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Stevia is an industrially and medicinally important plant used as a sweetener belonging to the family Asteraceae. The
leaves of this plant contain a group of chemical compounds called steviol glycosides, which has used as a natural
sweetener substitute for sugar for a long time. The study was aimed to develop a reproducible protocol for in vitro
propagation of Stevia rebaudiana Bertoni. Nodal explants were cultivated on Murashige and Skoog (MS) medium
supplemented with different concentrations of 6-Benzylaminopurine (BAP), Kinetin (Kin), and Indole-3-acetic acid
individually or in combination for shoot induction. After a month, the leafy stems were placed in an MS medium
supplemented with IAA and 1-Naphtalenacetic acid at 0.5 mg/L for rooting. MS medium without hormones (the
control) produced the highest percentage of bud burst. The best treatment for shoots regeneration was MS medium
supplemented with 1.5 mg/L BAP and 0.25 mg/L KIN. Medium with the highest multiplication rate was found to
include MS fortified with 0.5 mg/L KIN. The medium MS supplemented with 0.5 mg/L IAA showed the maximum
number of roots per shoot. About 93% of rooted plants were successfully acclimatized on pots containing peat (60%)

and sand (40%).

1. INTRODUCTION

Stevia rebaudiana Bertoni is a natural sweetener commonly known
as a honey leaf, candy leaf or sweet leaf by the local people of
Paraguay [1]. It is an economically important plant in medicine, food,
and beverage industries [2], used to sweeten tea and herbal teas in
different countries including Morocco [3]. It is an herbaceous native to
Paraguay and grown commercially in many parts of the world [4]. In
China, 20 000 ha are covered under stevia cultivation (the first producer
in the world), while the chief market is in Japan (2000 tons of dry
leaves/an) [5]. This plant is the best alternative to cane or beet sugar [6]
and has numerous biological activities including anti-hyperglycemic,
anti-inflammatory, hypotensive, antitumor, and antimicrobial [7]. It is
a valuable medicinal plant of the family Asteraceae [8,9], producing
zero-calorie diterpene glycosides in its leaves [10], which are widely
used as a substitute for sugar since they are about 300 times sweeter
than sucrose [4]. More than 38 steviol glycosides were detected on
stevia leaves [11]. Stevioside is the most abundant compound in leaves
(10-12% in dry weight) [12], while rebaudioside A is the sweetest
and devoid of aftertaste [13]. Propagation of new varieties of stevia
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with higher Reb-A content is the overriding concern of many research
groups [14]. However, the purpose of stevia selection is to obtain
maximum quantities of plants, in a certain area with a relatively high
content of sweetened substances [15]. Therefore, an effective protocol
of mass production is very necessary for the cultivation of Stevia [14].

Conventional propagation of S. rebaudiana occurs by cuttings and
seeds [16]. Propagation by seeds promotes heterogeneity in Stevia
resulting in variability in the chemical composition and content of
steviol glycosides, by modifying their quality, quantity, and growth [17].
Furthermore, due to self-incompatibility, seed-grown plants present
heterogeneous phenotypes and low germination rates [18]. In addition,
vegetative propagation through stem cutting has become unproductive,
due to the unavailability of sufficient plant material in all seasons,
and at the appropriate physiological stage, which limited the number
of plants, that can be obtained [15]. Due to the above-mentioned
difficulties, plant tissue culture provides a very useful and efficient
technique for the mass production of S. rebaudiana [7] since it is able
of producing a large number of plants that are similar in composition
and steviol glycoside content [19,20], uniform, disease-free, and
true-to-type at a fast rate. Stevia is previously micropropagated with
direct organogenesis, through nodal segments [21], and shoot tip
segments [22]. At present, in vitro culture of nodal explants is a viable
alternative, for propagation of the species, but further standardization
is required to achieve high success at field level [23]. Several elements,
including genotype, explant type, medium composition, and culture
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circumstances, substantially encourage the efficacy of this approach.
Consequently, a customized protocol must be developed for the
genetic material that is available for specific regions [24]. This work
aims to develop a rapid and efficient protocol for the mass production,
of a selected plant of S. rebaudiana vigorous, and to improve its
homogeneity through the techniques of in vitro multiplication by
micropropagation of nodal explants on Murashige and Skoog (MS)
medium supplemented with different plant growth regulators (PGRs).

