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CREATING A MICROGREEN GROWING ENVIRONMENT
AT THE SPACE STATION

Plants are essential types of human nutrition, both in terrestrial and in space station conditions. The cultivation of plant foods in space
conditions at the near- Earth stations has become possible due to the modern achievements in agricultural technologies. The proposed
article aims to study the creation of optimal conditions for growing plants used in human nutrition in the space stations. In the work,
a selection of plants and soil types for space station conditions was made. For this purpose, a three-stage experiment was carried out.
In the first experiment, an experimental method was exploited to select the types of plants that are most suitable for growing under
extreme conditions. The composition and structure of the soil were determined experimentally. It is shown that hydrogel can be used to
accumulate water in space station conditions and can be a suitable medium for growing plants. Studies have shown that just hydrogel
(without any nutrient mixtures) can promote plant growth. At the second stage of research, plants were successfully grown on the
mixture of the hydrogel and the soil. In the third experiment, the authors added biostimulants and organic products to the hydrogel,
and as a result, there was an increase in the speed and stability of plant growth. The experimental prototype of the container for growing
plants in space conditions, which was tested in the above experiments, created by the authors, is shown.
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INTRODUCTION However, even under Earth conditions, growing

Delivery of one full lunch per astronaut costs approx-
imately $5000 [10, 19]. Moreover, it is limited in a
volume that makes the process of delivery problemat-
ic. Due to this, one of the best solutions to this prob-
lem would be growing food on the space station. A
person’s daily diet should consist of micro and macro
elements, vitamins, and other nutrients. The rich-
est source of such substances is plant-based organic
food, so we decided to find a way to grow plants on
the space station with minimal cost and maximum
benefit.

indoor plants is fraught with some difficulties. To
grow a full-fledged plant requires prepared soil, ad-
equate lighting, and proper watering. However, it is
water that is the main factor in the cultivation of the
plant since its deficiency, as well as excess, leads to
the death of a plant. In the absence of gravity, wa-
ter loses fluidity and scatters in droplets throughout
the station, which is detrimental to machinery and
equipment. To avoid this problem, we suggest using
a polymer material — hydrogel [20]. Its feature and
the main advantage is the ability to absorb and retain
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moisture, as well as to give it in the right amount to a
plant, which helps to maintain a sufficient amount of
moisture in the soil.

The idea of ensuring the livelihoods of people in
long-distance space expeditions with the help of vege-
tating plants was developed at the beginning of the last
century by the founders of the Russian cosmonautics
K.E. Tsiolkovsky and A.E Zander [4] and continues
to be relevant today. With the advent of the Salut space
station [15], Mir space station [18], and International
space stations [12, 13], its development received a new
impetus. On board orbital stations, experiments with
plants began to be carried out systematically.

Since 2004, the United States, Russia, and several
other space powers have announced their intentions
to carry out an expedition to Mars in the near future.
Thus, experts from many countries have moved from
developing concepts for preparing long- term space
missions and permanent planetary bases to solving
specific technical problems and developing optimal
conditions for growing various plant varieties. A lot
of effort is directed, in particular, to the creation of
the Bioregenerative Life Support System (BLSS), the
main and integral part of which is the link of higher
plants. Plants in the BLSS can perform functions
such as improving the crew’s diet and atmospheric
regeneration. To date, dozens of samples of vegeta-
tion equipment used for research purposes have been
developed and successfully tested in space [2]. Nu-
merous experiments on growing plants in space flight
allowed us to formulate a set of requirements for the
habitat of plants in space greenhouses. Almost all cur-
rently known designs of organic matter were created
not only to ensure high productivity of edible biomass
and to contribute to the diet of astronauts but also to
conduct scientific experiments with plants in a well-
controlled environment in space flight conditions.
Meanwhile, a number of additional requirements are
imposed on the space greenhouses intended for the
production of plant foods in BLSS. The production
space greenhouses onboard the manned spacecraft
must be constantly in working order, therefore, they
must meet the stringent restrictions imposed on any
subsystem of the BLSS. At the present stage, in prep-
aration for long interplanetary expeditions, the task
of optimizing plant growing conditions has become
urgent to obtain the required yield of useful biomass
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with minimum consumption of space station onboard
resources. Since the ISS is currently the only long-
term manned spacecraft, the implementation of these
productive plant cultivation methods for the crew’s
life support system should be carried out primarily on
it. However, before the flight tests, a large amount of
ground research has to be performed.

