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Stevia rebaudiana, a medicinal plant normally used as a natural herbal sweetener, has documented
properties of antimicrobial, antihypertensive and anti-hyperglycemic and hence a boon to diabetic
people. An efficient protocol has been developed for the in vitro plant regeneration established from
nodal explants of stevia. Best shoot proliferation was observed when nodal explants were inoculated
on Murashige and Skoog (MS) medium supplemented with Kinetin (9.3 uM) and adenine sulphate (Ads)
40 mg/L. Proliferated shoots were transferred to rooting media having different concentration of a-n-
Naphthalene acetic (NAA) acid and Indole-3-butyric acid (IBA). Best rooting was observed with NAA 5.3
UM. The plantlets were successfully subjected to hardening media containing soil, soilrite and
vermiculite (2:1:1 w/w) and then rooted plant transferred to pots and acclimatized, which showed 65%

survival in the field with normal growth.
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INTRODUCTION

Stevia rebaudiana Bertoni (family: Asteraceae) is a
perennial herb and natural sweetener plant commonly
known as ‘Sweet weed’, ‘Sweet leaf’, ‘Sweet herbs’ and
‘Honey leaf’ which is estimated to be 300 times sweeter
than cane sugar (Chalapathi and Thimmegowda, 1997;
Liu and Li, 1995). The leaves of Stevia are the source of
diterpene glycosides: stevioside and rebaudioside
(Yoshida, 1986). The extracts of S. rebaudiana and
purified stevioside began to be utilized commercially for
sweetening and flavoring foods and beverages in Japan
in the mid 1970s, in order to substitute for several
synthetic sweeteners. Plant extract of Stevia have
important industrial uses in beverages, energizers as well
as medicinal uses such as low uric acid treatment,

vasodilator cardiotonic, anesthetic and anti-inflammatory.
Stevia is also helpful in treatment of hypoglycemia and
diabetes because it nourishes pancreas and thereby
helps to restore its normal function, and 35.2% fall in
normal blood sugar levels 6 to 8 h following the ingestion
of Stevia leaf extract (Soejarto et al., 1983; Oviedo,
1971).

Due to difficulties of growing Stevia, tissue culture
could be the only alternative for rapid mass propagation
of Stevia plants because seed of Stevia show very low
germination percentage and propagation by seeds does
not allow the production of homogeneous population
resulting in great variation in important feature like
sweetening level and composition; vegetative propagation
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is also limited by the low number of individuals obtained
from single plant (Miyazaki and Watanabe, 1974;
Nakamura and Tamura, 1985; Goettemoeller and Ching,
1999; Ferreira and Handro, 1988). Adenine sulphate acts
as a precursor for natural cytokinin synthesis or
enhances natural cytokinin biosynthesis; the compounds
produced could be more effective in causing the
physiological response than the cytokinins added to the
Murashig and Skoog (MS) culture medium. The benefits
of adenine are often only noticed when it is associated
together with cytokinins such as benzylaminopurine
(BAP) or kinetin (Van Staden et al., 2008). Our results
suggest that kinetin, in combination with Ads, improves
the process of organogenesis. The purpose of the
present study was to optimize an in vitro plant
regeneration system on the basis of the effect of adenine
sulphate with different growth regulators: kinetin, BAP
and a-n-Naphthalene acetic (NAA) for the mass
propagation of Stevia which has high demand in the
pharmaceutical industry and Indian System of Medicine.

MATERIALS AND METHODS
Plant

The twigs (about 5 to 6 cm) of pot grown S. rebaudiana plants were
collected from the polyhouse at Sam Higginbottom Institute of
Agriculture, Technology and Sciences (SHIATS), Allahabad.

Explant sterilization

The twigs with node explants were washed in running tap water and
then washed again thoroughly by adding a few drops of Tween-20
to remove the superficial dust particles as well as fungal and
bacterial spores. Explants were sterilized with 0.1% mercuric
chloride for 4 min followed by rinsing for five times with sterile
double distilled water.