2. MATERIALS AND METHODS

2.1. Plant Material and Culture Conditions

The experiment was carried out at the Regional Center for Agricultural
Research in Kenitra (Morocco). Nodal explants were collected from
two genotypes: genotype 1 (G1) and genotype 2 (G2) cultured in a
greenhouse under controlled conditions at CCRA, INRA, Kenitra.
They were thoroughly washed under running tap water, disinfected
with 20% sodium hypochlorite solution (12°) for 25 min, and rinsed
3 times with distilled water. Then planted in culture tubes with solid
MS medium (1962) containing 30 g/L of sugar, 7 g/L of agar and
enriched with different combinations and concentrations of PGRs
(Kin, 6-Benzylaminopurine [BAP], IAA) alone and in combination
[Table 1]. The pH of the medium was adjusted to 5.8. Nodal segments
(with a single axillary bud) of about 0.5-1 cm were cultured vertically
in test tubes containing the different culture media incubated in a
culture room with a temperature of 27 + 2°C with 16 h of light and
8 h of darkness.

2.2. Subcultures

After 4 weeks, the nodal segments of the regenerated shoots were
subcultured in the same fresh proliferation medium (PM) for further
multiple shoot induction. Subcultures were done every 4 weeks.

2.3. Root Induction

For rooting, individual shoots (more than three internodes) were
implanted in vitro on MS basal medium with 0.5 mg/L of IAA or
Naphtalenacetic acid (NAA) [Table 2].

2.4. Acclimatization of Regenerated Plants

Rooted plants were washed with distilled water to eliminate the fixed
medium. They were then moved to pots containing peat (60%) and
sand (40%) and placed in mini greenhouses with 50-60% of relative
humidity and 27 + 2°C of temperature. Thus, the pots were covered
with transparent plastic film for 2 weeks. The potted plants were
transferred to the greenhouse for a better establishment for 1 month
before being transplanted in the fields.

2.5. Statistical Analysis

Twenty cultures were raised for each treatment. The data obtained
were processed using the “SAS” software. The comparison of the
means relating to the responses of the explants was carried out using
the Duncan test for all the treatments. The significance level of 5% is

accepted for all analyses.

3. RESULTS

3.1. Shoots Multiplication and Proliferation

The statistical analysis shows that the PGRs combination had a
significant effect on the number of days required for buds break and
shoot emergence from the explant (P = 0.000) for both genotypes
studied. Moreover, the buds started responding by buds break and the
shoots appeared after 8 days of culture on PM0O, PM9, and PM10 and
after 12 days on the other mediums. Concerning the percentage of
shoot induction, the difference is significant between both genotypes,
and the highest percentage (G1 = 91.47% and G2 = 85%) was recorded
in the PMO followed by the medium containing 0.5 mg/L of Kin
(PM10) with a percentage of 82% [Figure 1].

The interaction between the PM and both genotypes for the number
of shoots produced per explant is highly significant (P = 0.0015%).
For G1, in vitro plants propagated on MP7 (MS+1.5 mg/L BAP +
0.25 mg/L Kin) medium has developed a maximum number of shoots
per culture (2.9 shoots/explants), while for G2 a higher number of
shoots (3.30 shoots/explants) was obtained on PM9 medium (MS +
0.25 mg/L Kin) [Figure 2].

