SPACE & MARS PLANT SUITABILITY ANALYSIS - CIVILISATION IMPACT REPORT

COMPREHENSIVE SCIENTIFIC ANALYSIS

PLANTS FOR SPACE & MARS FARMING

AND THEIR IMPACT ON HUMAN CIVILISATION

Suitability Criteria | Scientific Reasoning | Species Analysis | Civilisation-Scale Implications

EXECUTIVE SUMMARY

The question of which plants can grow in space is not merely a technical farming problem - it is one of the most consequential

biological and civilisational questions of the 21st century. The plants we select to grow beyond Earth will determine whether
long-duration space missions are survivable, whether Mars can sustain a permanent human presence, and ultimately whether Homo
sapiens can evolve into a multi-planetary species. This analysis evaluates 14 plant candidates across 7 suitability criteria, explains the
scientific reasoning behind each, and maps the cascading implications for human civilisation - from food security on Earth to the
terraforming of entire worlds.

e Top 3 priority crops by science consensus: Dwarf Wheat, Soybean, Potato (caloric foundation)

«  Top 3 for near-term missions: Radish, Lettuce, Pak Choi (fast cycle, proven on ISS)

e Top 3 for ecological value: Azolla, Spirulina, Duckweed (nitrogen fixation, oxygen, rapid biomass)

¢ Single biggest challenge: Martian perchlorate toxicity in soil - bypassed by hydroponic systems

¢ Most important civilisational implication: space farming research directly improves food security on Earth

1. SELECTION CRITERIA FOR SPACE & MARS PLANTS

Not every crop that feeds humanity on Earth is suitable for space. Selection demands a rigorous multi-factor evaluation. The following
seven criteria, weighted by scientific priority, form the framework used to evaluate all candidate plants in this analysis.

Growth Cycle Speed HIGH Shorter cycles = more harvests per mission year; reduces starvation

risk if a batch fails

Caloric / Nutritional Yield HIGH Energy density per unit area determines survival viability; protein + fat

+ carbs needed

Space / Volume Efficiency HIGH Habitat space is extremely limited and expensive; compact plants
prioritised
Water Use Efficiency HIGH Water is scarce and heavy to transport; aeroponic/hydroponic

systems reduce use by 95%
Soil Independence MEDIUM Mars regolith is perchlorate-toxic; plants that thrive without soil
(hydroponics) preferred

Radiation Tolerance MEDIUM Mars surface radiation ~40x Earth surface; some crops are naturally

more resistant

Psychological / Morale Value MEDIUM Crew mental health is a mission risk; plants providing colour,

fragrance, variety are valued
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A critical secondary consideration is the role of plants in closed-loop life support: plants absorb CO2 and produce O2 through
photosynthesis, manage cabin humidity through transpiration, and can recycle nutrients from human metabolic waste. A
well-designed plant suite is not just food - it is a biological life support system.

Selection Frameworkhttps://ntrs.nasa.gov/citations/20030068349
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2. PLANT-BY-PLANT SUITABILITY ANALYSIS

TIER 1 - ESSENTIAL FOUNDATION CROPS (Caloric backbone of a Mars diet)

Dwarf Wheat (Triticum aestivum (compact var.)) [TIER 1 - ESSENTIAL]

Growth Speed

Caloric Yield 9/10
Space Efficiency 7110
Water Efficiency 7110
Soil Independence 8/10
Overall Score 8/10

Why Suitable:
Wheat is the caloric foundation of human civilisation on Earth and would fulfil the same role on Mars. Dwarf varieties (50-70cm
height) are purpose-bred for controlled environments. Carbohydrate-rich (72% dry weight), providing immediate energy. Contains
gluten protein essential for variety of processed food (bread, pasta). Under continuous LED lighting, growth cycle completes in just
60 days - 6 harvests per Earth year. Seeds are storable without refrigeration for years - critical backup food supply.

ISS Record: Grown in ISS Advanced Plant Habitat (APH). Super dwarf "USU-Apogee" strain specifically bred for space.

