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In Space, explorers need in situ Food Production
• Enables colonization of space 

• Sustainable: minimize logistics of resupply
• Supplies: Light, CO2, O2, Nutrients, Water, Soil
• Crew Psychological well-being: green Earth
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NASA’s Bioregenerative Life Support Testing 
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Nakamura, Monje & Bugbee AAIA 2013 

Salad Machine– Transit / Orbit
• Scale – Expand from Experimental to Production

• 300 g/d = daily: 50 g salad for Crew of 6
• 1 m2  Planting area

• Performance criteria:
• Productivity – maximize
• Consistency – robust, repeatable
• Crew Time – minimal

• Spacecraft
• Cabin air – CO2, VOCs
• Limited Power & Volume
• Microgravity Effects
• Water load to ECLSS
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The absence of gravity induces a number of physical effects that alter the microenvironment surrounding plants and 
their organs.  
These effects include increased boundary layers surrounding plant organs and the absence of convective mixing of 
atmospheric gases. In addition, altered behavior of liquids and gases is responsible for phase separation and for 
dominance of capillary forces in the absence of gravitational forces. 

Space-Flight Environment



Plant Growth Systems in Space
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Plant Growth Systems in Space
Passive

“A single experiment in space, carried out by a 
given team, may well produce results that are in 
themselves only marginally valuable. Follow-up 
studies can be most helpful.”

F.B. Salisbury - 2003



APH Science Carrier

• The Science Carrier (SC) is an instrumented 0.2 m2 root 
module within the Growth Chamber. 

APH Science Carrier



APH Science Carrier (SC)

• The SC root tray is divided into four
quadrants. Each quadrant contains the
growth media, fertilizer, and water. Water
is supplied from APH through four porous
tubes connected to a manifold.



Salads – 30 d cycles
5cm deep modules
12 plantings/year

Scaling Food Production Systems: Media Mass

Growth Media - problems
• Bulky – containment, aeration

• Multiple plantings – loss of productivity

• Fungal growth – plant & crew health



Future Work – Exploration

• Optimize to prevent secondary effects of microgravity

• Provide Nutrients – Obtain from waste

• Reduce Consumables – Media must be reusable


