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ABSTRACT
An efficient repeatable protocol has been developed
for rapid clonal multiplication of an endemic, perennial herb Stevia rebaudiana using juvenile axillary
buds from in vivo grown seedlings. MS basal medium
supplemented with BAP (8.88 µM) and NAA (5.37
µM) was found to be the most suitable medium for
initiation of shoots with 92% response. The repeated
subculture resulted in high-frequency shoot multiplication (9.82 ± 1.93) at the average rate of 3-fold per
subculture. The axenic multiple shoots were rooted
ex-vitro on horticultural grate soilrite mix-peat:perlite:vermiculate (1:1:1 v/v) with half strength MS
salts fortified with NAA (5.37 µM). The complete
plantlets were successfully established in soil with
86% survival frequency. The statistical analysis of the
data pertaining to multiple shoots and root formation
revealed significant difference between and within the
treatments.
Keywords: Stevia rebaudiana; Endemic; Axillary Bud;
Clonal Multiplication

1. INTRODUCTION
Stevia rebaudiana is a perennial herb, native to the highlands of Paraguay [1]. It belongs to the family Asteraceae
and it is one of the 154 members of the genus Stevia. S.
rebaudianais popularly known as sugar substitute, sweet
weed or sugar leaf. It is a natural alternative source to
traditional sugar (sucrose) obtained from sugarcane,
sugar-beet etc. [2]. The leaves of Stevia rebaudiana are
the source of the diterpene glycosides, stevioside and
rebaudioside, which are reported to be 100 - 300 times
sweeter than sucrose [3,4]. It is one of the important herb
for the mankind in response to today’s major health con*
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cerns like diabetes, hypertension, etc.
The cultivation of Stevia on commercial basis is done
by seed, stem cutting or division of mother plants in
green house during winter. The poor seed germination
rate and lower success of vegetative propagation by stem
cuttings coupled with requirement of enough stocks of
stem cuttings and higher labor inputs are the major limiting factors in its large scale cultivation [5-7]. A suitable
alternative method to obtain sufficient number of plants
within short time duration is the use of in vitro cultures.
Further, organ differentiation in plants is regulated by an
interplay of auxins and cytokinins [8]. A higher cytokinin-to-auxin ratio promotes shoot formation and the
synergistic effect of cytokinin and auxin ratio in the medium enhances the rate of multiplication [9]. The micropropagation of plants through axillary bud culture allows
recovery of genetically stable, elite true-to-type progeny
[10,11]. Stevia can form multiple shoots from nodal explants, which are convenient type of culture for multiplication on large scale. There are few reports of in vitro
clonal propagation of Stevia using leaf, nodal, internodal segments and shoot tips [2,12-17]. Hitherto, there
are no reports on high-frequency multiplication of shoots
followed by ex vitro rooting of Stevia. In this direction,
an attempt has been made in the present study to develop
a simple and economical regeneration protocol for rapid
rate of shoot multiplication followed by rooting ex vitro
thereby eliminating a step of in vitro rooting.

2. MATERIAL AND METHODS
Plant Material
Stevia rebaudiana Bertoni plants were collected from the
APD Horticulture Training Centre, Kothanur, Bangalore and planted in the garden of Kristu Jayanti College,
Bangalore. The juvenile axillary bud explants were collected from the 2 months old mature in vivo grown seedlings.
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3. EXPERIMENTAL PROCEDURE
3.1. Surface Sterilization
The axillary bud explants were surface sterilized by
washing thoroughly under running tap water for 10 min
and then immersed in 0.05% bavistine for 1 hour. Excess
of bavistine was washed thoroughly with distilled water.
The surface sterilized explants thus obtained were rinsed
in 70% alcohol for 30 seconds in LAF chamber, disinfected in 0.01% mercuric chloride (HgCl2) for 1 minute
and rinsed several times in sterile water to remove the
traces of HgCl2.