In vitro culture condition and germination

Sterilized nodal segments (with a single axillary bud) about 0.8 to
1.0 cm were prepared aseptically and were implanted vertically on
MS medium (Murashige and Skoog, 1962) fortified with specific
concentrations of growth regulators 6-benzylaminopurine (BAP),
kinetin and NAA singly or along with Ads as additive. The medium
was gelled with 8 g/L agar and supplemented with 30 g/L sucrose.
The pH was adjusted with 1 N NaOH and 1 N HCI at 5.8 before
autoclaving. The cultures were incubated at 25 + 2°C under 16 h
light and 8 h dark photoperiod provided by cool white fluorescent
tubes with 3000 lux intensity and relative humidity 72 to 75%.
Subcultures were done every 15 days interval. Nodal segments
from the proliferated shoots were subcultured again after 20 days
for further multiple shoot induction. Regenerated multiple shoots
were cut and individual shoots were placed on MS medium
containing different concentrations of IBA and NAA for root
induction. After development of sufficient roots, the plantlets were
gradually pulled out from the medium and were subjected to
hardening using foam cups with polythene cover. Medium for
hardening methods was different combinations of soil, soilrite and
vermiculite supplemented with half strength MS liquid medium
(without organics) twice a week, cultures were kept under the same
controlled photoperiod and temperature. Hardened plantlets were

Figure 1. Shoot initiation from nodal explant of
S. rebaudiana after 2 weeks.

allowed to be transferred in a polyhouse for 30 days, then
hardening plants were transferred to the field and plants were
survived with normal growth and morphology.

Statistical analysis

The statistical analysis was performed using one-way analysis of
variance (ANOVA) and the significance of differences among
treatment means were contrasted with Tukey’s Honestly Significant
Difference Test (HSD) at P < 0.05.

RESULTS

Nodal explant showed emergence of shoot buds within 7
days after inoculation on MS media supplemented with
MS, kinetin (9.3 uM), NAA (0.5 mg/L) and Ads (40 mg/L)
(Figure 1). In the present investigation, Ads showed a
marked improvement in shoot multiplication rate and
emergence of shoot bud of S. rebaudiana. Proliferated
nodal explants were subcultured for 25 to 30 days on MS
media. To examine the effect of adenine sulphate on
shoots proliferation the MS media was supplemented
with or without kinetin. Profuse multiplication of shoot
after 50 to 55 days, with maximum numbers of shoots (65
shoots/explant) with increased shoot length were
produced on MS media supplemented with kinetin (9.3
puM) and Ads (40 mg//L) (Figure 2) whereas, MS media
containing kinetin (9.3 uM) and Ads (10 mg/L) produced
the minimum number of shoots (10 shoots/explant)
(Table 2 and Figure 3). MS media containing kinetin
alone (9.3 pM) produced 25 shoots per explant (Table 1).
Adenine sulphate was also added along with kinetin and
NAA, the best response (30 shoots/explant) was observ-
ed on MS, kinetin (9.3 pM), NAA (5.3 uM) and adenine



Khan et al. 545

Table 1. Effect of different concentrations of kinetin on shoot multiplication of s. rebaudiana.

Kinetin (mg/L)

Average no. of shoots

Average length of shoots (inches)

0.5 4
1.0 6
1.5 14
2.0 25
25 18
3.0 8
F-test S
SD (%) 1.139
CD at 5% 2.425

2.2
2.4
2.9
4.8
3.7
3.1
S
0.177
0.378

Data represent average number of shoots per explant and average length of shoots in three

experiments with three replicates in each.

Figure 2. Multiple shoot proliferation in S.
rebaudiana when cultured on MS with 9.3 uM
and adenine sulphate 40 mg/L.

sulphate (40 mg/L) (Table 3).

When adenine sulphate was added along with kinetin
and BAP, the best response (8 shoots/explant) was
observed on MS, kinetin (9.3 pM), BAP (22.2 pM) and
adenine sulphate (40 mg/L) (Table 4). For rooting of 25 to
30 days old, proliferated shoots were transferred to
rooting media having different concentration of NAA (5.3,
8.1 and 10.7 uM) and IBA (4.9, 9.8 and 14.7 pM). The
best rooting with the maximum lengths of roots was
observed with NAA 5.3 uM (Table 5 and Figure 4). The
60 to 65 days old plantlets were successfully subjected to
hardening media containing soil, soilrite and vermiculite
(2:1:1 w/w) showed the maximum survival percentage in
the foam cups for 10 to 15 days (Table 6 and Figure 5)
and then transferred to pots and grown at 25 to 30°C and
75 to 80% relative humidity. About 70 to 75% of plantlets
were survived in the hardening procedure. These plants

Minimum  number of shoot

Figure 3.
regeneration.

were then transferred to the field and after 30 days, 65%
plants were survived with normal growth and morphology.

