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Developing sustainable sources of food is a major issue in long-term space exploration. In this
work, we propose an experiment to study the absorption of fine water mist by soil in microgravity.
Based on the evidence gained from the experiments, conclusions will be drawn about the feasibility
of growing plants in orbit with mist, particularly on the International Space Station.

FIG. 1. The video we produced describing our experi-
ment proposal is available on YouTube at https://youtu.

be/zfayPLVfkdY

I. INTRODUCTION

The possibility of growing plants in space or on other
planets is an important long-term goal of space explo-
ration. Plants have evolved to grow in standard Earth
gravity, and it is thus necessary to investigate how plant
growth is affected by a microgravity (µg) environment.
The aspect we focus on is the potential of using a fine wa-
ter mist to water plants in orbit as a substitute for con-
ventional watering techniques. Conventional techniques
are inviable in microgravity, in which there is a lack of
graviatational acceleration and a dominance of surface
tension.

Developing techniques to grow crops outside of Earth
will be crucial during future missions in low Earth orbit.
NASA plans to have landed humans on the Moon again
in 2028 and it’s likely we will land humans on Mars some-
time in the 2040s. These missions will be much too long
to bring all necessary food supplies from launch, and so
they must be equipped with a sustainable means of crop
growth.

Within Earth orbit, healthy eating and nutrition are
essential for astronauts to be able to effectively manage
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equipment and maintain their health. Astronauts on the
International Space Station (ISS) face a 1-2% monthly
loss in bone density[1, 2]. There are many limitations,
however, to what foods can and cannot be eaten in micro-
gravity. Something as small as a crumb can be a serious
choking hazard or get lodged in vents. Food weight al-
lowance is also currently limited to 1.7 kg per person per
day on the ISS. While there is a lengthy process to engi-
neering and approving food for the ISS, eating unappeal-
ing vacuum-packed foods can be psychologically damag-
ing and demotivating during long-haul space expeditions.
In the 1960s, astronauts referred to their meals as “meals
in a pill”, and while the situation has improved greatly,
astronauts still struggle with having little appetite and
often lose weight while on missions [3]. Gardening and
maintaining plants would be an important leisure activ-
ity for the astronauts to remain alert and psychologically
healthy during long-term space missions. In 2016, astro-
nauts on board the ISS successfully cultivated lettuce,
which served to boost morale and the important psycho-
logical feeling of homeliness.

There is also the possible usefulness of plants to con-
vert carbon dioxide into oxygen and thus regulate the air
supply on a cramped space station or base. While the ini-
tial effects of this may be minimal on the ISS, developing
carbon capture technology suitable for microgravity may
prove crucial in the long-run of developing climatologi-
cally sustainable space stations.

A. Background Research

It is well known that the growth strategies of plants
adapt to their environments. Even geotropism, a plants
response to gravity, can be remodeled on a spaceflight
[4]. Despite the adaptability of plants, there are large
hurdles to overcome before plants can be grown success-
fully in microgravity. At the time of writing, there are
two distinct approaches to plant growth in space.

The approach described in [4] (and used in [5, 6]) cen-
ters around the germination of seeds on Petri plates. This
allows the germination process to be photographed and
analysed, showing the skewing and waving of the plant’s
roots. As a source of water and nutrients, Phytagel is
used. This is a solid, non-friable, agar substitute, pro-
duced from a bacterial fermentation composed of glu-
curonic acid, rhamnose and glucose [7]. It was chosen for
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its passive and consistent delivery strategy. While this
experiment was successful, it should be noted that the
method is not sustainable for continued plant growth,
due to the reliance on the agar substitute. Furthermore,
it is not suitable for growing most types of crops/plants.

An alternative, more general, growing method is the
use of a reservoir to propagate water to plants in a reser-
voir [8]. A proposal for such a device was ‘Veggie’ [9].
‘Veggie’ is an expandable plant chamber for the ISS, pro-
viding 0.12 m2 of growing area. Water and nutrients were
supplied using a ‘root mat reservoir’, supporting growth
[10, 11]. However, a buildup of salt, algae, and microbes
on the rooting mats[12] meant that fertilizer had to be
mixed into contained packets, with water being supplied
by the reservoir through capillary action. These packets
were dubbed ‘Veggie plant pillows’ [13].

