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INFLUENCE OF REGULATORY FACTORS
ON BIOMORPHOLOGICAL DEVELOPMENT
STEVIA REBAUDIANA IN VITRO

The paper presents new data on the influence of regulatory factors on the biomorphological de-
velopment of Stevia rebaudiana plants, which are widely cultivated worldwide for the production of
natural sweeteners. Stevia has attracted attention due to its non-toxicity, biological activity and lack
of harmful effects. In order to develop disease resistant stevia varieties with desirable traits along with
traditional breeding, biotechnological approaches are being actively developed. Research on stevia
cultivation is gaining importance in the context of its potential as a safer alternative to synthetic sweet-
eners derived from sugars with negative health effects and in the treatment of chronic diseases such
as diabetes mellitus. The studies conducted revealed important factors determining the effectiveness
of growth regulators on the morphogenesis of S. rebaudiana. The paper presents biotechnological
methods, including in vitro micropropagation, which offer opportunities for large-scale production,
development of new varieties and conservation of valuable genotypes. The dependence on both su-
crose concentration in Murashige and Skoog medium and phytohormones was established. The op-
timum concentration of sucrose and growth hormones in the nutrient medium was selected during
the experiment. After conducting studies on the effect of sucrose concentration on the growth and
development of stevia, it was concluded that the optimum concentration of sucrose in the nutrient
medium is 20 g/L. The authors conclude the importance of regulatory factors for the biomorphological
development of Stevia rebaudiana plants in vitro.

Key words: Stevia rebaudiana, in vitro, regulatory factors, nutrient medium, plant biomorphology,
sucrose, growth hormone, IBA.
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Perreywui dpakTopAapabiH, Stevia rebaudiana in vitro
ecimAiKTepiHiH, 6MOMOPIOAOTUSIABIK, AaMYbIHa 9cepi

Makanrapa petTeyii hakTopAapAbiH OYKIA AyHME XKY3IHAE TaOUFU TOTTIAEHAIPrilLTEPAI BHAIPY
YWiH KeHiHeH ecipiaeTiH Stevia rebaudiana (6an cTeBUSCbI) OCIMAIKTEPIHIH 6GMOMOPHOAOTMSIABIK,
AaMyblHa 8cepi TypaAbl >kaHa MBAIMETTep YCbiHbIAFaH. CTEBUS ©3iHiH YbITCbI3AbIFbIHbIH, GMOAOTMSIABIK,
OGEACEHAIAITIHIH, >koHe 3MsHAbI acepAepi 60AMaybiHbIH apKACbIHAQ  KbI3bIFYLLUbIABIK, TyAblPaAbl.
CTeBUsIHbIH aypyAapFa Te3iMAI KaAayAbl 6eAriAepiMEH CYpbINTapbiH 6CIPY YLLiH ABCTYPAI CeAekmMsIMeH
KaTap 6MOTEXHOAOTUSIAbIK, TOCIAAEP Ae OeAceHAl aamyaa. CTeBums ecipy GOMbIHLLIA 3epTTEYAEp OHbIH,
KQHTTaH aAblHAaTblH >X&HE AEHCAyAbIKKA, COHAAM-aK, KAHT AMabeTi Topi3Ai CO3bIAMAAbI aypyAapAbl
EeMAEYre >KarbIMCbI3 9CEp eTeTiH CMHTETUKAAbIK TOTTIAGHAIPrilUTEPAIH Kayinci3 6aramachl peTiHAETi
MOTEHLMAAbIHbIH MOHMSTIHIHAE Kebipek MaHbi3Fra me 0oAbin Keaeai. JKacaaraH 3eptreyaep S.
rebaudiana mopdoreHesiHe ecy peTTeyilTepiHiH TUIMAIAINIH KepceTeTiH MaHbI3Abl (hbakTopAapAbl
aHbIKTaAbl. Makarapa 6MOTEXHOAOIMSIABIK SAICTEP COHbIH, iWIHAE in Vitro MMKPOKe6elo YCbIHbIAFaH,
oAap ipi MacwTabTbl BHAIPIC, XaHa CypbINTap lbiFapy >XKeHe 6araAbl reHOTUNTEPAl cakTan KaAy
YWIiH MYMKiHAIKTEp awaabl. Mypacure u Ckoyra opTacbiHAQ CaXxapo3aHblH, KOMbIPAbIFbIHAH XX8He Ae
MTOropMOHAAPAAH TBYEAAIAIK 6ap eKEHAIT aHbIKTaAAbl. IKCNEPUMEHT GapbICbIHAA KYHAPAbl OPTaAa
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rOPMOHAAPBIHbIH, OHTaMAbI KOMbIPAbIFbI TaHAAAAbI. Caxapo3a KOWMbIPAbIFbIHbIH, CTEBUSIHbIH, ©CYi MeH
AaMybIHA 8cepi 6OMbIHLLA 3epTTeyAep XacaAFaHHAH KeriH KyHapAbl OPTaAd Caxapo3aHblH OHTANAbI KO-
MbIPAbIFbl 20 T/A KYPANTbIHADBIFbI TYPaAbl KOPbITbIHAbI XKacaAAbl. ABTOpAap peTTeyili (DakTopAapAbIH
Stevia rebaudiana in vitro eciMAiKTepiHiH 6MOMOPMOAOIMSABIK AaMybl YLIiH MaHbI3Abl €KEHi TypaAbl
KOPbITbIHAbI >KaCanAbl.

