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medium for in vitro cultivation of lilacs
under microgravity conditions
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Tat'yana Nikulicheva'?, Aleksej Titenko™*

ABSTRACT

In the modern world, outer space is an object of research in various fields of
scientific activity. One of these spheres is plant breeding, i.e. cultivation of higher
plants, as they are the most promising from the side of use as photosynthetic
organisms. The use of nutrient media in which agar-agar, basalt wool, microcellu-
lose can be used as a thickener is considered for plant life support. Also, 1.5 ml of
2-ip hormone was added to all substrates to stimulate plant growth. It was found
that using agar-agar as a nutrient thickener in an amount of 15 g/l, allows the
best growth and development of plants obtained by microclonal propagation un-
der microgravity conditions. In addition, mechanical tests of nutrient media with
agar-agar as a thickener determined the resistance to external factors, because the
resulting substrate does not yield to indentation, deformation and fluidity.

Keywords: microgravity, nutrient medium, agar-agar, lilacs, plants in space, microclonal
propagation of plants

PE3IOME

Huxyann M.C., Kypasaépa E.B., Toxraps A.A., Toxraps B.K., Tkauen-
xo H.H., Bopomaes B.C., Bopoaaesa 7K.A., Kyasxo C.B., Aa¢pumosa H.H.,
Huxyanuaesa T.B., Turenxo A.A. MoaeAanpoBaHue CpeAbI BBICOKOIT MeXa-
HUYECKOU IIPOUYHOCTU AASL KyABTUBUPOBAHUA CUPEHHU 7 Vilr0 B yCAOBHUAX
MHKPOIPABUTAIIAH. B COBPEMEHHOM MEPE KOCMHYECKOE IIPOCTPAHCTBO ABAACT-
€A OOBEKTOM MCCACAOBAHMA B PASAMYHBIX Chepax HAyIHOH AeATeAbHOCTH. OA-
HOI U3 9THX cpep ABAACTCA PACTEHHEBOACTBO B OOITIEM M BBIPAIIIUBAHIE BBICIIIIX
paCTeHMIA B YACTHOCTH, TAK KAK OHH ABAAFOTCA HAMOOAEE IIEPCIEKTHBHBIME CO
CTOPOHBI HCIIOAB30BAHUA B Ka4eCTBe (POTOCHHTESHPYIOIINX OPraHn3MoB. Aas
KI3HEODECITEIEHIA PACTEHNI PACCMOTPEHO HCIIOAB3OBAHIE ITNTATEABHBIX CPEA,
B KOTOPBIX B KAYECTBE 3ATYCTUTEAS MOTYT HCIIOAB30BATHCS arap-arap, 0a3aAbTOBas
BaTa, MIKPOIICAAIOAO3A. TaK e BO Bce cyOCTpaTsr A0OaBAAAm 1.5 ml ropmoma
2-ip AAfL CTUMYAHPOBAHHSA POCTA PACTCHUH. Y CTAHOBACHO, YTO HCIIOAB30BAHIE
B KAYCCTBE 3AIyCTUTCAS IIUTATCABHOM CPEABI arap-arapa B koandectse 15 g/1, mo-
3BOASET ODECIICUNTh HAMAYHUIINE ITOKA3ATEAN POCTA H PASBUTHA PACTCHHIA, 110-
AYYIEHHBIX MUKPOKAOHAABHBIM PA3MHOKECHHEM, B YCAOBHAX MHKPOTPABHTAIIHL.
Kpome Toro, 1mpoBeACHHbBIC MEXaHUYCCKNAE HCIBITAHUA ITHTATEABHBIX CPEA, KO-
TOPBIE B CBOEM COCTABE B KAYECTBE 3ATYCTHTEAS MMEAH arap-arap, OIPEACAIAN
YCTOWYHBOCTD K BHEIITHNM (DAKTOPAM, T.K. IIOAYYCHHBIH CyOCTPAT HE IIOAAACTCH
BAABAHBAHHIO, ACDOPMAIINI U TEKYIECTH.