The methods presented both suffer from similar issues.
The need for specially manufactured, single use materials
in the growing process is not sustainable for long space
missions. Also, the methods have a small growing area
given the size and cost of the apparatus. This suggests
the need for a new growing method.

B. Research Question

We propose an alternative growing method, involving
the propagation of fine water mist into nutrient rich soil
or an hydroponic environment. Such a method would
avoid the need for pre-manufactured growth packets, and
would offer an increased growing area that is easily scal-
able. While such a method could only be tested com-
pletely over a long period of time in a microgravity envi-
ronment (such as on the ISS), preliminary testing can oc-
cur using methods such as parabolic microgravity. Thus,
we ask the following research question: What is the ef-
fectiveness of soil for absorbing fine water mist in micro-
gravity?

II. METHODS

In order to ascertain the absorption properties of soil,
we propose the following experimental procedure. For
the procedure, an experimental apparatus has been de-
signed to fulfill the requirements of the challenge.

A water reservoir is attached to the lid of our shoebox-
sized experimental apparatus. The reservoir is fitted with
a nozzle which disperses water into a fine mist. A hand
pump, shown in Figure 2 is used to pressurise the reser-
voir. The mist is emitted by a button, to be pressed by
the experimenter for a fixed amount of time.

Enclosed in the apparatus is a removable tray, which
can be seen in Figure 3. The fine water mist is dispersed
onto a sample of soil, housed in plastic container within
this tray. The mist is allowed to to absorb into the soil
for a variable amount of time. Following this, the sample
is removed and the plastic container sealed to be weighed

at sea level. These weights will be compared with exper-
imental results obtained from trials also at sea level. To
avoid errors in the experimental procedure surrounding
the condensation of droplets into the samples which are
unaccounted for, removable plastic sheets are attached to
the ceiling of the apparatus, see Figure 4. These sheets
are pulled off with a small tab after each parabola. The
design of the lid can be seen in Figure 5.

FIG. 2. A water reservoir is fixed to the top of the apparatus
in order to create the fine mist required for the experiment.

FIG. 3. A removable tray is used to house the soil samples
during the experiment.

FIG. 4. An underside view of the apparatus’ lid, showing the
removable plastic sheets.
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FIG. 5. The top of the apparatus encloses the mist, created
by the nozzle and pressurised reservoir.

FIG. 6. The main casing of the experiment, to which the
other parts attach.

FIG. 7. A view of the experimental apparatus, showing the
water mist emission device, soil sample tray, and casing.

The lid is connected by a hinge to the main casing,
as seen in Figure 6. This can be opened and closed as

needed by the experimenter, in order to remove the plas-
tic sheeting. A latch can also be attached to the casing
to stop the lid pivoting during the flight.

A. Equipment/Materials

• The soil container will be manufactured using a
durable plastic material.

• The casing, tray and lid of the apparatus can be
manufactured with a sturdy variety of wood.

• Plastic sheets will be required for the tear-away
coverings.

• A mix of plastics will also be required for the wa-
ter reservoir/mist emission device. The volume of
water required will depend on the size of the pump.

• Approximately 1.4kg of soil would be required for
each sample, to fill the container to a depth of
25mm, totalling 8.6kg of soil for the on-flight ex-
periment. A highly absorbent soil, ideally loamy
soil, will be used so that the weight of absorbed
water will be significant.

B. Experimental Procedure

The following steps are proposed to carry out the ex-
periment. A general overview of these steps is shown in
Figure 8.

1. A plastic container is filled with a pre-determined
amount of soil (we estimate this to be 1.6kg).

2. Before each parabola, this container is placed into
the sample tray, which is inserted into the casing.

3. The water reservoir is pressurized with 4 or 5
pumps.

4. Once in the microgravity environment, a timer is
started. The mist is then released for exactly two
seconds.

5. After some time has elapsed, the tray is removed
and the plastic container is sealed. On the first two
parabolas, this elapsed period is 10 seconds. For
the middle two parabolas, it is 15 seconds, and for
the final two parabolas, the sample is sealed after
20 seconds.

6. Then samples are then stored to be analysed when
the flight is complete.

7. After all six parabolas of the flight are complete,
the soil samples are weighted at sea level in native
Earth gravity.

8. The experiment is then repeated at sea level in na-
tive Earth gravity environment, and the results are
compared.
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FIG. 8. A general outline of our experimental procedure,
which occurs during the parabolas.

