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l. Introduction

With the desire for and advancement of deep space travel, the need for
cost-effective, reliable, and sustainable extraterrestrial food production is at the forefront
of many minds. This ability is a key component of space habitation and travel, allowing
for a reduced payload mass, the supplementation of crew diet, and providing
psychological benefits (Cordova 2017). Not only that, but planting on the moon would
provide an easier launch point for resupply of deeper space missions.

The scarcity of resources on an extraterrestrial body is one of the reasons that
we need to explore the growth capabilities of lunar soil. Lunar regolith (LR), a simulated
lunar soil, is a high-fidelity, mineral-based simulant appropriate to the average highlands
location on the Moon (Planetary 2020) by combining both minerals and rock fragments,
with particles matching those of the Apollo samples. The regolith itself is devoid of
biological nutrients and therefore, cannot grow plants on it's own. The introduction of
hydroponic nutrients could help create viable, harvestable plants without the inclusion of
terrestrial soil.

The regolith is a very dense product, allowing for very little space in between
particles. It becomes like concrete when water is added. This simulant also has poor
water holding capacity (WHC). To try to combat both problems, a super absorbent
polymer (SAP) was added to our pots. Therefore, the ultimate objective of this study is
to address the impacts of hydroponic nutrients, in conjunction with the super absorbent

polymer, on the ability to grow viable and harvestable kale crops in lunar regolith.
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Il. Theory

The proposal for this project states that the use of a liquid fertilizer, such as a
hydroponic nutrient, in conjunction with a superabsorbent polymer (SAP), like sodium
polyacrylate, mixed into the lunar regolith, can achieve similar results to hydroponic
growing without the need for water pumps, a cumbersome and potential point of failure.
The addition of SAPs to the lunar regolith could reduce or even eliminate the
requirement for other soil amendments due to their ability to hold and release aqueous
organic nutrients into the regolith keeping it moist and, as the crystals dry and shrink,
creating cavities for gas exchange. In these cavities the roots of the plants should be
able to bind to the SAP crystals creating a consistent source of water. Extensive
research into the addition of SAPs into loess and sandy soils has proven that there are
many positive benefits to their inclusion. They increase WHC, reduce
evapotranspiration rates, prompt higher growth rates, bind heavy metals to mitigate their
plant effects, and even reduce the effects of salinity (Huttermann 2009). From the study
conducted by Abdallah, it can be concluded that as little as 0.3% w/w would be required
to provide effective WHC (Abdallah 2019). In total, this approach would reduce the
payload weight, as only 0.3% w/w of SAP would need to be added to the soil sample.
Since SAPs in their dry state weigh so little, it would be a good question as to why not
grow crops in 100% SAP soil. As proven in Cordova’s experiment, the absence of soil
presented several growth problems. These growth problems could have been due to
multiple factors, including overexposure to light in the root zone, restriction of oxygen in
the gel, or instability of roots due to the difference between gel and soil structure

(Cordova 2017).
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Since neither 100% lunar regolith nor 100% SAP soil can produce viable plant
offspring, it can be concluded that something else has to be added. The introduction of
hydroponic nutrients creates an interesting experiment. Firstly, hydroponic nutrients are
available as a dry powder, helping to reduce payload. Secondly, they provide an easier
nutrient delivery method than compost and terrestrial soil.

Kale was chosen as the preferred plant for several reasons. Firstly, kale is a
superfood that has large amounts A, K, B6 and C, calcium, potassium, copper and
manganese. One cup of raw kale has 33 calories and 7 grams of carbohydrate
(Carruthers 2018) allowing it to be diabetes and weight friendly. As well, it can be
harvested at the young seedling or even sprout stage to provide quicker access to a
food source. Secondly, it favors well in hydroponic conditions and thrives in almost any
other setup, as it does not require overly meticulous care (Cowart 2020). It can be
started from seeds, as was done in this project, or from mature plant cuttings and can
germinate in temperatures as low as 5°C and as high as 30°C. As they mature, they
can tolerate frost, drought, and alkaline soil (Cornell 2006). Thirdly, young kale leaves
can be harvested within 20 to 30 days of planting. With this in mind, we believe that

kale would be the most beneficial plant to attempt to grow.
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Ill. Materials and Methods