KaroueBnie caoBa: MHUKPOTPaBUTANMA, HEBECOMOCTD, ITNTATEAbHAA CPEAA, arap-arap,
CHPCHb, PAaCTCHUA B KOCMOCE, MUKPOKAOHAABPHOC PA3MHOKCHHIC paCTCHHfI
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Cultivation of plants in space is currently a priority
in long-term space exploration, because plants are an
integral part of bioregenerative life support systems and
an important component in the creation of large-scale
controlled extraterrestrial ecosystems (Zheng et al. 2015).

Since the distinctive traits and characteristics of higher
plants on Earth are the result of along process of evolution
and adaptation to conditions, the entire potential for plant
survival and reproduction in extraterrestrial environments

in general and in microgravity in particular is determined
by the same factors as those operating on Earth, as well
as additional factors such as altered gravity and ionizing
radiation (de Pascale et al. 2021).

Analysis of experiments conducted at the end of the
20th century showed that microgravity, as well as other
factors in space conditions, affect plants at different levels,
leading to changes in the development, metabolism and
growth of these plants (Dutcher et al. 1994). Consequently,
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for the growth and development of plants in microgravity
it is necessary to think of a system for controlling the
supply of water, obtaining in the necessary amounts of
light as well as nutrients, which is an obvious problem
for the use of plants in space, especially considering the
need to minimize or eliminate the system expendables in
microgravity conditions (Ferl et al. 2002).

Soil-free technologies should be used in weightless con-
ditions. The nutrient solutions for these technologies will
differ according to the properties of the particular crop
(Savvas et al. 2018).

At present, the study of higher plants in microgravity has
not considered the autonomy of their growth and develop-
ment process, and is carried out only under human super-
vision and with his direct participation (Metzger 2016). How-
ever, in the future, when considering the possible urbanization
of near space and nearest space objects to Earth, whether
satellites or other planets, it is necessary to develop not only
a system for the controlled care of plants for their future use,
for example, by using phytotrons, but also a fully autonomous
system that allows both the long-term transport of already
germinated plants and the creation of space greenhouses for
observing and studying the effects of microgravity on plants
in the long term (Ferretti et al. 2020).

In order to study the long-term effect of microgravity
conditions of outer space on the growth and development
of higher plants 7 vitro in the growth phase without direct
human participation, it was necessary to select a suitable life
form of plants.

Woody plants, especially conifers, are characterized by
slow growth and difficult rooting. They contain a large number
of secondary compounds that are oxidized in isolated tissues
by various phenolases. The formation of phenol oxidation
products results in inhibition of cell division and growth.
This can lead to the death of the primary explant or to a
decrease in the ability of tree species tissues to regenerate
adventitious buds. As the donor plant ages, the ability to
regenerate adventitious buds gradually disappears completely.
All this together complicates their microclonal propagation.

Shrubs have a higher 7 vitro reproduction rate than
trees, therefore we decided to focus on the selection of the
characteristics of shrub plants. The research work was carried
out on the basis of the laboratory of physico-chemical me-
thods of plant research, the staff of which has extensive
experience in microclonal propagation of lilac shrubs under
in vitro conditions. However, the choice of variety must
necessarily be based on the conditions in which lilacs will
need to survive, and these include the success of long-term
cultivation of lilacs at reduced temperatures, which depends
on the genotype.

Cultivation of lilacs at +10°C for 5 months has no
negative effect on the microplants. However, if the duration
of cultivation at this temperature is longer, it may lead to
death of plants of lilac cultivars with no increase of total
anthocyanins in their leaves. Lilac cultivars with purple-blue
coloring of flower corolla when grown 7z witro under the
conditions of low temperature show increase of total an-
thocyans in leaves from 1.5 to 10 times (Chutikova et al. 2018).
This indicates a possible correlation between the ability of

plants to accumulate anthocyans in leaf plates and shoots at
low temperature and corolla coloration. It is these sprouts of
the variety 'Velikaya Pobeda' [Great Victory], selected in the
process of cloning, and were selected for further research.
The purpose of this study was to select a nutrient me-
dium that has not only high biological indicators affecting
plant growth and development, but also certain mechanical
characteristics, since it will be used under extreme conditions
and must withstand the initial high loads of launching into
open space, as well as retain its properties in the future.