Ty#in cesaep: Stevia rebaudiana, in vitro, petteywi akTopAap, KYHapAbl OpPTa, OCIMAIKTEPAIH
61MOMOPOAOTHMSCHI, Caxapo3a, 6Cy rOpMOoHbI, IBA.
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BAusiHMe peryAsiTopHbix ¢pakTopos
Ha 6uomopdporornyeckoe passutue Stevia rebaudiana in vitro

B cTathe npeACTaBAEHbl HOBbIE AQHHBIE O BAUSIHUM PEFYAITOPHbIX (DAKTOPOB Ha GMOMOPEOAOT M-
yeckoe pasBUTUE pacTeHui Stevia rebaudiana, KOTOpPbIE LLMPOKO KYAbTUBUPYIOTCS BO BCEM MUPE AAS
NPOM3BOACTBA HATypaAbHbIX noAcAacTutesent. CTeBUs NMpPUBAEKAET BHMMaHWe OGAaropaps CBoen He-
TOKCMYHOCTU, GUOAOTMYECKON aKTUBHOCTM M OTCYTCTBUIO BPeAHbIX 3(ekToB. AAS BbIBEAEHUS YCTON-
UMBbIX K GOAE3HSM COPTOB CTEBMU C >KEAAEMbIMM MPU3HAKAMM HApSIAY C TPAAMUMOHHOM CeAekLmeit
AKTMBHO Pa3BMBAOTCS BUOTEXHOAOTMYECKME MOAXOADI. MICCA@AOBaHUS MO BbIPALLMBAHMIO CTEBUM MPU-
obpeTaloT Bce GOAbLLEEe 3HaYeHME B KOHTEKCTE ee MoTeHUMaAa Kak 60Aee 6e30MacHON aAbTepHaTUBbI
CUHTETUYECKMM MOACAACTUTEASIM, MOAYUYAEMbIM 13 CAXapoB U OKa3blBalOLLMM HErAaTUBHOE BO3AENCTBUE
Ha 3A0POBbE, a TAKXKE B AEUEHMU XPOHMUECKMX 3a00AEBaHMI, TaKMX KaK caxapHbii anabeTt. [poBeaeH-
Hble MCCAEAOBaHMS BbISIBUAWM BaxkHble (hakTopbl, orpeaeAsiolime 3(eKTUBHOCTb PEryASITOPOB POCTa
Ha MopdoreHes S. rebaudiana. B cTatbe npeACTaBA€Hbl GBUOTEXHOAOIMUYECKME METOADI, B TOM UYMCAE
MMUKPOPA3MHOKEHME in Vitro, KOTOPble OTKPbIBAIOT BO3MOXXHOCTU AAS KPYNHOMACIUTAaGHOMO MPOM3BOA-
CTBA, BbIBEAEHUSI HOBbIX COPTOB U COXPaHEHUs LieHHbIX FeHOTUMNOB. bbiAa yCTaHOBAEHA 3aBMCMMOCTb
KaK OT KOHLeHTpaumm caxaposbl B cpeae Mypacure n Ckoyra, Tak U OoT (pMTOrOPMOHOB. B xoae 3Kkc-
nepumeHTa 6biAa NoA0GPaHa ONTUMaAbHas KOHLEHTPALMS Caxapo3bl M FOPMOHOB POCTA B MUTATEAbHOM
cpeae. [Nocae NPoBeAEHNS MCCAEAOBAHUI MO BAMSHUIO KOHLEHTPaLMK Caxapo3bl Ha POCT U pasBUTUE
CTeBMM ObIA CAEAAH BbIBOA, UTO OMTUMAAbHAS KOHLIEHTPALMS Caxapo3bl B MUTATEAbHOM CPeAe COCTaB-
AsteT 20 r/A. ABTOpbI AEAQIOT BbIBOA O BaXKHOCTM PErYASTOPHbIX (DaKTOPOB AAS 6BUOMOP(OAOTMUECKOro
pa3BUTUS pacTeHuin Stevia rebaudiana in vitro.

