity and time will differ from the Earth. The use of LED lighting ensures that it provides an
efficient amount and exposure to different wavelengths of light. Blue, as well as red, to aid plants
in photosynthesis. The following steps could be a part of the experiment’s procedure. First,
position the light above each pot containing Raphanus sativus (The growth chamber in the
science hallway of Tabb High School will be used to control the time and temperature to ensure
correct lunar atmosphere simulation). Instead of imitating the lunar day-to-night cycle, exposing
Raphanus sativus to light for 12 continuous hours in a 24-hour period will be conducted
(Simulating the 12-hour days and 12-hour nights in 29.5 earth days to lunar cycle). The growth
chambers will be controlled to set the timer to expose each pot to 12 hours of LED light. After
the 12-hour cycle for the lunar day ends, the growth chambers will be set to turn off the LED



lights for 12 hours in order to replicate the lunar night (8:00 AM start, lights turn on / 8:00PM
stop, lights turn off). LED lights will need to be at full intensity in order to mimic the sunlight on
the surface of the moon, which can be done through the use of Full-spectrum LED bulbs and
LED lights with a high CRI of 90+. The atmosphere will maintain the temperature within a range
of 20-25C (68-77F) for the Lunar Daytime temperatures. An approximate range of 15-20C (59-
68F) during simulated lunar nighttime temperatures will ensure the plant’s growth. The
experiment will be conducted with the management of 12-hour lunar cycles for 33~35 days in
accordance with the experiment duration:

- Minimum duration: 5 days germination period+28 days= 33 days
- Maximum duration: 7 days germination period+28 days=33 days

Measurement Procedures

Various methods will be used to measure several factors and dependent variables within
the experiment. Measurements of the plant, soil chemistry(pH), atmosphere, etc. will be taken
every day at 10:15am. Plant measurements will include the height of the plant, the diameter of
the stem, and the leaf lengths, measured with a centimeter ruler. The number of leaves will be
observed. The soil and atmospheric data will be measured using pH monitors/pH strips and a
humidity monitor respectively.

Possible Confounding Variables

Gender differences in the experiment can be considered one of the confounding variables
as women’s urine contains progesterone and estrogen metabolites, while male urine has
testosterone. Since females have shorter urethra, they have a higher percentage of urinary tract
infections. Furthermore, in male urine, there is a high percentage of creatinine since they have
high muscle mass. With different factors, these hormonal differences could influence the lunar
soil’s reaction and radish absorption.

When a person gets older, there are changes in the urinary system. Thus, urine
concentration could be a factor because of water intake, and creatinine levels. As people age
metabolism tends to slow down and urea becomes an important contributor to concentrated
urine. In the elderly, there are potential issues with protein malnutrition as “during the past
decade, the genes that encode two urea transporters (UT-A and UT-B) were cloned” (Sands 11).
UT-A is located on chromosome 18 and “... is expressed in the apical membrane of the inner
medullary collecting duct, and vasopressin rapidly increases both UT-A1 phosphorylation and
urea transport” (Sands 11). According to Sands, research on aged rats indicated “a reduction in



UT-A1 abundance could decrease urea reabsorption across the inner medullary collecting duct,
thereby reducing inner medullary interstitial urea accumulation, which would in turn reduce
urine-concentrating ability. In UT-A1 abundance, it could lead to a reduced inner medullary
interstitial urea accumulation, which decreases the urine-concentrating ability” (Sands 11).

Health conditions such as infections, genetic diseases, diabetes, urinary tract infection
(UTT), and other factors could lead to decreasing soil balance and results could differ. Infections
such as “bladder infections such as cystitis, seen almost exclusively in young women” (Dirks J,
Remuzzi G, Horton S, et al. 13). Males “are less susceptible to acute, uncomplicated infections
of the bladder or the kidney, with an incidence of five to eight episodes per 10,000 men
annually” (Dirks J, Remuzzi G, Horton S, et al. 13). For diabetics, one of “the earliest sign of
diabetic nephropathy is the appearance of small amounts of protein in the urine (proteinuria). As
proteinuria increases and blood pressure rises, kidney function declines” (Dirks J, Remuzzi G,
Horton S, et al. 25). As a result, there could be the presence of bacteria in the urine sample,
an increase of white blood cells, high acidity from diabetes, and dehydration, leading to urine
being more concentrated.

