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Abstract / This study explores the efficacy of organic compost as an amendment to Martian soil simulants,
specifically MGS-1, for supporting plant growth in extraterrestrial environments. Using Glycine max (Edamame
Soy Beans) as a test crop, we compared the growth metrics and soil pH levels against traditional Earth-soil
additives. The research highlights the challenges of mold development in Martian regolith, a significant hurdle
in sustainable extraterrestrial agriculture. Initial results showed comparable growth between compost-enriched
Martian simulants and Earth-soil mixtures. However, the compost mixtures exhibited a higher tendency for mold
growth, emphasizing the need for balanced microbial activity in off-world farming. This study lays foundational
insights for future agricultural endeavors on Mars, suggesting that while organic compost can support plant
growth, it also necessitates careful management to mitigate mold risks, thus paving the way for developing
effective soil management strategies in space agriculture.
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1. Introduction

As humanity embarks on the ambitious journey of col-
onizing extraterrestrial bodies, sustainable life support
systems are essential to the success of such endeavors.
The establishment of agricultural practices on celestial
bodies like the Moon or Mars presents a unique set
of challenges and opportunities. Central to these chal-
lenges is the development of efficient and cost-effective
methods to cultivate food in extraterrestrial environ-
ments characterized by harsh conditions and resource
scarcity.

This study builds on the findings of (Caporale et al.,
2022), which highlighted the economic and logistical ad-
vantages of using compost over earth soil to support
plant growth in non-terrestrial settings. The integration
of organic compost with Martian soil simulants (specifi-
callyMGS-1 ) offers a promising pathway to enhance soil
quality and support robust plant growth, as we hope
to demonstrate in our experiment with Glycine max
(Edamame Soy Beans), a nitrogen-fixing crop known
for its resilience and nutritional value.

Our research was propelled by the need to optimize
payload efficiency by reducing the reliance on Earth-
based resources, addressing one of the critical barriers
to sustainable extraterrestrial colonization (Hepp et al.,
2014). The primary objective of this study was to eval-
uate the impact of organic compost on plant growth in
Martian regolith, comparing it with traditional Earth-
soil additives.

Halfway through our experimentation, an unforeseen
challenge arose as mold development led to the prema-
ture termination of our initial plant trials. This incident

shifted our focus towards understanding and mitigating
mold growth in both Martian and Earth soil conditions,
which is a recurrent issue faced by teams in the Plant
the Moon Challenge.

This paper details our experimental approach, find-
ings, and the implications of using compost as a sus-
tainable agricultural practice on Mars. By investigat-
ing both the growth of Glycine max and the conditions
fostering mold growth, we provide insights into effec-
tive strategies for future extraterrestrial farming efforts.
The culmination of our study offers a novel perspective
on enhancing Martian agriculture, paving the way for
future colonization missions where sustainability is key
to long-term human survival.

2. Literature Review

Current research consensus establishes that Martian Re-
golith Simulants, specifically JSC-Mars-1A, MMS, and
MGS-1, inherently lack the nutrients necessary to sus-
tain plant growth. This limitation necessitates nutri-
ent supplementation to render these simulants viable
for agriculture (Eichler et al., 2021). Many studies have
been conducted on different types of supplementation,
including the integration of organic materials with Mar-
tian soil, which has been proposed to improve its fertility
(Duri et al., 2022). A seminal study in this area re-
vealed that incorporating vegetal compost into Martian
regolith simulants significantly enhances the growth and
nutritional value of lettuce, identifying a 30:70 compost-
to-regolith ratio as optimal (Duri et al., 2020).

Our study is designed to validate previous findings
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by conducting experiments with a mixture of Martian
regolith and vegetal compost, comparing its efficacy to
a blend of Earth soil and Martian regolith. Previous
published research has predominantly focused on lettuce
(Adamo et al., 2020),(Duri et al., 2020), demonstrat-
ing significant growth enhancement when cultivated in
compost-enriched Martian simulants. Our research will
employ edamame to determine whether these improve-
ments are specific to lettuce or extend to other crops.
Chosen for its nitrogen-fixing properties, edamame may
offer additional insights into the broader agricultural po-
tential of compost-amended Martian regolith.

