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Abstract: We investigated the influence of different conditions (light composition and plant growth
regulators (PGRs) in culture media) on the morphophysiological parameters of Stevia rebaudiana
Bertoni in vitro and in vivo. Both PGRs and the light spectra applied were found to significantly affect
plant morphogenesis. During the micropropagation stage of S. rebaudiana, optimal growth, with a
multiplication coefficient of 15, was obtained in an MS culture medium containing 2,4-epibrassinolide
(Epin) and indole-3-acetic acid (IAA) at concentrations of 0.1 and 0.5 mg L−1, respectively. During
the rooting stage, we found that the addition of 0.5 mg L−1 hydroxycinnamic acid (Zircon) to the
MS medium led to an optimal root formation frequency of 85% and resulted in the formation of
strong plants with well-developed leaf blades. Cultivation on media containing 0.1 mg L−1 Epin
and 0.5 mg L−1 IAA and receiving coherent light irradiation on a weekly basis resulted in a 100%
increase in the multiplication coefficient, better adventitious shoot growth, and a 33% increase in
the number of leaves. S. rebaudiana microshoots, cultured on MS media containing 1.0 mg L−1

6-benzylaminopurine (BAP) and 0.5 mg L−1 IAA with red monochrome light treatments, increased
the multiplication coefficient by 30% compared with controls (white light, media without PGRs).

Keywords: Stevia rebaudiana Bertoni; clonal micropropagation; morphogenesis; plant growth regula-
tors (PGRs); spectral light composition; light-emitting diodes (LED)

1. Introduction

Sucrose is the most commonly used food sweetener and is extracted from sugar beet
or sugarcane [1]. However, excessive sugar consumption can undermine human health.
As problems related to excess weight continue to increase worldwide, studies on native
sugar substitutes are becoming more and more important. For this reason, interest in plant
secondary metabolites and their biologically active substances is increasing. Diterpenoids
are a large class of natural metabolic compounds belonging to higher plants [2,3]. Many
diterpenoids are considered valuable substances, functioning as, for example, plant growth
regulators (PGRs) [4], insecticides [5], antibiotics [6,7], and tumor formation inhibitors [8,9].

Among those particularly useful are sweet diterpenic glycosides, found in the peren-
nial herbaceous plant Stevia rebaudiana Bertoni [10–12]. The most valuable of them is
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stevioside, which has a strong sweet taste, about 200–300 times sweeter than sucrose. Im-
portantly, however, it does not increase the blood sugar level [1,2,13]. Stevioside is widely
used as a low-caloric sugar substitute [14] and is recognized as safe [15]. In addition, its
chemical structure remains intact at high temperatures, so it can be used in hot preparation.
Other qualities of stevioside include its ability to accelerate wound healing and its anti-
allergenic and anti-inflammatory effects [16–18]. Knowledge of the morphogenesis pattern
of the promising crop from which stevioside is derived is thus important to realize the full
potential of the plant during its intensive in vitro culture.

The biosynthesis of secondary metabolites in plants is directly correlated with growth
intensity [19] and, therefore, we focused on the morphogenetic responses in S. rebaudiana
under different in vitro culture conditions, explanted sources, and other factors [20–32].

Cultures of isolated cells and tissues serve as a universal model for the in vitro study
of patterns of formation during plant morphogenesis [33]. Moreover, in the conditions of
in vitro culture, the biosynthetic potential can be controlled, and super-producing strains
can be obtained, which may be relevant with respect to S. rebaudiana [21,24]. Several
biotechnological approaches have been applied to increase steviol glycoside production
in in vitro culture; the most extensive studies have explored the influence of phytohor-
mones and PGRs. For example, adventitious roots, cultured in media supplemented with
gibberellic acid (2 mg/L), accumulated steviosides in high concentrations [34]. Accumu-
lation of steviosides and other secondary metabolites, such as phenols and flavonoids,
under the influence of BAP and other PGRs has also been studied in Stevia callus cul-
tures [35–37]. However, S. rebaudiana calli and suspension cultures have a limited ability
to produce steviol glycosides, and have been assumed to be tightly dependent on their
level of differentiation [38]. Secondary metabolite accumulation in both differentiated and
dedifferentiated tissues can be influenced by various stress factors and elicitors. It has been
noted that drought and salinity stresses tend to increase the accumulation of steviol glyco-
sides and the upregulation of several genes encoding key enzymes of the steviol glycoside
biosynthesis pathways [39–41]. However, the influence of stress factors is controversial
and can be determined by the level of exposure, e.g., salt type and concentration [39,42,43].
Application of elicitors such as alginate and yeast extract also increase the biosynthesis of
steviol glycosides [44]. Treatment of S. rebaudiana adventitious roots with copper and gold
nanoparticles, in combination with PGRs in vitro, had a stimulating effect on secondary
metabolite production [45].