The pH of urine could depend on the individual’s diet and medications as it is between
acidic and alkaline. A diet with more consumption of “high fruit and vegetable intake and lower
consumption of meat was significantly associated with a more alkaline urine pH before and after
adjustment for age” (Welch, Alisa A. et al. 1). Diet becomes an important contributor as there are
“alkaline salts in fruit and vegetables, that also supply large amounts of Mg and K in the diet”
(Welch, Alisa A. et al. 3). As a result, it reflects the urine pH and the kidney function. This
additionally ties back to underlying health conditions such as UTI, and medications and
supplements such as calcium, diuretics for high blood pressure, vitamin D to absorb calcium,
which increases the calcium level in the urine, iron supplements, as too much can be toxic and
cause radishes to overconsume iron.

EXECUTION AND PROJECT NOTES

We began by measuring precise amounts of lunar regolith and chicken manure using a
digital scale. These components were combined to replicate lunar agriculture conditions. Then,
urine solutions with concentrations ranging from 3.0 to 4.5 were prepared using a micropipette.
Each solution was stored in labeled beakers, which were tightly sealed with plastic wrap to
minimize contamination and prevent evaporation. These beakers were kept in a refrigerator to
maintain a consistent pH level throughout the experiment.

For plant growth, 2 oz small plastic containers served as the planting pots. Each container
was cut with three 1-inch slits on the bottom to allow proper drainage. This ensured optimal
conditions for plant root development. To water,2 we used a pipette to pour exact amounts of
water or urine concentrations directly to the growing medium. This approach minimized waste
and ensured uniformity across all samples.



Planting Method

The planting methods employed in our first experiment consisted of multiple steps that
were performed with precision and care. The first step taken was using a scale to measure 45
grams of the regolith mixture into cups with three slits. These slits were 2.5 cm in length on the
bottom side of the cup, and we used a box cutter to slice them. We then used an iron nail to
create multiple punctures at the bottom of the cup for further drainage. Next, we patted down the
soil in the cup gently with the pad of our thumbs, and we used a #2 pencil to lightly create 3
indentations that measured to be the depth of the eraser end. We then inserted one seed into the
cup per indentation and using the end of the pencil, we gently pushed the surrounding soil
towards the indentation to cover it. After this process, we lightly patted on the soil like before to
cover and smooth everything up. We then proceeded onto the watering and watered each plant
with 6 mL of water for moisture. We placed a humidity dome, which was a plastic container with
a lid and a small opening located in the center of the container, over the tray of pots in order to
reduce evaporation and promote germination. The plants were consistently watered with distilled
water until sprouts appeared, allowing us to begin manipulating our IV.

Beginning of Experiment

The plants were left in a growth chamber at 80 degrees Fahrenheit, although this raised
issues with overheating and combined with oversaturation of the plants during the first planting,
making the seeds unable to germinate. Errors in the original planting such as plants being too
hastily sowed and the soil being too compact are also believed to be factors in the seeds' inability
to germinate. After a week in which zero seeds successfully germinated, the decision was made
to replant the seeds and restart the experiment on Friday. The same methods were used; however,
it was approached more carefully to ensure no mistakes were made and the seeds had the chance
to germinate. The pH was consistent at 8, which was too high for optimal growth. The sprouted
seeds were moved to a new growth area, in which it was set on a wooden platform raised about 1
meter above the ground using a stand, which had a LED light above the plants—about 0.20
meters above the metal tray that held the plants. The LED was set on a timer that was turned on
from 8am to 8pm every day. The temperature and humidity would have been approximately the
same as the room they were held in, with respective data on the excel sheet.

Replanting — Modifications

To ensure the germination of the replant, the team considered the only data collected
during the week of lack of growth: pH, which had been constantly in the range of 8-9. To solve
this issue, Candian peat moss was added to the regolith until the pH measured the ideal 6.
Furthermore, observations were made regarding the excessive compactness, which likely caused



difficulty in seed germination and growth of the root system. This led to concluding the need to
add more coconut coir to the mixture to increase aeration. After adjustments were made to the
soil, each cup was precisely filled with 45 grams of soil, seeded, and planted by one member to
ensure consistency.

