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P4S will deliver 
fundamental learnings 

& innovations 
for Space 
and Earth



❑ Legal reforms to support 

ethical growth of 

biomanufacturing

✓

P4S Cultural Charter

❑ Protection for astronauts 

and planets

✓



❑ Fast growth, zero-waste 

plants

✓

❑ Plants as sensors✓



Duckweed

✓

❑ New plant-based health 

and food products

✓

❑ A suite of complete 

nutrition plants



✓

✓❑ Low-input biomanufacturing

❑ On-demand plant production



❑ Foods and plants to 

support psychological 

well-being in isolation

✓

❑ A global hub for 

international space plant 

research

✓



First Australian-led 

mission to ISS —

pharmaceutical stability



µG-LilyPond

& harvester

Leaves expressing 

pigment marker
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Water spinach Tomatoes Strawberries Carrots

Texture, vitamin ATexture, FlavourVitamins Flavour, lycopene Nutrients & Vitamins

Duckweeds



DOUBLE RELATIVE 

GROWTH RATE PER 

DAY

~0.3 TO >0.6

• Photorespiration

• Review stress responses (biotic & abiotic)

• Transporters & metabolites – salt, nutrients

• Transpiration

• Hypoxia tolerance

RAISE HARVEST 

INDEX FROM 0.4–0.75 

TO APPROACH 1.0

INCREASE NUTRIENT 

AND WATER USE-

EFFICIENCY, AND SALT 

AND HYPOXIA 

TOLERANCE 

by 50%

• Successive harvesting

• Redesign and reduce root systems

• Tissue composition 



REFINE PROTEIN 

COMPOSITION 

BETTER BALANCE OF ALL 

ESSENTIAL AMINO ACIDS 

FOR NUTRITION

• Amino acid profiles

• Protein turnover

• Storage proteins

• Oleic acid formation.

• Increase fat sinks 

• Decrease sugar export from leaves, inc.TAG

CHANGE LEAF 

CARBOHYDRATES 

OPTIMISE STARCH & 

FIBRE CONTENT FOR 

HEALTH

MAXIMISE LEAF FAT 

CONTENT 

CALORIC, NUTRITIONAL, 

AND TASTE IMPACT

• Pectin (cardiovascular, cancer, bone)

• Soluble fibre

• Alter starch



Equity & 
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experience

Entrepreneurship
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Biological solutions 

for Space

Humans on the 

Moon & Mars

Plant-based food & 

health solutions

High-efficiency 

agriculture & 

biomanufacturing

New STEM 

research &

industry capacity

Innovative public & 

student engagement

Plants for space
ARC CENTRE OF EXCELLENCE



“We choose to go to the Moon

…and do the other things, 

not because they are easy, 

but because they are hard.” 

JFK, Rice University, 1962







❑ Psychological impact

❑ Market acceptance

❑ Legal frameworks

❑ Nutrition, flavour
& storage

❑ Sensory attributes

❑ Digestibility

❑ Plant attributes ❑ Processing,  
structure & texture

✓ ✓ ✓

✓

✓

✓

✓

✓



Water spinach Tomatoes Strawberries Carrots

Texture, vitamin ATexture, FlavourVitamins Flavour, lycopene Nutrients & Vitamins

Duckweeds



Crew poses with the chiles they harvested before 

eating them. This plant experiment was the longest 

in the history of the space station at 137 days.

NASA astronaut Peggy Whitson shows off some leafy 

greens grown on the International Space Station. 

NASA astronaut Kate Rubins with Plant Habitat-02 

(PH-02) experiment aboard the International 

Space Station with radish seedlings.



DOUBLE RELATIVE 

GROWTH RATE PER 

DAY

~0.3 TO >0.6

• Photorespiration

• Reactive Oxygen Species quenching

• Stress responses

• Transporters & metabolites - salt

• Hypoxia tolerance

RAISE HARVEST 

INDEX FROM 0.4–0.75 

TO APPROACH 1.0

INCREASE NUTRIENT 

AND WATER USE-

EFFICIENCY, AND SALT 

AND HYPOXIA 

TOLERANCE 

by 50%

• Successive harvesting

• Redesign and reduce root systems 



REFINE PROTEIN 

COMPOSITION 

BETTER BALANCE OF ALL 

ESSENTIAL AMINO ACIDS 

FOR NUTRITION

• Amino acid profiles

• Protein turnover

• Storage proteins

• Oleic acid formation.

• Increase fat sinks 

• Decrease sugar export from leaves, inc.TAG

CHANGE LEAF 

CARBOHYDRATES 

OPTIMISE STARCH & 

FIBRE CONTENT FOR 

HEALTH

MAXIMISE LEAF FAT 

CONTENT 

CALORIC, NUTRITIONAL, 

AND TASTE IMPACT

• Pectin (cardiovascular, cancer, bone)

• Soluble fibre

• Alter starch



Investigators
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Astronaut Serena Auñón-Chancellor harvests red Russian kale 
and dragoon lettuce from Veggie on Nov. 28, 2018

NASA's Matt Romeyn works in the Crop Food Production 

Research Area of the Space Station Processing Facility, 

Kennedy Space Center in Florida.

Credits: NASA/Cory Huston

Water spinach 
Ipomoea aquatica

Key advantages

• strong visual and texture appeal

• fully edible shoot and regenerating rhizome

• grows in unstirred water based media and hydroponics

• high protein content in leaves (2.5-3g per 100g)

• genetic transformation available since 2005

DOI:10.5511/plantbiotechnology.20.335

• fully sequenced genome in 2021 (550.03 Mb) 

includes 30,693 predicted protein-coding genes.            
DOI:10.1016/j.scienta.2021.110501



Canadian astronaut Chris Hadfield with fresh 

tomatoes transported to ISS

Tomatoes
Solanum lycopersicum

Red Robin tomato variety bred for 

dwarf growth with NASA

Key advantages

• high, energy-rich yield

• strong appeal for flavour, texture

• extensive research community and bioengineering

• high in key vitamins

• high efficiency agrobacterium-mediated transformation
doi: 10.1007/978-1-4939-8778-8_16.

• fully sequenced genome in 2012 

doi:10.1038/nature11119



CARROTS
Daucus carota

Astronaut Steve Kelly with mini carrots transported to ISS  on ISS

Hydroponic carrot trials for future deployment

Key advantages

• strong appeal for flavour and crunch

• high in key vitamin A precursors

• edible leaves and a large tuber for nutrient 

manufacture and storage

• Genetic transformation of Daucus and other 

apiaceae species. Transgenic Plant J. 2008;2:18–38.

• High-quality genome assembly in 2016 

doi.org/10.1038/ng.3565



Strawberries
Fragaria spp.

Jeff Richards displays plants successfully 

growing in a specially developed solution of 

nutrients under spacecraft-like conditions. Image 

credit: NASA

https://www.nasa.gov/missions/science/f_strawberries.html

Key advantages

• Extremely strong visual, flavour, texture appeal

• high in key vitamin precursors

• edible leaves and fruit

• Genetic transformation with low efficiency (5%) by 

agrobacterium 2014 
doi.org/10.4161/gmcr.27229

• Challenging octoploid genome, assembly and gene 

prediction  in 2019 for Fragaria × ananassa
doi: 10.1038/s41588-019-0356-4



Duckweed
Lemna,Wolffia spp.

doi.org/10.1007/978-3-319-58538-3_67-1

Key advantages

• Fastest growing plant on earth, doubles in a day

• Grows in stagnant water & scavenges nutrients

• Salt tolerant, radiation resistant

• Nutrient profile close to human requirements

• Highly adaptable metabolism

• Genome sequences and transformable
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