Considering the ways of saving such resources as
volume and energy, the developers of the space green-
house quite a long time ago came up with the idea
of growing plantings in clay-based containers [3, 9].
This container was named Veggie. By using this ap-
paratus, a group of astronauts first tried lettuce leaves
at the 5t week of cultivation, grown under zero grav-
ity [11]. According to NASA, there is no difference
in nutritional value between the lab’s last “crop” and
vegetables grown under normal conditions [17]. In
contrast, the authors of the work [22] claim that a
systematic analysis of regulatory networks at the mo-
lecular level of higher plants is needed to understand
the molecular signals in the distinct phases of the
microgravity response and adaptation. Raymond M.
Wheeler [21] did a review of related works and found
out that novel technologies and findings have been
used to grow plants in microgravity. This includes the
first use of light-emitting diodes for growing crops,
use of hydroponic approaches for subterranean crops
like potato and sweet potato.

A number of scientific studies state that the growth
of the stem and leaves are directed towards illumina-
tion, i.e., phototropism takes place [5]. It should be
noted that gravity does not affect plant growth [6].
However, the work [8] states the idea that micro-
gravity has a significant effect on cell metabolism,
modifications are reflected in the metabolism of cell
ultrastructure, and rearrangements occur within the
framework of the ontogenetic program, which is de-
termined genetically, that is, within the physiologi-
cal response. Since in this work we did not carry out
studies at the molecular level, we preferred to neglect
the necessary gravitational effect, relying on the fact
that the proportion of gravity impact is small in the
process of growing plants [6].

RESULTS AND DISCUSSION

In this paper, we focus on growing microgreen plant
on hydrogel-based soil in conditions of the space
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Fig. 1. Plants in the hydrogel grown in an environment similar to that of the space station

station. It is no secret that astronauts have weakened
immunity and a lack of minerals and vitamins, such
as C, D, E, K. Eating green leaves, you can easily
get the daily intake of vitamin C because it is found
in almost all cultivated crops (from oats and wheat
to radishes and broccoli). The same can be said
about carotene, phosphorus, iron, magnesium, and
calcium. As for vitamins, in each plant they will have
a whole complex: in kohlrabi — vitamins A, C, E, K,
in watercress — B, E, PP, D, and in pea sprouts — C,
PP, E, K.

Hydrogel and its properties.A hydrogel is a water-
absorbing polymer that is found in the form of pow-
der or granules. When mixed with water, the gel swells
and absorbs water. The absorption of the hydrogel
varies depending on the area of application, but the
average dose of the garden hydrogel is approximately
equal to the ratio of 10 g of gel per 1 liter of water. In
the dry state, the polymer chains of the hydrogel are
in a “folded” state, and when added, they diverge, al-
lowing water to penetrate, which causes the swelling
to form a hydrogel [14]. A hydrogel has inert proper-
ties, that is, it is very difficult for it to enter into any
chemical bonds with other substances at room tem-
perature. It is non-toxic and also retains its properties
for about five years, which makes it very convenient
to use and store. When decomposed, it decomposes
into carbon, oxygen, and nitrogen, which makes it
environmentally friendly [14].

Hydrogel creates a comfortable environment for
plant growth without saturating the roots with mois-
ture. This is due to the difference in concentrations of
water in the gel and in a plant. If a plant does not have
enough water, then osmosis occurs from the hydrogel
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to the roots of the plant according to the concentra-
tion gradient. Another advantage of the hydrogel is that
it can hold water longer in itself since the evaporation
rate of moisture from the surface of the hydrogel is
not too high.

