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RATIONALE

Significance/Background

When living on the ISS and eventually the moon, astronauts will not have access to the same foods they would if
they were living on Earth, resulting in some nutritional deficiencies. This would also apply to possible future lunar
colonies, and therefore must be accounted for. Specifically, most astronaut food as of the present day does not have
high enough amounts of vitamin C, vitamin K, thiamine, and potassium. Capitata f. rubra microgreens, commonly
known as red cabbage, are especially known for having a high vitamin C and vitamin K content, as well as lowering
the risk for cardiovascular disease. Growing these plants in soil or regolith inoculated by Pleurotus ostreatus,
commonly known as grey oyster mushrooms, would provide both another edible source of vitamin K and
potentially increase the biomass of the plant, as Pleurotus ostreatus has been seen to help exposed plants grow
faster and with a higher biomass. In addition, the mushrooms would increase the variety in diet for these astronauts
to counteract the monotony of food and flavor and increase overall happiness.

Specific Aim:
We seek to research how the growth of Capitata f. rubra in lunar regolith inoculated by Pleurotus ostreatus impacts

the overall biomass production and root morphology of the plant.

We chose to conduct this experiment due to a lack of information about fungi being used for space missions, and a
desire to help solve some problems that astronauts face while on space missions in terms of nutrition and fresh
food production. This aim was chosen as it represents the key aim of this research: to determine whether or not
using a collaborative growth of Capitata f. rubra and Pleurotus ostreatus benefits the growth of the Capitata f. rubra.
The results of this research should help to determine if this growth of these two organisms benefits the Capitata f.
rubra by reintroducing nutrients into the regolith and allowing the Capitata f. Rubra to grow with greater biomass.
We hope that this research will lead to a better understanding of how fungi can impact plant growth, particularly
within lunar regolith, and how fungi could also be used to benefit astronauts in future space missions.



EXPERIMENTAL DESIGN

Methods and Measurements:

This experiment was conducted in a growth chamber in the Astrobotany lab at Winston-Salem State University. We
used 20 pots with 150 grams (g) regolith and 1g of dehydrated algae powder as the substrate for all of the microgreens
and mushrooms. 10 of the pots were controls, and contained only Capitata f. rubra. 10 of the pots were used for the
experiment, growing Pleurotus ostreatus and Capitata f. rubra together. We had so many control and experimental pots
to provide redundancy and make the data more accurate as it is from a greater sample size. Powdered algae was added
to the top of all pots prior to the planting of the crops to add biological matter to the sterile regolith. The plants were
watered in a weekly manner, with two liters of water being added to the bottom of the growing trays. Two weeks after
planting, microgreens were harvested, and germination rate, length of the roots, total biomass, edible biomass, and
height of the microgreens was recorded, as well as the soil pH and the oxygen flow. The mycelium mat of the Pleurotus
ostreatus was left in the regolith, and the Capitata f. rubra was replanted in all pots. Root morphology was studied as
well via image analysis. This process was repeated for three planting cycles of the Capitata f. rubra.

Reasoning for Methods:
One of the very conscious choices we made in this process was to amend the pots with as little mass as possible. This

was to ensure that this experiment was feasible if it ever were to be carried out on the moon, as it is very expensive to
send things to space. The way we have done it, just one kilogram of powdered algae would be able to amend
one-hundred and fifty kilograms of regolith. This would make for an effective and feasible setup on the moon. We also
sprinkled the powdered algae on top of the regolith to allow the water to pull the powdered algae down through the
regolith rather than us manually mixing it in, as we realized this would be more feasible on a larger scale. It was also
important to us that we could see changes in the effectiveness of our inoculated regolith as a growth medium at
different points in time, so we elected to harvest and replant new seeds of the Capitata f. rubra to be able to see the
differences in performance in the different planting cycles, as our Pleurotus ostreatus slowly fostered a microbiome in
the experimental regolith.

Variables:
Independent Variable: regolith inoculated with Pleurotus ostreatus
Dependent Variable: growth of Capitata f. rubra microgreens
Controls: LHS-1 regolith, trays, amount of water, watering schedule, amount of light, use of dehydrated algae powder

Hypothesis: We believe that by the end of our experiment, the Capitata f. rubra in our experimental pots inoculated with
Pleurotus ostreatus will outperform the control group in all recorded metrics, having greater total biomass, greater
edible biomass, a higher germination rate, and greater total height.

Expected Outcomes and Limitations:

Data that would confirm that the Pleurotus ostreatus positively impacted the growth of Capitata f. rubra microgreens
would include any of the following: increased germination rate, higher edible biomass, higher height of the
microgreens, or a higher presence of a microbiome within the roots within the experimental group. The opposite of
these factors listed: lowered germination rate, lower edible biomass, smaller microgreen height, or a lowered presence
of a microbiome within the roots would indicate that the presence of Pleurotus ostreatus negatively impacted the
growth of Capitata f. rubra microgreens. Similar levels of these indicators within the experimental and control groups
would indicate that the presence of Pleurotus ostreatus has no significant effect on the growth of Capitata f. rubra
microgreens. If there are mixed indicators, this would mean that the presence of Pleurotus ostreatus could have some
effect on the growth of Capitata f. rubra microgreens, but more analysis of results would need to be conducted.