MATERIAL AND METHODS

At present, a large number of nutrient media of various
compositions is known, but the most commonly used for
cultivation of isolated plant tissues under iz vitro conditions
is the medium developed by Murashige & Skoog (1962).
During the experiments, we used a mineral base of Murashi-
ge-Skoog nuttient medium with the addition of 30 g/1 suc-
rose to cultivate lilac microclones. 2-isopentyladenine (2-iP)
ata concentration of 1.5 mg/1was used as a growth regulator.

The nutrient medium was prepared in the following se-
quence: sucrose was placed in a 1-liter glass and topped up
with distilled water to 400 ml. After sucrose dissolution, the
necessary amounts of mother solutions of macro- and mic-
rosalts, mesoinositol, glycine, and vitamins were added. The
pH of the solution was adjusted using 0.1 N NaOH or HCI
solution to 5.7-5.8. Next, the medium was transferred into
a measuring cylinder or flask of 1 1, agar-agar was added,
and the volume was brought to the mark of 11with distilled
water. The medium was poured into glass test tubes, which
were closed with aluminum foil covers. The tubes with the
medium were autoclaved for 30 minutes at 120°C and 1 atm
operating pressure.

Based on the fact that the vessels with plants inside will
be subjected to high mechanical stresses during the space
launch, our research objectives were to create a nutrient
medium with such characteristics that would allow to
firmly hold plants in the vessels under extreme conditions,
preserving their properties as a soutce of substances
necessary for plants.

The additions of the following components were
studied as components to create a dense nutrient medium:
agar-agar, microcrystalline cellulose, and mineral wool.

In our studies, we tested media containing agar-agar as
a thickener in the amounts of 7.5 (control), 10, 12.5, 15,
20 g/1, and basalt wool additives in amounts of 10, 25, 50,
and 100 g/1. Also, 7.5 g/1 agar-agar was added to all versions
of media with basalt wool. We also experimented adding 10,
25,50, and 100 g/L microcellulose to the nutrient media. In
all media with microcrystalline cellulose, 7.5 g/l agat-agar
was also added (Table 1).

Studies of the mechanical properties of nutrient media
included determining the deformation of depression,
fluidity (in the upside-down position in test tubes),
resistance to indentation of a steel ball.

To carry out tests to determine the deformation of
the recess (Fig. 1A), the prepared nutrient medium 3 was
introduced into the flask 2 installed on the base 1, and
then the rod 5 (in this case a quartz rod) was placed in it,

178 Botanica Pacifica. A journal of plant science and conservation. 2023. 12(1):177-182



High mechanical nutrient media for in vitro cultivation under microgravity conditions

GRAVITY

70

Figure 1 Scheme of the experiment to determine the deformation of the deepening of nutrient
media (A), to determine the fluidity of nutrient media (B), to determine the resistance of nutrient
media to the indentation of a steel ball (C). 1 — base, 2 — test tube, 3 — substrate, 4 — cap, 5 — rod,

was closed with a cork 4 and fixed
on the base 1. After fixing the flask
marked the location of the steel ball
in it and observed its change under
the influence of the Earth gravity.
To study the effect of the ob-
tained nutrient media on the growth
processes of plants under 2 vitro
conditions as biological objects in
the experiments we used plants
of the lilac vatiety "Velikaya Pobe-
da' bred by L.A. Kolesnikov and
V.D. Mironovich in 1986 and cul-
tivated 7z vitro in the plant biotech-
nology laboratory of scientific and
educational center "Botanical gar-
den of NRU "BelGU". During the
experiment, the following morpho-

6 — steel ball

Table 1. Dense nutrient media with additives of various
components

Nutrient Basalt wool, Microcrystalline
medium Agar-agar, g/1 g/l ’ ce]lulo}s,e, g/1
Control 7.5 - -

Al 10 - -

A2 12.5 - -

A3 15 - -

A4 20 - -

B1 7.5 10 -

B2 7.5 25 -

B3 7.5 50 -

B4 7.5 100 -

C1 7.5 - 10

Cc2 7.5 - 25

C3 7.5 - 50

C4 7.5 - 100

which had a free passage in the stopper 4. The zero point
of the rod in the flask was marked, and the magnitude of
its shrinkage in the nutrient medium under the force of the
Earth's gravity was monitored.