According to the above said, we provided some ex-
periments with growing plants in onboard conditions
(with controlled temperature, pressure, humidity,
etc.). Our main goal is to find suitable plant types and
soil compositions for space station conditions.

First experiment. Comparison of different plant va-
rieties. In the first step of our research, we cultivate
different plants in the hydrogel base to select the
most suitable plant varieties that can be grown on
the space station. Both dicotyledonous seeds (peas,
watercress, kohlrabi) and monocotyledonous seeds
(wheat, spinach, oats) were used for the experiment.
The solution, the concentration of which was 50 g of
hydrogel per 5 liters of water, was poured into plastic
cups (see Fig. 1). Seeds were placed in the contain-
ers with the hydrogel, which were covered with cling
film and finally put in a dark and warm place at room
temperature.

The general condition of the plants was assessed
every three days by the color of sprouts, the growth
rate, and the content of useful microelements. The
registered data are presented in Table 1.

As follows from Table 1, the Ding’s peas show the
highest results in the growth rate and the stem length
compared to other plants. Among monocotyledons,
the wheat had the highest rate. In contrast to mono-
cotyledons, dicotyledons have open-type vascular
bundles of the same size arranged in the form of
rings, and the formative tissue (cambium) develops
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Table 1. Length of sprouts of different plants grown in an environment similar to that of the space station, cm

Plant name(In latin) 8 Jan. I1Jan. | 14Jan. | 17Jan. | 20Jan. | 23Jan. | 26Jan. | 29 Jan. 1 Feb.
Ding’s Pea (Pisum) 4.6 5.4 6.5 7.3 8.12 8.9 9.8 11.4 13.1
Wheat (Triticum) 3.1 4.3 5.1 6.2 6.9 7.4 8.2 9.1 10
Watercress Salad (sisymbrium acetaria) 3.2 4.6 5.4 6.5 7.2 7.9 8.5 9.4 10.3
Spinach (Spinach) 2.3 2.7 3.2 3.8 4.4 4.9 5.4 6.1 6.9
Kohlrabi (kohlrabi) 2.9 3.8 4.6 5.4 6.5 7.2 7.9 8.6 9.4
Oats (avena) 1.9 2.5 2.9 34 3.9 4.4 5.1 5.8 6.5

between the wood and the bast, which provides a sec-
ondary thickening of the plant walls.

Second experiment. Comparison of the effective-
ness of hydrogel and soil. To select the optimal soil
conditions for seed germination , we conducted the
next experiment by planting the same seeds in three
types of substrate: black soil, hydrogel, and black soil
mixed with hydrogel.

Consequently, we placed each substrate in 200-
gram plastic containers and sowed the same amount
of pea seeds in them. To provide the plant with water,
the hydrogel was dissolved in water in the proportion
of 10 grams of hydrogel per 1 liter of water, and dur-
ing the experiment, the plants on the hydrogel base
or the mixture of the black soil with hydrogel were
not supplied with additional watering. Only the black
soil was watered in the proportion of 200 g of soil per
35 ml of water every week.

The experiment started on December 18, 2018.
Control values of the length of sprout were taken
three times at intervals of two weeks. The results of
the measurements are presented in Table 2, and sup-
porting images are shown in Fig. 2 and Fig. 3.

As follows from Table 2, hydrogel showed the high-
est germination rate of pea seeds. However, after 1.5

Table 2. Lengths of sprouts of peas for different media grown
in an environment similar to that of the space station, cm

Date Soil Hydrogel Hyd\;(i)tg}:a ls(r)?]lxed
30.12.2018 5 8 6
07.01.2019 5.7 9.5 5.7
14.01.2019 6.5 11.6 7.8
25.01.2019 7.6 12 9
31.01.2019 8.4 13.2 10.2
07.02.2019 10 Died 12

months, the plant died. The plant in the soil showed
the slowest germination rate and required regular ir-
rigation of the soil. The mixture of the soil and hy-
drogel showed an average seed germination rate and
did not require regular watering.

