Developing a Model In-Situ Resource Utilization System

for Oxygen Sustaining Life Support and
Launch Cost Reduction for Mars

**All photographs/charts/graphs were created by Finalist Ariella Blackman (2021) unless otherwise noted™
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Figure 6: Linear regression of wet biomass vs. height,
error bars=SEM, ANOVA does not support a significant
effect of substrate ratio (F=1.540, df=12, p=.2613).

Figure 5: Linear regression of plant height vs. time,
error bars = SEM.
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* Many current ISRU O,, production methods are mechanical

* Plants convert CO, to O, and are multitunctional RN **Number of roots off main stem and biomass after growth period*
o Can minimize launch mass and cost — -l e i SR
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Table created by Anderson et al. (2018) Y ~ 000152
y = 606 plants
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* Most accurate Martian regolith simulant

to date
* Curiosity Rover data used
* Assembled from individual components
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Results & Discussion
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Figure 1. Percent germination of plants grown in multiple substrate ratios, Z-test for
proportions indicated no significant difference between germination in 0%, 25%, and 50%
MGS-1 (p>.05).

o Did not study O, production

Kale plants grown in Earth soil and mixtures
containing Martian regolith simulant
Photograph created by Fitchett et al. (2020) p=0.0177), Tukey’'s HSD Test for multiple comparisons supports that the mean values of dry
below ground biomass were significantly different between 50% MGS-1 and control (p<.05). Values calculated in model may not be exact,

Figure 2: Mean dry below ground biomass of plants grown in different substrate ratios, error
bars = SEM, one-way ANOVA supports a significant effect of substrate ratio (F=10.05, df=7,

Gap in Knowledge

but trends and therefore ideal ratios likely hold true

Future Research
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Do ratios of MGS-1 and Earth soil support plants?

-

What is the ideal ratio for ISRU benefits?

\

How many plants are necessary to support life per person per day?

: Significant difference between Difference between wet No significant difference between Controlled environment: Substrates between Examine impacts
Hypothesis 50% MGS-1 and control group biomasses but not dry 50% MGS-1 and control group directly measure 50% and 75% MGS-1 of nitrogen fixation
biomasses suggests I gas exchange to define threshold In legumes

A threshold exists where tepary beans (Phaseolus acutifolius) will be capable of
plant water uptake
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by biomass produced mpacted piant grow
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Grow pioneer species in MGS-1 Other mission costs impacted
Determine an ideal substrate ratio to model a sustainable, plant-based, to fertilize with organic matter by growth substrate
O, production LSS that uses ISRU of Martian regolith. .
Conclusion

* Hypothesis supported
o Growth threshold exists between 50% and 75% MGS-1

* Benefits of decreasing Earth soil in the substrate outweigh issues of
decreased O, production with more MGS-1

o ldeal ratio is near growth threshold

» Plants could be a viable ISRU life support system for O, production that
reduces launch mass and therefore cost of a human Mars mission