Physical factors are important regulators of morphogenesis. Light-emitting diodes
(LED) provide unique possibilities for manipulating plant photosynthesis, photomorpho-
genesis, and the synthesis of secondary metabolites [46–48]. The last directly depends on
the intensity of photosynthesis and growth rate. Therefore, the morphogenetic responses
of S. rebaudiana, specifically, have been studied. Recently, researchers have been interested
in innovative LEDs [32,47], as well as exposure to low-intensity radiation with an injection
laser. However, studies on the effects of physical factors, especially light treatment, on
in vitro S. rebaudiana cell culture are limited [29,48,49]. Cultivation of S. rebaudiana adventi-
tious roots under different light spectra showed that violet light had a stimulating effect,
and red light an inhibitory one on biomass growth. At the same time, the blue spectrum
contributed to the maximum accumulation of phenolic compounds [50]. The influence
of the spectral composition of light has also been studied on callus cultures of Stevia [51].
However, there are no data on the effects of light on the accumulation of steviosides in
Stevia microplants. Further study of light’s influence on differentiated tissues is promising
because such tissues have significant potential to accumulate steviosides. Considering the
positive impact of light on callus and adventitious roots, an additional stimulating effect
on microplants can be expected.

Based on the above, the aim of our research was to study the influence of culture con-
ditions (light factors and PGRs in culture media) on the morphophysiological parameters
of S. rebaudiana plants in vitro and in vivo.
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2. Materials and Methods
2.1. Plant Material

All experiments were carried out at the department of biotechnology of Russian State
Agrarian University–Moscow Timiryazev Agricultural Academy. The explant source was
aseptically cultured microplants of S. rebaudiana that were provided by Nikolay I. Bondarev
(PhD of Timiryazev Institute of Plant Physiology of Russian Academy of Sciences, Moscow,
Russia). We used a node with two axillary buds as an explant for in vitro experiments.

2.2. Influence of PGRs on S. rebaudiana Morphogenesis In Vitro

We used various PGRs to induce the formation of adventitious buds, axillary shoots,
and rooting. To examine the influence of PGRs on plant growth, isolated S. rebaudiana
microshoots were clonally propagated from cuttings and cultured in vitro on Murashige
and Skoog basal media (MS) [52] (PGRs-free MS media), as well as MS media supple-
mented with various concentrations of PGRs: 1 mg L−1 kinetin and 0.5 mgL−1 indole-3-
acetic acid (IAA); 1 mg L−1 6-benzylaminopurine (BAP) and 0.5 mg L−1 IAA; 0.1 mg L−1

2,4-epibrassinolide (Epin) and 0.5 mg L−1 IAA; and 0.5 mg L−1 hydroxycinnamic acids
(Zircon). A PGRs-free MS medium was used as a control. The multiplication coefficient
was measured after 60 days.

Explants and microshoots were cultured in a light room where the temperature
was maintained at 22–24 ◦C, lighting was provided with an OSRAM L36/25 fluorescent
white lamps with an illumination intensity of 3000 lx under a 16/8 h photoperiod and
150–180 mmol/m2 s−1 photon flux density.

2.3. Influence of Light Factors on the Morphophysiological Parameters of S. rebaudiana In Vitro

We chose light treatment as a physical factor, and we studied the influence of different
kits of light spectra on the morphogenesis of S. rebaudiana in vitro. First, we examined
white and red-blue LED lighting (Figure 1). Fluorescent white lamps were used as a control.
The study lasted 60 days.
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Figure 1. Graphs of LED light spectra used to evaluate the effect of exposure to light of white and red-blue spectra on
S. rebaudiana microshoot growth.

