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Concept
An essential aspect of a manned mission to Mars
involves the use of in-situ materials: for example, using
Martian regolith to grow plants. Martian regolith
contains many of the essential macro- and micronutrients needed to support plant growth. However, the
regolith may also play host to several potentially growth
limiting characteristics: High salinity, phytotoxic
substances (e.g. perchlorate, heavy metals, etc.), low
water holding capacity (WHC), nutrients present in nonbioavailable forms or at toxic concentrations, and
extremely low availability of organic matter. In its raw
form, Martian regolith would likely be inhospitable for
growing plants, but there is potential to treat it to make it
suitable. The objective of this study is to apply
laboratory-based plant growth experiments that
demonstrate the effects of particular growth limiting
conditions and explore the potential of microbial
inoculants in improving plant response in these
conditions. These laboratory experiments include the use
of newly formulated Martian regolith simulants
representing mineralogical, chemical, and plant growth
limiting conditions of Mars.

General Set Up
All plant growth experiments are being conducted in a
semi-controlled environment where light, temperature
and humidity are regulated and tracked.

Regolith Simulants

Microbial inoculants have been shown as an effective
treatment in improving plant response under stressed
conditions in terrestrial soils and improving nutrient uptake
and plant response in lunar soil simulants. There is promising
potential in the use of microorganisms as components of life
support systems and plant growth habitats in planetary
exploration. The microbial inoculants used in this study
include several plant-growth promoting bacteria known to
improve plant response under saline and other growth limiting
conditions. Growth studies establish a baseline response of
plant growth to the inoculants. These studies will finalize the
plant(s) and microbial assemblage to be used in the final
growth experiments using the regolith simulants

Initial growth experiments included plants grown in potting
soil, commercially available Martian soil simulant, and
fresh basalt component from the Globally/Regionally
distributed simulant. Plant growth response varied with
clover and moth bean showing the greatest ability to
successfully grow in these mediums. Subsequent
experiments were conducted with moth bean, salt grass, and
clover at Mars-like levels of magnesium sulfate hydrate
(epsomite) with moth bean showing the greatest ability to
tolerate salinity stress. Such pilot studies continue to further
establish this baseline response including comparing
response to perchlorate and epsomite salts and potential
microbial inoculants. The results of these studies will
further refine the conditions to be used in the final growth
experiments.
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Regolith Simulants

X-ray diffraction (XRD) and VNIR spectroscopy results for
developed simulants. XRD measurements taken at the University
of Georgia XRD Lab and VNIR spectroscopy at the Laboratory for
Spectroscopy under Planetary Environmental Conditions
(LabSPEC) at the Johns Hopkins Applied Physics Lab (APL).

Plant growth room where experiments are conducted.

Initial growth experiments are being conducted with
lettuce, spinach, radishes, red clover, moth bean and salt
grass. These plants were chosen because they are fast
growing, salt/drought tolerant, agriculturally relevant,
and/or have been grown in extraterrestrial environments.
These studies use potting soil simulating partial Martian
conditions to provide baseline responses. The specific
Martian conditions being simulated include Mars-like
levels of salinity, low organic matter and exposure to
perchlorate. The above and below ground biomass,
nutrient content, and specific plant growth markers (i.e.
germination and production of true leaves, seeds,
flowers, etc.), signs of plant stress (i.e. chlorosis, etc.)
are being tracked to evaluate plant response.

Images of the five simulants developed as part of this work from left to
right, top to bottom 1. Global soil, 2. Sulfate-rich, 3. PhyllosilicateSmectite, 4. Phyllosilicate-illite/chlorite, and 5. Carbonate.

To provide a Mars-like growth medium, five simulants have
been designed which represent various mineralogical
assemblages found on Mars. These include: 1. Global soil 2.
Sulfate-rich 3.Phyllosilicate-smectite 4.Phyllosilicateillite/chlorite and 5.Carbonate-rich. The global soil simulant
represents the loose, unconsolidated regolith thought to be
globally distributed. The presence of phyllosilicates in a soil
increases the CEC and WHC. High concentrations of sulfates
and iron oxides in soils could be beneficial or problematic for
plant growth depending on geochemical conditions.
Carbonates provide materials to help buffer acidic conditions
by liming the soil. Phyllosilicates, sulfate, iron-oxide, and
carbonate rich deposits are found in consolidated sedimentary
deposits and may be enriched in the soil locally or ‘minable’
to produce mediums more suitable for plant growth.

Recipes were designed for the five simulants and
appropriate materials were obtained either in the field or
purchased. Components obtained for simulants were each
individually analyzed by XRD and Reitveld refinement
during initial development to ensure appropriateness for
use as a component in simulants. Each component was
mechanically crushed to produce fine sand or coarse silt
powders. All components save the copiapite, epsomite, and
perchlorate were weighed following the recipes and
combined in a dry mix. To produce a more soil-like texture,
a solution or epsomite or perchlorate was then added to the
dry mix to create a muddy paste. This paste was dried in
the oven at 60°C to remove water and the dried ‘mud-like’
mixture was re-crushed. The copiapite was added after the
simulant was re-crushed due to the sensitivity of this
mineral interacting with water. The simulants were
analyzed using XRD Reitveld refinement and reflectance
spectroscopy. Additional analysis using XRF, VNIR
spectroscopy, and Mössbauer spectroscopy are currently
underway to provide further comparison. Fertility analyses
will determine soil pH, salinity, CEC, WHC, organic
matter, and extractable nutrients providing an overview of
the potential fertility.

Pilot studies establishing baseline for plant response to partial Mars
conditions. Top and Middle: Moth bean and clover grown at varying
levels of epsomite exposure
Bottom: clover grown in potting soil and moth bean sprout in
simulant fresh basalt component and clover grown in commercially
available Mars soil simulant).
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