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Introduction:  Martian regolith is very different 

from Earth soil. In order to colonize, or have an ex-
tended stay on Mars, agriculture must be established. 
The purpose of this experiment was to investigate 
growing plants in Martian regolith, in a manner that 
would be fuel-efficient, by using the existing soil of 
Mars with minimal interference and minimal materials 
brought from Earth. 

Plant growth was compared between Earth soil 
(control), a 50% Martian regolith MMS-2/50% Earth 
soil mixture (Mars Mix A), and a 50% Mars regolith 
MMS-2/ 25% coffee grounds/ 12.5% Earth soil/ 12.5% 
vermiculite mixture (Mars Mix B).  

Plants were grown in all three conditions and 
growth was measured in three month cycles.  Although 
several plant species were planted, only kale produced 
any measurable data of significance. Plant growth de-
creased with a decrease in the percentage of earth 
compost additive as measured by plant length and ro-
bustness. 

Efforts to reduce the mass of additives required to 
support plant growth include an exploration of acidify-
ing Martian regolith MMS-2 prior to planting. Acids 
have been chosen for their ability to add critical nutri-
ents of nitrogen and phosphorus. Nitric acid and phos-
phoric acid have both effectively lowered the pH to 6, 
similar to the optimal pH range for plant growth. 

Scientific Background:  Survival on the red planet 
requires building a system rooted in self-sustainability, 
to include generating, processing, and renewing the 
minimal resources available. This work is intended to 
address barriers that may be encountered when estab-
lishing a food system on Mars, whose surface is char-
acteristically thus far devoid of biologic matter. To 
build a robust agricultural system, “wide taxonomic 
diversity, climatic zones, habitats, life forms, seed 
characteristics, and plant uses” will need to be exam-
ined in the context of Martian viability [2]. 

For this project, plants were grown in simulant 
Martian regolith simulant “MMS-2” obtained from The 
Martian Garden [5]. This simulant is sourced from the 
same deposit that NASA and JPL’s Martian simulant is 
sourced: iron-rich basalt deposits left behind by ancient 
lava flows in the Mojave Desert that mimic the compo-
sition of Martian regolith [3]. 

This experiment intends to contribute to the devel-
oping study of Martian agriculture. Previous work by 
Guinan and Engle et al,  of Villanova University [1],  

and Wamelink et al. of Wageningen University [6]  
have shown evidence of plant growth in similar simu-
lant regolith. Challenges faced in such nutrient poor 
soil included root rot, wilting, and inhibited root 
growth caused by clay-like consistency and pH of the 
regolith [1]. 

Experimental Design: Two sets of three mediums 
of soil were prepared: Mars Mix A (50% Martian rego-
lith MMS-2/50% Earth soil), Mars Mix B 50% Mars 
regolith MMS-2/ 25% coffee grounds/ 12.5% Earth 
soil/ 12.5% vermiculite), and a control medium made 
up of potting soil (100%) (Earth Soil). One tablespoon 
of water absorbent crystals were added to all soil me-
diums. 

Reported results focus on the planting of kale and 
dandelion. Five seedlings of each species were grown 
separately in the three mixes: one group of each species 
was grown in separate Mix A containers, another group 
of each species in separate Mix B containers, and an-
other group in controlled Earth soil containers, totaling 
six containers. 

The plants were kept in a shared closed cabinet in 
order to keep light levels and spectral wavelength con-
sistent. They were exposed to 12 hours of approximate-
ly 45% the intensity of natural light on Earth to simu-
late the surface conditions of light received by Mars, at 
about 590 W/m2. Light was provided by LED grow-
light strips with a spectral wavelength from 380 nm to 
780 nm. Plants are initially watered using an irrigation 
system that set off twice a week for one second, later 
transitioning to a manual watering to compensate for 
different watering requirements, approximately two to 
three times a week. Measurements of length and pH 
were recorded twice a week. The length of stem meas-
urement was taken from the soil to the point where 
leaves branched. The leaf measurement included leaf 
stalk and leaf. 