Figure 1

The housmg for the plants was a 10" x 20 Super Sprouter Propagation Tray with Hudmidity Dome

propagation tray with a humidity dome from Super Sprouter
and each plant was planted in individual 4” plastic plant
pots (figure 1) with a numbered plastic stake. The soil used

was Miracle-Gro Potting Mix and the SAPs used were

Miracle-Gro Water Storing Crystals (100% polyacrylamide

crystals). The hydroponic solution was Southern Agriculture 5-11-26 Hydroponic

Figure 2 Special Soluble Fertilizer plus Minors. This mix was
Resulting Nutrien ncentration
N 150 ppm formulated to be used in conjunction with Calcium Nitrate
P 52 ppm
g, ot e (Hi-Yield Calcium Nitrate Granules), which were added
Mg 2 ppm - L . -
Fe 3 ppm based on mixing directions into distiled water. The
B 0.5 ppm
Cu 0.5 ppm hydroponic nutrients available to the plant can be found in
Mn 0.5 ppm
Zn 0.5 ppm ; ; ;
Mo 0.1 b Figure 2 (concentrations listed are per 1000 gallons). The

hydroponic solution was measured using a graduated

cylinder and delivered to the plants using a pipette. Sunlight was

mimicked by using two red/blue LED grow lights that each had two arms Figure 3

or lights.

The moisture meter used was the XLUX Soil Moisture Meter (figure 4). 1:
Its display indicated, on a scale of 1 to 10, the moisture level of the soil. The |
pH meter used was the one provided to us through the Plant the Moon Grant,

Luster Leaf Rapitest Digital Soil pH Meter (figure 3). A ruler with Centimeter

marks was used to determine the growth of the plants.

Luster Leaf Ropitest Digital Soif pH Meter
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A. Procedure for Creating Pots

Each plant was planted in individual 4” plastic plant pots. To help mitigate the
likelihood of transplant death, the original pot was used throughout the experiment.
Each pot was filled with a different percentage of soil to lunar simulant and each pot
contained 0.3% hydrogel w/w. There were two control pots with 100% Miracle-Gro Potting
Mix and 0.3% hydrogel w/w, 1 pot with 100% regolith and 0.3% hydrogel w/w, and 5
pots with 10% increments of soil by volume up to 50% soil by volume.

To create each pot, we weighed out the appropriate amount of potting material
based on their individual densities and the SAP based on the combined weight of the
two potting materials to achieve no more than 50% amendment by volume. In order to
thoroughly mix the materials, each pot mixture was placed into separate resealable
glass containers and shaken vigorously. Then, we allowed for the mixtures to settle in
order to reduce the LR dust particles. Each plant was then watered with 50ml of
hydroponic solution and placed into the propagation tray, with their coordinating number
stake. To help insure that a plant would grow, three seeds were planted in each pot.

When the plants matured to sprouts, each pot was culled to the largest, singular plant.

B. Hydroponic Solution Distribution Figure 4

XLUX Soil Moisture Meter

Distilled water was used to help mitigate any extraneous
nutrients that could be found in non-distiled water. The
hydroponic mixture was mixed according to product directions into

one gallon of water. The resulting solution was 4ml of hydroponic

nutrients and 2ml of calcium nitrate that was shaken thoroughly.




Testing Soil to Lunar Simulant Ratios with 0.3% w/w added Hydrogel 7

Each time that water was added to the plants, the gallon was shaken before applying

In order to measure the amount of water distributed, a graduated cylinder was
used to determine the milliliters provided to each individual plant. To begin, each plant
was watered with 50 ml of solution. To determine if the plant needed water, a moisture
meter was used. If the moisture meter denoted less than 5, water was added to the

individual plant using a pipette.

C. Lighting Conditions

Figure 5 Two red/blue LED grow lights provided the simulated sun. Each

light had 2 arms that each provided 12 watts of energy for a total
combined output of 48 watts. Their wavelengths were 660nm and
460nm respectively. The lights were applied in 12 hour cycles (12
hours on, 12 hours off), as most kale like full sunlight (6+ hours)

(Cornell 2006).

D. ph Testing

The provided pH meter (fig. 3) was used once a week, per pot to determine the
soils levels. All of the pots measured between 6.8 to 7.0 pH every week for the entirety
of the experiment. This falls perfectly into kales desired pH levels of 6.0 to 7.5 (Cornell

20086).

E. Plant Growth Measurement

The plants were measured by a simple ruler in centimeters. The plants were
measured every 3 days, prior to true leaves. Post true leaves appearing, the plants

were measured daily. Plants 4 and 8 were no longer measured after they died from
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culling. Plant 7 was lost due to a mishap and proper biomass measurements were not

able to be taken.