KaoueBble caoBa: Stevia rebaudiana, in vitro, peryAsiTopHble (hakTopbl, MMTaTeAbHas cpeaa, 61o-
MopoAOrns pacTeHni, caxaposa, peryaatop pocra, IBA.

Introduction

Stevia rebaudiana Bertoni, belonging to the
Asteraceae family, is a perennial plant grown com-
mercially around the world for the natural sweeten-
er steviol. The leaves of the stevia plant are mainly
used as a sweetener and flavor enhancer in the food
and beverage industry [1].

The widely popular natural sweetener steviol
derived from stevia leaves is available in the mar-
ket worldwide. The popularity of this sweetener
is attributed to its non-toxicity and physiological
harmlessness in addition to its biological activities
including antioxidant, antimicrobial and antifungal
activities [2].

Stevia is a nutrient-rich herb containing signifi-
cant amounts of other nutrients such as 80-85% wa-

ter, protein, fiber, amino acids, free sugars, lipids,
essential oils, vitamins, macro- and micronutrients
[3,4].

The plant is rich in carbohydrates (62% dry mat-
ter), protein (11% dry matter), crude fiber (16% dry
matter), minerals (K, Ca, Na, Mg, Cu, Mn, Fe, Zn)
and essential amino acids [5].

Also, toxicological studies have shown that con-
sumption of stevia sweetener does not lead to aller-
gic, mutagenic or carcinogenic effects. In addition,
the sweetener has a zero glycemic index and con-
tains no calories [2, 6].

Based on the above, a very relevant issue in the
use of this culture in practice, is the study of the
growth and development of stevia in laboratory con-
ditions. The relevance lies in the fact that by adding
a variety of growth regulators to the nutrient me-
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Influence of regulatory factors on biomorphological development Stevia rebaudiana in vitro

dium for stevia cultivation, a large amount of culture
can be obtained in the laboratory in a short period
of time.

The study aimed to investigate the impact of
regulatory factors on the biomorphological develop-
ment of Stevia rebaudiana (honey stevia) plants in
vitro.

Material and methods of research

Standard methods of cultivation of plant tis-
sues of higher plants were used in the study [7]. The
object of the study was regenerant plants of Stevia
rebaudiana. During the study, two laboratory ex-
periments with Stevia rebaudiana plants were laid
down.

In the in vitro experiments were conducted to
study the effect of sucrose on the growth and de-
velopment of S. Rebaudiana. Stevia microcuttings
were used for the study and grown in test tubes on
Murashige and Skoog (MS) [8] nutrient medium
with the addition of sucrose at different concen-
trations: 10 g/l, 20 g/l, 30 g/l. e first experiment,
to study the effect of sucrose on growth and de-
velopment of S. rebaudiana, the following variants
of sucrose concentration in nutrient medium were
taken:

- 1 expertise — MS + IBA (B-indole-3-butyric
acid) (1 mg/l) + sucrose 10 g/l;

- 2 expertise — MS + IBA (1 mg/l) + sucrose
20 g/l;

- 3 expertise — MS + IBA (1 mg/l) + sucrose
30 g/l

PS with sucrose concentration of 20 g/L, which
is mainly used for cultivation of plant explants, was
taken as a control.

In the 2nd experiment to study the effect of reg-
ulatory factors on stevia morphogenesis, the follow-
ing variants of PS with addition of PP were taken:

- 1 expertise — MS without addition of hormonal
preparations (control);

- 2 expertise — MS + IBA (2 mg/l);

- 3 expertise — MS + GA (gibberellic acid)
(1 mg/h);

- 4 expertise — MS + Epin Extra (0.5 mg/1).

Sucrose with a concentration of 20 g/L was tak-
en as a source of carbohydrate in PS for the 2nd ex-
periment. Standard methods of cultivation of plant
tissues of higher plants were used in the study.

