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Aim 
To investigate if Thai Basil, Spinach and Snow Peas can grow hydroponically in lunar 
regolith with a vermiculite soil replacement to provide astronauts with fresh food 

nutrients produced in a sustainable way in preparation for long term human settlement. 
 

Research Question 
How does the percentage of vermiculite soil replacement and Highland Lunar Simulant 
made of 75-80% Anorthosite, 20-25 % basalt, and trace minerals affect the growth of 

peas, basil, spinach in a passive hydroponic system? 
 

 

 

Plant The Moon 
Challenge 



Purpose / Background 

 
We currently only have the International space Station ( I.S.S.)  as the only human station in 
space. Astrofarmer (2020) states that  “each astronaut needs approximately 1 kg of oxygen , 
1 kg dehydrated food and 3 litres of water per day.” This supply system is costly and 
wouldn’t be possible for long duration missions. In three years, NASA will be sending 
astronauts back to the moon known as the Artemis mission. The mission is scheduled for 
October of 2024 and includes the first woman and the next man being sent to the lunar 
surface. 
 
We need to provide a nutritious and sustainable crop grown in the lunar regolith in the 
moon's gravity and radiation environment to support long-duration human missions. 
We cannot just provide a food source from Earth as the heavier the payload, the more 
propellant needed. At launch, about 5% of the Mass is the payload and 85% fuel. 
 
Storing enough food to last impacts weight and space limitations in spacecraft, and vitamins 
degrade over time. Future missions could easily outlast food shelf life. Growing food in 
space will be essential. 
Herbal scents have the effect of calming the mind, inducing a good night's sleep. Fresh 
herbs like basil contain a lot of Vitamin C. We cannot make Vitamin C in our bodies. 
Therefore, it is necessary to ingest Vitamin C from fresh herbs grown in hydroponics in 
space. 
Basil and snow peas provide some macronutrients, such as calcium and vitamin K, as well as 
a range of antioxidants. Snow peas are also high in dietary fibre. The snow peas whole pod 
can be eaten and is high in dietary fibre. 
 
Another barrier to long-distance space travel is how to protect astronauts from the 
damaging effects of space radiation. Cosmic rays and proton storms from the Sun cause 
dangerous radiation levels that the human body cannot handle. 
Research is looking at how an antioxidant-rich diet could go some way to protecting 
cardiovascular health in space.  

 



Why Highland Simulant? 

The LHS-1Highlands simulant is used as it is the most likely area where future lunar missions 
will be sent as part of NASA's Artemis program. The lunar Southern Highlands are 
permanently shadowed regions, and water ice can be used.  The simulant was made by 
Exolith Lab.  

Why hydroponics? 

Hydroponic systems do not use soil and instead provide water and nutrients to the plants' 
roots, so the plants concentrate their energy on producing leaves rather than forming root 
systems to search for water and nutrients.  
The experiment will use a passive hydroponic system that does not use extra materials and 
energy to move nutrients and water. The system will draw up the liquid nutrients for the 
roots. The hydroponic system is media-based instead of water-based because it 
uses vermiculite to support the plants and the roots in the nutrient solution. I choose this 
system as the lunar regolith doesn't have the nutrients. Instead, the liquid solution will be 
taken in by the roots and the nutrients transported via the stem. These nutrients will help 
the plant use the sugars that it produces during photosynthesis. 
Vermiculite can retain oxygen while also absorbing nutrient solution. This process will help 
the roots to take in oxygen between the small spaces between the particles. The oxygen will 
mean the plant can use the energy from photosynthesis and release carbon dioxide and 
water. 

Experiment Design 

 The Highland Simulant was held up in New Zealand customs so to stay within the 
competition timeframe I had to define the growth period as 25 days. The snow peas, 
spinach and basil crops were all grown from seeds in dividual beds as per the project 
guidelines. The experiment was set up at home due to the growth period occurring over 
Easter and Term One holidays . 
 
Set One 
Each individual seed was planted  in a mix of 50 % vermiculite (soil replacement) and 50% 
Lunar Regolith  . In total there were 9 pots. 

1. In row  One basil. 
2. In row Two Spinach  
3. In row Three snow peas 

Set Two 
 Each individual seed was planted  in a mix of 25 % vermiculite (soil replacement) and 75% 
Lunar Regolith  . In total there were 9 pots. 

1. In row One basil. 
2. In row Two Spinach  
3. In row Three snow peas 

Set Three ( Control) 
 Each individual seed was planted  in a mix of 100% vermiculite (soil replacement) .In total 
there were 9 pots. 