When studying nutrient media for fluidity in the inverted
position (Fig. 1B), the prepared nutrient medium 3 was
introduced into flask 2, closed with cork 4 and fixed in the
base 1 so that the composition was in the upper part of the
flask relative to the cork. The bottom point of the medium in
the flask at the beginning of the experiment was documented,
after which observation of its mechanical changes under the
influence of the Farth's gravitational force was carried out.

In order to determine the resistance of the obtained nut-
rient media compositions to indentation (Fig. 1C), medium
3 was placed in flask 2, on the surface of which a steel ball
5 was placed, the mass of which was 6.889 g, then the flask

Table 2. Mechanical characteristics of nutrient media

metric plant parameters were mo-

nitored: shoot height, number of

internodes, and number of leaves.
The measurements were performed 1 and 2 months after
planting the plants on nutrient media.

RESULTS

The results of the mechanical tests of the nutrient
media are presented in Table 2.

It was found experimentally that the use of microcrys-
talline cellulose as a thickener did not produce a dense nutrient
medium. In experiments to determine the deformation of the
deepening when removing the quartz rod from the medium,
the formed niche was filled with water on all samples of media
with MCC (C1, C2, C3, C4). In the tubes turned upside down,
the water was collected at the base, and during the experiment
on indentation the metal ball was displaced almost 2 centimeters
in the direction of the bottom of the tube (Fig: 2A,B).

Testing the mechanical properties of nutrient media
with 7.5 (control), 10 (A1), and 12.5 (A2 g/l) agar-agar
additives showed their insufficient strength. For example,
the depression from the quartz rod after its extraction was
filled with water (from 5 to 34 mm), the metal ball was
pressed deep into the medium (from 3 to 10 mm) under the
force of gravity, and when the tube was turned over, water
accumulated towards its base, Table 2.

When adding 15 (A3) and 20 (A4) g/l agar-agar, the
mechanical characteristics of the nutrient media were
the best among all the options studied. When tubes were
turned upside down, there was no accumulation of water
in the tube toward the base, the metal ball was not pressed
in more than 2 mm, and when the quartz rod was removed,
the cavity was not filled with water (Table 2, Fig. 2C,D).

Nutrient medium

Mechanical characteristics

control Al A2 A3 A4 C1 C2 C3 C4
Depth of metal ball indentation, mm 10 3 2 1 14 4 2 1
Amount of liquid in the well after 34 7 0 0 39 2 14 10

extraction of the quartz rod, mm
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Figure 2 Testing the mechanical properties of microcrystalline cellulose-added nutrient media, where A — indentation resistance tests,
B - indentation strain tests, and of nutrient media supplemented with 15 mg/L agar-agar, where C — indentation resistance tests; D —

indentation strain tests

Due to the unsatisfactory results of morphometric indi-
cators of plant growth and development on nutrient media
with mineral wool additives, it was decided not to conduct
their mechanical tests.

Comparative analysis of morphometric characteristics of
lilac plants after one month of cultivation on nutrient media
showed that the lowest plant height, the lowest number of
leaves and internodes were observed on nutrient media with
the maximum content (100 g/1) of basalt wool (B4) and micro-
crystalline cellulose (C4) in their composition (Table 3, Fig, 3).

At the concentration of basalt wool in the medium of
25 g/1 (B2) morphometric indicators of growth processes
were the best among the medium variants with this
component. On media containing MCC at a concentration
of 10 (C1) and 25 (C2) mg/1, the best morphometric indices
of plants were observed on media with this additive.

On media with agar-agar, the height of plants decreased
with increasing agar-agar concentration. The lowest rates
of growth processes on media containing agar-agar were
observed at its concentration of 20 (A4) g/1.

