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Webinar Agenda

• Welcome
• Challenge Overview
• International Space Station 

Research: Platform for Innovation
• Proposal Submission 
• Question and Answer Session
• Resources



Target + Cotton Sustainability

• Why is cotton sustainability important 
to the world and Target? 

• Why did Target engage with the 
International Space Station & CASIS
and what does Target hope to 
achieve?



ISS Research: Platform for Innovation

• The ISS Cotton Sustainability Challenge is 
focused on finding solutions in three main 
areas:

• Plant Biology
• Sustainable Water and/or Chemical Use
• Remote Sensing for Sustainable Crop 

Production

• With the purpose of linking ground-based 
challenges to space-based solutions



Why Space?
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Images courtesy of NASA and Curtiss Davis/Oregon State University



Microgravity

• Plant Development & Physiology: Decoupling phototropic and gravitropic regulation
• Gene Expression: Identify and quantify differentially expressed genes and proteins
• Stress Response: Study effects of liquid and gas in the root and shoot environment

Plant	Biology

Water

• Surface tension:  Isolate surface forces to better understand and model fluid flow
• Filtration: Develop membrane/separation technologies to optimize plant water use
• Diffusion:  Understand transport systems when governed by diffusion



Remote Sensing

Remote	Sensing

• Maritime security
• Weather
• Agricultural productivity
• Energy
• Urban development
• National security
• Deforestation
• Sustainable fishery
• and more…



Rethink your Science in Space

Microgravity results in 
reduction in these 

forces, thus allowing 
other underlying forces 

to be understood



Plant Systemic Changes

• Growth and development
• Gravitropism, Circumnutation
• Plant responses to the 

environment:  light, 
temperature, gases, soil

• Stress response
• Stem cells/pluripotency

Peas grown on ISS

Moss 
grown in 
the dark
on the 
Space 
Shuttle



Phototropic and Gravitropic Regulation
Decoupling phototropic and gravitropic regulation of plant development
By removing gravity, the effects of light on gene activation/protein expression 
regulating plant morphology and biochemistry can be isolated and 
understood. With LED lighting, ISS research can produce a unique ‘target-
rich’ dataset especially through secondary products that activate/deactivate 
those genes or using biomolecular techniques to silence/amplify a response.



Gene Expression
• Arabidopsis reacts! 
• First proteome-scale study in plants capable of 

identifying and relatively quantifying organ-specific, 
significant differentially expressed proteins in the model 
plant Arabidopsis thaliana

Ferl RJ,	Koh J,	Denison	F,	Paul	AL.
Astrobiology.	2015	Jan;15(1):32-56.	doi:10.1089/ast.2014.1210.
This	research	was	supported	by	NASA	grants	NNX07AH270	and	NNX09AL96G	.



Unique Stress Response 

Induction of unique stress response:
The microgravity environment, characterized by lack of 
convective mixing and dominance of diffusion gradients and 
surface tension for movement of compounds, results in a 
unique environment to study plant responses – creates a 
dramatic effect on water and gas environment in the root and 
shoot environments.

• Anoxia in roots - far more along root than can be achieved on Earth
• Volatile effects on development - dispersion from structures and organs (e.g. intercellular 

spaces, tomato, seed pods) are diffusion limited creating localized environments difficult to 
study on Earth

• Plant/microbe interactions - reveal targets in plant, microbe or both, for further development
• Induce changes in bioactivity of several microbial systems, and long term exposure may 

induce epigenetic changes



Plant Mutualisms

M. truncatula germinated in microgravity and 
inoculated with S. meliloti ABS7 cultured in 
microgravity at 18 days after inoculation.

In the wild-type (cv. A17) only ½ the roots formed 
nodules, compared to ~70% of control plants.   
In the Super nodulating line, SUNN, only 25% of 
the roots formed nodules.    

Nodules	(#	plants) Percent		nodules(%)
Treatment Sm Yes no yes no

M.	truncatula	cv	A17	(Enod::gus)
FL(	µg) ABS7 15 17 46 54
FL	(µg) 1021 16 16 50 50

GC	(1g) ABS7 23 9 72 28
GC(1g) 1021 21 11 65 35

M.	truncatula	cv	SUNN	(super	nodulatingstrain)
FL(	µg) ABS7 8 24 25 75
FL	(µg) 1021 9 23 28 72
GC(1g) ABS7 17 15 54 46
GC(1g) 1021 16 16 50 50

In Simulated Microgravity

Medicago truncatula - P. indica increased number of roots (102%), total 
root length (88%) over controls at 1 g.
Root number was increased by 51% and root length by 48% over 
controls under simulated ug.
Hayes, Stutte, McKeon-Bennett, and Murray.  2014.  Grav. Space Res.  2:21-33



Water
Water Recovery Research Enables 

Human Space Exploration  

Per capita requirements for water (4.5 L as
liquids and water in food) represents twice the
mass needed for food and oxygen combined.

Water use amounts to over 5,000 kg of logistics
support for a 180 day, 6 person mission.

Plant Research in Space Improves Water Use & Crop Production on Earth

Close up view of water droplets on the leaves of
pea plants on the Russian BIO-5 Rasteniya-
2/Lada-2 (Plants-2) plant growth experiment on the
ISS taken in March 2003 (Image credit NASA).