F. Leaf Green Material Measurements

On week eight of growth, final measurements were taken. All the leaves of each
plant were measured to determine the average surface area of each plant’s leaves. All

plants were individually weighed using a gram scale.
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IV. Analysis and Results

At the conclusion of the growth period, all the plants were measured individually
for final height, biomass, and leaf quantity. The surface area of the leaves were

measured to conclude the

Figure &
average surface area of each  LeafArea Resulis
8000 - 7336 | e
plant’s leaves, as well as the total ] B
3
surface area for each plant e+ m
W5
. ] M5
(Figure 6). ] .
4000 < 3542 8
Each plant was then
depotted and weighed for 1 s 78
| 917 1122
biomass. During this step, we ] 301.5 208% )
discovered that all of the p|ants leaf surface area(avg) in mm? total area of leaves in mm?

planted in LR containing pots had Figure 7

indeed bound to the SAP crystals in larger 4
quantities than the soil based controls. We !
believe this is due to the restriction of space
within the compacted LR, as opposed to the | :
loose potting soil. This would be necessary for
the plant to receive nutrients from the
Hydroponic solution as the LR had no bio

available nutrients of its own. The two control

plants would be able to find space provided by

the natural detritus inside the potting soil. Closeup of 5APs bound in plant roots
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All of the spherical structures seen in Figure 7 are SAP crystals attached to
plant roots. In particular Number 3 had a substantially larger amount of attached
crystals than any other plant in this experiment. This can be seen in the “Final Photos”
album in the appendix. Based on the results of the biomass measurements, pot
number 3 was able to achieve a substantial amount of growth compared to similar
experiments using 100% LR (Wamelink et al., 2014). It was able to grow 7 true leaves
similar to our 2 controls. Number 3 also had 28.18% more leaf surface area compared
to Number 1; however, it's average leaf surface area was 5.27% smaller. These issues
appear to become mitigated with as little as 30% potting soil, as seen in Number 6,
which achieved a larger final height than Number 3. Number 6 also presented
comparable weight, leaf count, and a greater surface area. Number 6 had similar results
to that of Number 2, which was our best producer. The only significant difference
between the two was the total surface area of Number 2 leaves that were 69.75% larger
overall (Figure 8). These results go towards confirming our hypotheses regarding the
inclusion of SAP crystals as a means to replace the need for terrestrial soil entirely;

however, the results of Number 6 warrants further study.

Figure 8
Final Concdlusive Measurements

Pot number lcw 2c 3 4 5 6 7 8
total area of leaves in mm? 1507.5 7336 2002 0 1788 3542 1122 0
leaf surface area(avg) in mm? 301.5 917 286 298 506 187
final height in mm 97.8 140 50 50 70 120 103 60
leaf number 5 8 7 1 6 7 6 2
stem diameter in mm 2 2 1 2 2

bio massing 1 1.5 2 1.1 2 0.6
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V. Conclusion

In conclusion these results confirm that the use of dry hydroponic nutrients mixed
with available water and SAP crystals would be a viable option for future lunar missions
due to their low weight and ability to produce viable crops with little to no terrestrial soil
amendments. This experiment has shown that low maintenance growing can be
achieved through the use of SAP crystals as their water retention qualities help maintain
a steady amount of moisture in the usually dry and desiccating LR. This allows for
essentially hydroponic growing without the reliance on pumps, water filtration systems,
or living components in the case of aquaponics. Further avenues of research would be
in the viability of bringing cover crop seeds along with the food crop seeds. Cover crops
are grown once in nitrogen deficient soil then their seeds are harvested for the next
cycle. The sprouts are then tilled into the soil to provide nutrients for food crops. Since
our experiments showed even small amounts of organic matter can provide significantly
better crops. A small amount of a cover crop, such as clover, would be all that is
required. This could lead to eventually creating a self sustaining amount of organic

matter in the lunar soil and no longer requiring the addition of hydroponic nutrients.
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VIl. Appendix

Research logs

Daily Photos

Final Photos
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https://drive.google.com/drive/folders/1WYRQAjN_sG4XTbd6uGRLhvy-NbkTqjg3?usp=sharing
https://drive.google.com/drive/folders/1Fd4t1BGk1pHmBE0G9_dbKU3kOCwimCRm?usp=sharing
https://photos.app.goo.gl/16pL1HVpVBt86fSw8
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