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s missions continue to extend their duration and reach, incorporating space farming into 

the spacecraft life support systems (LSS) becomes a necessity in ensuring sustainability. 

In addition to delivering fresh food, plants also recycle water and air, creating a closed 

ecosystem. Such integration promotes oxygen production, carbon dioxide uptake, and waste 

recycling along with improved crew health and mood. Technologies such as hydroponics, 

automation, and artificial intelligence make possible the effective crop growth in 

microgravity. Defying environmental and technical hurdles, space farming has the potential 

to convert spacecraft into autonomous habitats. This paper discusses the potential of 

bioregenerative systems to sustain long-term human survival in space and future planetary 

colonies. 

Introduction 
As humans reach deeper into space with long-term missions to the Moon, Mars, and farther, 

it is becoming harder to maintain human life. Conventional life support systems (LSS) 

onboard spacecraft rely mostly on Earth-resupplied missions. This strategy will not be 

suitable for long missions because of its high cost, logistical issues, and time-consuming 

nature. Space farming, which is growing plants in controlled environments outside Earth, 

presents an efficient solution to the problem. By incorporating crop cultivation systems into 

spacecraft LSS, astronauts can get fresh food, clean oxygen, and recycling of water. This 

integration turns the plant from an inactive payload into an active part of a regenerative, self-

sustaining life support system. This article discusses the integration of space farming with life 

support systems, the technology involved, the challenges to be addressed, and its future 

implications for space exploration. 

The Part of Plants in Life Support Systems 

Plants are the focal point of bioregenerative life support systems (BLSS), whereby natural 

processes are utilized to sustain human life. Their incorporation enables the following 

essential functions: 

 Food Supply: Crops yield basic nutrients, vitamins, and psychological comforts in the 

form of fresh meals. 

 Oxygen Production: Through photosynthesis, plants recycle the carbon dioxide breathed 

out by astronauts into oxygen fit for breathing. 

 Carbon Dioxide Removal: Planting assists in maintaining atmospheric balance by 

removing CO₂, lessening the dependence on chemical scrubbers. 

 Water Recycling: Evaporation from leaf surfaces adds to atmospheric moisture, which 

can be condensed and recycled. 

 Waste Recycling: Plant systems can use human waste (safely processed) as fertilizer, 

recycling the nutrient loop. 

 These biological processes decrease the load on mechanical systems and ensure 

sustainability in closed-loop systems. 
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Source: The Journal of nutrition-American society 

Crop Selection for Space Life Support 
Selecting the appropriate crops is crucial for the success of integrated farming systems in 

space. Crops should be: 

 Nutrient-Dense: Supply essential macronutrients (proteins, carbs, fats) and micronutrients 

(vitamins, minerals). 

 Fast-Growing and High-Yielding: Yield high output within limited space and time. 

 Compact and Resource-Efficient: Have low water, nutrient, and space requirements. 

 Edible in Entirety: Reduce waste by cultivating crops with edible leaves, stems, or roots. 

Some of the potential crops are: 

 Leafy greens: Lettuce, kale, spinach 

 Root vegetables: Radishes, carrots 

 Legumes: Lentils, soybeans 

 Cereals: Barley, wheat (for oxygen and carbohydrate resupply) 

 Fruits: Strawberries, tomatoes (for morale and nutrition) 

NASA's VEGGIE experiments and the Advanced Plant Habitat (APH) have successfully 

tested some of these crops on board the International Space Station (ISS). 

 

Farming-in-Space Life Support Technologies 

a) Growth Chambers and Bioreactors: Specialized systems such as NASA's VEGGIE and 

APH offer controlled environments with controlled temperature, humidity, light, and CO₂. 

These systems employ LED lighting to mimic day-night cycles and maximize photosynthesis, 

essential for plant health in microgravity. 
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b) Hydroponics and Aeroponics: Soilless farming techniques are important in space. 

