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Abstract: 
Life support of crews in long-duration space missions for other planets will be 
highly dependent on amounts of food, atmospheric O2 and clean water produced by 
plants. Therefore, the space farming system with scheduling of crop production, 
obtaining high yields with a rapid turnover rate, converting atmospheric CO2 to O2 
and purifying water should be established with employing suitable plant species 
and cultivars and precisely controlling environmental variables around plants 
grown at a high density in a limited space. In this study, we developed a new 
hydroponic method for producing tuberous roots and fresh edible leaves and stems 
of sweetpotato. In the first experiment, we examined the effects of water contents in 
the rooting substrate on growth and tuberous root development of sweetpotato. 
The rooting substrates made with rockwool slabs were inclined in a culture 
container and absorbed nutrient solution from the lower end of the slabs by 
capillary action. Tuberous roots developed on the lower surface of the rockwool 
slabs. The tuberous roots showed better growth and development at locations 
farther from the water surface on the rockwool slabs, which had lower water 
content. In the second experiment, three sweetpotato cultivars were cultured in a 
hydroponic system for five months from June to November under the sun light in 
Osaka, Japan as a fundamental study for establishing the space farming system. The 
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cultivars employed were ‘Elegant summer’, ‘Kokei-14’ and ‘Beniazuma’. The 
hydroponic system mainly consisted of culture containers and rockwool slabs. Dry 
weights of tuberous roots developed in the aerial space between the rockwool slab 
and the nutrient solution filled at the bottom of the culture container were 0.34, 
0.45 and 0.23kg/plant and dry weights of the top portion (leaves, petioles and 
stems) were 0.42, 0.29 and 0.61kg/plant for ‘Elegant summer’, ‘Kokei-14’ and 
‘Beniazuma’, respectively. Young stems and leaves as well as tuberous roots of 
‘Elegant summer’ are edible and palatable. Therefore ‘Elegant summer’ would be a 
promising crop to produce large amounts of food with high nutritional values in the 
present hydroponic system in space farming. 
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Abstract: 
The colonization of space will depend on our ability to routinely provide for the 
metabolic needs (oxygen, water, and food) of a crew with minimal re-supply from 
Earth. On Earth, these functions are facilitated by the cultivation of plant crops, thus 
it is important to develop plant-based food production systems to sustain the 
presence of mankind in space. Farming practices on earth have evolved for 
thousands of years to meet both the demands of an ever-increasing population and 
the availability of scarce resources, and now these practices must adapt to 
accommodate the effects of global warming. Similar challenges are expected when 
earth-based agricultural practices are adapted for space-based agriculture. A key 
variable in space is gravity; planets (e.g. Mars, 13 g) and moons (e.g. Earth's moon, 
16 g) differ from spacecraft orbiting the Earth (e.g. Space stations) or orbital 
transfer vehicles that are subject to microgravity. The movement of heat, water 
vapor, CO2 and O2 between plant surfaces and their environment is also affected by 
gravity. In microgravity, these processes may also be affected by reduced mass 
transport and thicker boundary layers around plant organs caused by the absence of 
buoyancy dependent convective transport. Future space farmers will have to adapt 
their practices to accommodate microgravity, high and low extremes in ambient 
temperatures, reduced atmospheric pressures, atmospheres containing high volatile 
organic carbon contents, and elevated to super-elevated CO2 concentrations. 
Farming in space must also be carried out within power-, volume-, and mass-limited 
life support systems and must share resources with manned crews. Improved 
lighting and sensor technologies will have to be developed and tested for use in 
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space. These developments should also help make crop production in terrestrial 
controlled environments (plant growth chambers and greenhouses) more efficient 
and, therefore, make these alternative agricultural systems more economically 
feasible food production systems. 
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Space farming. 
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Article 
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Abstract: 
Reports on research being conducted on space farming. United States National 
Aeronautics and Space Administration's (NASA) investment in research technology 
for on-orbit plant growth; Orbital Technologies Corp.'s provision of advanced tools 
to grow plants in space; Biomass Production System. 