Simulated water distribution in the
plant root zone in 1g and µg.
Gravity pulls water down in 1g but
in µg the capillary forces dominate
and water pools near the porous
tube (Jones and Or, 1999).



Fluid Dynamic and Transport Phenomena

• Multiphase Flows
• Capillary Flow

• Diffusion
• Surface Tension
• Separation and Agglomeration

• Interfacial Behavior

3D rendition of the diffusion of nanoparticles through a
confining slit-nanochannel



Reaction Chemistry
• Combustion
• Chemical product formulation

• Surfactants
• Foams
• Gels
• Emulsifiers
• Refrigerants
• Aerosols

• Mixing Behavior
• Interfacial phenomena
• Corrosion



Property Measurement and Behavior

Critical properties of materials and systems can be measured more accurately in microgravity 
leading to more exact design models used to design Earth-based products and processes.	



Material Synthesis  

Improved structure of crystals developed in microgravity 
can lead to better products on Earth

Microgravity



Earth Observation

Examples of industries that utilize Earth observation data

Comparison of Minot, 
ND, and Souris River 
Valley during normal 
river flowing conditions 
(Landsat Thematic 
Mapper data)…

…and during flood 
conditions (ISS 

Agricultural Camera), a 
multispectral camera 

focused on aspects of 
agricultural efficiency.



Earth Observation
• Coverage of ~90% of populated Earth
• Coverage of ~100% of ocean shipping lanes and major 

navigational ports
• Coverage of 100% of tropics and equatorial region
• 3-5 day average repeat cadence
• Variable lighting
• Sophisticated spacecraft bus with required resources
• Upgrade and exchange of instruments as technology 

and/or markets evolve
• Traditional barriers to entry minimized



Earth Observation
The DLR Earth Sensing Imaging Spectrometer (DESIS) is a commercial hyperspectral instrument 
for the range of 400 to 1000 nm (VIS-NIR) (launching December 2017)
http://www.dlr.de/os/en/desktopdefault.aspx/tabid-9294/16011_read-39367/

Lens objective F# = 4 / f = 100mm (telecentric)
FOV / swath 7.6° / 44km/57km
IFOV / GSD 0.0074° / 79m/104m
Spectral range 450nm – 950nm (400 - 1000nm)
Spectral sampling ≈ 2,32nm
Spectral channels 240 (without binning)
Polarization sensitivity ≤ 0,3%
Size 430 mm × 190 mm × 135 mm
In orbit calibration 2 internal lamps, LED screen
Pointing (along-track) ± 15°



Earth Observation

The ECOsystem Spaceborne Thermal
Radiometer Experiment on Space Station
(ECOSTRESS) will measure the
temperature of plants and use that
information to better understand how
much water plants need and how they
respond to stress (launching June 2018)

https://ecostress.jpl.nasa.gov/



Earth Observation

The Global Ecosystem
Dynamics Investigation
Lidar (GEDI) will provide
high resolution laser ranging
of Earth’s forests and
topography (launching
December 2018)

https://science.nasa.gov/missions/gedi



Earth Observation
• Visible imagery for “seeing” the earth: identifying and providing early response to natural 

disasters, panchromatic imagery for data fusion, mobile solutions, enabling response for 
decision makers

• Infrared light: understanding agricultural productivity (crop yield)

• Radar: characterizing the earth’s landmasses, topography (urban development), and weather

• Radio frequency TX / RX: tracking ships, asset management, Internet of Things

• Global positioning (geolocation) for everyday applications 

World Wide Ship Traffic

Infrared Light 

Geolocation Synthetic Aperture Radar Visible Imagery



Earth Observation

World Wide Ship Traffic Geolocation Synthetic Aperture Radar Visible Imagery

Infrared Light 

• The innovation in data collection is data fusion

• Data fusion requires large data sets and networked systems

• Large data sets invoke traffic optimization (data management) 
and the need for ensuring data security

Fused Data



Proposal Submission

NOV 8, 2017   One Pagers Due
DEC 1, 2017  Down Select Announcement
FEB 1, 2018  Full Proposal Due
MAR 9, 2018 Finalists Announcement
MAR 30 - APR 15, 2018 Pitch Competition
APR 23, 2018 Earth Day - Final Winner(s) 

Announced



Resources
Plant Biology:
https://www.nasa.gov/sites/default/files/atoms/files/np-2016-06-016-jsc_plant_research_mini_book508c.pdf
https://www.iss-casis.org/research-on-the-iss/areas-of-research/life-sciences/

Water: 
https://www.nasa.gov/sites/default/files/atoms/files/np-2015-10-033-jsc_fluid_physics-022416-508c_1.pdf

https://www.iss-casis.org/research-on-the-iss/areas-of-research/physical-sciences/

Remote Sensing:
http://ww2.iss-casis.org/l/51802/2015-06-26/3dbkp9/51802/54512/Earth_Observation_Mini_Book_042814_508_1.pdf

https://www.iss-casis.org/research-on-the-iss/areas-of-research/remote-sensing/



ISS Researcher Guides



Question and Answer Session