Modified Soil Additive Components

Soil Additive Purpose Percent by mass Price
Dried Chicken To simulate human 0.93 $15.99 (3.751bs)
Manure feces and add organic
matter to the soil.
Canadian Peat To help lower the pH | 7.56 $17.68 (10 Quarts)
Moss of the regolith and all
the regolith to hold
water.
Gypsum (CaSO) | The calcium of the 1.87 $8.95 (11b)
Gypsum will bind to

the iron content in the
regolith to prevent
iron toxicity.

Coconut Coir To help combat the 5.20 $16.98 (2 Quarts)
compacting regolith
when water is added
by holding onto the
water for it.

Each cup will hold 45 grams of the regolith mixture (84.44% regolith and 15.56% soil additives)

Experiment Progression

During the experimental process, all the plants sprouted on the third day, confirming
successful seed germination. The plants were initially watered with 6ml of urine concentration
every two days until germination was achieved. The initial watering amount was increased to 10
ml every other day, then to 20ml every other day, and finally, the watering process was adjusted
to follow a standard of 15ml every other day, based on the observed plants’ needs.
Unfortunately, one missed watering session led to the death of several plants in the experiment,
specifically plants that were given a higher concentration of urine- (3.8, 4.1, 4.2, and 4.5). This
revealed which specific plant concentrations were susceptible to drought . Remarkably, multiple
seeds from one concentration type endured, which indicated a stronger resistance to adverse
conditions. Some plants had all three sprouts from each trial survive while others had fewer,
demonstrating varying degrees of germination among the different urine concentrations.
Following the death of certain plants, there was a growing proliferation of algae within the
plastic cups, suggesting that the regolith mixture simulating the moon’s environment retained the
nutritional capacity to sustain life. An appropriate watering schedule was adapted again based on
the plants’ requirements, beginning with 10ml after 4 weeks, increasing to 20ml two weeks later,



and then decreasing to 15ml after an observation that 20ml was excessive for the plants. The
plants looked severely overwatered and were drooping, likely due to inadequate drainage despite
multiple punctures made into the container. The observations collected throughout the
experiment align with NASA’s research, which also documented a growth in similar small
containers by day 6. However, plants in our experiment showed a more positive effect on
growth, enduring significantly longer despite growing in similar small containers. This indicates
the potential improvements in growth conditions conducted in our experiment which influenced
plant resilience. In conclusion, this experiment emphasized the critical importance of precise
waterins schedules and concentrations in sustaining plant growth.

Errors — Confounding Variables

Confounding variables encountered during this experiment included: a day of watering
was forgotten, a day that plants were watered with 20 mL instead of 6 mL, another day where
plants were scheduled to be watered 6 mL but were watered 10 mL. Moreover, another
confounding variable is that it was growing in a room where the lights were occasionally turned
off, and students in the classes could mess with it. While watering, some members would be
holding the containers possessing the plants. Thus, the pressure of holding it might have led to
cracks in the soil mass and the formation of paths where water would go, leaving some parts dry
and more saturated. Due to missing one watering day, some plants were too dry, and some were
not draining immediately. Though the research had many confounding variables, it did not
detract from certain plants flourishing for specific concentrations.

Excel Data

Experiment 1 Analysis.xlsx

Qualitative Observations

During our experiment, the team made a plethora of observations to make minor
adjustments to enhance plant growth. To base, for modifications in the experiment regarding
watering and minor details and lighting distance to ensure the plant’s most optimal growth. Some
observations include stark contrasts between the experimental group (watered with urine: water
concentration on regolith mixture) and the control (watered with distilled water on Miracle-Gro-
Potting Mix).

= Despite excessive watering during the first week of growth that led to replanting, there
seemed to be no growth of mold, while the smell of the process of anaerobic bacterium
(lack of air and excess moisture leads to an anaerobic bacterium which results in toxins
being released into the soil to prevent plant growth) was present instead.


https://ycsd-my.sharepoint.com/:x:/g/personal/254922_ystu_ycsd_york_va_us/EZCiMpmsVctCujM9eHTzsOoBIUtpehsWJMQaeIRcZicWxQ?e=tkG75L

= Excessive moisture leads to the growth of algae in areas such as the top of the regolith
and areas of drainage.

= All plant containers had the same number of slits and punctures for drainage; however,
some containers drained immediately while others did so relatively slowly.