Mars Specifics: Must be grown in hydroponic system to avoid perchlorate-contaminated regolith. Adequate phosphorus supplementation needed. R

Soybean (Glycine max) [TIER 1- ESSENTIAL]

Growth Speed

Caloric Yield 9/10
Space Efficiency 7110
Water Efficiency 7/10
Soil Independence 8/10
Overall Score 8/10

Why Suitable:
The single most nutritionally complete crop for space. 36% protein (highest of any plant), 20% fat - together covering all
macronutrient needs other than carbohydrates. Contains all essential amino acids. Extraordinarily versatile: beans, tofu, soy milk,
tempeh, oil - one species providing 10+ food forms. CRITICAL ADVANTAGE: nitrogen-fixing root bacteria (Bradyrhizobium
japonicum) can enrich growing medium with nitrogen, reducing fertiliser imports. This ecological service is irreplaceable in a closed
system.

ISS Record: NASA priority deep-space mission crop. Studied in APH and multiple NASA closed-loop life support research programs.

Mars Specifics: Nitrogen fixation requires inoculation with Bradyrhizobium bacteria - a living biological input for the system. Soybean oil extraction :

Potato (Solanum tuberosum) [TIER 1 - ESSENTIAL]

Growth Speed

Caloric Yield 10/10
Space Efficiency 6/10
Water Efficiency 7/10
Soil Independence 7/10
Overall Score 8/10

Why Suitable:
The highest caloric yield per square metre of any crop - approximately 70,000 kcal/m2/year, outperforming wheat (50,000) and rice
(45,000). Provides complete nutrition alongside protein (2g/100g) and vitamin C. In 2017, the International Potato Center (CIP) in
Lima tested 65 potato varieties in a Mars-like soil simulator: 40 varieties successfully germinated, proving viability. Sweet potato
(Ipomoea batatas) offers higher beta-carotene, essential for vitamin A on long missions. Tubers store without refrigeration.

ISS Record: NASA/CIP Mars Potato Project (2017) tested potato growth under simulated Martian conditions at CIP.
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Mars Specifics: Soil adaptation test showed viability in amended regolith. Aeroponics allows root tuber formation without soil. Psychologically signi
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TIER 2 - HIGH PRIORITY MISSION CROPS (Proven on ISS, fast-cycle, high nutrition)

Red Romaine Lettuce (Lactuca sativa "Outredgeous") [TIER 2 - HIGH PRIORITY]

10/10

Growth Speed
Caloric Yield 4/10
9/10

9/10

Space Efficiency
Water Efficiency
Soil Independence 10/10

Overall Score 8/10

Why Suitable:
The FIRST food ever grown and eaten in space by US astronauts (ISS, 10 August 2015). Fastest crop in the selection at 30-35
days from seed to harvest. Can be harvested using "cut-and-come-again" technique - the plant re-grows 2-3 additional harvests
from the same root. Rich in vitamins A, K, C and folate. Red pigmentation (anthocyanins) is a high-potency antioxidant. Thrives
under just red+blue LED light with no sunlight. No soil required. Root zone is small. Psychologically significant: the vivid green and
red colours have documented morale effects on crews.
ISS Record: 5 separate VEGGIE experiments (Veg-01 through Veg-05). NASA food safety fully verified. Astronauts describe eating it as the most mes

Mars Specifics: Perfectly suited to hydroponic NFT or aeroponic systems. Low water demand. Ideal as first crop to plant upon Mars arrival - harvest

Radish (Raphanus sativus) [TIER 2 - HIGH PRIORITY]

10/10

Growth Speed

Caloric Yield 5/10
Space Efficiency 9/10
Water Efficiency 9/10
Soil Independence 9/10
Overall Score 8/10

Why Suitable:
The fastest root crop in existence - 25-30 days from seed to harvest. First root vegetable ever harvested in space (ISS Advanced
Plant Habitat, 30 November 2020 - 20 plants returned to Earth for study). The entire plant is edible: the root provides carbohydrates
and vitamins while the leaves provide protein and iron. High vitamin C content combats scurvy risk on long missions. Root crops
are fundamentally important: they provide a different food texture and eating experience from leafy greens, which is critical for
long-term psychological food satisfaction.

ISS Record: First root crop harvested in space. 2020 APH experiment showed normal morphology and nutrition.