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Scientists at new research centre hope to 
pioneer farming in space; Space agency 
plans for long, manned missions 
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Source: 
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Abstract: 
The Canadian Space Agency won't be opening a deli on the final frontier anytime 
soon. But as it plans to grow food in space to feed astronauts on long missions, it's 
turning to ground-breaking research at the University of Guelph, where scientist 
Mike Dixon and others from as far as Japan opened the $7.9 million Controlled 
Environment Systems Research Facility yesterday... 
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Space farming 

Source: 
York News-Times (NE), May 9, 2002 Editorial, 2pp 

Abstract: 
Some years ago I advocated sending a farmer into space, back when the shuttle 
missions were running into technical difficulties with some regularity. A farmer, I 
figured, could fix most anything with duct tape and bailing wire. Things are now 
much improved in the space program and the National Aeronautics and Space 
Administration is looking to the future: now farming itself figures in U.S... 
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Abstract: 
An article is presented that reports on human exploration of the planet Mars. The 
article discusses Mars' environment, distance from Earth, and the duration of any 
journey there, noting challenges faced by scientists and specialists as they begin 
planning. Information is also provided on the Mars500 study, a program where six 
men are simulating a long-term space travel for researchers to examine its mental 
and physical effects. 
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NASA RESEARCHES FARMING IN SPACE 

Authors: 
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Source: 
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Abstract: 
The bone dry, cratered surface of the moon is not exactly Iowa farming country, but 
someday residents on a moon base will have to grow most of their food there in 
special enclosures. Moon scientists and miners will sit down each day to meals that 
could include algae protein, vegetables and vegetable byproducts -- possibly 
something like the soy ''veggie burgers'' served today, researchers say... 
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ASTRONAUTS SOW SEEDS OF FARMING IN 
SPACE 
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Abstract: 
Old MacDonald has traded in his overalls for a space suit. But on this farm, there are 
neither ducks, nor cows, nor pigs. Instead, there are integration containers, 
environmental data systems and a Svet chamber to grow wheat. And the wheat - 
sown and grown in a shoe-box-size metal box - is as green and beautiful to its space 
farmers as any grown on Earth... 
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The ability to monitor and control plant nutrient ions in fertigation solutions, on an 
ion-specific basis, is critical to the future of controlled environment agriculture crop 
production, be it in traditional terrestrial settings (e.g., greenhouse crop production) 
or as a component of bioregenerative life support systems for long duration space 
exploration. Several technologies are currently available that can provide the 
required measurement of ion-specific activities in solution. The greenhouse sector 
has invested in research examining the potential of a number of these technologies 
to meet the industry's demanding requirements, and although no ideal solution yet 
exists for on-line measurement, growers do utilize technologies such as high-
performance liquid chromatography to provide off-line measurements. An 
analogous situation exists on the International Space Station where, technological 
solutions are sought, but currently on-orbit water quality monitoring is 
considerably restricted. This paper examines the specific advantages that on-line 
ion-selective sensors could provide to plant production systems both terrestrially 
and when utilized in space-based biological life support systems and how similar 
technologies could be applied to nominal on-orbit water quality monitoring. A 
historical development and technical review of the various ion-selective monitoring 
technologies is provided.[ABSTRACT FROM AUTHOR]  
Copyright of Sensors (14248220) is the property of MDPI Publishing and its content 
may not be copied or emailed to multiple sites or posted to a listserv without the 
copyright holder's express written permission. However, users may print, download, or 
email articles for individual use. This abstract may be abridged. No warranty is given 
about the accuracy of the copy. Users should refer to the original published version of 
the material for the full abstract.Copyright applies to all Abstracts. 