Moreover, the physical properties of Mars’ regolith,
particularly its adsorptive capacity and clay-like tex-
ture, present additional agricultural challenges (Zent
et al., 1986). Notably, these characteristics can lead to
water logging, a significant concern highlighted during
discussions in the Plant the Moon Challenge open office
hours. This issue also featured prominently in three of
the four reports recognized as best in show during the
Fall 2023 session (LLCC Star Dusters, 2023),(Farnsley
et al., 2023),(Arzu Lozano et al., 2023), underlining its
importance and prevalence in regolith-based agriculture.

At the outset of our project, we underestimated the
extent of waterlogging in Martian regolith and its con-
sequent impact on mold growth, which led to the pre-
mature demise of five out of six plants in our initial
trials. Instead of replanting, we chose to pivot our re-
search to address a significant gap in the existing liter-
ature. We are now focusing on the comparative analy-
sis of mold growth in containers using Martian regolith
and Earth soil, both supplemented with compost. Our
objective is to investigate whether Martian regolith fos-
ters an environment more conducive to the decompo-
sition of organic material. This aspect of regolith uti-
lization is under-researched, as most studies regarding
mold or other fungi focus on its resistance to ion radia-
tion (Pacelli et al., 2020).

Having established the foundational context of our
study and its initial findings, we now turn our attention
to three questions that aim to deepen our understand-
ing of sustainable agriculture in extraterrestrial environ-
ments. Specifically, our research seeks to address the
following:

(i) How does the addition of organic compost to Mar-
tian soil simulants affect the growth and nutritional
value of Glycine max (Edamame Soy Beans) com-
pared to traditional Earth soil additives?

(ii) How does the addition of organic compost to Mar-
tian soil simulants affect mold growth compared to
traditional Earth soil additives?

(iii) What would we do differently if given the oppor-
tunity to participate in the competition again?

3. Methodology

3.1. Weeks 1-4

Our experimental design incorporates a control and sev-
eral independent variables to assess the differential im-
pact on plant growth. The control variables consist of

Pot 1, filled with 100% Earth soil—a commercial pot-
ting mix—acting as a benchmark for comparing plant
growth across different treatments. As well as pot 4,
filled with 100% Martian regolith—utilizing the MGS-1
simulant as it closely mimics the mineralogical charac-
teristics of Martian soil (Cannon et al., 2019).

The independent variables were structured into two
distinct categories. The first category (Pots 2 and 3) in-
vestigates the effects of combining Earth soil with Mar-
tian regolith in varying proportions. Pot 2 contains a
balance of 50% Earth soil and 50% Martian regolith,
while Pot 3 contains a mixture of 25% Earth soil and
75% Martian regolith.

The second category of our experiment (Pots 5 and
6) focused on evaluating the effectiveness of organic
amendments in supporting plant growth within Martian
regolith. Our Martian soil simulant was blended with
a compost made from vegetal waste to accomplish this.
Specifically, Pot 5 had a balance of 50% organic com-
post and 50% Martian regolith, while Pot 6 contained
a mixture of 25% organic compost and 75% Martian
regolith.

Figure 1: Soil composition across control and treatment
groups

Our vegetal waste compost was comprised of the fol-
lowing: cardboard, lawn clippings, eggshells, kitchen
peelings (primarily banana peels), and maple leaves.
The primary dependent variables in this investigation
include the height, stem circumference, and soil pH level
of Glycine max. A rigorous seed selection process was
employed to ensure our experimental outcomes’ validity.
All seeds were procured from Burpee and subjected to
a pre-screening procedure to ensure consistency in size,
weight, and overall health. After the initial screening,
each seed that met the selection criteria was assigned a
unique identifier ranging from 1 to 100. Subsequently, a
random number generator was used to select three seeds
for each of our experimental pots, numbered 1 through
6. This method ensured the randomness and objectiv-
ity of seed selection for planting, minimizing potential
biases in plant growth outcomes.
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All experimental pots, labeled Pot 1 through 6 as
depicted in Figure 1, were placed within a standardized
greenhouse environment. This environment was care-
fully regulated to maintain consistent humidity levels,
which is crucial for plant growth. An automated irriga-
tion system was implemented to ensure uniform water
distribution, calibrated to deliver precisely 16.5 mL of
water daily to each pot. This amount was determined
based on the specific watering needs of Edamame in a
5-inch diameter pot, which requires 0.8 cups of water
every 12 days, equivalent to 0.07 cups, or about 16.5
mL, per day.