Second, LED lighting was evaluated with light from the blue (B) and different parts
of the red spectra, including short-wave red (SR), long-wave red (LR), and far red (FR).
The control included all types of diodes (SR + LR + FR + B); in each of our variants, one of
the spectra was excluded (Figure 2). Third, we studied monochrome light spectra; white
(5000 K) as a control, green (515 nm), red (660 nm), and blue (460 nm) (Figure 3). The study
lasted 55 days. Finally, coherent light, supplemented with irradiation of low-intensity, was
evaluated with an injection laser LPI-2 device (Russia). The wavelength was 650 nm, the
oscillation frequency 2000 Hz, and the light beam’s power was 2–4 W/m2. Plants were
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exposed either once or weekly to irradiation for 30, 60, 120, or 240 s. Plants without any
light treatment were used as a control. The study lasted 4 weeks.
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2.4. The Combined Effect of Physical and PGRs Factors on the Morphophysiological Parameters of
In Vitro S. rebaudiana Microshoot Growth

The combined effect of physical (light) and chemical (PGRs combination) factors on
the morphophysiological parameters of in vitro S. rebaudiana microshoot growth was
studied. Microshoots were cultured on three variants of MS media: MS without PGRs,
(PGRs-free media); MS supplemented with 0.1 mgL−1 of Epin and 0.5 mgL−1 of IAA; and
MS supplemented with BAP and IAA at concentrations of 1.0 and 0.5 mg L−1, respectively.
Different light spectra (white, green, red, and blue) were used as light treatments (Figure 3).
Also, coherent light treatment was conducted after 6 weeks.

2.5. Phenotypic Analysis of Plants

Phenotypic assays of microshoots, cultured using various MS media and light settings,
were carried out. The height of the main shoot (cm), total number of leaves (units), and
multiplication coefficient were measured. In the case of in vivo plants, also leaf area (cm2)
and the fresh/dry weight of leaves were measured. The leaf area was determined using
the photoplanimeter Li-Cor LI-3100 (USA, Nebraska).
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2.6. Quantitative Determination of Photosynthetic Pigments of S. rebaudiana In Vivo

The levels of chlorophylls a, b, (Ca, Cb) and carotenoids (Ccar) were characterized in
the leaves of S. rebaudiana plants grown under different light spectra. The concentrations of
pigments were determined using an SF-104 spectrophotometer. Measurements were taken
at wavelengths of 662, 644, and 440.5 nm, from which the absolute number of pigments
was determined. The pigment concentration was calculated using the following formulae:

Ca = 9.784 D662 − 0.990 D644

Cb = 21.426 D644 − 4.650 D662

Ccar = 4.695 D440,5 − 0.268 Ca + Cb

2.7. Qualitative and Semi-Quantitative Determination of Diterpene Glycosides in Dry Leaves of
S. rebaudiana In Vivo

Qualitative and semi-quantitative determination of diterpene glycosides were achieved
using thin-layer chromatography (TLC) [53]. The objects of the study individually received
an application, with a micro-syringe of 10 µL to the start line of the Sorbfil STX-1A plate,
of an aluminum substrate that had been pre-activated by heating, on a tile, at 80 ◦C for
15 min. The solvent system was comprised of chloroform, ethanol, and water (10:5:1). After
raising the solvent front, the product was determined in a chamber with a UV-illuminator
at a wavelength of 254 nm. Then the plate was developed with a solution of iodine in 95%
alcohol; the staining of spots with an Rf = 0.33 zone in a dark brown color was noted.

2.8. Quantitative Determination of Steviosides by High-Performance Liquid Chromatography
(HPLC) of Dry Leaves of S. rebaudiana In Vivo

Quantitative determination of steviosides by HPLC was performed on an Agilent
1100 device with a diode matrix detector (Zorbox C-1854,6-150 column). Samples of 0.01 g
were taken, with 1 mL of deionized water, placed in an ultrasonic bath at a temperature
of 60 ◦C for 3 h. Then samples were centrifuged for 5 min at 2000 rpm. After that the
supernatant was evaporated dry under vacuum at 45–50 ◦C. The dry residue was analyzed
on a liquid chromatograph in 1 mL of deionized water. The solvent gradient was 15%
acetonitrile and 85% deionized water. The flow rate was 0.2 mL min−1 at normal pressure,
the volume of the injected sample was 10 µL, and the analysis time was 15 min. Samples
were introduced by washing the input of the polar solvent. Samples were detected at
wavelengths of 193, 200, 210, 220, and 230 nm. Assays were performed at a wavelength of
210 nm. For quantitative and qualitative determinations, a calibration graph of a control
standard of the substance was used, in addition to literary data [11,36].