To assess the significance of differences in plant
growth parameters under different experimental
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conditions, statistical analysis was used to ensure
the reliability of the results obtained.

Results and discussion

Effect of sucrose in nutrient medium on growth
and development of S. rebaudiana

The laboratory experiment to study the effect of
sucrose on growth and development of S. rebaudi-
ana was carried out on 20 plants in each variant, in
2-fold repetition.

The experiment showed that growth and devel-
opment of S. rebaudiana cuttings were not equal in
the three variants and depended on the concentra-
tion of sucrose in the nutrient medium. Plants of the
control variant (sucrose concentration of 20 g/l), as
expected, had a higher percentage of rooting of ex-
plants in nutrient medium (hereinafter referred to as
NM). The average rooting rate of microcuttings was
observed on PS with sucrose concentration of 30 g/I.
The lowest survival rate of honey stevia explants
was observed in 1 variant — MS + IBA (1 mg/L) +
sucrose 10 g/L. Experimental data on the survival
of in vitro plants of S. rebaudiana during 16 days
of cultivation are shown in Figure 1. The data ob-
tained are in agreement with the results of modern
researchers such as Wu et al. and Singh et al. [9-12],
which showed that carbohydrate content in the nu-
trient medium has a direct effect on the processes
of root system formation and shoot growth in vitro.

Throughout the whole cycle of cultivation of
cultured plants, optimal development of the root
system was observed at a sucrose concentration of
20 g/litre. At minimum (10 g/I) and maximum (30
g/1) concentrations, deterioration of root system for-
mation of explants was detected. During the experi-
ment, the number of roots in each plant was counted.
The detailed data are shown in Figure 2. This effect
can be explained by the fact that high sugar concen-
tration causes osmotic stress that prevents normal
uptake of water and nutrients, as also reported by
the studies of Abdi et al. and Lata et al. [13, 14].

The study showed that explants with control su-
crose concentration in MS medium had the highest
number of leaves in two replicates. Lowered and
increased carbohydrate content in the MS medium
resulted in a decrease in the number of leaves in
plants. The leaves of the control variant were larger
and slightly elongated in shape compared to the oth-
ers. Detailed results of the experiment are shown in
Figure 3.
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Figure 1 — Effect of sucrose concentration on plant rooting behaviour
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Figure 3 — Effect of sucrose concentration on leaf formation
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Comparison of shoot height at different sucrose
concentrations showed that at 20 g/l in the medium,
plants reached an average height of 7-8.5 cm and
had a thin, elongated stem (Fig. 4). At lower concen-
tration (10 g/1), the stems were short, and at higher
concentration (30 g/l), the stems slightly increased

10

&~ (o)}

Height of shoots, cm
N

10 g/I

0 .. II II

20 g/|

in height but did not reach the level of the control
variant, which is associated with carbohydrate over-
load in the medium and reduced efficiency of carbo-
hydrate utilisation. These results indicate a positive
effect of medium sucrose concentration on shoot
growth of S. rebaudiana.

m 1 sample

W 2 sample

30 g/l

Figure 4 — Effect of sucrose concentration on shoot height

It should be noted that the growth and develop-
ment of S. rebaudiana was the most successful at a
sucrose concentration of 20 g/l in Murashige-Skoo-
ga nutrient medium. The plants had well developed
root system, tall thin stem with larger and elongated
leaves. There was also high rooting of explants in
cultivation compared to other variants of sucrose
content in MS. Repeated cuttings of stevia on NM
resulted in a 10% increase in the percentage of ex-
plants rooting (1 plant out of 20 did not survive).
Honey stevia grown on MS + IBA (1 mg/l) medium
with sucrose content of 20 g/l in NM is shown in
Figure 5.

The control variant with a sucrose concentration
of 20 g/l showed the highest grafting of explants and
optimal development of the root system, which co-
incides with the studies of Abdi et al. [13], where
it is indicated that the concentration of 20-30 g/l
sucrose favours the maintenance of active root and
leaf growth. When the concentration was increased
up to 30 g/l, deterioration in rooting was observed,
which is in agreement with the works of Lata et al.
[14], where it is described that increased levels of
sugar can cause osmotic stress, reducing the effi-
ciency of nutrient uptake.
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Figure 5 — Stevia plant development with 20 g/l sucrose
concentration in nutrient medium



1.Yu. Chidunchi et al.