Additionally, consistent exposure to simulated sun-
light was achieved using a UV light system. However,
given the spatial configuration of our setup, as refer-
enced in Figure 1, there was a potential for uneven UV
light distribution, with edge pots (1, 3, 4, and 6) re-
ceiving less light than the centrally located pots (2 and
5). We implemented a randomization protocol to ad-
dress this variable and ensure equal light exposure for
all plants. Pots were reassigned positions within the
greenhouse based on a random number generation pro-
cess carried out daily prior to taking measurements and
watering throughout the experiment.

This meticulous control of environmental condi-
tions—light, water, and humidity—was crucial to our
experimental design. It allowed us to mitigate the
impact of extraneous variables, ensuring that any ob-
served differences in plant growth could be confidently
attributed to the treatment variables under study. We
included two pictures of our setup in Figures 2 and 3
which can be found in our Appendix (Section 7).

Recall that our dependent variables to assess the
growth and health of Glycine max (soybean) plants are
plant height, stem circumference, and soil pH level. We
recorded the height and stem circumference in centime-
ters bi-weekly to monitor the physical growth of the
plants throughout the experiment. Concurrently, daily
measurements of the soil pH were taken for each pot
to track the soil acidity, which is critical for nutrient
uptake and plant health (Alam et al., 1999). These
daily pH measurements were then averaged on a weekly
basis, providing a single pH value per week for each
plant, which was subsequently entered into our data ta-
ble. This methodical approach allowed for a comprehen-
sive analysis of the growth patterns and environmental
factors affecting Glycine max development.

3.2. Weeks 4-8

After week four, the plants in pots 2-6 died due to
water logging and mold accumulation. Since this oc-
curred midway through the experiment, instead of re-
planting, we thought it would be interesting to measure
the growth of mold for the next 4 weeks. We wanted
to measure the mold in a non-destructive way to help
us save the sample for further data collection over the
course of the 4 weeks. Colony diameter and size mea-
surement is an effective way to do this (Wang et al.,
2012). Even a visual inspection of the colonies is used
to estimate mold growth and grade inhibition for may
studies (Magnusson & Schnürer, 2001). We decided to

go with a manual measurement of the colony area, and
the routine practice is to measure the diameters of the
mold in the two main perpendicular directions and es-
timate the area(Ebrahimi et al., 2015). We made these
measurements twice a week for the rest of the experi-
ment.

4. Results

This section presents the findings from our experimen-
tal investigation into the growth and survival of Glycine
max (Edamame Soy Beans) under various soil composi-
tions. The initial growth rates, effects of environmental
stressors, and changes in physical parameters like stem
height, circumference, and pH levels are detailed below,
alongside the impact on mold development.

We begin by examining the growth trajectories of
edamame plants across different potting mixtures as il-
lustrated in Table 1. The table captures the incremental
height measurements up to week 4.