2.9. Statistical Analysis of Experimental Data

Experimental data were statistically compared using analysis of variance (ANOVA)
with MS Excel software and AGROS software (version 2.11, Russia). Differences were
considered statistically significant at p < 0.05. The experiments were carried out using three
biological and 5–10 analytical replicates.

3. Results and Discussion
3.1. Influence of PGRs on In Vitro S. rebaudiana Clonal Propagation and Microshoot Morphology

Clonal micropropagation of S. rebaudiana using in vitro techniques has been studied
by many researchers to develop an efficient and economic protocol in a semisolid culture
medium [20,24,28,54,55]. Several studies suggest that the use of a temporary immersion
bioreactor system is effective for in vitro S. rebaudiana propagation because it combines
a liquid and semisolid culture technique [30,56]. In vitro S. rebaudiana micropropagation
has been reported from nodes [20,56], leaf segments [25,27], suspension cultures [22], and
shoot apices [24]. Shoots are formed by cultivating explants on cultured media with the
addition of various types, concentrations, and combinations of PGRs, such as kinetin, BAP,
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thidiazuron, IAA, IBA, and NAA [20–25,54–57]. In our study, for induction of adventi-
tious buds and axillary shoots, MS culture media included IAA and cytokinins (kinetin,
BAP) at various concentrations. In addition, we studied PGRs in the brassinosteroid
class—2,4-epibrassinolide (Epin) and hydroxycinnamic acids (Zircon)—at concentrations of
0.05–1.0 mg L−1.

It was found that the formation of both lateral and adventitious shoots differed
dependently upon the PGRs added, and their concentrations. The culture of microshoots
on a PGRs-free MS medium (Figure 4a) led to the formation of 1–2 adventitious shoots
with slightly elongated internodes, but without root system formation; the multiplication
coefficient was 3.9. Subculturing on this medium led to a decrease in the multiplication
coefficient, slowed shoot growth, and underdeveloped shoot formation.
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Single shoot formation, with elongated internodes, was observed when microshoots
were cultured on an MS medium containing 1 mg L−1 kinetin and 0.5 mg L−1 IAA (Figure 4b);
the multiplication coefficient was 4.2. Microshoots cultured on an MS medium containing
1 mg L−1 BAP and 0.5 mg L−1 IAA (Figure 4c) formed a proliferating callus tissue in
their basal parts, and “spindle-shaped” leaf blades; the multiplication coefficient in this
treatment was 3.7.

Microshoots formed 2–3 large shoots with shortened internodes when cultured on MS
media containing Epin and IAA (Figure 4d); the multiplication coefficient was 9.4. The
frequency of root formation was 45%; notably, root formation was not observed for any of
the treatments described above. Subculturing on this MS medium led to an increase in the
multiplication coefficient and, by the third passage, it reached 14.4.

The inclusion of Zircon (Figure 4e) in culture media led to the formation of rapidly
growing lateral and adventitious shoots, the average heights of which were double that
of the control. However, with increased Zircon concentration in the media of 1 mg L−1,
significant shoot growth inhibition occurred; the optimal concentration of Zircon was
0.5 mg L−1. In this PGRs treatment, both active growth of shoots and a strong root system
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formation, in 85% of cases, was demonstrated. The multiplication coefficient was 12–15
and was stable during subculturing.

Thus, the optimal PGRs concentrations were 0.5 mg L−1 Zircon, or 0.1 mg L−1 Epin
and 0.5 mg L−1 IAA, which maximized the maximum multiplication coefficient and the
number of adventitious shoots, leading to a well-developed root system.

3.2. Influence of Physical Factors on the Morphophysiological Parameters of S. rebaudiana In Vitro

Few studies have assessed the effect of the photoperiod [57] and the light spectral
composition on the growth of S. rebaudiana, nor biosynthesis and the accumulation of
steviosides [26,29,48,49,56,58]. These studies were performed both on intact- [26,58,59] and
in vitro-grown plants [26,48,49]. Bondarev et al. (2008) [49] demonstrated the influence of
photoperiod and light intensity on both shoot development and steviol glycoside synthesis
in S. rebaudiana in vitro, where a light intensity of 35–45 W m—2 was found to be optimal,
and was 2.5–3 times higher for intact plants. In addition, it was previously observed that
the cultivation of plantlets using an LED source with an intensity of 75 to 230 µmol/(m2 s)
promoted the development of S. rebaudiana plantlets in terms of a number of morphological
(plant height, number and length of internodes, and fresh and dry weight of plantlet) and
mesostructural (leaf thickness and chloroplast number in palisade and spongy mesophyll
cells) parameters that are important for microclonal reproduction and/or adaptation to
soil conditions [48].