Experiments to acidify Martian regolith simulant 
MMS-2 were conducted on a roughly 1:1 slurry of 
MMS-2 and water in glass beakers. For experiments 
conducted over 24 hours, solutions were covered and 
stirred continuously. A FieldScout Soilstik pH sensor 
was used for all MMS-2 pH measurements.  

MMS-2 and water slurries were titrated with 1.0 M 
Nitric acid and 0.5 M phosphoric acid and pH changes 
monitored over the course of 1 week. Solution pH 
gradually increased over time, stabilizing by day 7. 
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Results: Spinach, kale leeks and dandelions have 
been tested, with measurable results in all three soil 
mixtures from kale alone. Germination of kale was 
observed within 7 days of planting in all three soil mix-
tures. Both Mars Mix A and B produced more sprouts 
than Earth soil (Mix A 4 sprouts, Mix B 5 sprouts, 
Earth soil 3 sprouts). Within the first two weeks after 
planting, the sprouts in the Mars Mixes had grown tall-
er than the Earth soil plants. By the third week the kale 
in Mars Mixes had stunted growth while the Earth kale 
displayed healthy growth. This trend continued over 
the next three months. 

Figure 1: Comparison of kale growth after 14 
weeks in all 3 growth mediums. 

 
The pH of Mars regolith simulant MMS-2 was suc-

cessfully adjusted to a pH close to 6 with both nitric 
and phosphoric acid. It required 8.0 x 10-4 moles of 
nitric acid to bring the pH to 6.4. To adjust the pH to 
5.84 using phosphoric acid only 4.0 x 10-4 moles were 
added. These pH values represent the acidity of the 
Mars regolith simulant MMS-2 slurries after 7 days. 

Figure X: Comparison of the change in pH after 
one week versus the amount of Nitric or Phosphoric 
acid added. 

 
Discussion: The height of the plants was used as a 

measure of plant health. Compared to previous trials, 
the kale plants were far more robust. This increase in 
growth is attributed to two experimental changes: 1) 
the amount of light the plants were exposed to was 
increased, and 2) water-retaining absorbent crystals 
were added to all soil mixtures.  

Kale sprout health was noted by more rigid stems 
and a second set of leaves observed in Mix B plants. A 
second set of leaves was also observed in Earth Mix 

plants, though these were significantly more developed, 
with frilled edges.  

These results (longer, more rigid stems and more 
leaves) could be caused by the increase in light intensi-
ty. By increasing the light intensity, the rate of photo-
synthesis may have increased. This would lead to more 
energy synthesized by the plant which could be used to 
produce the stronger, more rigid specimens we ob-
served. Water and CO2 are other limiting factors in 
photosynthesis. An improved and consistent watering 
system could have contributed to the change in plant 
growth as well. 

Another interesting result observed in this trial is 
the purple tone that the kale sprouts in Mix B  and, to a 
lesser extent, Mix A took on. This purple tone could 
indicate a phosphorus deficiency, possibly caused by 
growth mediums high in iron and/or highly basic grow-
ing conditions [4]. Purple tones in plants may also be 
caused by a build-up of anthocyanin, a pigment mole-
cule that may be caused by plant stressors such as 
drought, high salinity, excess light, and cold weather. 
[4]. The plants in Mix A, with a larger percentage of 
earth soil, were considerably more purple than plants in  
Mix B, suggesting that the purple tone is affected in 
part by composition differences found in the soil. 

The purple tone of the kale plants can possibly be 
addressed with acidic additives to the soil. Future kale 
plantings will include treating Mars regolith simulant 
with phosphoric acid and/or nitric acid. This will not 
only pH correct the regolith to be more suitable for 
plant growth, but it will also increase the amount of 
phosphorus and nitrogen in the soil mixtures.  

Plants grown in Earth soil produced the most rigid 
stems, longer in length than plants in the other medi-
ums, while plants of Mix B seemed to perform on av-
erage better than plants in Mix A. The improved per-
formance in Mix B is possibly due to healthier root 
growth aided by the vermiculite and coffee beans that 
combat the compaction of the Mars regolith. 
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