Table 1: Stem Height (in cm) for weeks 0-4

Pot W0.5 W1 W1.5 W2 W2.5 W3 W3.5 W4

Pot 1 0 0 0.8 1.5 2.3 3.7 4.9 6.5
Pot 2 0 0 0.4 0.5 1.2 1.7 2.1 2.6
Pot 3 0 0 0.2 0.3 0.6 0.8 1.1 0
Pot 4 0 0 0 0 0 0 0 0
Pot 5 0 0 0.7 0.8 1. 1.2 1.3 1.5
Pot 6 0 0 0.6 0.75 0.9 1.1 1.3 1.4

By the end of week four, plant death occurred due
to waterlogging and mold build-up. Before this, growth
data collected over the initial four weeks showed no sig-
nificant difference between Pot 2 (50% Earth soil and
50%Martian regolith) and Pot 5 (50% compost and 50%
Martian regolith), with a p-value of 0.208 from paired
t-tests. In comparison, Pot 3 (25% Earth soil and 75%
Martian regolith) differed significantly from Pot 6 (25%
compost and 75% Martian regolith), with plant growth
favoring the higher compost mixture (p = 0.045).

Following the critical developments at week four, Ta-
ble 2 delineates the exacerbated effects of waterlogging
and mold on the plants’ heights post-week 4, underscor-
ing the stark contrast in survivability and growth.

Table 2: Stem Height (in cm) for weeks 4-8

Pot W4.5 W5 W5.5 W6 W6.5 W7 W7.5 W8

1 7.0 8.9 9.1 10.8 12.4 13.2 14.3 15.5
2 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0

Table 3 shows the measurements for stem circumfer-
ence for weeks 0-4; we exclude weeks 4-8 in our table
since the plants in pots 2-6 died after week 4.
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Table 3: Stem Circumference (in cm) for weeks 0-4

Pot W0.5 W1 W1.5 W2 W2.5 W3 W3.5 W4

1 0 0 0.20 0.30 0.30 0.30 0.3 0.35
2 0 0 > 0.1 0.10 0.10 0.15 0.15 0.20
3 0 0 > 0.1 0.10 0.10 0.10 0.10 0.15
4 0 0 0 0 0 0 0 0
5 0 0 0.10 0.10 0.10 0.10 0.15 0.20
6 0 0 0.10 0.10 0.10 0.15 0.15 0.15

The combined analysis of Pots 5 and 6 versus Pots
2 and 3 did not reveal any significant differences, sug-
gesting that, on average, the grouped conditions did not
distinctly affect stem growth patterns across these pots.

Additionally, the soil’s chemical environment is cru-
cial to plant health. To address this, we looked at each
pot’s pH level measurements in Table 4.

Table 4: Average pH Level for weeks 1-8

Pot W1 W2 W3 W4 W5 W6 W7 W8

1 7.5 7.5 7.6 7.5 7.5 7.5 7.5 7.5
2 7.6 7.5 7.2 7.0 7.5 7.5 7.5 7.5
3 7.8 7.6 7.6 7.8 7.8 7.7 7.8 7.6
4 8.0 7.9 8.0 8.0 8.0 8.1 7.9 8.2
5 7.7 7.7 7.8 7.7 7.9 7.7 7.5 7.3
6 8.0 7.7 7.6 7.7 7.9 7.7 7.4 7.2

To determine the impact of soil mixture variations
on pH stability, paired t-tests were conducted, compar-
ing weekly pH measurements across different pots. The
comparison between Pot 1 (100% Earth soil) and Pot
4 (100% Martian regolith) revealed a highly significant
difference in pH levels (t = -13.23, p = 3.3× 10−6), in-
dicating that the soil composition in Pot 4 resulted in
consistently higher pH levels than Pot 1. This suggests
that the Martian-like soil maintains a more alkaline en-
vironment. In contrast, the comparison between Pot 2
(50% Earth soil and 50% Martian regolith) and Pot 5
(50% compost and 50% Martian regolith) approached
statistical significance (t = -2.34, p = 0.052), hinting
at a potential difference in the consistency of the soil
mix or external factors affecting pH stability. Lastly, no
significant difference was observed between Pot 3 (25%
Earth soil and 75% Martian Regolith) and Pot 6 (25%
compost and 75% Martian Regolith) (t = 0.78, p =
0.460), suggesting that varying proportions of the same
soil components do not markedly affect pH levels.

Lastly, we address the issue of mold proliferation.
The final set of data and analyses detail mold growth
across the different pots.