Mars Specifics: Root growth requires at least 5-8cm of substrate depth. Aeroponic systems allow root visibility. For MR project: radish root swelling

Kale (Brassica oleracea var. sabellica) [TIER 2 - HIGH PRIORITY]

Growth Speed

Caloric Yield 6/10
Space Efficiency 8/10
Water Efficiency 8/10
Soil Independence 9/10
Overall Score 8/10

Why Suitable:
The most nutritionally dense leafy green in existence. Per 100g: 206% daily vitamin K, 134% vitamin A, 134% vitamin C, plus
significant calcium, iron, manganese, and protein (4g). A single kale plant can provide critical micronutrients that prevent deficiency
diseases on multi-year missions. Tolerates cooler temperatures (5-15C) - important for energy-saving periods in Mars habitats.
"Cut-and-come-again" harvest: one plant yields 6-8 harvests. Studied in Veg-03G ISS experiment.

ISS Record: ISS Veg-03G experiment (2018). Showed normal growth and nutrition in microgravity environment.

Mars Specifics: Grows at lower light intensity than most crops - energy efficient in LED-powered Mars habitats. Combined with radish, lettuce and w
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TIER 3 - ECOLOGICAL & SYSTEMS PLANTS (Oxygen, nitrogen, rapid biomass, life support)

Spirulina (Arthrospira platensis (cyanobacteria)) [TIER 3 - ECOLOGICAL]

Growth Speed 10/10
Caloric Yield 9/10

Space Efficiency 10/10
Water Efficiency 10/10
Soil Independence 10/10
Overall Score 10/10

Why Suitable:
The most efficient food organism on Earth measured by protein yield per unit area - and the closest thing to a perfect space food. At
60-70% protein by dry weight with ALL essential amino acids plus vitamins B1, B2, B3, B6, B12, E, K, beta-carotene, iron, and
omega-3/6 fatty acids - it is a complete nutritional profile in a single organism. Doubles in biomass every 5 hours under LED light.
Grows in water columns - no soil, no substrate, minimal space. ESA MELISSA program has studied spirulina as the primary protein
source for a crew of 4 in a closed system. Also produces O2 and removes CO2 at the same time - functioning as a biological air
filter.

ISS Record: ESA MELiISSA program (1989-present). Used as crew protein source in ground-based MELiISSA Pilot Plant.

Mars Specifics: Ideal water bioreactor plant for Mars. CO2 from Mars atmosphere (95.3%) is ideal spirulina feedstock. Produces oxygen from Mars C

Azolla (Water Fern) (Azolla filiculoides) [TIER 3 - ECOLOGICAL]

Growth Speed

Caloric Yield 5/10
Space Efficiency 9/10
Water Efficiency 10/10
Soil Independence 10/10

Overall Score 8/10

Why Suitable:
Azolla provides one of the most strategically important biological services in a closed system: atmospheric nitrogen fixation.
Through its symbiotic cyanobacterium (Anabaena azollae), Azolla can double its biomass in 2-3 days while simultaneously
capturing N2 from the atmosphere and converting it into ammonia-nitrogen that other plants can use as fertiliser. This service is
irreplaceable: nitrogen is essential for plant protein synthesis, and there is no other cost-effective way to supply continuous nitrogen
in a closed Mars farm without importing chemical fertilisers. Historically, Azolla was used in Asian rice paddies to fix nitrogen for
centuries before chemical fertilisers were invented - it is ancient, proven technology now rediscovered for space.

ISS Record: ESA MELiISSA program studied Azolla as key nitrogen cycle component. Not yet grown on ISS.

Mars Specifics: Confirmed perchlorate-resistant in laboratory tests. Grows on the water surface of other crop systems - can float above nutrient solu

Duckweed (Lemna minor) [TIER 3 - ECOLOGICAL]

Growth Speed 10/10
Caloric Yield 7/10

Space Efficiency 10/10
Water Efficiency 10/10
Soil Independence 10/10

Overall Score 9/10

Why Suitable:
Duckweed holds the record for the fastest biomass doubling rate of any vascular plant on Earth: every 2-3 days under optimal
conditions. It grows on the surface of water with no substrate, no soil, and minimal care. At 25-35% protein content (comparable to
soybean) with good amino acid profile and high concentrations of lutein (eye health), beta-carotene, and omega-3 fatty acids, it
provides exceptional nutrition per unit area. NASA's Caves of Mars study identified duckweed as one of the top candidate crops for
a Mars base specifically because it can be grown in wastewater streams - turning metabolic waste into food with minimal energy
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input.
ISS Record: NASA Caves of Mars study recommendation. Ground-based closed-loop life support experiments.

