Generic Agricultural mini Lab

Work with a team of students to develop a generic agricultda@holabthat
can be adapted to many different agricultural experiments for the ISS. This
generic platform will allow students or researchers to germinate seeds or grow
small plants in zerg. You will needo understand whakind _ofexperlments
need to be done so you are developlnr? a box that will satisfy many
. researchers’ '




Agriculture in Space

As people move further into space, we will need to become less dependent on the Earth for
su1[oplles. Coming up with a method forgrowm our own food in space will be an important part
of that. Astronauts on the International Space Station have been helping scientists run
experiments to see which kind of plants grow well in the zgenvironment and looking for ways
to make food %row in ways that have never been done before. There have been many different
methods that have been developed to grow a variety of plants from seeds. Some have been
more successful than others. Some edible plants may grow well but take too Ion? to develop a
fruit or are slow to mature. Sonmants that are edible may not grow well in zegdout could be
hybridized with non edible plants that do grow well in zgro There may also be some plants
that are symbiotic (mutually dependent) with other plants, bacteria or fungus and could be
paired up with these organisms to help plants grow better and faster.

) .’,
There are huge numbers of experiments that need to be done to determine which plants ca# :
grow in space and be beneficial to people and space craft for long term use. To make this §5 %‘ 2
research easier, quicker and cheaper, NASA needs a small, generic laboratory module that s .
altered slightly by the researcher to fit their specific experiment. Some of the variables will
include amount and times of light and its colors, amount and timing of water, and the amour§/ &
air circulation all while using a minimal amount of power. Researchers on the ground will wg -
pictures or video of their growth chamber. It is also possible that they are interested in testi S
gel, agar or other water holding material. They may need information about how the water s
evaporating or the | ocal temperature of 3
NanoLalihat is generic enough to support not just one experiment on germinating seeds buss
many experiments.

The main value of developing this generic agriculture experiment lab is that HUNCH will be
to provide this to any high school, college or industry.

Once a design is approved, it will be much easier and faster to approve each of the experi ;
that want to use it for their experiment. ———




Nanolabs

A Nanolabsare small, autonomous, powered experiments
that fit inside a specialized ISS Locker that are sent to the
International Spac&ation for testing effects of _
microgravity on materials, AIQrocesses, living organisms and
many other experiments. These experiments are meant
to be relatively cheap so many people and organizations
can afford to develop an experiment for the space
][orogram. There are specific sizes and power requirements
hat the experiments have to meet. These are not new
and many high schools, colleges and industries have
participated inNanolabsalready.

A So far most of thesBlanolabshave been specially
designed for a very specific experiment. That will
robably remain so for many future experiments.
owever, there are a lot of groups interested in doing an
agricultural experiment in space but are daunted from
doing an experiment because they have to first develop
the Nanolabplatform for the experiment.

A NanoRacksvould like to partner with HUNCH students to
develop a more generidanolabthat would allow for a
variety of agricultural experiments so ﬁeople could
concentrate more on the experiment they want to do
rather than on the development of thidanolabcube for
their experiment.




Requirements for the Generic Agriculture Lab

Problem:

Many people would like to fly a plant growth experiment to the ISS but get discouraged that they have to design the casweiiexs the
experiment. Could HUNCH make it easier for prospective researchers by desiyaimglLalthat could work for many experiments instead ¢
just one experiment?

Objective:

Design a generidanoLalfor growing seeds and/or small plants that could be used by any high school, university or researcher that war
try out their experiment on the ISS. The purpose of NasoLalis for it to be versatile enough so that anyone who wants to do a seed or
small plant growth study in zero gravity can make small adjustments to the platform and send up their experiment withogtiohdesign

the whole lab from the bottom up.

A Limited to 2 USB cables for power

A Everything must fit inside a 10cxl0Ocm x 20craluminum container (external dimensions) the walls of the aluminum container are 3.1
mm thick. You will need to make the internal structure that supports the electronics, the plant growth chamber, camena, sens i g h

A Supply of water or other media such as gels or agar for seedplants

A If not using gel or agerPacket of water with method for getting it to the roots

A Lightingfor plant and growth area.

A At least one camerastill or video?--consideration of time intervals of how often pictures are needed at different times ofjtbeth
A Location for seeds to germinate and grow

A Fan for air circulatioPd—this would only be for internal circulation not with air outside the container

A Arduino or Raspberry Rir control of water, light, aicamera, timing power, sSensor s,

A Stay with Spark fun for componert${UNCH is partnering with Spark Fun so your team will get a discount on their products.
A This lab will need to be able to function foB& day mission.



Pictures of 2U NanolLab shell with dimensional call
outs so students can mock it up for their
prototype.

Al will update this page as soon as | get more detailed pictures.