The variance analysis showed that the length of new axillary shoots was
significantly influenced by different combinations and concentrations
of PGRs and by genotypes (P < 0.0001). The highest average length
was recorded on PMO and PM5 mediums [Figure 3] for both genotypes.
The G1 grows more vigorously with an average length 0f 9.21; 9.22 cm
respectively on the PMO and PM5 media against 7.73; 6.5 cm for G 2.

The number of internodes/vitro pousses was significantly impacted by
the hormonal composition (P < 0.0001). While both cultivars showed
no significant difference for this parameter. However, the highest
number of internodes was found in the PM0 medium (5.75 internodes/
explant for G1 and 4.70 for G2) [Figure 4]. In addition, the PM5
medium has favored the development of a large number of internodes
for both genotypes, in contrast to the BAP-containing medium, which
has regenerated the lowest number of internodes.

It should be mentioned that hormonal balance has influenced the
appearance of regenerated shoots [Figure 5]. Hormone-free medium
and mediums with IAA and Kin individually have regenerated
relatively vigorous shoots with long internodal distances and large
dark green leaves. As, BAP alone as well as in combination was found
to induce a high number of short branching shoots with compacts, and
green callus at the base [Table 3].

3.2. Effect of Subcultures on Multiplication Rate

The multiplication rate, which represents the number of stems per
explant and subculture after 4 weeks, was significantly influenced
by different combinations and concentrations of PGR (P = 0.0001).
Kin was more effective than IAA for shoot multiplication. The
maximum mean number of shoots (2056.02 shoots/explant) occurred
on PM10 medium (MS + 0.5 mg/L Kin) after the fourth subcultures.

Table 1: MS medium supplemented with different concentrations and combinations of growth regulators.

PGRs PMO PM1 PM2 PM3 PM4
IAA (mg/L) - - - - 0.5
BAP (mg/L) - 0.5 1 2 1

KIN (mg/L) - - - - -

PM5 PM6 PM7 PMS8 PM9 PM10
0.5 - - - - -
- 1 1.5 2 - -
- 0.25 0.25 0.25 0.25 0.5
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Figure 1: Effect of different growth regulators on the percentage of shoot
induction from the culture of nodal segments of Stevia rebaudiana in vitro.
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Figure 2: Effect of different concentrations of hormones on the number of

shoots/explants from the culture of nodal segments of Stevia rebaudiana.
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Figure 3: Effect of different concentrations of hormones on the length of

shoots of Stevia rebaudiana regenerated in vitro.

Furthermore, PM5 medium (MS + 0.5 mg/L 1AA) has developed
1108.68 shoots/explants in the same period compared to the control
who have regenerated only 764.55 shoots/explants [Table 4].

Variations were detected in the morphology of shoots in terms of length
and number of internodes depending on subcultures. A significant
increase in the number of internodes and shoot length was observed
from the first subculture in the PM5 and PM10 mediums compared to
the Control (PMO), which experienced a decrease in both parameters.
On the contrary, an improvement in leaf size, leaf color, and rooting
capacity was detected in the MPO medium. The incorporation of BAP
into the medium has influenced the shortening of the shoots relative
to control plants and induced callus formations in the cut portion of
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Figure 4: Effect of different concentrations of hormones on the number of
internodes per shoot of Stevia rebaudiana regenerated in vitro.

Table 2: Rooting medium.

PGRs M1 M2 M3
TAA (mg/L) - 0.5 -
NAA (mg/L) - - 0.5

NAA: Naphtalenacetic acid.

the shoot. These calluses inhibited the development of shoots from the
first subculture. As a result, subcultures were not carried out for these
media (PM1, PM2, PM3, PM4, PM6, PM7, PMS, and PM9).