Mars Specifics: Tolerates wide pH range (4-9) - important as Mars water chemistry may vary. Can grow on top of other hydroponic systems, using th
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TIER 4 - SUPPLEMENTARY & SPECIALIST CROPS (Variety, morale, science)

Cherry Tomato (Solanum lycopersicum (dwarf var.)) [TIER 4 - SUPPLEMENTARY]

Growth Speed

Caloric Yield 5/10
Space Efficiency 7110
Water Efficiency 7110
Soil Independence 9/10
Overall Score 7/10

Why Suitable:
Tomatoes are not essential for survival, but they are essential for the soul. Studies across ISS and analog habitats consistently
show that colourful, flavourful food dramatically improves crew psychological health - and tomatoes are the single most desired crop
by astronauts surveyed. Rich in lycopene (the most powerful plant antioxidant), vitamin C, and potassium. Dwarf "Red Robin"
variety grows to 20cm, producing dozens of cherry tomatoes. As a fruiting plant, it adds dietary variety impossible to achieve with
leafy greens alone. Its vivid red colour against a Mars backdrop would have profound psychological impact.

ISS Record: ISS VEG-05 experiment (dwarf tomatoes). First fruiting crop grown and monitored on ISS.

Mars Specifics: Requires manual pollination in enclosed habitats (vibrate flowers with toothbrush). Fruit production cycle ~70 days. Worth the inves

Quinoa (Chenopodium quinoa) [TIER 4 - SUPPLEMENTARY]

Growth Speed

Caloric Yield 8/10
Space Efficiency 7110
Water Efficiency 8/10
Soil Independence 7110
Overall Score 7110

Why Suitable:
Quinoa is the only plant food on Earth that is a complete protein - containing all 9 essential amino acids in proportions adequate for
human nutrition. This makes it uniquely important as a nutritional insurance policy on Mars. When combined with wheat (which is
deficient in lysine), quinoa completes the protein profile. Remarkably stress-tolerant: quinoa grows in near-deserts, saline soils, and
altitudes up to 4,000m on Earth - genetic relatives of Mars-adapted crops. Seeds store for 5+ years without refrigeration. NASA has
studied quinoa for long-duration missions.

ISS Record: NASA long-duration mission food system studies. Not yet grown on ISS.

Mars Specifics: Extreme stress tolerance makes it a candidate for amended Martian regolith experiments. One of the few crops that could be grown i

Arabidopsis thaliana (Arabidopsis thaliana (Thale cress)) [TIER 4 - SCIENCE]

Growth Speed 10/10
Caloric Yield 1/10

Space Efficiency 10/10
Water Efficiency 10/10
Soil Independence 10/10

Overall Score 6/10

Why Suitable:
Not a food crop - but perhaps the most important plant in the space farming program. Arabidopsis is the "laboratory mouse" of plant
biology: tiny (5cm), fast (6 weeks seed-to-seed), with a completely mapped genome. Every NASA/ESA plant experiment uses it to
understand how plants respond to microgravity, radiation, and novel atmospheres. It serves as the genetic testbed for developing
Mars-adapted varieties of food crops - radiation resistance, perchlorate tolerance, and drought adaptation are all first tested in
Arabidopsis before being transferred to wheat, soybean, or potato.

ISS Record: Used in virtually every ISS plant experiment since 1982. Seedling Growth series (2013-2017).

Mars Specifics: Grown in Chang'e 4 Moon biosphere (2019) - did not sprout, but cotton did.
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3. COMPARATIVE SUITABILITY SUMMARY

The following table ranks all analysed plants across key suitability dimensions. Score out of 10. Combined score reflects overall
suitability for a Mars mission food system.

Spirulina 10 9 10 10 10 7 6 62
Duckweed 10 7 10 10 10 6 5 58
Red Romaine Lettuce 10 4 9 9 10 7 9 58
Radish 10 5 9 9 9 7 8 57
Mizuna Mustard 4 9 9 10 7 7 55
Azolla (Water Fern) 5 9 10 10 6 5 54
Dwarf Wheat 9 7 7 8 6 7 52
Kale 7 6 8 8 9 7 7 52
Arabidopsis 10 1 10 10 10 8 3 52
Potato 7 10 6 7 7 5 8 50
Cherry Tomato 6 5) 7 7 9 6 10 50
Soybean 6 9 7 7 8 6 6 49
Quinoa 6 8 7 8 7 6 48
Sweet Potato 6 9 6 7 7 5 48

KEY INSIGHT: The highest-scoring plants (Spirulina, Duckweed, Lettuce, Radish) are all water-based or aquatic organisms requiring
NO soil whatsoever. This is not a coincidence - the Martian soil perchlorate problem makes water-based cultivation the dominant
viable strategy. The combination of Spirulina (protein/oxygen), Duckweed (rapid biomass/nitrogen recovery), Azolla (atmospheric N2
fixation), Wheat (calories/carbs) and Soybean (protein/fat/N-fixation) would form a near-complete nutritional and ecological life
support system.