Third experiment. Microgreen plant growth cul-
ture and medium.The next experiment was to reveal
the necessary conditions for quick and sustainable
growth of plants, namely, the composition of the nu-
trient medium. For this purpose, we have added the
bio-stimulants and organic products to the hydrogel.

For one of the samples, we used the hydrogel +
heteroauxin complex as a base. It contains a mixture
of polysaccharides aggres and agaropectin (agar),
hydrogel, distilled water. The heteroauxin is a plant
hormone that accelerates the growth and formation
of rhizomes. The benefits of using this bio-stimulant
are that, penetrating into plant tissue, it irritates
them and stimulates cell division. Subsequently, they
transform into healthy roots.

For the other plant samples, we created organic
nutrient soil. The composition of the nutrient mixture
with organic products includes banana, activated car-
bon, powdered hydrogel, sugar, and distilled water.

The advantages of using banana pulp over mineral
fertilizers are that the product contains virtually no
chemicals. The banana pulp comprises potassium,
phosphorus, calcium, magnesium, and nitrogen.
Trace elements are needed for abundant flowering,
the growth, and the development of indoor plants.
Seedlings of vegetables when using banana top dress-
ing grow faster. Sometimes microgreens are defense-
less against fungi and infections, so we used activated
charcoal to protect them from diseases. Coal is also
an excellent alternative to blood-forming drugs be-
cause, thanks to it, cuttings take root faster and bet-
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Fig. 3. Peas in the hydrogel grown in an environment similar to that of the space station

ter. Besides, coal absorbs moisture perfectly and
prevents pathogenic microflora from multiplying. To
compensate for the lack of ultraviolet rays in plants,
we decided to add sugar.

Back in the 19th century, the world-famous sci-
entist Michurin introduced sugar directly into the
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tissues of green experimental plants. Other experi-
menters successfully cultivated green spaces, includ-
ing ferns and algae, generally without exposure to
sunlight, only due to fertilizer with sugar. Thus, it was
proved that it is a sweet solution that is able to com-
pensate for the lack of light in a certain way. It is be-
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Fig. 4. Container for growing plants in the space station con-
ditions

Table 3. The average value of plant growth per month
in the nutrient medium in an environment similar
to that of the space station, cm

Types Hydrogel
of Micro greens Hydrogel I—E;drr;%il; + Nutrient
(In Latin) Mixture
Amaranth
(Amaranthi) 7.2 9.4 9.42
Kohlrabi (Kohlrabi) 6.5 7.8 7.83
‘Watercress
(sisymbrium acetaria) 7.5 8.4 8.6
Spinach (Spinach) 5.4 6.7 6.9
Wheat (Triticum) 6.9 7.8 7.9

lieved that sugar is most important for feeding flowers
in winter since the sun is not frequent at this time and
plants lack ultraviolet light.

Table 3 shows the average value of plant growth per
month. As seen from Table 3, the nutrient medium
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that we created is better than the environment with
hormones, and unlike hormones, our nutrient mix-
ture does not contain harmful chemicals at all.

Container for growing microgreen plants in the
space station environment. As a part of this research,
we constructed a container for growing plants.
The container is made in the form of a hexagonal
prism and is an independent unit in a cellular sys-
tem of similar cells (Fig. 4). The material used to
create the ribs of our installation is polytetrafluo-
roethylene (fluoroplast). The main advantages of
the material used for the container are the next:
high resistance to UV rays, mechanical strength, a
wide range of operating temperatures from —269 to
+26 °C, almost unchanged by temperature changes,
it is a very hydrophobic substance, physiologically
and biologically harmless.

The container is equipped with a device for moni-
toring the state of plants, namely a temperature sen-
sor with the scale in degrees Celsius. There is also a
photoresistor to control the illumination of plants.
To prevent the accumulation of excess moisture, a
fan is used located on the cover of the unit. This al-
lows outside air to pass inward and vice versa.