3.2. Culture Media and Growth Conditions
The sterilized axillary were cut into appropriate sizes
(0.8 - 1.0 cm) and were cultured on Murashige and
Skoog’s basal medium (MSBM) supplemented with different concentrations of BAP and NAA ranging from
(4.44 - 17.76 µM) and (2.68 - 10.74 µM) respectively to
study their response on initiation and multiplication of
axillary buds (Table 1). The cultures were maintained in
culture room at 25˚C ± 2˚C under 16/8 (light/dark cycle)
photoperiod and irradiance of 1000 lux provided by cool
white florescent lamps. The axillary buds from the proliferated shoots were sub-cultured repeatedly to obtain
large number of multiple shoots.
The well-developed multiple shoots were transferred
to culture bottles containing horticultural grade soilrite
mix-peat:perlite:vermiculate (1:1:1 v/v) with half strength
MS salts supplemented with different concentrations of
auxin -Naphthalene Acetic Acid (NAA), Indole Acetic
Acid (IAA) and Indole Butyric Acid (IBA) ranging from
2.68 - 10.74 µM; 2.85 - 11.40 µM and 2.46 - 9.84 µM
respectively (Table 2) to study their effect on ex vitro
rooting. The rooted multiple shoots were taken out from
bottle and transferred to pots containing tissue culture
grade soilrite mix-peat:perlite (3:1 v/v) without any adjuvants for profuse rooting and simultaneous acclimatization. The acclimatized complete plantlets were transferred to soil and their survival frequency was calculated.

4. STATISTICAL ANALYSIS
The experimental data of the present investigation was
analyzed statistically by one-way analysis of variance
(ANOVA) to determine the variation in the number of
multiple shoots and roots between and within the treatments (Tables 1 and 2). For each treatment 10 replicates
were used and each experiment was repeated thrice.

5. RESULT AND DISCUSSION
In the present study, in vitro regeneration of shoots from
the axillary buds of Stevia using different concentration
Copyright © 2013 SciRes.

Table 1. Effect of different concentrations of growth regulators
on initiation and multiplication of shoots from axillary bud
explants of Stevia rebaudiana.
Basal
media

BAP
(mg·l−1)

NAA
(mg·l−1)

MS

1.0

0

42

1.32 ± 0.17

MS

2.0

0

48

1.56 ± 0.19

MS

3.0

0

56

1.42 ± 0.19

MS

4.0

0

50

1.66 ± 0.22

Response No. of shoots/explants
(%)
X* ± SD

MS

1.0

0.5

56

1.82 ± 0.63

MS

2.0

0.5

52

2.42 ± 0.97

MS

3.0

0.5

48

3.36 ± 0.95

MS

4.0

0.5

44

2.04 ± 0.67

MS

1.0

1.0

62

3.80 ± 1.03

MS

2.0

1.0

92

9.82 ± 1.93

MS

3.0

1.0

84

6.18 ± 0.74

MS

4.0

1.0

68

4.22 ± 0.79

MS

1.0

1.5

42

2.50 ± 0.97

MS

2.0

1.5

48

3.16 ± 0.99

MS

3.0

1.5

86

5.58 ± 0.71

MS

4.0

1.5

54

2.88 ± 0.79

MS

1.0

2.0

46

2.90 ± 0.88

MS

2.0

2.0

44

3.20 ± 1.14

MS

3.0

2.0

56

3.82 ± 1.14

MS

4.0

2.0

72

4.42 ± 0.52

Anova Table (for no. of shoots/explant)
SV

MSS

Fcal ratio

Ftab value**

CD

36

1.89

44.99

1.59

0.36

8

0.04

DF

SS

Treatments

19

Error

180

Total

199

43

*

Note: Mean of 10 replications; **Significant F value @ 5% level.

and combination of BAP and NAA varied markedly. BAP,
a synthetic cytokinin, was tried as it the most useful, reliable and cheapest cytokinin and should be tested first
for a new system [8]. Further, NAA was tried of the various auxins available as IAA is least stable in the medium
and 2,4-D is avoided because of its strong tendency to
induce callusing. The shoot initiation from the axillary
bud was observed within 2 - 3 days of culture, which
developed 4 - 5 leaves after 10 days (Figure 1(a)) in all
the concentrations of growth regulators tried with varied
percentage of response (42% - 92%). The highest percentage of response was observed on MSBM fortified
with BAP (8.88 µM) and NAA (5.37 µM) whereas least
percentage of response was noticed on media supplemented with BAP alone and also on MSBM with BAP
(4.44 µM) and NAA (8.05 µM) (Table 1). The initiated
shoots elongated within 20 - 30 days of culture (Figures
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Table 2. Effect of different auxins on ex vitro rooting of in vitro
raised plants derived from axillary bud of Stevia rebaudiana.
Soilrite mix
(v/v)
Peat:
Perlite:
Vermiculate
(1:1:1)

Peat:
Perlite:
Vermiculate
(1:1:1)

Peat:
Perlite:
Vermiculate
(1:1:1)

