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Background 
In this study, we conducted an experiment to determine what can be added to moon regolith 

to produce successful outcomes regarding plant growth for arugula and radish. In this 
experiment, earth soil (potting soil) was added to all plantings, as well as worm casting. One 
group of plants was grown with the addition of Milorganite, a biosolid fertilizer made from the 
treatment of human sewage sludge.  

We chose to add soil for nutrition, and worm castings to thicken the soil, as well as to provide 
additional nutrients. Worm castings are a type of compost which is produced by earthworms. 
Worm castings can be produced while food is composted, thus creating an easy way of providing 
nutrition for plants, and minimizing food waste in a moon colony. Worm eggs for future casting 
are very light and could be brought to the moon, and once the worms are born, they would have 
a constant food supply from human food waste. Milorganite is a slow release nitrogen fertilizer 
made from the treatment of human sewage sludge. The fertilizer contains heat dried microbes 
which are rich in nutrition. These microbes could be used in a lunar colony to treat human 
sewage, and can be dried and added to crops as a fertilizer. Both worm castings and Miloganite 
could be produced in ways that help recycle nutrients in a lunar colony.  

Experimental Design 
Our experimental design included self-watering pots with a wick inside a growth chamber 

and grow lights. Two of the chambers are radishes and the other two are arugula. One challenge 
we had to overcome as a homeschool group was deciding how to design our grow setup to keep 
our experiment as consistent as possible across four locations. We created 4 identical grow 
chambers and a consistent procedure and schedule for lighting, watering, and measuring growth. 

Pot 1 includes 500 ml lunar simulate, 345 ml potting soil, and 115 ml worm castings. Pot 2 
includes 500 ml lunar simulate, 345 
ml potting soil, 115 ml worm castings, 
and our independent variable 40 ml 
Milorganite. Pot 3 (control) includes 
845 ml potting soil, and 115 ml worm 
casting. All of the pots have a wick 8 
1/2 inches long. We added 150 ml of 
water to each self-watering basin. 

We regularly measured the height 
of the water in the self-watering basin 
and the plant growth by taking 
measurements of height and leaf size. 
We used a probe to measure soil 
temperature, pH, and soil moisture. 
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Growth Chamber



Hypothesis: We hypothesize that the addition of human sewage sludge to moon regolith will 
aid in plant growth.  

Independent Variable: Human sewage sludge (Milorganite) 
Dependent Variable: Growth 
Measurements: Plant height and leaf size 
Control: Worm castings and potting soil 

Results 
In the beginning of this experiment, our sprouts of radish and arugula started off well. All 12 

of our team’s pots across 4 grow chambers sprouted within just a few days. Gradually, however, 
the health of our plants decreased and by week 3 some of the sprouts had died and some were 
wilted. The sprouts in pot 2 (with Milorganite) were doing the worst. Soil moisture measurements 
were wet and the lunar soil in pots 1 and 2 was very compact. We aerated the soil by poking holes 
into each pot but did not see any increase in plant health.  

We decided to redesign our self-watering pots to see if a better drainage system would 
improve the soil moisture conditions and plant growth. We created holes in the base of each pot, 
uniformly sized and spaced and also added holes around each basin to allow air to flow in. For 
drainage, we placed 20 small legos (1x2’s) in the bottom of each pot, keeping the wick running up 
the middle and then gently replace the lunar soil and viable seedlings back into each pot. 
Because many of our original seedlings were unhealthy, we also planted some new seeds into all 
of the pots. We reduced the amount of water in the basins to 50 ml and only added water if soil 
moisture readings were dry and we continued to aerate the soil. We also increased the grow lights 
from 25% to 50%. 

The new pot design improved the soil moisture problem. All pots consistently read “Dry to 
Normal” and our seedlings were growing and healthy during the second half of the experiment, 
although we still noticed differences in the appearance and health across the different pots. 

The most significant result of our experiment has been the poor growth in the plants potted 
in lunar soil with added Milorganite. For both arugula and radish, the plant height, leaf size, and 
overall plant health is less in Pot 2. We thought the Milorganite would promote growth but it did 
not in our experiment.  

Arugula average growth shows Pot 1 (lunar soil without Milorganite) doing the best followed 
by Pot 3 (control) and then Pot 2 (lunar soil with Milorganite). Pot 2 seedlings were significantly 
darker green and sturdier than the other pots indicating better health (perhaps due to the 
fertilizer) but shorter. Pot 2 seems to be gaining height quickly at the end. Adding the potting soil 
and worm castings seemed to be enough to make the lunar soil comparable to the earth soil for 
growth of arugula. 

Results for radish were less consistent across the two grow chambers. For one of the radish 
chambers Pot 3 had the best growth followed by Pot 2 and then Pot 1. That would demonstrate 
that the Milorganite did improve the growth slightly. However results from the other radish 
chamber showed Pot 3 doing the best followed by Pot 1, with Pot 2 wilting and being almost dead 
at the end of the experiment. 
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Note: radish graph based on data only after replanting and the 0 growth or what seems to 
be negative growth in the Arugula is due to replanting 
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Chamber 3 - Pot 3 - Potting Soil, Worm Castings (Control)

Chamber 4 - Pot 1 - Lunar Soil, Potting Soil, Worm Castings
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Chamber 4 - Pot 3 - Potting Soil, Worm Castings (Control)

Radish Plant Heights - Chambers 3 and 4
Chamber 3 - Pot 2 - Lunar Soil, Potting Soil, Worm Castings, 
Milorganite (Independent Variable)

Arugula Chamber 
Pot 1 - Pot2 - Pot 3 

Pot 2 w/ Milorganite is darker green and shorter

Radish Chamber 
Pot 3 (control) in front 

Pots 1 & 2 (lunar soil) in back

Data Table

Arugula Chamber 1 Arugula Chamber 2 Radish Chamber 1 Radish Chamber 2

units: cm height leaf size height leaf size height leaf size height leaf size

POT 1 (lunar soil mixture) 7.9 1.5 x 1.5 9.5 1.9 x 1.1 4 1.2 x 1.2 9 1.0 x 1.0

POT 2 (lunar soil mixture + milorganite) 7.2 1.2 x 0.7 6.5 1.4 x 1.1 4.5 1.2 x 1.2 2.5 .5 x .5

POT 3 (control - potting soil) 7.0 1.8 x 1.4 8.3 1.5 x 1.2 5.5 1.5 x 1.0 7 1.0 x 1.0

1

Final Growth Results



Discussion & Conclusions 
We researched the effects of Milorganite on arugula and radish to determine if there is any 

known negative impact on growth but did not find any information that would explain our results. 
While our pot redesign did eliminate the soil wetness issue, the plants in Milorganite still did not 
achieve better growth results than the other pots. It was encouraging to see that the plants grown 
in lunar soil with just the addition of potting soil and worm castings were as healthy as those 
grown in full potting soil. None of our plants came to full maturity however and would likely not 
provide enough nutrition for humans in a lunar colony. 

Our next step would be to add Milorganite to potting soil and set up an experiment to test 
whether arugula and radish grow better using Milorganite in regular earth soil. This would help us 
better understand if the poor growth in our experiment was due to Milorganite alone or some 
combination of Milorganite and the lunar regolith.

 of 6 6