Hydroponics employs nutrient-rich water, and aeroponics supplies nutrients in the form of a 

mist. Both systems conserve water, remove soil, and minimize weight—perfect for spacecraft 

conditions. 

c) Water and Nutrient Delivery: Capillary-based irrigation systems and wicking materials 

provide effective water and nutrient delivery without the need for gravity. Air-tight 

containers avoid water loss and provide a stable microenvironment. 

d) Atmospheric Integration: Plants in a life support system need to be integrated with the 

spacecraft's air management systems. Plant oxygen output and CO₂ intake are monitored and 

balanced with crew activity to stabilize internal atmosphere. 

e) Waste Integration: Treated human waste, such as urine and feces, can be treated and 

reused as nutrient fertilizer for crops. This cycle enhances recycling of nutrients and system 

sustainability. 

Monitoring, Automation, and AI Integration 
To achieve dependability in space environments, where labor is scarce, sophisticated 

monitoring and automation are required. Important components are: 

 Environmental Sensors: Measure CO₂, O₂, temperature, light intensity, and humidity. 

 Cameras and Imaging Equipment: Monitor plant health, identify disease, and measure 

growth phases. 

 AI and Machine Learning: Interpret sensor data, forecast plant stress, control lighting and 

irrigation automation, and warn of system failures. 

 Autonomous plant management reduces constant astronaut intervention and allows 

operation in crewed and uncrewed mission phases. 

Challenges and Considerations 
Combining farming with spacecraft life support poses special challenges: 

 Microgravity Effects: Root orientation, water movement, and gas exchange are affected. 

Careful system design is required. 

 Limited Space and Resources: Each system needs to be compact, energy-efficient, and 

multifunctional. 

 System Complexity: Bioregenerative systems need to have tight coordination with 

biological and mechanical components. 

 Biosecurity: Prevention of contamination is required to safeguard crew and crops. 

 Psychological Factors: Crew participation in plant maintenance provides mental health 

benefits but should not impose undue workload. 

Redundancy and modularity are crucial so that failure of any system does not jeopardize the 

whole mission. 

Future Directions: Mars Missions and Space Colonies 

As missions advance to lunar bases and Mars settlements, the requirement for self-contained 

ecosystems becomes more pressing. Space farming combined with BLSS is likely to develop 

into: 

 Modular Biospheres: Expandable dwellings in which several crop modules recycle air, 

water, and waste. 

 Hybrid Systems: Redundancy through biological systems coupled with physical-chemical 

life support. 

 Planetary Greenhouses: Closed agriculture units on the Moon or Mars utilizing local 

resources (e.g., solar power, regolith as a growth medium). 

 Synthetic biology advances, gene editing, and robotics will continue to improve crop 

resistance, growth rate, and system integration for deep space exploration. 

Conclusion 
Integration of space farming into spacecraft life support systems is a milestone towards 

sustainable human presence beyond Earth. By leveraging the biological processes of plants, 
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space missions can decrease reliance on Earth, enhance crew well-being, and lay the 

groundwork for off-world colonies. Although challenges exist, continued research and 

technological innovation are quickly making the dream of regenerative space habitats a 

reality. As we embark on deeper space travel, space farming will not only be an auxiliary 

system—but a lifeline. 

References 
1. De Micco, V., Aronne, G., Colla, G., Fortezza, R., & De Pascale, S. (2009). Agro-biology 

for bioregenerative life support systems in long-term space missions: general constraints 

and the Italian efforts. Journal of Plant Interactions, 4(4), 241-252. 

2. Eckart, P. (2013). Spaceflight life support and biospherics (Vol. 5). Springer Science & 

Business Media. 

3. Nelson, M., Dempster, W. F., & Allen, J. P. (2008). Integration of lessons from recent 

research for “Earth to Mars” life support systems. Advances in Space Research, 41(5), 

675-683. 

4. Nguyen, M. T. P., Knowling, M., Tran, N. N., Burgess, A., Fisk, I., Watt, M., ... & 

Hessel, V. (2023). Space farming: horticulture systems on spacecraft and outlook to 

planetary space exploration. Plant Physiology and Biochemistry, 194, 708-721. 

5. Schuerger, A. C. (2021). Integrated pest management protocols for space-based 

bioregenerative life support systems. Frontiers in Astronomy and Space Sciences, 8, 

759641. 