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Abstract: 
Increasing interest is developing towards soil-based agriculture as a long-term 
bioregenerative life support during space and planetary explorations. Contrary to 
hydroponics and aeroponics, soil-based cropping would offer an effective approach 
to sustain food and oxygen production, decompose organic wastes, sequester 
carbon dioxide, and filter water. However, the hydraulics and biogeochemical 
functioning of soil systems exposed to gravities lower than the Earth’s are still 
unknown. Since gravity is crucial in driving water flow, hypogravity will affect 
nutrient and oxygen transport in the liquid and gaseous phases, and could lead to 
suffocation of microorganisms and roots, and emissions of toxic gases. A highly 
mechanistic model coupling soil hydraulics and nutrient biogeochemistry 
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previously tested on soils on Earth (g=9.806ms−2) is used to highlight the effects of 
gravity on the functioning of cropping units on Mars (0.38g), the Moon (0.16g), and 
in the international space station (ISS, nearly 0g). For each scenario, we have 
compared the net leaching of water, the leaching of NH3, NH4+, NO2− and NO3− 
solutes, the emissions of NH3, CO2, N2O, NO and N2 gases, the concentrations 
profiles of O2, CO2 and dissolved organic carbon (DOC) in soil, the pH, and the 
dynamics of various microbial functional groups within the root zone against the 
same control variables in the soil under terrestrial gravity. The response of the soil 
ecodynamics was relatively linear; gravitational accelerations lower than the Earth’s 
resulted in 90–100% lower water leaching rates, 95–100% lower nutrient leaching 
rates, and lower emissions of NH3 and NO gases (80–95% and 30–40%, 
respectively). Lower N loss through leaching resulted in 60–100% higher 
concentration of the microbial biomass, but did not alter the vertical stratification of 
the microbial functional groups with respect to the stratification on Earth. However, 
the higher biomass concentration produced higher emissions of N2O, N2, and CO2 
gases (80%, 200% and 40%, respectively). 
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Abstract: 
The latest advances in bioregenerative strategies for long-term life support in 
extraterrestrial outposts such as on Mars have indicated soil-based cropping as an 
effective approach for waste decomposition, carbon sequestration, oxygen 
production, and water biofiltration as compared to hydroponics and aeroponics 
cropping. However, it is still unknown if cropping using soil systems could be 
sustainable in a Martian greenhouse under a gravity of 0.38g. The most challenging 
aspects are linked to the gravity-induced soil water flow; because water is crucial in 
driving nutrient and oxygen transport in both liquid and gaseous phases, a 
gravitational acceleration lower than g=9.806ms−2 could lead to suffocation of 
microorganisms and roots, with concomitant emissions of toxic gases. The effect of 
Martian gravity on soil processes was investigated using a highly mechanistic model 
previously tested for terrestrial crops that couples soil hydraulics and nutrient 
biogeochemistry. Net leaching of NO3- solute, gaseous fluxes of NH3, CO2, N2O, NO 
and N2, depth concentrations of O2, CO2 and dissolved organic carbon (DOC), and 
pH in the root zone were calculated for a bioregenerative cropping unit under 
gravitational acceleration of Earth and for its homologous on Mars, but under 0.38g. 
The two cropping units were treated with the same fertilizer type and rate, and with 
the same irrigation regime, but under different initial soil moisture content. Martian 
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gravity reduced water and solute leaching by about 90% compared to Earth. This 
higher water holding capacity in soil under Martian gravity led to moisture content 
and nutrient concentrations that favoured the metabolism of various microbial 
functional groups, whose density increased by 5–10% on Mars as compared to 
Earth. Denitrification rates became substantially more important than on Earth and 
ultimately resulted in 60%, 200% and 1200% higher emissions of NO, N2O and N2 
gases, respectively. Similarly, O2 and DOC were consumed more rapidly in the 
Martian soil and resulted in about 10% increase in CO2 emissions. More generally, 
Martian cropping would require 90% less water for irrigation than on Earth, being 
therefore favourable for water recycling treatment; in addition, a substantially 
lower nutrient supply from external sources such as fertilizers would not 
compromise nutrient delivery to soil microorganisms, but would reduce the large N 
gas emissions observed in this study. 
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