Effect of growth regulators on morphogen-
esis of S. rebaudiana

The laboratory experiment on studying the influ-
ence of regulatory factors on the biomorphological
development of S. rebaudiana was carried out on 10
plants of each variant. Rebaudiana was conducted
on 10 plants in each variant, in 3-fold repetition. Af-
ter the arithmetic mean was deduced. The experi-
ment showed that the growth and development of
cuttings of S. Rebaudiana did not proceed equally
in the four variants and depended on the effect of
growth regulators in NM. Sucrose with a concentra-
tion of 20 g/l was taken as a source of carbohydrate
in NM.

Plants of the control variant (MS without addi-
tion of GA) had the lowest percentage of explants
rooting in PS, which was 46 %. The average root-

100
90
80

70
6
5
4 I
3
2 I 40
1 20
0

MS without
growth regulator
(control)

Grafting rate, %
o O O O O

o

mg/l)

MS + IBA (2

ing of microcuttings was observed on MS + IBA
(2 mg/l) and MS + Epin Extra (0.5 mg/l) media,
which was 56 and 50 %, respectively. The highest
survival percentage of honey stevia explants, 80 %,
was in 3 variants — MS + GA (1 mg/l). Experimental
data on the survival of in vitro plants of S. rebaudi-
ana during 16 days of cultivation are shown in Fig-
ure 6.

Repeated cultivation of explants on MS medium
without growth regulator resulted in stunted shoot
growth and formation of weak and thin stems, re-
duced number of leaves, and the percentage of plant
engraftment decreased each time [15-19]. This indi-
cated that in the long absence of growth regulator,
plants under in-vitro conditions use up their biosyn-
thetic reserves and subsequently cannot synthesise
phytohormones of natural origin on their own.

I
I

70
II40

M 1 sample
B 2 sample

3 sample

MS + GA (1 mg/l) MS + Epin (0,5

mg/l)

Figure 6 — Influence of growth regulators on plant rooting behaviour

The highest survival percentage (80%) was
achieved when GA was added (Figure 6). This
is in agreement with the data of Sahai et al. and
Erden et al. [20, 21], where it was shown that
HA stimulates shoot growth and root formation
in-vitro. In the control variant (without PP), the
rooting rate was only 46 %, which is in agree-
ment with the results of Moyo et al. [22], em-
phasising the necessity of hormonal support for
normal development of S. rebaudiana under ar-
tificial cultivation conditions. The use of IBA re-
sulted in moderate growth and root development,
which is in agreement with the findings of Javed

et al. [23] on the stimulating effect of IBA on
rhizogenesis.

The efficiency of root formation depended on
the type and concentration of growth regulator.
When GA was added to the nutrient medium, roots
were developed most intensively, when IBA was
added — moderately, and in plants cultivated without
addition of PP, the root system practically did not
develop (Fig. 7). The presence of Epin Extra pro-
vided root formation only in 10% of microcuttings,
which is probably due to the inhibitory effect of the
biostimulant on root formation under in vitro condi-
tions.
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Figure 7 — Effect of growth regulators on plant rhizogenesis

During the study, the number of leaves for all
variants of growth regulators did not differ signifi-
cantly. The average value of nutrient medium with-
out hormones and with IBA was 11 and 10 leaves,

respectively. The highest number of leaves was in
the medium with addition of GA which was 17 and
the lowest with growth regulator Epin Extra which
was 8. The details are shown in Figure 8.
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aﬁ 14 W 2 sample
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5 8
g 6 I I I I
g 4
Z 2

0
MS without ~ MS + IBA (2 mg/l) MS +GA (1 mg/l) MS + Epin (0,5
growth regulator mg/)
(control)

Figure 8 — Effect of growth regulators on leaf formation

The same number of internodes was observed in
explants with SAR without growth regulators and
with IBA — 5. The maximum number of internodes,
8, was observed using MS + GA, and the minimum
number was 3 using MS + Epin Extra. The detailed
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number of internodes in S. rebaudiana plants, in
three counts is presented in Figure 9. The findings
of the study are in agreement with the findings of
Gupta et al. [24] about the inhibitory effect of bios-
timulants on shoot growth.
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Figure 9 — Effect of growth regulators on the number of internodes

Based on the results of the study, the highest in-
ternode length was found in plants with hormone-
free medium, and the lowest length was observed
in MS + Epin Extra. The average values belong to

= N
[ N wn

Length of internodes, cm
o
%} [

MS without
growth regulator
(control)

MS + IBA (2 mg/I) MS + GA (1 mg/l) MS + Epin (0,5

the media with the addition of growth regulator IBA
and GA — 1.2 and 1 cm, respectively. The effect of
growth regulator on internode length is shown in
Figure 10.