The results of the first experiment indicated that
hydrogel actively promotes seed germination, as it
provides the optimal amount of moisture required
for the process. However, the hydrogel alone does
not contain nutrients, and this causes the death of
the plant. The solution was to add hormones and
nutrient mixture to hydrogel in further experiments.
Experiments show that the hydrogel is the easiest to
use on the space station as a basis of the soil for mi-
crogreens because it does not require additional ir-
rigation, does not leave contaminants, which plays a
significant role in growing plants in studied condi-
tions. It is worth noting that in zero gravity condi-
tions, the removal of contaminants is a problematic
and time-consuming process. The black soil mixed
with hydrogel was more successful in the further cul-
tivation of the plant. It also did not require frequent
watering but left pollution. The plant sprouted well
because after the nutrients in the seed ran out, the
plant began to receive nutrients from the black soil,
which cannot be said for the hydrogel. Soil without
additives showed the lowest rate of growth but suf-
ficient productivity.
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Results of the first experiment indicate that di-
cotyledonous plants have a higher germination rate,
especially pea seeds. Wheat also had a strong perfor-
mance and was only slightly inferior to peas. Based
on previous studies of microgreen, it can be argued
that peas in the microgreen phase are more beneficial
for the human body than in a phase of a full-fledged
plant. On top of that, taking into account the on-
board conditions, peas, watercress, kohlrabi, wheat
are the most useful sources of nutrients for astronauts
who have a lack of micro and macro elements in their
organisms.

There are two possible risks for our container,
namely, mold and damage [16]. The International
Space Station is a hermetically sealed object with an
artificial habitat. In this regard, at the station, there
was an acute problem of the spread of mold and oth-
er harmful microorganisms, which led to the break-
down of technical equipment. It develops in a humid
environment, and it can likely develop in a hydro-
gel. To avoid this problem the space station is usually
equipped with ventilation devices. The principle of
operation of the device lies in effect on living cells of
a constant electric field with rapidly changing polar-
ity. Such an effect leads to the appearance of pores
in the cell membrane and then the death of bacteria
and microscopic fungi. Protein remnants of cells are
filtered and destroyed so as not to become food for
other unwanted microorganisms. Therefore, mold
does not pose a threat to growing plants and space
station equipment. The second threat is minced due
to the properties of the material the capsule is made
of. Since the installation is made of durable fluoro-
plastic material, the capsule will not be damaged ,
even being hit hard. Due to zero gravity, the hydrogel
containers can scatter in different directions inside
the capsule. However, the hydrogel containers can-
not leave the capsule. With immediate intervention,
the plants will survive, but transplantation to another
container will be required.

CONCLUSION

To confirm our proposal for growing plants on the
space station, we have studied various sources of
information [1, 7]. We found that using a hydrogel
instead of soil is the best method for growing a
plant because it does not need constant watering,
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it is effective in terms of yield, it does not cause
pollution (for example, soil and clay leave dirt), it
is safe to use, it does not need hermetically sealed
packaging, as the gel will not break out and fly apart
in zero gravity, it does not cause inconvenience when
transporting a hydrogel from Earth to a space station,
as it is delivered in dry form (powder), which is not
damaged during the flight, it has a relatively low price
(economical), and it does not require special skills or
knowledge for successful planting.

Our experiments showed that Ding’s peas had the
highest yield productivity. This type of plant had the
highest success of the shoot, tested under different
conditions; moreover, it turned out to be immune to
sharp or smooth changes in environmental condi-
tions, nutritious and healthy, and easy to grow and
care for.

Based on a number of scientific works and our
own experience, we have chosen the most nutritious
phase of plant growth, sufficient for consumption in
food-microgreens, or seedlings. They are the most
useful and at the same time the most economical for
growing and further consumption. At the same time,
they take a rather short time for germination, which
allows you to plant a new batch of plants immediately
after consumption.

