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Introduction

Methods (Cont.)

Long-duration space missions require sustainable food
production systems. Martian regolith lacks organic matter,
exhibits poor water retention, and contains limited bioavailable
nutrients, making it unsuitable for plant growth without
modification. Soil amendments such as perlite, Biochar, and
peat moss may improve regolith structure and nutrient
availability. This study investigates whether these amendments
enhance plant growth in a regolith-based substrate.

@ Soil amendments were selected based on their ability to
improve the physical and chemical properties of Martian
regolith and support plant growth.

A B C D E = G H T J K | @ Perlite - Improves soil aeration and drainage, helping
roots access oxygen and reducing compaction.

@® Biochar - increases water retention, which is important
in dry environments.

@ Peat moss - improves soil structure and helps maintain
moisture.

@® Gypsum - provides calcium and helps reduce soil
compaction while stabilizing pH conditions.

® Combining these amendments is expected to produce
synergistic effects that enhance plant growth in regolith-
based systems.

Research Question

Research Question:

How do different soil amendments affect the growth of Phaseolus
vulgaris in a Martian regolith soil mixture?

Hypothesis: Soil amendments, particularly in combination, will
significantly increase plant growth compared to regolith only
conditions due to improved nutrient availability, aeration, and
water retention.
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Figure 1: Seed Starter System Setup

® A: Control Group and volume measurements (See methods)
@® B: Peatmoss

@® Quantitative data: Plant height (mm) measured over
time, along with soil pH levels.

@ C Pgrlite @® Qualitative data: Leaf color (measured using a Leaf
® D: Biochar Color Chart, LCC), growth patterns, and plant survival.
@ E: Gypsum @ At the end of the experiment, root development will also

@ F: Peatmoss & Peralite

® G: Peatmoss & Biochar

@® H: Peatmoss & Gypsum

@® I: Peralite & Biochar

@ J: Peralite & Gypsum

® K: Biochar & Gypsum

@® L: Peatmoss, Peralite, Biochar, & Gypsum

Note: All pots in rows B-L have 50% regolith per volume.

be measured to assess below-ground growth.

@ Results will be compared and cross-referenced with
other groups conducting similar experiments using the
same soil amendments and/or plant species.

Experimental Setup

Bean plants (Phaseolus vulgaris) were grown in individual cells
containing a 50/50 mixture by volume of Martian regolith
simulant (MGS-1) and soil amendments. Treatments included
perlite, biochar (hydrochar), peat moss, and gypsum, both
individually and in combination.

Figure 2: Seed Starter System

This study serves as a pilot investigation to evaluate the
feasibility and effectiveness of using soil amendments to
support plant growth in Martian regolith simulant. The
results will inform a larger, more comprehensive study
planned for Fall 2026, where we aim to refine treatment
ratios, expand sample sizes, and incorporate additional
plant species. Future work will also include more detailed

Figure 3: MGS-1 Simulant

Variables

e Independent Variable: Type of soil amendment

e Dependent Variables: Plant height (mm), soil pH, leaf color
(LCC), plant survival, growth patterns, and root development

e Controlled Variables: Water volume, light exposure, pot/cell

P.T.M.C Challenge

size, total soil volume, and proportion of regolith (50% by
volume)

Procedure

1. Each soil component (regolith, perlite, biochar, peat moss,

\ o ) Plant the Moon

CHALLENGE

® The Plant The Moon Challenge is an international student
research competition in which teams design and conduct
experiments using lunar or Martian regolith simulants to
explore how edible plants can grow in space, and present their

analysis of root systems, nutrient cycling, and long-term
soil sustainability across multiple growth cycles. By
building on this pilot study, we seek to develop more
optimized and scalable strategies for plant growth in
extraterrestrial environments.
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Figure 4. MGS-1 Specs Sheet

successful plant growth.
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