= From the start of growth, the experimental group (EG) had been a shade darker than that
of the control group (CG)

= The development of seed leaves (leaves that help support the leaf in gaining nutrients to
form permanent leaves) of the EG had been significantly prolonged compared to the CG,
whose seed leaves died a few days in. After observing for a multitude of days, the seed
leaves of EG died when the radish was visibly forming.

* EG had grown significantly more leaves than the CG.

= The plants thrived under the moisture cap.

=  When the plants displayed signs of overwatering, the stem would darken and wilt overall.

= All surviving plants, aside from concentration 4.4, had a slight purple tip, indicating
phosphate deficiency.

= Visible buildup of possible salts from urine in the slits for drainage resulting from over
saturation of some plants.

Data Analysis

= One missing watering day on 10/25 lead to the death of concentration: 3.4:36.6, 3.8:36.1,
4.1:35.9,4.2:36.8

= Plants of concentration: 3.1:36.9, 3.6: 36.4, 4:36 height on data indicate significant
decline in height however, this is due to the plants needing more water so height indicates
drooping but not death

=  Week 4 : increase in growth due to increase of watering amount

=  Week 4: EG plants are no longer growing taller while its leaves are growing bigger and
stems significantly thicker stems than CG

= Week 6: 12/6/24 snipping of inferior plants of the three per cup led to those with thinner
stem IV groups to develop thicker stems

= Remaining surviving EG plants have all produces a small radish approximately 25 mm
long and 6.35 thick in diameter

= No growth of radishes in CG aside from extensive root system

= Some of CG leaves had red tips indicating lack of phosphate

Discussion

This research aims to determine if the usage of urine concentration would benefit crimson
crunch radish (Raphanus sativus) growth in lunar regolith, specially when the regolith is
modified to conditions for ideal plant growth, resembling earth’s soil. An additional aim is to
determine what concentration of urine would ould result in the best radish plant. From the data,



there shows to be immediate rapid growth of the EG when compared with the CG (watered and
grown in soil of regular conditions). Furthermore, considering qualitative observations the EG
had significantly thicker stems compared to the CG throughout the experiment indicating a
strong foundation for radish development. While the significant number of leaves produced by
the EG suggests that the urine concentrations had modified the growth of the plant increasing its
ability to intake sunlight and create nutrients. This likely in conjunction with the phosphates and
nitrogen in the urine led to speeding up the growth of Raphanus sativus. This is further proven
by the growth of the radish plant in the EG and no apparent radish in the CG. The extensive
growth of the radish plant was also abnormal when compared to the past planting in such
methods as stated by our mentor. In past cases of planting of seeds in small containers and of
such environment has only resulted in about 50-80% sprouting whereas in this research the
percentage of seed germination far surpassed this average. Moreover, in past plantings crops
were only set to grow for a set 2-3 days and later replanted into the garden otherwise there was a
high likelihood of no complete development in such small containers. From the results of the
data from this research, it is likely concludable to assume that the minerals of the lunar regolith
and from the urine could have helped increase the livelihood of the plants and encourage early
root development. This can be helpful in advancing not just space agriculture but also here on
earth since the root development of the radish in the EG suggests a possible significance in
mineral beneficiation in plant growth.

In the line graph of the overall growth of the radish plant, when considering the sudden
deaths of plants due to improper watering by human error and looking towards those that
survived, it is inferable that in the situation and condition of optimal watering quantities and
frequency there is a high likelihood the EG would flourish even more over the CG and provide
this research an alternate end data. Whereas limitations of the experiment include the size of the
cup which limited the growth of the radish as in the end each plant had grown an extensive root
system.

The result of what distinct concentration is most optimal for plant growth on lunar
regolith when considering qualitative observations (leaf quality, leaf coloration, stem width and
radish size) deems concentration 3.1:36.9 the most favorable for plant development. However,
due to the range of outlying variables this research would require further testing to confirm this
statement.

Conclusion

This study investigates the effectiveness of urine on the growth of Raphanus sativus on
lunar regolith. The team's findings prove that urine concentrations enhance and encourage life
growth on lunar regolith. Suggesting the importance of nutrients through a variety of sources
vital in aiding the development of a plant in the harsh conditions of the Moon. Furthermore, it
addresses the scarcity issue of space travel and energy consumption through testing the most
accessible resource available: urine. At the same time, it highlights the importance of the aeration
of the regolith, its water retention, pH, and nutrient distribution. The challenges of watering



faced by the team and its effects on the plant's growth emphasize the necessity of precise
watering.