M 1 sample
W2 sample

m 3 sample

mg/|

Figure 10 — Effect of growth regulators on internode length

Plants of the control variant had the tallest shoots
compared to the others, the average shoot height
was 8.3 cm. Explants grown on MS + Epin Extra
medium had the shortest shoots; the average shoot
length did not exceed 3 cm. With a slight difference
were plants grown on MS + IBA and MS + GA me-
dia, their length reached 7 and 7.8 cm, respectively.

The use of Epin Extra at a concentration of 0.5

mg/I resulted in the formation of short, thick shoots
and undeveloped root system, which was also ob-
served in the study of Gupta et al. [24], which re-
ported a possible inhibitory effect of biostimulants
at high concentrations or in the presence of other
active ingredients in the nutrient medium. The effect
of htuekznznjhj on the height growth of stevia hon-
eydew shoots is shown in detail in Figure 11.
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Figure 11 — Effect of growth regulators on shoot height

Stevia honey cultivated on MS + GA medium (1
mg/l) had a well-developed root system. In 43 % of
cases explants formed 2 shoots, of medium thickness
and length. The cuttings had medium length inter-
nodes with large, sometimes medium-sized, slightly
rounded leaves. Honey stevia plants grown on me-
dium supplemented with GA are shown in Figure 12.

Plants of S. rebaudiana cultivated on medium
with MS + Epin Extra (0.5 mg/litre) had poorly
developed root system. Explants formed only one
short and thick shoot. Leaves were large and round-
ed, with short internode length. Honey stevia plants
grown on the medium with Epin Extra are shown in
Figure 13.

Figure 12 — S. rebaudiana
on MS + GA medium
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Figure 13 — S. rebaudiana on
MS + Epin Extra medium
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Thus, the optimal sucrose concentration (20 g/1)
and the use of gibberellic acid as a growth regulator
can improve the parameters of microclonal propaga-
tion of S. rebaudiana and increase the percentage of
engraftment, which is especially important for fur-
ther agro-technological applications and commer-
cial cultivation [25].

The results of this study confirm that the opti-
mum medium for cultivation of S. rebaudiana is a
nutrient medium with a sucrose concentration of 20
g/litre and the addition of gibberellic acid at a con-
centration of 1 mg/litre. This combination ensures
high rooting of explants, active growth of the root
system, formation of large leaves and improved
branching. The medium with 20 g/litre sucrose and
HA favours microclonal propagation and prepara-
tion of plants for subsequent transplantation into
natural conditions, which is particularly important
for commercial cultivation of S. rebaudiana as a
source of natural sweetener.

Conclusion

In the course of this study, data on the effect of
sucrose and growth regulators on the morphogenet-
ic development of Stevia rebaudiana Bertoni under
in vitro conditions were obtained. Optimal results
of rooting, growth and root system formation were
achieved when using nutrient medium with sucrose

concentration of 20 g/l, which promoted the forma-
tion of healthy shoots and large leaves. It was found
that decrease or increase of sucrose concentration
causes deterioration of root formation and decrease
of total rooting ability, confirming the importance
of correct selection of carbohydrate composition of
nutrient medium for successful cultivation of stevia.

When growth regulators were added, gibberellic
acid (GA) at a concentration of 1 mg/l showed the
highest efficiency, which provided the best develop-
ment of the root system, increased the number of
leaves and promoted optimal shoot growth. Nutri-
ent media without phytohormone addition or with
Epin Extra were less effective, indicating limited
resources for growth and morphogenesis in the ab-
sence of exogenous hormonal support under in vitro
conditions.

Thus, the results of this study confirm that opti-
misation of nutrient medium composition, including
sucrose concentration and selection of growth regu-
lators, plays a key role in the successful cultivation
of honey stevia. The findings may be useful for fur-
ther improvement of stevia microclonal propagation
methods and its application in agro-biotechnological
projects. Prospects for research include further de-
velopment of cultivation techniques using different
phytohormones and adaptation of biotechnological
approaches to increase the commercial productivity
of stevia as a source of natural sweetener.
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