4. THE ECOLOGICAL SYSTEM: PLANTS AS LIFE SUPPORT

The most profound insight from decades of space farming research is this: plants in space are NOT merely food producers. They are
components of a living machine - a closed ecological system that recycles every atom used by the crew. The correct framing is not
"what do we eat?" but "what ecological architecture do we build?" Here is how a complete plant-based life support system works:

The Closed-Loop Architecture

¢ CREW breathes, eats, and produces waste (CO2, urine, faeces, metabolic heat)

¢ SPIRULINA + PLANTS absorb CO2 via photosynthesis, produce O2 - breathing air recycled

¢ AZOLLA + SOYBEAN fix atmospheric N2 into plant-available ammonia - fertiliser from air

e«  DUCKWEED grows on nutrient-enriched wastewater - urine becomes food

¢ HARVEST goes to CREW - energy, protein, vitamins, fibre, and psychological nourishment

« INEDIBLE BIOMASS (stems, roots, leaves) is composted or fed back to water system

e NET RESULT: a system requiring only light (from LED or Sun) and water to sustain human life indefinitely

Oxygen Production by Plant

Spirulina (bioreactor) Produces 02 24/7, converts CO2 - 1m3 bioreactor = 1 person's O2 need
Wheat (1m2 canopy) Produces ~1g O2/hour during active photosynthesis

Kale/Lettuce High leaf area index; efficient O2 producer per unit footprint

Azolla (water surface) Photosynthesises AND fixes N2 - dual atmospheric service

All food crops combined A 50m2 farm can supply O2 for one person alongside food

Closed-Loop Life Sunttpst/www.esa.int/Enabling_Support/Space_Engineering_Technology/MELISSA
Plant O2 Production:https://ntrs.nasa.gov/citations/20030068349
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5. HOW SPACE PLANT FARMING WILL CHANGE HUMAN CIVILISATION

The implications of successfully farming plants in space extend far beyond the missions themselves. Space farming represents one of
the most significant leaps in the co-evolution of humans and plants - a 10,000-year relationship that shaped all of human civilisation.
What we learn in orbit and on Mars will reshape how we feed ourselves on Earth, how we govern new societies, and whether our
species survives the next thousand years. The impacts span seven dimensions.

? 1. HUMAN SURVIVAL - Becoming a Multi-Planetary Species

The most fundamental civilisational impact. The history of all human civilisations destroyed by a single catastrophe - asteroid
impact, pandemic, nuclear war, supervolcano - ends when we become a multi-planetary species. Space farming is the critical
enabling technology: without food on Mars, there is no permanent colony. Without a permanent colony, humanity remains a
single-point-of-failure species. Physicist Stephen Hawking warned in 2010 that humanity faces extinction unless we colonise
space within 200 years. Space farming is not optional - it is civilisational insurance.

Plants specifically are the foundation: they provide food, oxygen, water recycling, and psychological wellbeing. A Mars colony
without plants is not viable. A Mars colony with plants is immortal.

? 2. EARTH FOOD SECURITY - Feeding 10 Billion People

Every technology developed for space farming has direct, immediate application to global food security. The world will reach 10
billion people by 2057. Arable land is shrinking due to desertification, salinisation, and urbanisation. Climate change is disrupting
rainfall and growing seasons.

Space farming answers these challenges directly:

- Vertical farming (LED-based, hydroponic/aeroponic): year-round crops in deserts, cities, Arctic zones

- 95% less water than conventional agriculture: critical for water-scarce regions

- No pesticides: controlled sealed environments eliminate pest pressure

- Genetic improvements for radiation/drought/salt tolerance developed for Mars directly applicable to Earth
- Spirulina and duckweed cultivation: produce 10x more protein per hectare than beef cattle

The United Nations Food and Agriculture Organisation estimates that by 2050, food production must increase by 70% while using
less land and water. Space farming technology is the only pathway that achieves all three goals simultaneously.