Thus, our work allows us to draw a reasonable con-
clusion that we were able to create optimal conditions
for the cultivation of nutritious plants at the space
station, using the installation, soil substitute, and the
most favorable plant variety. Although the work still
needs improvement and more complex comprehen-
sive research, this is a kind of prerequisite for research-
ers working in a similar field of science and technol-
ogy. Nevertheless, we tried to bring our conditions for
growing microgreens closer to those in the space sta-
tion and came up with research conclusions. We rec-
ommend that plants, such as Ding’s peas, can be taken
for further research. It is the most resistant to extreme
conditions and a highly vitamin-rich product that is
able to support the daily human diet.
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ByJs1. ZKamakaeBa 145. Anmaru, Kazaxcran, 050040

4 Yuisepcuter imeHi Cysneitmana emipens

ByJI. Abunaii-xaHa 1/1. KackeneH, AnmMaTiHCBhKa 06j1acTh, Kaszaxcran, 040900

CTBOPEHHS CEPEJIOBMIIIA JJ151 BUPOIIIYBAHHA MUKPO3EJIEHI HA KOCMIUHIN CTAHIIIT

Pocnunu € HeoOXiTHUMU BUAAMM XapuyBaHHS JIIOAWHU SIK Y 3eMHUX, TaK i y KOCMIYHMX yMOBaX. BupoliyBaHHSI pOCTMHHUX
MPOAYKTIB XapuyBaHHS B KOCMIYHMX YMOBaX Ha HABKOJIO3EMHili CTaHILii CTaJI0O MOXKJIMBUM Y 3B’3KY 3 CydaCHUMU JOCSITHEH -
HSIMU arpoTeXHOJIOTiii. MeToto poGOTH € TOCIiIKEHHS ONTUMAJIbHUX YMOB [UISI BUPOLLYBaHHSI POCIVH, 1110 BAKOPUCTOBY-
I0TbCS B XapuyBaHHi JIIOJWHU Ha KOCMiYHili cTaH1lii. Y poOOTi MpoBeieHO BUOIp POCIUH i TUMIB IPYHTY JUIS1 YMOB KOCMiYHUX
CTaHLii. 3 Li€l0 METOI MPOBEACHO TPUETANHUI eKCliepuMeHT. Ha mepiiomy eTani eKCrepuMeHTy AOCTIIHUM CIIOCOOOM
OyJ10 37iliCHEHO BUOIp TUITIB POCIUH, SIKi HaliKpallle MiaxXoAsTh 1S BUPOIIyBaHHS B eKCTpeMallbHUX yMoBax. EkcriepumMeH-
TaJbHUM CITOCOOOM OYJIO BU3BHAYEHO CKJIAJ i CTPYKTYpy IpyHTY. [TokazaHo, 1110 ISl aKyMyJIsiiiii BOAM B KOCMIYHUX YMOBaX
MOHa BUKOPUCTOBYBATHU Tigporesb. JlociikeHHs moKa3aiy, 10 TIIbKU Tiaporeb MOXe CIIpUsITA pocTy pocivH. Ha apyro-
MYy €Talli JOCiIKeHb OyJI0 YCITIIlIHO BUPOIIEHO POCAMHU Ha CyMillli Tigporenio i rpyHTy. Ha TpeTboMy eTarii eKCriepuMeHTy
y Tifiporesib Oyjiu 100aBjieHi GiOCTUMYJISITOPY i OpraHiuHi MPOMYKTH, BHAC/IIOK YOro 30iIbIIMIACH IIBUAKICTb Ta CTIMKICTh
pocTy pocuH. Y poOOTi OMMCaHO CTBOPEHUI aBTOPAMHU eKCTIEPUMEHTATbHUH TPOTOTUTI KOHTEITHEPa TSI BUPOIITYBaHHS POC-
JIMH Y KOCMIYHUX YMOBaX, SIKWii OyJ10 aTpoOOBaHO Y Ha3BaHUX eKCIIEPUMEHTaX.

Karwuoei caosa: Mikpo3seneHb, BUPOIIYBaHHSI MiKpO3eJieHi, TiApore/ib, BUPOLIYBaHHs MiKpO3eJeHi B Tiporesi, MiaHTaLlis B
KOCMiUHili cTaHILii.
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