Timeline: We expect to perform three trials in the growth period of seventy days. Our first harvest began on 6 October
2021 and concluded on 22 October 2021, our second harvest began on 22 October and concluded on 5 November 2021,
and our third harvest began on 12 November 2021 and concluded on 26 November 2021.



RESUILTS

Over the course of our experiment, we collected data three times, once for each trial. Upon the conclusion of the first
trial, the experimental pots outperformed the control in average total biomass, as shown in Figure 1, but
underperformed the control by all other metrics, severely underperforming the control in areas like germination rate,
shown in Figure 3. Upon the conclusion of the second trial, our experimental pots had overtaken our control in every
single metric, over doubling our experimental values from the first trial in the areas of average edible biomass and
germination rate, as shown in Figures 2 and 3. In the third trial, the experimental pots again significantly outperformed
the control in all recorded metrics. The leaves of the experimental third trial were also greener than those of their
control counterparts, as well as their root structures being more robust and complex than the control, as shown in
Figures 5, 6, 7, and 8.

Tables:

Control: Avg Total Biomass (g)

Experiment: Avg Total Biomass (g)

Trial 1 0.752 1.370
Trial 2 0.870 1.380
Trial 3 0.698 1.807

Figure 1. A table ¢

omparing the average total biomass of the control and experimental groups.

Control: Avg Edible Biomass (g)

Experiment: Avg Edible Biomass (g)

Trial 1 0478 0.276
Trial 2 0.683 1.135
Trial 3 0.482 1.563

Figure 2. A table comparing the average edible biomass of the control and experimental group.

Control: Germination Rate

Experiment: Germination Rate

Trial 1 54% 29%
Trial 2 52% 69%
Trial 3 62% 91%

Figure 3. A table comparing the germination rates of the control and experimental group

Control: Height (in)

Experiment: Height (in)

Trial 1 7.650 7.031
Trial 2 6.200 9.070
Trial 3 7.530 9.070

Figure 4. A table comparing the heights of the control and experimental groups.
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Figure 5. A selection of Trial 3 control plants. Figure 6. A close up of a Trial 3 control.

OPUBIOS
ousy 3%

olynuBIo
g L6

o
=
z
5
m
o
=
<
w
2

9

'v's'n NI a3LNIEd

Figure 7. A selection of Trial 3 experimental plants. Figure 8. A close up of a Trial 3 experimental.

DISCUSSION AND CONCLUSION

Discussion:

The control groups were outperformed by the experimental group due to the higher mass within the root system of the
experimental group, as a result of the fungal inoculation. In terms of biomass, the experimental group performed much
better than the control group, producing larger and thicker roots in comparison to the control as observed in Figures
5-8. We believe that the mycelium mat played a role in this, causing the roots to have to extend further to reach
nutrients and a water source. In terms of edible biomass, the experimental group underperformed the control during
the first trial, then outperformed the control in the second and third trials. We believe that the roots grew longer as a
result of needing more time growing to get through the mycelium to reach the light source, and were unable to do so as
effectively during the first trial as the mycelium mat formed over the seeds. During the second trial, as to not disturb
and kill the mycelium mat that had already developed, we pushed the seeds onto the surface of the soil just under the
mycelium mat, which likely resulted in the microgreens being able to reach the surface more easily. This would also
play a role in the root system being larger within the experimental group. The powdered algae most likely had a positive
effect on the performance of both the control group and the experimental group, as it provided nutrients and biomatter
in the barren regolith, but as this factor was a control, the benefit was equal to both groups.



The inoculation of Pleurotus ostreatus fungus in the experimental pots led to a microbiome that supported stronger
roots and more healthy plants, as observed in Figures 5, 6, 7, and 8. This microbiome also improved the germination rate
of the seeds drastically. This means that the use of Pleurotus ostreatus fungus in inoculating regolith could be a viable
strategy for growth of plants more effectively in lunar regolith. The implications of this research are very broad, as this
method could be used to effectively and efficiently farm healthy food to sustain future human settlement on the moon.
These plants grown in regolith inoculated with Pleurotus ostreatus will germinate more reliably, and grow taller, and
yield more edible biomass, leading to a higher yield of crops than without fungal inoculation, and therefore a more
efficient and better harvest to sustain those on the moon,

Conclusion:

In this experiment, we researched how the growth of Capitata f. rubra in lunar regolith inoculated by Pleurotus
ostreatus impacted the overall biomass production and root morphology of the microgreens. We discovered that in all
metrics, the growth of Capitata f. rubra and Pleurotus ostreatus together led to a higher production of total biomass,
edible biomass, as well as a higher germination rate and height of the plant. This experiment could be extended by
growing the microgreens to term without disturbing the mycelium mat that is grown in place, to see if there would be
any production of sporophores or if there were any changes not observed during the two week growth period. This
research could also be extended by testing the decomposing nature of the Pleurotus ostreatus in discarding the inedible
biomass of plants if sporophores form. This experiment could also be repeated in a larger setting using a variety of
different crops such as lettuce, peppers, rice, et cetera, to test the effectiveness of Pleurotus ostreatus inoculation on the
biomass yield of these different crops.



