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ii he long-term human space mission challenge and extraterrestrial body colonization of the
%j%f Moon and Mars require the cultivation of sustainable food systems off Earth. Space
- farming, or the cultivation of plants in microgravity, provides a means toward food
032550 independence in space. This article discusses the scientific, technology, and agronomy
fwf developments for crop production in space, plant physiological response to microgravity, and
ﬂjggo the implications for terrestrial and space agriculture.
Fr. ntroduction
Yy With human beings exploring deeper into space, life-supporting systems become a vital
%0 necessity. Conventional resupply missions are not cost-effective and are impractical for deep-
@gf%%@ space exploration or extended habitation. Hence, creating bioregenerative life support
QB systems, wherein crops yield food, oxygen, and water recycling, is necessary. Cultivating
;L; crops in microgravity, though, presents peculiar challenges such as the lack of gravitational
% force, limited resources, radiation exposure, and limited space. Overcoming such obstacles by
0300 innovation in plant biology and controlled environment agriculture is central to space farming
~_ research.
cE25%0 The tissue strips absorb water from the soil by capillary action, initiating seed
Z; germination. During germination, COz levels rise and O: levels drop. With the emergence of
02540 green leaves, photosynthesis begins, reversing this trend—CO: decreases while O: increases.
&% Plant growth halts when CO2 becomes too low in the sealed chamber. Sensors inside monitor
ng; COz, O, pressure, temperature, humidity, and soil moisture, sending data via telemetry. A

20

high-resolution camera captures plant growth at intervals. Eight LEDs (four warm, four cool)
provide PAR light (400-700 nm) essential for photosynthesis and imaging. Lighting is
scheduled for 16 hours ON and 8 hours OFF, simulating natural day-night cycles.

Physiological Effect of Microgravity on Plants

Plants have adapted to Earth's gravity and rely on it for orientation, growth, and physiological
processes. In microgravity, various changes take place that influence plant development:

1. Disruption of Gravitropism: In the absence of gravity, shoots and roots lose their
inherent direction sense, resulting in abnormal growth patterns and misoriented plant
architecture.

2. Irregular Water and Nutrient Transport: Without gravity, buoyancy and sedimentation
do not work, which inhibits water and nutrient movement. Capillary action takes over as the
main mode of distribution, leading to inefficient uptake in most cases.

3. Restricted Gas Exchange: Gravity-induced convection currents are absent in space,
diminishing natural gas flow. This can impede oxygen and carbon dioxide exchange,
influencing respiration and photosynthesis.
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Source: India Today
4. Change in Cell Structure and Gene Expression:
Mechanical stress at the cellular level is caused by microgravity, which is able to modify cell
wall structure, signaling cascades, and patterns of gene expression.

Effect on Growth and Reproduction

Though microgravity presents some physiological problems, it has been shown through
experiments on the ISS and other such platforms that plants will germinate, grow, bloom, and
even form seeds with the right environmental support. Experimentation on the International
Space Station (ISS) and other platforms has revealed that plants are able to germinate, grow,
flower, and even form seeds under proper management in microgravity.

Technological Innovations in Space Farming

A few technologies have been invented to provide aid for space farming:

1. Growth Chambers and Bioreactors: Growth systems like NASA's Veggie and the
Advanced Plant Habitat (APH) are intended to provide controlled conditions for plant growth
in space. They control temperature, humidity, light intensity, and CO: levels to provide
optimal growth. These chambers utilize energy-efficient LED lighting to simulate natural
day-night cycles, stimulating photosynthesis and plant growth. These systems are critical for
efficiently growing crops in microgravity and enabling long-duration space missions.

Source: Medium

2. Hydroponics and Aeroponics: In space, soilless culture systems such as hydroponics and
aeroponics are necessary. Hydroponics is a method of circulating nutrient-dense water
through roots, whereas aeroponics provides nutrients by misting the roots with a fine spray.
Both of these systems weigh considerably less and use less water, reduce or eliminate the use
of soil, and provide improved

3. Water and Nutrient Supply: Microgravity disrupts conventional water flow, and as such,
novel capillary-based systems are employed to supply water and nutrients to plants in a
manner that is energy-efficient. These systems depend on surface tension and capillary action
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rather than gravity. Wicking materials like porous fabrics distribute moisture to plant roots,
while airtight containers minimize evaporation and leakage. This regulated method provides
plants with sufficient hydration and nutrition in the space environment.

4. Automation and Monitoring: High-level monitoring and automation technologies are
crucial in space farming. Sensors monitor major environmental factors such as temperature,
humidity, light, and CO- levels, while cameras monitor plant development and sense stress or
disease. Al-driven systems interpret this data in real-time, facilitating remote control and
automatic control measures. Such innovations are critical for maintaining plant health and
performance in autonomous, long-duration missions where human interaction is not possible
or restricted.

Crops Grown in Space So Far

A variety of crops have been grown in space, including:

> Leafy greens: Lettuce, kale, mustard.

» Legumes: Peas and soybeans.

» Cereals: Wheat and barley.

> Root crops: Radish, carrots.

» Microgreens and herbs: Basil, zinnias.

Red romaine lettuce was the first crop eaten in space, which was produced in the Veggie
system on the ISS in 2015. Research indicates similar nutritional content and safety to
produce grown on Earth.

Challenges in Microgravity Farming

Space farming, despite success, still has several challenges:

» Radiation damage: Space radiation can harm DNA, which can influence plant growth and
reproduction.

» Space restrictions: Needs compact, vertical, or module growing systems.

» Power needs: LEDs and climatic control systems consume high power.

> Microbial threats: Enclosed environments might promote pathogenic microorganisms.

> Seed viability: Maintaining stable seed storage and quality in space is critical.

Current Advances and Future Work

Collaborative international efforts are broadening space agriculture functions. Some of the
remarkable projects include:

NASA Artemis Program: Does involve lunar greenhouse experiments.

China's Tiangong Space Station: Is testing long-duration plant growth.

ESA's MELISSA Project: Seeks to achieve a closed-loop life support system based on
plants and microbes.

Private endeavors: Organizations such as SpaceX and Blue Origin host agricultural
payloads to test in space.

CRISPR and various gene-editing tools are likewise being researched with the goal to create
crops resistant to enhanced stress, have miniaturized growth habits, and increased nutritional
yield.

Advantages of Space Farming on Planet Earth

Space farming technologies are being applied to terrestrial agriculture, particularly in:

» Vertical farming and urban agriculture with LED lighting and hydroponics.

» Farmers taking advantage of controlled-environment agriculture for climate resilience.

> Arboreal agriculture and arid region agriculture taking advantage of water-efficient
practices.

» closing food security gaps utilizing closed-loop, automated technology.

These technologies align with global demand for sustainable, high-output, and low-

environmental impact agriculture.
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Conclusion

Space farming is not merely science fiction—it is a critical component of future space
exploration and colonization. While challenges remain, advances in plant physiology,
biotechnology, and agricultural engineering are steadily transforming our ability to grow food
in microgravity. As research continues, space farming will play a dual role in ensuring
extraterrestrial survival and revolutionizing agriculture on Earth.
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