? 3. MEDICINE & BIOTECHNOLOGY - Genetic Revolution

The genetic engineering work required to make plants survive Mars radiation, perchlorate toxicity, and low pressure will produce
revolutionary breakthroughs in plant biology:

- Radiation-resistant crops (incorporating Deinococcus radiodurans DNA repair genes) could protect harvests in high-UV
equatorial regions where climate change is destroying yields

- Drought-resistant crops via CAM photosynthesis engineering will feed populations in arid zones currently unable to grow food

- Cold-tolerant varieties will open vast Siberian and Canadian territories to agriculture

- Salt/perchlorate tolerant crops will allow farming in saline-degraded coastal soils

The CRISPR tools developed for space crop engineering will accelerate the broader agricultural biotechnology revolution,
potentially ending specific forms of malnutrition within decades.
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? 4. ENERGY & SUSTAINABILITY - A New Relationship with Resources

Space farming demands 100% resource recycling by necessity - there is simply no waste acceptable in a sealed Mars habitat.
This enforced circular economy will model the future of sustainable civilisation:

- Closed-loop water systems (99%-+ recovery) will transform water management in Earth cities

- LED lighting systems optimised for plant growth are already the fastest-growing segment of agricultural technology, reducing
energy use by 90% vs traditional greenhouse lighting

- Nitrogen fixation from Azolla and soybean reduces dependence on industrial fertiliser production (which currently consumes
1-2% of global energy via Haber-Bosch process)

- Zero-waste nutrient cycling technologies (turning human urine into plant fertiliser) are directly applicable to sustainable urban
agriculture

The circular resource economy that space survival demands will become the template for sustainable civilisation on an
increasingly resource-constrained Earth.

? 5. PSYCHOLOGY & SOCIETY - The Deep Human Need for Green

Perhaps the most underappreciated civilisational impact. Research from ISS, Antarctic bases, submarines, and urban psychology
consistently shows that access to living plants is not a luxury - it is a psychological necessity.

- ISS astronauts report that tending plants in VEGGIE is the most meaningful and calming activity available to them in orbit - more
than any entertainment or communication

- Urban populations with access to green spaces show measurably lower rates of anxiety, depression, and violent crime
(documented in 100+ studies)

- The biophilia hypothesis (E.O. Wilson, 1984): humans evolved in close relationship with plants over 200,000 years; we are
neurologically wired to need them

Space farming research is quantifying and proving this relationship at the most extreme test conditions imaginable. The results are
already reshaping hospital design, prison rehabilitation programs, school architecture, and urban planning on Earth.

? 6. TERRAFORMING - Planetary Engineering Over Centuries

The long-term civilisational impact of space farming extends to planetary transformation itself. Plants are not just food sources -
they are terraforming agents:

- Cyanobacteria and algae (Spirulina, Azolla's Anabaena symbiont) were responsible for producing ALL of Earth's breathable
oxygen atmosphere 2.4 billion years ago (the Great Oxygenation Event)
- The same process, accelerated and engineered, is theoretically applicable to Mars over centuries-

to-millennia timescales
- Plants growing in sealed Mars habitats will produce oxygen that - if habitats eventually open - begins the process of atmospheric
enrichment
- Genetically engineered extremophile plants (based on space farming research) could eventually be released onto the Martian
surface to begin terraforming from the ground up

The plants we choose to grow on Mars today are, in a very real sense, the ancestors of the organisms that will one day transform
Mars into a blue world.

? 7. PHILOSOPHY & IDENTITY - What It Means to Be Human

The deepest civilisational impact cannot be measured in calories or cubic metres. It is the transformation of human
self-understanding:

- For 300,000 years, humans have been defined by our relationship to Earth's biosphere. Space farming is the moment we begin
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carrying that biosphere with us.
- The garden has been the most powerful symbol in human culture across every civilisation - from Eden to Babylon to Versailles. A
garden on Mars is not just agriculture: it is the declaration that this new world is now home.

- Children growing up on Mars, tending their spirulina bioreactors and radish pods, will have a fundamentally different relationship
with food, life, and the cosmos than any generation that came before.