After two months of cultivation, growth processes on
media with MCC and basalt wool decreased with increasing
concentrations of both components in their composition.
On medium with the addition of 100 g/l of basalt wool
(B4), all plants died, Table 3. When agar-agar was used, the
maximum plant height was observed at its concentration
of 7.5 g/l (control), and the greatest number of leaves
and internodes at 10 g/1 (Al). Addition of 20 g/l agar-
agar significantly inhibited growth processes up to plant
death. On a medium containing 15 g/1 agar-agar (A3), plant
growth processes, although slowed compared to the control
(7.5 g/1), but the plants were not normally developed.

It should be admitted that the use of basalt wool in the
creation of nutrient media for use in microgravity conditions
is inexpedient due to the fact that during autoclaving it
formed lumps, as a result of which cracks appeared on the
media surface later on, while plants were not firmly fixed in
tubes with the medium. Analysis of morphometric indicators
of growth processes on media with basalt wool additives
also showed a negative effect of these additives plants.

Table 3. Effect of dense nutrient media on morphometric parameters of lilac plants 7 vitro

Nutrient Plant height, cm Number of internodes, pcs. Number of leaves, pcs.
medium option 1 month 2 months 1 month 2 months 1 month 2 months
Control 2.1940.83 2.48+ 0.56 6.812.10 9.1+ 1.35 9.3+0.26 16.3 £0.81
Al 2.03£0.38 2.04 £0.46 7.3+1.63 9.4+ 0.73 13.0+1.01 17.1 £1.84
A2 1.92+0.64 2.23 £0.62 6.4+1.40 7.8+ 1.94 9.240.82 13.9 +2.14
A3 2.13140.58 2.28 £0.77 6.3+1.37 9.0+ 1.17 12.0£0.62 16.2 +0.82
A4 1.77+0.34 1.85 £0.37 6.110.94 7.3 £0.72 11.0£1.01 13.7 £0.59
B1 1.92+0.98 2.07 £0.31 6.0+1.61 8.6 £0.66 10.9£1.09 15.6 £1.54
B2 2.0520.68 2.10 £0.48 6.4+1.42 8.1 +£1.26 11.3 £0.75 15.0 £2.02
B3 1.791+0.50 1.9 £0.28 52+1.35 6.2 £1.26 8.8+1.09 10.7 £1.08
B4 1.30+1.10 - 3311.41 - 5.0£0.61 -

C1 1.91+0.41 2.12 £0.59 6.811.41 8.0 £0.65 11.7£1.78 14.1 £1.42
C2 1.72+0.35 2.26 £0.91 7.0+1.33 6.412.80 11.9£1.06 12.4 £2.62
C3 1.85+0.22 2.18% 0.45 52+1.24 7.1 £1.84 9.6£1.10 12.3 £1.42
C4 1.711£0.41 2.16 +0.54 5.0+0.83 6.1 £2.55 8.310.47 10.5 +2.14
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Figure 3 Lilac microclones after 1 month of cultivation on nutrient media

Despite the satisfactory results of tests of morphometric
indicators of growth processes in lilac plants on media with
microcrystalline cellulose in concentrations of 10 (C1)
and 25 (C2) mg/l, its use as a thickening agent was also
inexpedient, since during solidification of media most of it
precipitated at the bottom of test tubes. At the same time,
tests of mechanical properties showed that MCC additives
did not produce dense nutrient media.

Based on the above, it is most appropriate to add agar-
agar as a component to obtain a dense nutrient medium.
During the experiment, it was found that when agar-agar
was added in an amount of 7.5 g/, which is the standard
for the preparation of nutrient media for microclonal
propagation, good indicators of plant growth processes
wete observed, but unsatisfactory results in mechanical
tests of media strength wete obsetved. When 20 g/1 agar-
agar was applied, a negative effect of its high concentration
on morphometric indicators of plant development was
noted, while the mechanical characteristics confirmed the
receipt of a dense nutrient medium.