This time our statistical analyses focused on the dif-
ferences in mold growth, measured in square centime-
ters, across various pot groups over the period from week
4.5 to week 8. A series of paired t-tests was employed
to assess the significance of mold growth differences be-
tween selected pots.

Initially, Pots 1, 2, 3, 4, 5, and 6 were compared
pairwise. Pot 1 exhibited significantly less mold growth
compared to Pots 2, 3, 5, and 6 (all p < 0.005), suggest-

Table 5: Mold Growth (in cm2)

Pot W4.5 W5 W5.5 W6 W6.5 W7 W7.5 W8

1 0 0 > .1 0.4 0.5 0.5 0.5 0.6
2 0.5 0.7 1 1 1.2 1.5 2.1 2.2
3 0.7 1.5 1.5 1.7 2.0 2.5 3.2 3.6
4 0 0 0 0 0 > .1 > .1 > .1
5 1.2 1.5 2 2.5 3.5 4 5.5 6.5
6 0.5 1.3 1.9 2.4 2.8 3.2 3.5 3.7

ing that conditions or soil compositions in Pot 1 were
less conducive to mold growth. Pot 1 showed signif-
icantly more growth than Pot 4, which had the least
overall growth among all pots (p = 0.0057). Pot 2 and
Pot 3 showed significant differences when compared to
Pots 4 and 5, indicating variability in environmental
conditions that affect mold proliferation. The most sig-
nificant growth occurred in Pot 5 when compared to all
other pots, especially Pot 6 (p = 0.0316), highlighting
its heightened susceptibility to mold.

Further analysis focused on the grouped comparison
of Pots 5 and 6 versus Pots 2 and 3. The combined mold
growth of Pots 5 and 6 was significantly higher than that
of Pots 2 and 3 (t = 4.66, p = 0.0023). Specifically, Pot
5 demonstrated significantly more growth than Pot 2 (t
= 4.47, p = 0.0029). Although Pot 6 showed a trend
towards higher growth compared to Pot 3, this did not
reach statistical significance (p = 0.0547).

5. Discussion

Our research aimed to explore the influence of organic
compost and traditional Earth soil additives on the
growth of Glycine max (Edamame Soy Beans) in Mar-
tian soil simulants. The growth trajectories detailed in
the results section reveal critical insights regarding the
survival and growth dynamics under varied soil compo-
sitions. The comparative analysis between Pot 2 (50%
Earth soil, 50% Martian regolith) and Pot 5 (50% com-
post, 50% Martian regolith) showed no significant dif-
ference in plant growth (p-value = 0.208). This sug-
gests that organic compost can replace Earth soil with-
out detrimental effects on the initial growth rates of
Edamame in Martian soil simulants.

Interestingly, when comparing pots with a higher
proportion of Martian regolith (Pot 3 and Pot 6), the
addition of organic compost (Pot 6) showed significantly
better performance in terms of plant growth compared
to Earth soil (Pot 3, p = 0.045). This finding supports
the hypothesis that organic compost may provide a more
resilient growing medium in extreme conditions, poten-
tially due to its ability to retain moisture and nutrients
more efficiently than Earth soil.

Regarding the second research question on the im-
pact of soil additives on mold growth, our results are
particularly revealing. The significantly lower incidence
of mold in Pot 1 compared to other pots highlights the
less conducive nature of pure Earth soil for mold pro-
liferation under the conditions tested. In contrast, Pot
5, which contained a mix of organic compost and Mar-
tian regolith, exhibited the highest mold growth, signif-
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icantly more than Pot 6 (p = 0.0316) and greatly more
than the mostly inert Martian regolith of Pot 2 (p =
0.0029). These results suggest that while compost may
improve plant growth, it also increases the risk of mold,
likely due to higher organic content which can support
both plant and fungal life.