- The mixed reality visualisation of living plants - like this project - is part of this cultural bridge: making the alien landscape feel
inhabited, alive, and human.
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6. TIMELINE: FROM EXPERIMENT TO CIVILISATION

2024-2030 | PHASE 1: PROOF OF CONCEPT

ISS VEG-05 and APH experiments complete full crop suites (wheat, soy, tomato, radish). Artemis lunar surface plant experiments.
First autonomous farm module tested in orbit. Earth impact: LED vertical farming industry reaches $30B globally; hydroponic
produce in every major city supermarket.

2030-2040 | PHASE 2: LUNAR FARM

Artemis base camp lunar greenhouse established. First plants growing on the Moon in a permanent structure. Closed-loop water
and nutrient cycling tested at lunar scale. Critical test of 0.16g effects on plant biology. Earth impact: space-developed crop
genetics begin major agricultural rollout; drought-resistant wheat feeds 300M additional people in sub-Saharan Africa.

2035-2050 | PHASE 3: MARS ARRIVAL

First crewed Mars missions. Small hydroponic farms in pressurised habitats. Spirulina and duckweed bioreactors producing
protein and O2. Radish and lettuce as first fresh food. Soybean and wheat as caloric foundation. Earth impact: circular resource
systems from Mars research transform urban infrastructure; zero-waste cities become norm rather than exception.

2050-2100 | PHASE 4: MARS SETTLEMENT

Permanent Mars colonies of 100-1,000 people. Full suite of 12+ crop species. First Mars-born generation. Genetically modified
Mars-adapted crops developed and deployed. Terraforming experiments begin in isolated zones. Earth impact: space farming
techniques feeding 12B people on Earth with half the land and water of 2024 conventional agriculture.

2100-2200 | PHASE 5: MULTI-PLANETARY SPECIES

Mars population reaches 10,000+. Self-sustaining food system. Mars-specific crop varieties diverge from Earth strains - first
extraterrestrial genetic differentiation. Cyanobacteria release experiments begin atmospheric enrichment. Earth impact: humanity
is no longer a single-planet species; civilisational extinction risk permanently reduced. The 10,000-year chapter of
agriculture-on-Earth is paralleled by the beginning of agriculture-beyond-Earth.

2200+ | PHASE 6: TERRAFORMING & BEYOND

Mars atmosphere begins measurable enrichment from plant/algae activity over generations. Space farming expands to asteroid
habitats, Europa underwater biomes, Titan domes. Humanity carries a living biosphere across the solar system. The plants
chosen in ISS experiments in 2014-2024 are the founding ancestors of all extraterrestrial agriculture for thousands of years to

come.

7. DIRECT IMPLICATIONS FOR YOUR MIXED REALITY PROJECT

Understanding the civilisational significance of space farming should deeply inform the design philosophy of the mixed reality

experience. This is not a game or a simulation - it is a window into one of the most important human endeavours of the next century.

Recommended Narrative Frame for the MR Experience

Each of the 6 plant slots should tell a story - not just show a growing plant. The user should feel the weight of what they are looking at:
the plants in their device are representatives of species that may one day feed humanity on another world.

e Slot framing: "You are a Mars colonist in 2085. These 6 plants are your colony's food supply."”

e Each plant has a "mission role" label: Oxygen Producer / Primary Calorie / Protein Source / Nitrogen Fixer / Rapid Harvest /
Morale Crop

e Show the ecological connections: arrows from Azolla to Wheat (nitrogen supply), from Spirulina to Crew (oxygen + protein), from
Crew to Duckweed (CO2 + waste nutrients)

¢ Include a "civilisation meter" - as plants grow, show how many days of food the colony has secured

e Mars environment toggle: show what the plants' environment would look like outside the habitat (red desert, thin atmosphere, UV
radiation) vs inside (green, pressurised, humid)
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Scientific data overlay: show live-simulated growth rate, O2 production, protein content, days to harvest

The 6 Recommended Slots (Final Recommendation)

Slot 1

Slot 2

Slot 3

Slot 4

Slot 5

Slot 6

Spirulina

Dwarf Wheat

Soybean

Radish

Azolla

Cherry Tomato

Represents the most critical life support organism. Produces

THE OXYGEN MAKER & PROTEIN FOUNDATION

THE CIVILISATION CROP

THE PROTEIN & NITROGEN ENGINEER

THE FIRST HARVEST

THE ATMOSPHERE MANAGER

THE MORALE CROP

02 and protein simultaneously. Story: this bioreactor is why
the crew can breathe.