Analysis of the correlation between the morphometric
indices of plant growth processes and mechanical strength

tests of nutrient media showed that the most suitable com-
position for growing plant microclones in weightlessness
is the composition with the addition of agar-agar in an
amount of 15 g/1 (A3).

Upon termination of this study, the obtained composi-
tion of nutrient medium was used in the payload module of
the satellite launched on August 9, 2022 from Baikonur cos-
modrome as a substrate for cultivation of micro clones of
lilac variety 'Velikaya Pobeda'. Observations of plant growth
and development in microgravity continue to this day,
indicating the correctness of the selected nutrient medium.

CONCLUSIONS

According to the results of the experimental study, we
can conclude that the use of an increased concentration
of agar-agar (15 g/]) as a nuttient media thickener makes
it possible to obtain a nutrient medium resistant to
external factors, which is not destroyed in the conditions
of simulated microgravity. The resulting composition was
resistant to indentation, deformation, and flow. In addition,
this composition maintained the necessary conditions
for growth and development of lilac plants obtained by
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microclonal propagation and allowed predictable control
of their growth.

ACKNOWLEDGEMENTS

The work was realized under administrative support of
the BSO LLC (Belgorod) and Foundation for Assistance
to Small Innovative Enterprises in Science and Technology
(Foundation for the Promotion of Innovation). The work
was realized under support of the State Assignment for
the creation of new laboratories in 2021, including under
the guidance of young promising researchers of the
national project “Science and Universities”, research title is
Development and implementation into practice of complex
physical and chemical methods for assessing the state of
plants to solve the problems of the directed formation of
sustainable cultural phytocenoses of various functional
purposes in the conditions of industrial and agricultural
enterprises”, FZWG-2021-0018.

LITERATURE CITED

Churikova, O.A. & A.A. Krinitsyna 2018. Some features of
the development of lilac in a slowly growing culture iz
vitro. Izvestiya Ufimskogo Nanchnogo Tsentra RAN 3(5):94-99
(in Russian). [Uypuxosa O.A., Kpuaumsma A.A. 2018.
Hexoropsie 0cOOCHHOCTH PA3BUTHSA CUPCHH B MCAACHHO
pacrymueit kyabtype i vitro] // Wssectus Vdmmckoro
mayunoro neatpa PAH. Ne 3(5). C. 94-99].

De Klerk, GJ., 2002. Rooting of microcuttings: Theory and
practice. In Vitro Cellular & Developmental Biology — Plant
38:415-422.

de Pascale, S., C. Arena, G. Aronne, V. de Micco, A. Pannico,
R. Paradiso & Y. Rouphael 2021. Biology and crop pro-
duction in Space environments: Challenges and oppor-
tunities. Life Sciences in Space Research 29:30-37.

Dutcher, FR., E.. Hess & T.W. Halstead 1994. Progress
in plant research in space. Advances in Space Research 14(8):
159-171.

Ferl, R., R. Wheeler, H.G. Levine & A.L. Paul 2002. Plants
in space. Current Opinion in Plant Biology 5(3):258-2063.

Ferretti, S., B. Imhof & W. Balogh 2020. Future Space tech-
nologies for sustainability on Earth. In: Space Capacity
Building in the XXI Century. Studies in Space Policy, vol 22 (S.
Ferretti ed.), pp. 265-280, Springer, Cham.

Metzger, PT. 2016. Space development and space science
together, an historic opportunity. Space Policy 37:77-91.
Murashige, T. & F Skoog 1962. A revised medium for

rapid growth and bio-assays with tobacco tissue cultures.
Physiologia Plantarum 15(3):473—-497.

Savvas, D. & N. Gruda 2018. Application of soilless culture
technologies in the modern greenhouse industry — A re-
view. Eurgpean Journal of Horticultural Science 83(5):280-293.

Zheng, H.Q., F. Han & J. Le 2015. Higher plants in space:
Microgravity perception, response, and adaptation.
Microgravity Science and Technology 27:377-386.

182 Botanica Pacifica. A journal of plant science and conservation. 2023. 12(1):177-182