Expanding on this, the enhanced mold growth in
pots containing organic compost, especially Pot 5, un-
derlines the dual role of compost in Martian soil sim-
ulants. This scenario suggests that the presence of or-
ganic compost not only supports plant growth but also
fosters a microbial environment conducive to the de-
composition process. The statistical analysis further
underscores the role of compost in creating conditions
favorable for microbial activity and mold proliferation,
critical for the breakdown of organic material into sim-
pler compounds. In terrestrial settings, such microbial
activity is essential for nutrient cycling, decomposing or-
ganic matter to release vital nutrients such as nitrogen,
phosphorus, and potassium (Jangid et al., 2011).

In Martian simulants, where natural nutrient avail-
ability may be severely limited, introducing organic
matter and managing mold growth might significantly
enhance soil fertility. This microbial activity, induced
by the compost, could be particularly beneficial, poten-
tially offsetting the nutrient deficiencies typical of Mar-
tian regolith. However, this also necessitates careful
management to balance nutrient cycling benefits with
potential risks, such as plant diseases linked to exces-
sive mold growth. Future research should, therefore,
focus on optimizing the types of compost and microbial
inoculants that maximize nutrient release while mini-
mizing health risks to plants, thus supporting robust,
sustainable agriculture in extraterrestrial environments.

We need to reflect on our experimental setup and its
outcomes to address our third research question. Several
adjustments could be beneficial if another opportunity
is given to conduct this study. Firstly, addressing the
waterlogging issue is paramount, as it severely impacts
plant survival beyond the initial growth phase. Imple-
menting a better drainage system within the pots or ad-
justing the watering protocol could help mitigate these
adverse effects. Secondly, experimenting with varying
ratios of compost and Martian regolith might provide
a more nuanced understanding of their interaction ef-
fects on both plant growth and mold development. Our
team initially underestimated the time required for our
compost to decompose fully. As a result, when it was
incorporated into the Martian regolith, the compost had
not yet fully broken down, making its nutrients less ac-
cessible to the plants. We believe the outcomes might
have been markedly different if we allowed sufficient
time for the compost to decompose thoroughly within
the regolith. Furthermore, reflecting on our experiences,
we recognize the value of expanding our experimental
setup. For future experiments, we aim to increase the
number of pots to gather a broader set of data and to
acquire additional tools for a more comprehensive anal-
ysis of plant variables beyond the equipment provided
by the Institute of Competition Sciences.

6. Conclusion

This study has investigated the practicality of employ-
ing organic compost as a soil amendment in Martian soil
simulants, using Glycine max (Edamame Soy Beans) as
a model crop. Our findings indicate that while organic
compost can indeed support plant growth in Martian
conditions, akin to traditional Earth-based soil addi-
tives, it also introduces complexities such as enhanced
mold growth due to its rich organic content. The
comparative resilience of compost in supporting plant
growth under harsh Martian simulant conditions is note-
worthy, suggesting its potential to improve the fertility
and water retention capabilities of Martian regolith.

However, the challenge of mold growth associated
with higher organic matter highlights the necessity for
precise management of microbial activity within these
growth mediums. Our study underscores the delicate
balance required between fostering necessary micro-
bial activity for soil fertility and mitigating potential
pathogenic threats to plant health in closed extraterres-
trial agricultural systems.

Looking ahead, the next steps should focus on refin-
ing the compositions of soil mixtures, perhaps by exper-
imenting with various compost-to-regolith ratios and in-
corporating microbial inhibitors that could help control
mold growth without harming beneficial soil microbes.
Additionally, further studies should explore the scala-
bility of these methods to larger, more realistic space
farming modules.

Ultimately, this research paves the way for future
experiments and provides foundational knowledge cru-
cial for the advancement of sustainable agriculture on
Mars. As humanity eyes the Red Planet for future col-
onization, the insights gained from such studies will be
instrumental in developing robust life support systems
that can sustain human presence in extraterrestrial en-
vironments.
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7. Appendix

Figure 2: Picture of Set-up in Green House
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Figure 3: Plant Growth Inside of Green House

Figure 4: Team Plantstronauts!
Pictured Left to Right: Prentiss Gary, Gabriela Sanchez,
Gabriel Chavez
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