Represents 10,000 years of human agriculture. The primary
caloric source. Story: we brought our oldest companion plant
to a new world.

Represents the biological solution to Mars nitrogen scarcity.
Story: this plant feeds the soil and the crew simultaneously.
The fastest crop - first food available. Story: 25 days after
landing, this is what the first Mars colonists eat.

The nitrogen fixer. Story: this tiny plant is doing what chemical
factories do on Earth, for free.

Red fruit in a red world. Story: the first time a Mars colonist

eats a tomato, they cry.

Page 14 | Space Farming Plant Analysis | Mixed Reality Project Research



SPACE & MARS PLANT SUITABILITY ANALYSIS - CIVILISATION IMPACT REPORT

SOURCES & REFERENCES

NASA VEGGIE Program
NASA Advanced Plant Habitat
NASA First Radish Harvest 2020

NASA MOXIE Results

MOXIE Science Paper (Science Advances)
ESA MELiISSA Program
ESA GRAVI-2 Gravity Threshold

Mars Planetary Factsheet (NASA/NSSDC)
NASA Curiosity Radiation (RAD)

Martian Regolith (Wikipedia)

Terraforming of Mars (Wikipedia)

Space Colonization (Wikipedia)

Plants in Space (Wikipedia)

Chang'e 4 Biosphere (Nature News)

CIP Mars Potato Study

Perchlorate Discovery (Science 2009)
Bioremediation Perchlorates (Frontiers)
Duckweed Space Farming (Frontiers Plant Sci)
Maggi & Pallud - Mars Gravity Soil Water (2010)
Tardigrade Dsup Protein (Nature)

Radiation Resistance Research (PMC)

CAM Photosynthesis Engineering (Science)
NASA Mars Facts

NASA Kilopower Reactor

Stephen Hawking Space Colonisation Quote (2010)

NASA Plant Researchers / Deep Space Crops

NASA Aeroponic Research

Mars Greenhouse Architecture
Compiled by Clawl Al Research Assistant

https://lwww.nasa.gov/humans-in-space/veggie-plant-growth-system/
https://lwww.nasa.gov/centers-and-facilities/kennedy/growing-plants-in-space/
https://lwww.nasa.gov/humans-in-space/astronauts-harvest-first-radish-crop-on-internation
al-space-station/
https://lwww.nasa.gov/missions/mars-2020-perseverance/perseverance-rover/nasas-moxie
-experiment-reliably-makes-oxygen-on-mars/
https://lwww.science.org/doi/10.1126/sciadv.abf4406
https://lwww.esa.int/Enabling_Support/Space_Engineering_Technology/MELISSA
https://lwww.esa.int/Science_Exploration/Human_and_Robotic_Exploration/Research/Grav
i-2

https://nssdc.gsfc.nasa.gov/planetary/factsheet/marsfact.html
https://lwww.nasa.gov/missions/mars-science-laboratory/curiosity-rover/rad/
https://en.wikipedia.org/wiki/Martian_regolith
https://en.wikipedia.org/wiki/Terraforming_of_Mars
https://en.wikipedia.org/wiki/Space_colonization
https://en.wikipedia.org/wiki/Plants_in_space
https://www.nature.com/articles/d41586-019-00159-0

https://cipotato.org/mars/

https://www.science.org/doi/10.1126/science.1172339
https://www.frontiersin.org/articles/10.3389/fmicb.2022.877280/full
https://lwww.frontiersin.org/articles/10.3389/fpls.2021.642745/full
https://www.sciencedirect.com/science/article/pii/S0273117709006589
https://lwww.nature.com/articles/ncomms12808
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5784904/
https://www.science.org/doi/10.1126/science.aan1253
https://mars.nasa.gov/all-about-mars/facts/

https://lwww.nasa.gov/kilopower
https://lwww.theguardian.com/science/2010/apr/25/stephen-hawking-interview-extraterrestr
ial-life
https://lwww.nasa.gov/centers-and-facilities/kennedy/nasa-plant-researchers-explore-quest
ion-of-deep-space-food-crops/

https://ntrs.nasa.gov/citations/20020080685

https://ntrs.nasa.gov/citations/20030068349

https://openclaw.ai
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