A beginners guide to space agriculture

A https://spacecenter.org/trythis-at-home-part-1-grow~your-own-spaceseeds

A httﬁ)_?://vcxllww.theverqe.com/2018/9/21/17883780/nasaeqqieplantsspacestationmarsmoon
SOIH00

A https:// www.nasa.gov/mission pages/station/research/news/batd/hh-plant-growth-in-iss
alobalimpacts

A https:// www.txstate-epdc.net/growingplantsin-space/

A what happens when an experiment goes bad?

A https:// www.youtube.com/watch?v=6CwtlxuyVxo&feature=emb rel end
A https:// www.youtube.com/watch?v=9MfWARda¥r

A https:// www.youtube.com/watch?v=9JDAZBoL JUc

A gttpés:// V\Q/\éw.voutube.com/watch?v:e6UAquchI&Iist:PL3t8hifI NetaFCTMPFTSEOMoLWnX2S0sc
Index=

A Please learn more than the links on this page.



https://spacecenter.org/try-this-at-home-part-1-grow-your-own-space-seeds/
https://www.theverge.com/2018/9/21/17883780/nasa-veggie-plants-space-station-mars-moon-soil-food
https://www.nasa.gov/mission_pages/station/research/news/b4h-3rd/hh-plant-growth-in-iss-global-impacts
https://www.txstate-epdc.net/growing-plants-in-space/
https://www.youtube.com/watch?v=6CwtlxuyVxo&feature=emb_rel_end
https://www.youtube.com/watch?v=6CwtlxuyVxo&feature=emb_rel_end
https://www.youtube.com/watch?v=9MfWARdoF-o
https://www.youtube.com/watch?v=9JDAZBoLJUc
https://www.youtube.com/watch?v=e6UARqycUfI&list=PL3t8hjfINetaFCTMPFTSEQMoLwnX2S0sq&index=15

Root Rot
A If water stays on the roots too long and uses up the oxygenated
water, the roots wil/l start to
roots can dry up and die. This has been a problem on several of the
plant experiments on the ISS.
A Some experiments may try to add nutrients, chemicals or biology &
materials to the water to mitigate the problem. V Y e
ASome will want to experiment XY i&
use. LA
ASome of this could be a gel
water. This would save a lot of complication with moving water
A Consider how you might be able to have pictures that show how
roots are growing also.
A Your team will need to come up with a good plan for how to control
the amount of water that will be delivered to the plant bed.
A Capillary action >
A Chia pet
A Micro pumps
A Zerog coffeecup

https://www.youtube.com/watch?v=pk7LcugO3zg



https://www.youtube.com/watch?v=pk7LcugO3zg

Variables to consider

Researchers should be able to make the following changes:
ADecide on the material for the seeds to grow in

AVary the type of light availablehange the LEDs and wavelength of light
used—either by controls of the LEDs or by changing out the LEDs to a
specific color range they want

AVary the amount of time the lights are on

AVary the amount of air flow

AVary the type of seeds they want to fly

AAmount of water that is provided to the seeds over time
AHow often are pictures taken by the camera(s)

ALocation of camera(s), (mirrors instead of more cameras?)




Nanolab requirements

Your team will needs to be aware of the requirements of anolLabNanode(the locker that the _

NanoLalwill sit in) as well as the requirements for the International Space Station. This sounds lik
lot but all of the information is available on tidanoRacksveb site.The aluminum box that all of your

electronics, lights, camera, growth chamber, soil simulant, p p o r t  will re provided iyeNano

Racks all owing %/ou to concentrate on fittin

worry about how the box fits into the experiment holding rack.

A Most of this is pretty obvious: YoltanoLalcan not be flammable, or off gas stinky or Poisonous
fumes, we don’'t want it to electrically shi

bothers the astronauts.

A Use the links below to download and print out tNenodelnterface Document, Standard Materials
and Processes, Flammability abffgassin@nd Acoustic Noise Control and Analysis.
A https://nanoracks.com
A https://nanoracks.com/products/nanolab
A This is a video that shows you some of the make up of the ARISHab
A https:// www.youtube.com/watch?v=M72gjfMBalU
A Example of an agriculture experiment that went to space.
A https://nanoracks.com/thechicksare-goingto-the-isg



https://nanoracks.com/
https://nanoracks.com/products/nanolab/
https://www.youtube.com/watch?v=M72qjfMBalU
https://nanoracks.com/the-chicks-are-going-to-the-iss/

Sparkfun Connection

A HUNCH recommends usiBgarkFurtcomponents _
because they have a wide range of easy to use electronic
components and some of them have already flown to
space on a variety of different experiments.

A To help you develop your electronics packa rkFun
su%gests using the&wucSystem that uses small cables
and connectors to help avoid soldering and loose
connections. _The?/ also have Python code that is already
y(\j/rltten that will help your team move forward with your
ideas.