3.3. Roots Formation

The results of the data analysis indicated that the rooting medium
had a very significant effect on the percentage of root induction.
M1 medium (control) has stimulated the fastest of root emergences
(7 days) with a higher percentage of root induction for both genotypes
(G1 97.6% and G2 81.87%) [Table 5]. This medium stimulated the
appearance of the longest root mean for both genotypes (3.32 cm for
Gl and 2.5 cm for G2) [Figure 6] from the basal part of the shoot
with no intervening callus. Statistical analysis revealed that the type
of auxin used did not significantly influence the average number
of roots. The longest roots mean was 6.16 roots/vitro plants more
stimulated by TAA (M2) and was not significantly different with
control (M1) which regenerated 5.95 roots/plants. The application
of NAA decreased the root induction, number of roots, and root
length.

Acclimatization and Establishment in the Field

Micro shots with well-developed roots have been successfully
acclimatized under the conditions described above or with an
acclimatization rate exceeding 93% for both genotypes [Figure 7]. For
rapid acclimatization, the use of a porous substrate allowing drainage
and adequate aeration was recommended. After acclimatization under
the greenhouse, a perfect establishment of 90% of the plants in the
natural terrain was completed.

4. DISCUSSION

The combination BAP-Kin showed a better proliferation of shoots in
this study. MP7 medium (MS + 1.5 mg/L BAP + 0.25 mg/L KIN)
was favorable for the induction of a maximum number of shoots for
G1. While for G2, the highest number of shoots was obtained on MS
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Table 3: Effect of different growth regulators on the formation of callus at the base of shoots obtained from the culture of the nodal segments of Stevia

rebaudiana in vitro.

Genotypes MPO MP1 MP2 MP3 MP4
Gl - +++ +++ -+ ++
G2 - ++ ++ ++ +

MPS MP6 MP7 MP8 MP9 MP10
+ ++ ++ ++ + +
+ ++ ++ ++ + +

-: No callus, +: Poor callus, ++: Medium callus, +++: Profuse callus.

Table 4: Effect of subcultures on the number of shoots/explant.

Medium S1 S2 S3 S4
MPO
Gl 6.45+0.28 36.83+0.65 179.34+1.46  764.55+1.07
G2 4.66+1.88 18.37+£0.53  84.5242.54 339.66+0.26
MP5
Gl 5.83+0.7 34.83+0.92  233.91+0.7 1108.68+0.6
G2 5.6£0.56  23.15+3.32 87.17+£3.2 316.49+0.17
MP10
Gl 6.75+1.76  47.4+0.57  268.95+0.07 2056.02+0.02
G2 4+0 160 72+2.82 366+0.14
S: Subculture.

medium with 0.25 mg/L Kin. This variability between both cultivars
may be due to genetic factors. Similarly, several authors have shown
that the addition of cytokinins such as BAP and Kin to media has a
stimulatory effect on shoot development [1,25,26] and auxins like
TAA favored rhizogenic formations [24]. Our results have shown
that the addition of IAA in the medium has induced both shoots and
subsequent rooting.

BAP was reported to induce better shoot multiplication of Stevia
in vitro in several studies. However, this cytokinin can affect the
quality of in vitro regenerated plants. In our study, the incorporation
of BAP in the medium has induced fairly, short, and branched shoots
with compact callus at the base. On the contrary, the development
of comparatively longer multiple shoots with large-size leaves and
a higher number of internodes was obtained in plants grown on
PMO (without hormones) and PM5 (MS + 0.5 mg/L TAA). These
results are in agreement with Ben Mahmoud er al. [5] who have
stated that BAP-containing media gave stunted shoots with low
acclimatization rates. Similarly, Al-Taweel [27] have found that BAP
at 2.5 mg/L was more effective to encourage shoot proliferation,
but these shoots were very thin and vitrified, while in vitro plants
growing on control media were long with a higher number of leaves.
The effectiveness of the control (hormone-free medium) compared
with BAP and Kin for the development of shoots with significant
length and a high number of leaves was also reported by Hassanen
and Khalil [28].