1. In row One basil. 
2. In row Two Spinach  
3. In row Three snow peas 



 

All three sets started with water and no fertiliser feed. Water was filled to the marked line 
and the growth light set to be on from 8am – 10pm. 

  
   When greenery is observed  add approx. 1ml of the Seasol and approx. 1ml of 

PowerFeed into the reservoir. 
 Repeat at each refill of water until end of growth period. 

  

On Day 5 / 10/ 15/25: 

• Complete PH Testing following directions as per Challenge Handbook. A digital probe 
will be used to take the measurement. 

• Complete Moisture level Test. A digital probe will be used to take the measurement. 
• Take photos to record growth. 
• When foliage is present complete a leaf count. 
• On day 25 Use Leafscan App to collate leaf area. 

Note if the water detector indicates level is below before these dates,water will need to be 
changed earlier. 

 

Hypothesis 

• Soil nutrients and water affect plant growth. Water moves through roots 
transporting through small tubes ( xylem), dissolving nutrients. Lunar regolith can 
only store 30% of the water that Earth soil can. Nitrogen in reactive form ( NO3- 
NH4+ ) is one of the essential minerals necessary for almost all plant growth. The 
primary source of reactive nitrogen on Earth is the organic matter in the soil. 
However, organic matter is absent on both Mars and the moon, although they 
contain carbon Nitrogen in reactive form. The lunar regolith is like dusty, fine sand 
that would erode from a plant’s roots. It also contains lots of toxic metals and other 
compounds harmful to plant growth. 

• Vermiculite is very lightweight, does not rot, improves soil aeration and increases 
water and nutrient retention. 

 
 
 If basil has been grown on the I.S.S then basil seeds grown in a hydroponic system in: 

1.  the 50/50 lunar simulant and Vermiculite mix with fertilised water 
2.  And 75/25 lunar simulant and Vermiculite mix with fertilised water 

 will have the highest germination rate compared to the peas and spinach. 
  

If basil, spinach, and peas are grown in a hydroponic system in the  50/50 lunar 
simulant and Vermiculite with fertilised water,  then they will grow more successfully 



in height than the seeds in a hydroponic system in the  75% lunar simulant and  25% 
Vermiculite with fertilised water. 

 

Independent Variables Crops 
• Thai Basil 
• Snow Peas 
• Spinach 
Independent Variables Soil amendment and Simulant Mix 
• Test 1 50/50 Mix 
• Test 2 75/25 Mix 

 
Dependent Variable 

• Height 
• Leaf Area 

 

Controlled Variable  

• Temperature 

• Pot size 

• Water  

• Light  

• Carbon dioxide 

Measurements: 

• pH test 

 
 

• Moisture levels- Soil testing Probe 
• Leaf Area-Day 25, This will be measured using the Leafscan App. 

 



Results 
Photos Control 50/50 Mix 75/25 Mix 
Day 5 

  
 

Day 10 

   
Day 15 

   
Day 20 

   
Day 25 Snow Pea 1 Snow Pea 2 Snow Pea 3 
Control 

 
  

50/50 
Day 25 
Snow Pea 

   



Control Basil 

 
 

Germination Success 
 Snow Peas Spinach Basil 
50/50 Mix 100% 33% 0% 
75/25 Mix 0% 0% 0% 
Control 100% 66% 100% 

 

pH Testing Results 

 
 

 Snow peas 
pH Preference- 6.0-7.5 (Soil Test Guide) 

 Day 5 Day 10 Day 15 Day 20 Day 25 
50/50 Mix 7.5 7.4 7.7 7.5 7.5 
75/25 Mix 8.3 8.0 8.1 8.0 8.2 
Control 7.3 7.2 7.6 7.5 7.4 

 

 Spinach 
pH Preference- 6.0-7.5 (Soil Test Guide) 

 Day 5 Day 10 Day 15 Day 20 Day 25 
50/50 Mix 7.3 7.4 7.5 7.8 7.5 
75/25 Mix 8.3 8.0 8.1 8.2 8.3 
Control 7.3 7.2 7.4 7.4 7.6 

 

 Basil 
pH Preference- 5.5-6.5 (Soil Test Guide) 

 Day 5 Day 10 Day 15 Day 20 Day 25 
50/50 Mix 7.2 7.4 7.5 7.6 7.5 
75/25 Mix 8.3 8.2 8.1 8.2 8.2 
Control 7.1 7.2 7.4 7.4 7.4 

 



 
 

 

 