AHUNCH AdlanoLalKit http://sfe.io/w161155

Al am not suggesting that this list is the correct or only set
of components you shouldse, Thiss a set of parts that Pictures ofSparkfuncomponents on ISS
will give you a good start on finding what you need.
Please think deeper. We are not |00kl\l’/]\9 or the Ag
NanoLalwith the most expensivearts. \We are looking
for the most versatile AjlanoLalihat the most
researchers could use and afford so more people can do
an experiment on the International Space Station


https://urldefense.proofpoint.com/v2/url?u=http-3A__sfe.io_w161155&d=DwMFaQ&c=ApwzowJNAKKw3xye91w7BE1XMRKi2LN9kiMk5Csz9Zk&r=49aYl6msKXUeXLz8z7nnwXKbe3l9RvFgk-g4vSb_TKw&m=MElH6T-k8c6OrPBmYVhWrgLpIhd5S6jMDIC6sYBRKGI&s=3TXXpFMgD2HJlg_P6SorhafQVvbqQB9RUKGVr8eg8r8&e=

Potential Areas of agricultural study in Space

Molecular Changes of plants in a microgravity environment
A Gene expression
A Radiation Influences on plant genes and plant microbes

A Changes in cellular biology involved in photosynthesis, respiration (opposite of photosynthesis uses carbohydrate artdl
tehne{gy fofr Iplant %rowth), ranspiration (evaporation of water through plants) and guttation (pressure of water drops irsgyleEnmove to
e tips of leaves

A Production of enzymes involved in the above chemical reactions

A Transgenic plants (genetically altered plants) vs wild type plants

Physiological Changes of plants in a microgravity environment

A Seed germination activity

A Plantphytobiome(microbes that live on plants) development

A Plant transpiration activity involving xylem and phloem

A Leaf, Stem, Pods, Seed, flowering, fruit, roots, nodules and tuber production

A Coloration (pigment formation), plant height, and inflorescences (arrangement of flowgrraé
Developmental Changes of plants in a microgravity environment

A Influence of stress on plant development

A Influence of temperature, humidity, carbon dioxide, oxygen, nitrogen, and volatile organic gases such as ethylene ougitpmeiet
A Influence of wavelengths, direction, distance from plants, timing, day length, and intensity of light
A Influence of amounts and timing of watering and nutrient availability on plant development

A Influence of the interaction between all of the above developmental influences but especially of watering and lightiagt®sipce water
needs to be preserved as much as possible



A few Examples of potential experiments that might be done:

A Doesthe optimal combination of light wavelengths change for different A
types of plants or different stages of plant development”

A Is it possible to 3D print plants from plant chips?

A Would dplants respond to an artificial root %yster_n shunted to a plantthat g
could deliver nutrients more efficiently and avoid root rot?

A Could grafting of plants allow for better plant development by combining A
a plant with an efficient root system with a quick leat growing plant?

A How does the lack of gravity affect the root pressure in plants? A

A Does Rhizobium, a nitrogen fixing bacteria, still produce nodules in
leguminous plants in microgravity? A

A What are some of the ways that researchers can find to conserve water in A
plant chambers? A

A How to prevent hypoxia (lack of oxygen) in plants?

A How may lunar dust or other particular matter affect the physiological
aspects of plant growth?

A What is the best practice to prevent root rot?

A How does radiation effect plants growth and genetics?
A Does microgravity influence the rate of growth of plants?
A How can plants be pollinated in sp&ce

A Can plants grow in agar?

p ST SR S

How does microgravity environment effect root pressure of
water moving in the xylem up to the leaves of the plants? T
pressure can be measured by a manometer.

Doplants appear differently when grown in microgravity (size,
color, leafiness etc.)

Do plants grown in microgravity needs for water, nutrient or air
change?

Do plants rate of photosynthesis or respiration change in
microgravity?

How does ethylene production affect germination?

How does ethylene production affect fruit spoilage?

Is there a difference in the length of survival or life of plants in
microgravity?

Do plants age differently in microgravity?

Do the seeds of plants grown in microgravity produce a differen
in its plants? Tomatospherg

Do we have to use water to grow Plants in microgravity? What
about gels, agar, or slime?

Does the degree of osmosis (the movement of water from roots
through the root membrane to the xylem change in microgravity
environment?

Does Mendel's Laws hold true
reproduced in a microgravity environment



Hydrofuge

Ahttps://www.youtube.com/watch?v=0OHWYUbA5eLl

ALakewood high school in Lakewo@)orado

Ahttps://www.dreamup.org/aninterview-with-matt-brown-nasa
huncheducator/



https://www.youtube.com/watch?v=OHWYUbA5eLI
https://www.dreamup.org/an-interview-with-matt-brown-nasa-hunch-educator/