3.2.1. Effect of Red-Blue LED Lighting on Morphophysiological Parameters of
S. rebaudiana Microshoots

Red-blue spectrum treatment has an inhibitory effect on the formation and growth of
shoots. This manifested as shoot formation with shortened internodes as compared with
the control (Figure 5a) (fluorescent white lamps). Moreover, root formation was observed
under these conditions. In the case of the shoots returning to the control treatment, the
elongation of the upper, newly formed internodes was observed (Figure 5b).
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Figure 5. Morphological changes of S. rebaudiana microshoots (a) after 20 days being cultured on
MS media without PGRs under red-blue LEDs, and (b) after 5 days being returned to fluorescent
white lamps.

3.2.2. The Effect of Coherent Light Treatment on the Morphophysiological Characteristics
of S. rebaudiana Microshoots In Vitro

Coherent light treatments did not significantly affect the morphophysiological pa-
rameters (newly formed shoots, total number of leaves, multiplication coefficient, and the
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frequency of root formation) of S. rebaudiana microshoots when compared with controls,
according to ANOVA tests, with one exception—weekly exposure to coherent light for 120
and 240 s stimulated microshoot growth on MS culture media without PGRs. The average
height (11 cm) and number of leaves (11.6) under coherent light treatments of 120 and 240 s
were approximately twice as high as those of the controls.

A possible explanation for the lack of statistically significant differences in morpho-
logical characteristics of cultured S. rebaudiana microshoots is the fact that the microshoots
were cultured in a PGRs-free medium; that is, the factors regulating morphogenesis were
absent. Previous studies have shown that the presence of Epin in culture media has a
stimulating effect on morphophysiological characteristics. Therefore, in the following series
of experiments, we examined the possible synergistic effect of monochrome and coherent
light treatments in combination with Epin.

3.2.3. The Effect of Monochrome Light Treatment on the Morphophysiological
Characteristics of S. rebaudiana Microshoots In Vitro

S. rebaudiana microshoots cultured in vitro under red light treatment exhibited inten-
sive growth, which manifested as the formation of a taller main shoot. When monochrome
LEDs in the blue spectrum were used, stunted plants were formed. As regards the green
and white (control) spectra, the plants had comparable average values under these con-
ditions (Figure 6a). Despite the significantly different plant height between the treatment
with red and blue spectra, the multiplication coefficient was the same, and averaged 9.5
(Figure 6b). This indicates that the internodes elongate in response to red light, while under
blue light more compact microshoots were formed. As for green light, the multiplication
coefficient was the same as the control.
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3.2.4. The Combined Effect of Physical and PGRs Factors on the Morphogenesis of
S. rebaudiana Microshoots Culture In Vitro
Monochrome Light Treatment in Combination with PGRs under In Vitro Conditions

To study the combined effect of physical (monochrome light) and chemical (PGRs) fac-
tors on the morphological characteristics of S. rebaudiana microshoots in vitro, an extended
experiment was conducted. We found that all variants of culture media, under red LED
treatment, promoted intensive shoot growth, which occurred due to internode extension.
A more obvious visible effect was observed in the variant supplemented with 0.1 mg L−1

Epin in combination with 0.5 mg L−1 IAA in culture on MS media (Figure 7a, Epin). In
culture media with 1.0 mg L−1 BAP and IAA (Figure 7a, BAP), red light also enhanced
the biometric indicators of S. rebaudiana microshoot cultures compared with controls (MS
media without PGRs).
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It was experimentally established that the multiplication coefficient was controlled by
both PGRs and the spectral composition of provided light sources. The biggest differences
were obtained on culture media supplemented with BAP (Figure 7b, BAP). In the case
of light from the white and green spectra, the multiplication coefficient decreased to 3–4.
The multiplication coefficient for the blue spectrum was 8.5–9.5 and did not depend on
PGRs composition in culture media. The maximum multiplication coefficient was observed
under red light treatments, on culture media supplemented with BAP (11.9) (Figure 7b,
BAP), and under white light treatments, on culture media supplemented with Epin (10.5)
(Figure 7b, Epin). The lowest multiplication coefficient was observed in green light treat-
ments on culture media containing BAP.

