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Project Description: This project sought to improve the fertility of lunar regolith for plant growth by adding
composted solid waste and wastewater to the lunar soil to provide balanced nutrient and using a proper
mixture of microbes to improve the level of bioavailable nutrients and the degree of hydration of the lunar
regolith.

Both bio-weathering and composting are ubiquitous microorganism-driven processes, though bio-
weathering/bioleaching may not be as well-known as composting. It is known that some species of bacteria of
genus Bacillus can dissolve alumina-silicates and to liberate inorganic elements like iron, silicon, potassium,
from regolith, making them available for the plant. One of the main objectives of this project is to downselect
microorganisms that can be used for bioleaching of key inorganic nutrient such as phosphorus (P) and
potassium (K) from the lunar regolith.

Composting is an effective and established approach for waste management and nutrient recovery from
waste, including fecal matter. Due to the very low C and N content in lunar soil, the composting process
should aim to maximize organic nutrient output, and quick nutrient recovery, i.e., fast composting (aerobic
process). There are other interesting questions associated with the lunar composting process, such as the
effect of the reduced gravity, and possible reduced atmospheric pressure. However, detailed study on the
composting is beyond the limited scope of this proposal. The effect of composted biomass and human wastes
will be studied using a commercial organic composted manure (aerobically composted).

A microorganism combination suitable for bioleaching of lunar regolith was down selected to identify the
process of generating fertile soil for plant growth using lunar regolith and waste compost. Bio-leaching
experiments were conducted for P and K recovery from JSC-1A, a lunar regolith simulant. A preliminary plant
growth experiment was carried out at various JSC-1A and waste compost ratios to identify the optimal
condition for biomass yield. Finally, a physical property analysis was performed on microbe-inoculated
mixtures of JSC-1A and waste compost to better understand any physical or morphological changes to the
regolith particles with the introduction of plant-relevant microbes.

Project Closeout Summary: To identify a process to generate a fertile soil for plant growth using lunar regolith
and waste compost, several qualitative and quantitative investigations were performed. The primary focus of
this project was to demonstrate the feasibility of microbe bioleaching to extract inorganic plant nutrients (P
and K) from lunar regolith simulant. This was achieved by developing a screening test method to identify
microbial candidates that would effectively bioleach P and K from JSC-1A. Quantitative bioleaching test using
the downselected microbes (Pantoea Agglomerans (P. agglo) and a plant-relevant consortium) were then
performed. The second focus of the project was to validate the approach of waste compost utilization to
improve water retention and fertility of lunar regolith for food production. This was achieved by measuring
the water retention property of the mixture of compost and regolith at different ratio and conducting
microgreen growth experiments with compost/regolith mixtures.



The team also discovered from this study that some native microbes associated with JSC-1A can form biofilm
containing JSC-1A particles (a type of soil crust), which showed potential as an ISRU geomicrobiological dust
mitigation method for Lunar or Martian applications.