Day 1 Day 3 Day 5 Day 7 Day 9 Day
11

Day
13

Day
15

Day
17

Day
19

Day
21

Day
23

Day
25

50/50 0 0 0.66 1.8 6 12.72 13.2 15.6 16.16 17.3 19.5 21.5 23
75/25 0 0 0 0 0 0 0 0 0 0 0 0 0
Control 0 0.93 1.09 1.95 2.76 5.23 9.46 9.96 12.4 14.64 17.4 19.6 21.2
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50/50 0 0 0 0 0 0 0 0 0 0 0 0 0
75/25 0 0 0 0 0 0 0 0 0 0 0 0 0
Control 0 0.23 0.3 0.83 1.06 1.23 1.7 1.81 1.86 1.86 2.03 2.8 3.2
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50/50 0 0 0 0 0.2 0.32 0.35 0.2 0 0 0 0 0
75/25 0 0 0 0 0 0 0 0 0 0 0 0 0
Control 0 0 0 1.48 2.1 2.1 2.2 1.4 2.1 2.2 2.2 2.2 2.2
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Number of Leaves on Snow peas 
 

Peas 
50/50 
Test 1 

Day 
5 

Day 10 Day 15 Day 20 Day 
25 

1 8 10 12 18 24 

2 5 7 10 18 23 

3 6 7 14 20 28 

 

 

 

 

 

 

 Control 50/50 75/25 

Total Leaf Area 123.17 cm2 
 

78.06 cm2 
 

0 cm2 

Discussion Results Summary 

Where seeds germinated, oxygen was absorbed through the micropyle in the seed coat, 
releasing energy for growth.  Successful germination meant the seed received necessary 
amounts of water, oxygen, and warmth. As the seed absorbed water and enzymes activated 
the seed's endosperm, the plumule grew into the first shoot. Oxygen is needed so that 
respiration can occur, allowing the release of energy for growth. When I removed the snow 
pea plants from their pots there was more of the testa visible, it was not broken down as 
much as the plants in the control mix. I think this is because it was still trying to protect the 
embryo against the different conditions in the 50/50 mix. Spinach only successfully grew in 
the control mix, which stayed in the constant pH range preferred for that crop.  The spinach 
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crop was therefore accessing its macro and micronutrients. On Day Nine, the seed did 
germinate in the 50/50 mix and started to grow, but as the pH level went up, that spinach 
plant went yellow and then Day 19 had died.  
The basil only germinated in the control mix. Basil was unable to access the micro and 
macronutrients need to grow in the two simulant combinations. 
The Snow Peas had a 100% germination and successful growth period in the control mix and 
the 50/50 mix. There was no seed germination in the 75/25 mix. The pH readings in the 
75/25 mix showed the soil had become very alkaline, and the peas could not absorb 
micronutrients to grow. The snow peas in the control had the highest  cumulative leaf area 
measurement but the snow peas in the 50/50 had the highest mean height over the growth 
period.  
The 75/25 mix very quickly from day five onwards became saturated.  Mold was also 
present from day 15. As explained in the Mid Check-in webinar, saturation would have been 
due to the air entry pressure being high. In future experimental designs, I would need to 
consider increasing the height of the pot and investigating ebb and flow hydroponics. 
Implications 

Using lunar regolith as an In Situ resource will be possible with the careful management of 
supporting nutrients for plant growth. Advantages of hydroponics include the plants will 
grow at the best rate and use the right amount of nutrients. Hydroponic systems should also 
mean the plants will be less impacted by the disease. Recycling systems for water in long 
term base designs would be under less pressure as less water will be needed in hydroponic 
systems than soil crops. 
In long term settlement habitats plants will probably be more likely to be grown in full soil 
chambers as opposed to individual pots. This will mean different conditions and results may 
differ in foil soil versus individual planting pots. 

Assumptions Made 

Due to the growth period, the snow peas were not at the stage to produce pods. This period 
would need to be extended to give a full indication of possible use for growth on the moon 
to be considered a significant nutrition source. 
There is also an assumption that the simulant and additive mix is accurately mixed for each 
plant. 
The plants grown on Earth would be under different conditions than on the Moon and Mars. 
A day on the moon for example lasts as long as 28 Earth days and within that there are 
extreme temperature changes.  
 

Conclusion 

My results contradict my hypothesis; basil did not have the highest germination rate; this 
was the snow peas in the 50/50 mix. No seeds germinated in the 75/25 mix. 
The results did support the hypothesis that If basil, spinach, and peas are grown in a 
hydroponic system in the 50/50 lunar simulant and Vermiculite with fertilised water, they 
will grow more successfully in height than the seeds in a hydroponic system in the 75% lunar 
simulant and 25% Vermiculite with fertilised water. 
Outside of the competition timeframe, I will be repeating the experiment three times to 
compare results under a fair test condition. 