C. Data Collection and Analysis

The plastic containers containing the soils samples
have an airtight and watertight seal and so retain their
water content. The masses are compared with the ini-
tial mass, to determine the water content and absorption
level. Results from the experiment run in microgravity
and in native Earth gravity are compared to draw con-
clusions.

We hypothesise that while the absorption would be
lower in a microgravity environment, it would significant
enough to warrant further investigation into the poten-
tial of fine water mist propagation and absorption as a
watering technique for microgravity environments.

III. ENVIRONMENTAL SIGNIFICANCE

There is a strong environmental cost to sending large
numbers of rockets into space to deliver supplies such
as food to the ISS. Developing sustainable solutions to
produce food while in orbit may have the potential to
cut down on these environmental costs. Moreover, using
rockets to supply food to astronauts will become particu-
larly inviable, environmentally and economically, during
missions to Mars and elsewhere.

Environmental concerns have also been raised with re-
lation to the production of food for space. To ensure it
can still be eaten weeks or months after it arrives at the
ISS, the shelf-life of food must be extended artificially.
Many industrial and machining processes are used for
this currently, such as freeze-drying, vacuum-packing, ir-
radiation, and thermostabilisation [14]. These industrial
processes are a source of carbon emissions and other en-
vironmental pollutants.

IV. RISK ASSESSMENT

We have determined that this experiment poses little
if any risk to the mission specialists or to the success of
the overall mission.

The soil samples should contain no biological speci-
mens, and all soil samples will be sealed before and after
the experiment. The payload we have designed is free of
materials classified as physical, health or environmental
hazards under Canadas Hazardous Products Act.

V. DISCUSSION

All members of the group are students of Leaving Cer-
tificate Physics and members of the same Fifth Year
Physics class. After having completed our study of grav-
ity within school, we found this to be a great opportunity
to further our knowledge about microgravity and space
science.

We met regularly to discuss and work on the experi-
ment proposal, which we greatly enjoyed. The individual
skills of the team members were combined in the project,
and each member was critical in developing the proposal.
Certain members, for instance, enjoyed the writing of the
proposal, whereas others focused more on the editing and
filming of our video.

A number of ideas were initially considered, and it
was decided that this topic was most relevant for cur-
rent space exploration initiatives. We considered using
a plant or plants to assess our research question. One
possibility would be to measure and compare the growth
of plants in a microgravity and regular gravity environ-
ment. The flight duration, however, was prohibitive to
have any noticeable effect, and there is the additional
variable of what plants are used which may not be rele-
vant to the broader question of the feasibility of growing
crops in space. The change in the mass of a soil sam-
ple provides an alternative experimental procedure while
continuing to investigate the same research question and
problem.

It’s fitting that, if our proposal is accepted, it will be
run in commemoration of the Mercury 13 group. We
all feel strongly that women have made many often over-
looked or under-valued contributions to space science, in-
cluding microgravity research. We were inspired by the
careers of female astronauts such as Valentina Tereshkova
and Sally Ride, astrophysicists such as Jocelyn Bell Bur-
nell, as well as the story of the female scientists at NASA
popularised in the film ‘Hidden Figures’.

VI. CONCLUSIONS

Several current initiatives plan to establish a colony
on Mars, which has a surface gravitational acceleration
just over 1

3 that of Earth’s. Developing sustainable agri-
culture in such a colony would be essential for long-term
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survival, and the effectiveness of watering techniques in
a lower-gravity environment would therefore have to be
investigated. Other long-term initiatives like colonies on
the moon or one of Jupiter or Saturn’s moons would also
benefit from an understanding of how plant growth and
tropisms are affected by different levels of surface gravity.

While the core focus of this experiment is to investi-
gate the viability of using mist to grow plants, we came
across multiple instances in which the conclusions we may
draw about mist absorption have direct applications in

the building of fire extinguishers suitable for use in mi-
crogravity. With the prevalence of electrical equipment
in highly confined spaces common to space missions, this
may prove to be particularly relevant.

Finally, depending on the results of this experiment, we
may draw conclusions about the feasibility of using a mist
emission system on the ISS or in orbit. Such conclusions
may be pertinent to the already proposed methods of
growing crops in space, and in the planning of long-term
missions to Mars and beyond.
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