Overall, our study and research recommend further investigation: into the implications of
an individual's health effect on urine samples for watering, methods of accurately determining
needs for watering, the period length of growing a full radish in such conditions compared to
ones on earth, taste of radish, nutrient of crimson radishes grown on lunar regolith, and the
effects of differing growth habits of Raphanus Sativus such as its seed leaves.

By thinking outside the box, our study highlights a unique approach toward space
agriculture in hopes of opening a new path toward enhancing the knowledge and ability of
agriculture on the Moon.

PHOTOS

(Oct. 24) (Nov. 28)

(Nov. 28 Left: Second Experiment Right: First Experiment)



FURTHER INVESTIGATION

Result of Concentration of Urine on the Growth of Radish

In our first experiment, we found that the 3.1:36.9 urine concentration produced the best results.
Plants in this group reached an average height of 54 mm and had more true leaves compared to
other concentrations. Based on these findings, we used the 3.1 concentration for all plants in our
second experiment to test its effectiveness across different ages.

Background

The primary goal of this experiment was to take the experiment further by observing the
potential impact of urine concentrations from varying age groups on plant growth in a lunar
environment. We hypothesized that an individual’s age might play a specific role in aiding plant
growth. We recognized that various factors such as the human volunteers’ hormonal levels and
overall nutritional intake could potentially affect the compositional makeup of urine- resulting in
potential differences in overall plant growth. Considering that the majority of the astronauts in
space missions have historically been male, the experiment aimed to gain male human
volunteers. This decision allowed our group to align our research with possible profiles of
astronauts likely to be encountered by future lunar mission crews on the moon.

Question:

Does the age of the donor affect the growth of Raphanus Sativus?

Hypothesis:

If the ages between 18-30 are fully developed and at their peak age for health, then their plants
will flourish and be the healthiest compared to the other age groups.

Experiment Setup



In this experiment, we followed the same procedure as before. The cups had three slits
and drainage holes. Each water-to-urine concentration was made from specimen urine cups with
different ages, using concentration 3.1, 36.9. After adding the mixtures to individual beakers and
covering them with saran wrap, each cup was filled with lunar regolith and 3 Raphanus sativus
seeds. Lastly, each cup was watered with 6 mL of distilled water.

Experimental Design

Soil additives and different volumes of water were used to water the plants every other
day. Lighting source and the seed species used were the same—this experiment took place on
the same stand as the first one, having overlapped experimental windows. The 2™ experiment
was shorter than the first, however, and the controls were planted in the same regolith mixture
but watered with water. During the 4 weeks, the amount of water used changed from 10mL every
other day to 20mL every other day and then modified to 15ml based on need. At approximately
10am every day, team members were to water the plants with the decided quantity of water.

Independent Variable
Ages: 16, 18, 21, 22, 35, 41, 44, 55, 54, 65

Confounding Variables

For this experiment, we started the control group later, which affects the baseline for
comparing them while not being in the same timeframe. The timing introduces a difference in
growth, light, and temperature conditions that influence the plant to develop independently
during the experiment. From this, the delay creates a late start on the developmental stage during
observation and data that could lead to misleading conclusions. Furthermore, the controls we had
cannot provide an accurate point of our comparison as the experimental group was experiencing
the sprouting stage, while the control group could still be germinating. Other factors such as the
soil moisture from week to week and humidity can affect the data, making changes in growth
conditions. Overall, this observation may cause some issues in finding patterns or factors that are
causing both the experimental and control groups.

In the experiment, the age of the men and their urine could have affected the growth
outcomes of the seeds. As urine can vary with age, with younger men have higher concentrations
of hormones like testosterone, which could provide more nutrients to stimulate plant growth.
However, older men could produce urine with different chemical compositions, which could
potentially decrease the sprouting of the plants. As urea provides nitrogen, high concentrations
(dehydration) of urine can cause nitrogen overload (nutrient burn) and higher levels of salt,
which results in stressing the plants. This also creates an effect on soil acidity and less



availability of nutrients. In contrast, a low concentration (hydrated) urine faces better nutrient
uptake and is less likely to harm the plants, with beneficial nutrient absorption. As a result, plants
that received urine from younger men tended to be more successful and had a higher germination
rate. While the others died from excess nitrogen, which kills the plants, and due to the lower
levels of testosterone found in older men, this can influence their urine composition of nitrogen.