Coherent Light Treatment in Combination with PGRs under In Vitro Conditions

Coherent light treatment was conducted on microshoots cultured on MS media con-
taining 0.1 mg L−1 Epin and 0.5 mg L−1 IAA, and was performed either once or weekly.
The results showed that intensive microshoot growth occurred, while the number of leaves
was comparable to the control (Figure 8a).
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It should be noted that in the variants given weekly coherent light treatments, the
average height reached 27–29 mm and exceeded controls by 58–70% (Figure 8b). Moreover,
significant differences between variants with 30, 120, and 240 s exposure were found.
In the variant given a 60 s exposure, the average microplant height was comparable to
controls. Thus, PGRs and light treatment exhibited a synergistic effect on the growth and
development of S. rebaudiana microshoots.

3.3. Effects of Red-Blue LED Lighting on the Biochemical Characteristics of S. rebaudiana Plants
In Vivo
3.3.1. Quantitative Determination of Photosynthetic Pigments

In treatment five, from which the blue spectrum was excluded, the amount of chloro-
phyll a and b was significantly lower than in control treatments (Figure 9), which confirmed
that maximum visible light absorption by chlorophylls occurs in the blue part of the spectrum.
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Figure 9. The effect of spectra composition on concentrations of chlorophylls a, b and carotenoids in S. rebaudiana plants
grown in vivo under various red-blue LED lightings: (1) SR + LR + FR + B; (2) LR + FR + B; (3) SR + FR + B; (4) SR + LR + B;
and (5) SR + LR + FR (Figure 2). Means ± standard errors at α = 0.05 according to ANOVA tests (n = 10). *-variants that
have significant differences between control treatments (SR + LR + FR + B).

3.3.2. Qualitative and Semi-Quantitative Determination of Diterpene Glycosides by TLC

The studied samples were found to contain diterpene glycosides, as determined by
the Rf = 0.33 zone, which is consistent with findings of a previous study [59]. In addition,
the spots that appeared had different color intensities. In the experimental samples, the
intensity of staining was pronounced, which indicates that there was a greater number of
glycosides in these variants.

3.3.3. Quantitative Determination of Stevioside by HPLC

The highest content of stevioside in dry S. rebaudiana leaves was found in treatment
five, from which the blue spectrum was excluded from provided lighting (Figure 10).
The results support the notion that it is indeed the red part of the spectrum that induces
secondary metabolite synthesis. Thus, we can conclude that the PGRs composition of a
culture medium and spectral composition of its lighting have a significant regulating effect
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on the morphophysiological processes of S. rebaudiana plants, grown both in vitro and
in vivo.
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Figure 10. The effect of spectral light composition on stevioside content in S. rebaudiana plants grown
in vivo under different treatments of red-blue LED lighting: (1) SR + LR + FR + B; (2) LR + FR + B;
(3) SR + FR + B; (4) SR + LR + B; and (5) SR + LR + FR (Figure 2). Means ± standard errors at α = 0.05
according to ANOVA tests (n = 10). *-variants that have significant differences between control
treatments (SR + LR + FR + B).

4. Conclusions

PGRs are widely used in in vitro plant techniques, especially in micropropagation.
The nature and concentration of PGRs in culture media has a significant effect, both on
morphogenesis and secondary metabolite biosynthesis. Application of PGRs in the mi-
cropropagation of S. rebaudiana is traditionally limited to the use of BAP, NAA, 2,4-D,
and combinations thereof. In this study we used, for the first time, such PGRs as 2,4-
epibrassinolide (Epin) and hydroxycinnamic acid (Zircon), and found that they have strong
positive impacts on shoot multiplication and rooting, as well as their promotion of the for-
mation of strong plants with well-developed leaf blades. We have also demonstrated that
cultivation of S. rebaudiana microshoots on a medium containing Epin and IAA, combined
with weekly coherent light irradiation, doubles their multiplication coefficient, stimulates
adventitious shoot growth, and increases their number of leaves. This multiplication coeffi-
cient can also be increased by the use of media containing BAP and IAA in combination
with red monochrome light conditions. In addition, it has been shown that the highest
stevioside content in leaves of S. rebaudiana was observed after the treatment from which
blue light was excluded.
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