Basal
media

1/2 MS

1/2 MS

1/2 MS

Concentration of
auxin (mg·l−1)

NAA

IAA

IBA

No. of roots/explants
X*  SD

0.5

2.74 ± 0.28

1.0

5.92 ± 0.24

1.5

3.08 ± 0.22

2.0

2.56 ± 0.29

0.5

2.14 ± 0.30

1.0

2.62 ± 0.21

1.5

3.06 ± 0.23

2.0

2.14 ± 0.22

0.5

2.28 ± 0.29

1.0

3.32 ± 0.21

1.5

2.76 ± 0.33

2.0

2.34 ± 0.28

Anova Table (for No. of roots/explant)
SV

MSS

Fcal ratio

Ftab value**

CD

26

2.37

34.63

1.67

0.79

7

0.07

DF

SS

Treatments

11

Error

108

Total

119

34

Note: *Mean of 10 replications; **Significant F value @ 5% level.

1(b) and (c)) which on repeated subculture produced
multiple shootsafter 30 - 40 days of culture (Figures 1(d)
and (e)). The statistical analysis of the data revealed that
there exist significant differences between and within the
treatment with respect to the number of shoots per explants. The highest number of multiple shoots (9.82 ±
1.93) was noticed on the same medium with highest percentage of response. Analysis of the results depicted that
fairly good number of multiple shoots was noticed on all
the medium that contained cytokinin/auxin ratio 2:1.
Hence, 5.58 ± 0.71 and 4.42 ± 0.52 with 86% and 72%
response was noticed on MSBM fortified with BAP
(13.32 µM), NAA (8.05 µM) and BAP (17.76 µM), NAA
(10.74 µM) respectively. Increased concentration of BAP
resulted in retardant plants of Stevia [18] and also low
concentration of cytokinin BAP with high concentration
of auxin NAA showed poor responseindicating that the
synergistic effect of cytokinin and auxin ratio of 2:1 is
ideal for good shoot proliferation. This agrees with the
findings of scientists who have reported 2:1 cytokinin/auxin ratio for shoot initiation and multiplication
[8,19]. However, MSBM with BAP (13.32 µM) and
NAA (5.37 µM) was an exception to the above findings
as 84% response with 6.18 ± 0.74 multiple shoots was
noticed in 3:1 cytokinin/auxin ratio. This enhancement in
the rate of multiplication is due to the synergistic effect
of cytokinin and auxin ratio in the medium. Similar obCopyright © 2013 SciRes.
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servations were made by scientist who have suggested
that to achieve high frequency of shoot multiplication it
is necessary to supplement cytokinin and auxin to the
culture medium [9]. However, the findings reported in
the present study is in contrast with the findings of scientists who have reported maximum shoot regeneration
from nodal segments of Stevia on MS medium supplemented with BAP alone [20,21].
Ex vitro rooting of axenic multiple shoots was achieved
on horticultural grade soilrite mix-peat:perlite:vermiculate (1:1:1 v/v) containing half strength MS salts with
NAA (5.37 µM) when compared to other concentrations
of growth regulators tried (Figure 1(f)). The statistical
analysis of the data depicted that highest number of roots
per plantlet (5.92 ± 0.24) in NAA (5.37 µM) and lowest
response (2.14 ± 0.22) in IAA (2.85 µM and 11.40 µM).
Similar results have been observed with NAA (8.05 µM)
[22], with NAA (5.37 µM) [23], with NAA (2.68 µM)
[20]. However, their results are underin vitro conditions
unlike our report, which is in ex vitro condition. Further,
the rooted plants were acclimatized in pots using tissue
culture grade soilrite mix-peat:perlite (1:1 v/v) without
any adjuvants. This technique eliminates a step of in
vitro rooting thereby reducing the overall cost of the micropropagated plants. Further, production of plantlets
with profuse rooting ex vitro is more important for transferring regenerants to soil. The ex vitro rooted plants
were established in soil with 86% survival frequency.

(a) Initiation of shoots; (b), (c) Elongation of shoots; (d) Formation of multiple shoots; (e) Healthy, elongated and robust multiple shoots; (f) Ex vitro
rooting of multiple shoots.

Figure 1. Rapid clonal multiplication using axillary bud of
Stevia rebaudiana.
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In conclusion, the protocol outlined in this paper for
micropropagation of Stevia is an economical, faster and
promising approach for large-scale multiplication that
can be utilized to obtain healthy elite, genetically identical clones of Stevia for commercial exploitation.
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