It was clearly shown in this study, that MS medium with different
types and concentrations of PGRs has succeeded inducing shoot
proliferation from nodal explants of stevia. We have found that TAA
and KIN were the most suitable PGRs for multiple shoot regeneration
by continuous subcultures, and kinetin at 0.5 mg/L was more effective
to increase the multiplication rate. However, cytokinins stimulate the
cell division of plants and play a role in the release of lateral buds
dormancy, lateral growth of shoots, and control of the cell cycle
[29]. Several authors noted that KIN was more effective in stevia
multiplication [30], while BAP was reported to induce less shoot
proliferation and has stimulated calluses formation that has stopped

Figure 5: Morphological appearance of shoots of Stevia rebaudiana
multiplied by buds break of nodal segments cultured on PM0, PM1, PM2,
PM3, PM4, PM5, PM6, PM7, PM8, PM9, and PM10.

Figure 6: Effect of rooting medium on the quality of newly formed roots of
vitro plants cultured on M1, M2, and M3 media.

Figure 7: (a) Acclimatization of rooted in vitro plants, (b) in vitro propagated
Stevia plantlets ready for field transfer, and (c) establishment of in vitro grown
plant in the field.

the growth of shoots in repeated subcultures. These results are in
agreement with Al-Taweel [27] who have demonstrated that the use
of BAP has produced the maximum number of short, vitrified, and
very thin shoots, irrelevant to subculture completion and with Ibrahim
et al. [31] who have shown that the multiplication of S. rebaudiana
without BAP is better for producing normal vitro plants. On the
contrary, some researchers have observed that the addition of BA and
NAA to the MS medium is more effective for the multiplication of
axillary buds by repeated [32].

Regarding the rooting of stevia, our results showed that TAA at
0.5 mg/L induced a high mean number of roots (6.16 roots/shoots)
with no significantly different from control (M1) which regenerated
5.95 roots/plants. The longest roots (3.32 cm) were developed on
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Table 5: Effect of IAA and NAA on the rooting of shoot of Stevia rebaudiana in vitro.

Medium Composition % of root induction Number of roots/shoot Length of roots Days for rooting
G1 G2 G2 G1 G2

M1 Without hormones 92.5142.73¢ 81.87+5.8° 5.95+2.17 3.18+2.03 3.3240.65° 2.5+0.71° 7 days

M2 IAA (0.5 mg/L) 83.99+5.52° 68.78+8.55" 6.16+1.83 3.94+1.83 2.48+0.84% 1.78+1.37¢ 10 days

M3 NAA (0.5 mg/L) 61.24+1.55° 40.83+5.73¢ 5.3343.34 3.03+2.00 2.26+1.38° 1.36+0.95° 8 days

Values are mean + SD of twenty replicates. Means with the same letter are not significantly different from each other using Tukeys’ honest significant difference.

a hormone-free medium from the basal part of the shoot with no
callus formation; these roots were good enough for their successful
establishment in soil. These findings are in line with Hossain et al.
[33] who reported that /2 MS media without any hormone is the best
for shoot elongation. Several researchers [8,9,14,34] have mentioned
the effectiveness of IAA as a rooting hormone. Ben Mahmoud et al. [5]
noted that the vitro plants rooted on the MS medium with IAA showed
a more interesting rhizogenic induction compared to the control and
confirmed that the ability of plants to form roots on the MS medium
without growth regulators could be attributed to the plant richness in
endogenous auxins.

5. CONCLUSION

The successful tissue culture of S. rebaudiana affords a system that
is efficient for the multiplication of this valuable medicinal plant.
The best culture medium for multiplication and root formation was
found and large-scale production of stevia from nodal segments was
achieved. The protocol presented in this work allows the production
of thousands of clonal plants from a nodal explant by continuous
culturing shoot propagules over the course of 6 months. The
multiplication rate achieved in this work is significantly high to be
commercially significant for the mass production of S. rebaudiana
under local conditions. Finally, the selection of new varieties of stevia
with high levels of Rebaudioside A and without an aftertaste and their
multiplication on a large scale according to this protocol is essential.
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