Excel Data

Experiment 2 Analysis.xlsx

Qualitative Observation

Throughout watering days, members note various observations from coloration, leaf size, stem
diameter, and damage to draw conclusions and modify the treatment of the plants as needed.
Main observations include:

= Plant growth is exponentially faster than in the prior experiment.

=  When sprouting plant roots were visible such uprooting is likely due to erosion from
improper watering of the first 6ml which likely was directed of the seeds rather than
around the perimeter.

= Plants show similar growth patterns as prior experiment with stable growth in terms of
height which periodically becomes stagnant as it uses its nutrients to grow foliage.

= Plants experienced a direct decline in development when watering went from 10ml to
20ml despite dry soil towards the end of the 10ml watering period.

= Despite precise measurements, CG soil is lower in height to the EG, this difference in soil
height could result in CG plants growing taller due to need rather than as development
which can skew interpretations of data

Data Analysis

= The EG collectively has a steady exponential growth for the week 1, while average of EG
on data performs better in growth (This can be inaccurate due to the delay in planting of
CG)

= Overall decline on 11/23/24 for unknown reasons likely related to watering and moisture
levels.

= Transition to 20ml during end of week 3 and week 4 results in the deaths of multiple
plants while some were able to survive despite excess moisture and were able to revive
after modifications of watering to 15ml.

= Data by end of week 4 concludes that age 16 led to the most optimal plant growth

Discussion


https://ycsd-my.sharepoint.com/:x:/g/personal/264607_ystu_ycsd_york_va_us/EeQ4FeloyTVFhoRfXkk9JFYBF_eQdvecTs6Yq-QdjCRmKg?e=Rcv71T

The study aims to explore the effects of an individual’s age for urine concentrations on the
growth of Raphanus sativus. From the data, the usage of 3.1 concentration is shown to
effectively grow Raphanus sativus which supports the prior experiment about the effectiveness
of urine concentration on plant growth. However, due to the short growth period for this
experiment, there was not adequate time for a radish to develop, so interpretation will solely be
based on the visible plant. Ultimately, the average growth of the EG had been greater than the
CG. By the end of the four weeks the surviving plants included: control 1, 2, 3, plant age: 16, 28,
and 41 with dry soil. At the meantime, the remaining had died due to over saturation with them
showing symptoms of wilting, darkening and purple stems while the soil remained moist in the
days leading up to their deaths.

Our quantitative data shows that age16 had the most significant growth overall, with
57mm in height by the end of the 4 weeks and 13 leaves. Followed by the age 28, with a 51 mm
height and 5 leaves. With the average of 48 mm of height by the end of the experiment when not
including dead plants.

In terms of foliage, by the end of the study age 16 had the most leaves of a total of 13,
further supporting the result of age 16 as the most optimal for Raphanus sativus growth. While
the overall average number of leaves grown EG vs. CG, results in the CG have more leaves of an
average of 10.33 and an average of 8.66 for EG when not considering the dead plants. Although,
when considering the foliage when the plants were still alive it shows that the EG had a
converging point where they began to have similar number of leaves and rate of growth. These
results conclude that age 16 has the greatest growth. However, due to challenges in water it is
difficult to confidently state age 16 as the most optimal for Raphanus sativus growth.

Conclusion

Our hypothesis was not supported by the results of the experiment. As ages 18-30 for the
majority had died aside from age 28. However, when considering the height before its death they
remain only half of the height of age 16. For example, week 4, the first measurements of the
week for age 16 is 44 while age 18 was 0, and age 21 was 23.

The result of the study further proves the effectiveness of concentration 3.1:36.9 in the
growth of Raphanus sativus as the average growth of plant when not considering those that died
in the process were taller by about 3mm. Due to the errors in watering it, and basing
interpretations on the ones that survived, the data shows inconsistency in survival because of the
wide range in ages of surviving plants in the end.

From our studies and research further investigation is recommended in the fields of
testing of whether gender could play a factor, if hormones might actively affect the growth of
Raphanus sativus, and what would be an effective watering plan.
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