DISCUSSION

In the present study, nodal explant from Stevia plants
were inoculated on MS media supplemented with
different concentrations of kinetin, NAA and Ads for shoot
bud initiation. The early study reported that kinetin in
combination with Ads are known to improve organo-
genesis (Gatica et al.,, 2010). Nodal explant of Stevia
placed on MS medium containing 1.0 mg/L BAP or IBA
0.05 mg/L for shoot bud initiation (Laribi et al., 2012). The
natural and synthetic purine cytokinins are degraded to
adenine sulphate and related nucleotides; therefore, the
addition of Ads to the medium may retard the degradation
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Table 2. Combined effect of different concentration of adenine sulphate with Kinetin on shoot

multiplication of s. rebaudiana.

. Adenine Average No. of Average length of
Kinetin (mg/L) sulphate (mg/L) shgoots shoo?s (incghes)
2.0 10 30 4.5
2.0 20 34 4.5
2.0 30 40 5.0
2.0 40 62 8.0
2.0 50 51 6.5
2.0 60 35 5.0
F-test - S S
SD (%) - 1.401 0.194
CD at 5% - 2.984 0.414

Data represent average number of shoots per explant and average length of shoots in three

experiments with three replicates in each.

-
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-

Figure 4. Root induction from isolated shoot.

of cytokinins by feed-back inhibition or by competing for
the enzyme systems involved in cytokinin metabolism
(Van Staden et al., 2008). Data presented in Table 2 and
Figure 2 indicates that, the concentrations of Ads 40
mg/L improve the multiplication rate (number of
shoot/explant) and length of the shoot when added in
combination with kinetin. However, MS media containing
kinetin alone did not improve the multiplication rate
(Table 1). Adenine sulphate, adenosine and adelynic acid
show cytokinin activity and therefore are applied to
different culture medium in order to improve growth or to
reinforce the response normally attributed to cytokinin
action (Gatica et al., 2010).

Adenine sulphate also stimulates somatic embryoge-
nesis and caulogenesis, induces the proliferation of

axillary shoots in shoot cultures and promotes
adventitious shoot formation indirectly from calli or
directly from explants and the benefits of Ads are often
only noticed when it is associated together with
ammonium nitrate or with cytokinins such as BAP or
kinetin (Van Staden et al., 2008). Shoot multiplication
also observed MS media supplemented with kinetin, NAA
and Ads whereas kinetin, BAP and Ads resulted in lower
number of shoots per explant (Tables 3 and 4),
respectively). BAP and Indole-3-acetic acid (IAA)
combination was superior for induction of shoot bud
multiplication from nodal explant of Stevia (Thyagarajan
and Venkatachalam, 2012). The combination of 13.3 uM
BA, 61.8 yM Ads and 8.0 uM NAA in MS basal medium
showed enhanced shoot multiplication (Dubey et al.,
2006). Shoot tips showed better response for shoot
proliferation than nodal segments of S. rebaudiana as
explants.

MS media in half and full strength were equally effec-
tive in shoot proliferation. BA (1.0 mg/L) was superior to
all other hormonal treatments for shoot proliferation
(Hossain et al., 2008). The medium was supplemented
with 1.0 mg/L NAA and 4.0 mg/L BA recommended for S.
rebaudiana plant regeneration (Suarez and Salgado,
2008). As shown in Table 5 and Figure 4, root induction
from proliferated shoot were transferred onto MS media
supplemented with different concentration of NAA and
IBA. Similarly, the proliferated shoots were individually
separated and transferred to rooting media consisting of
MS basal medium supplemented with different concen-
trations of NAA (Sharma et al., 2012). Rooting of the in
vitro derived shoots of Stevia could be achieved following
subculture in auxin containing medium and root also
optimized on MS medium with IBA 2 mg/L (Sivaram and
Mukundan, 2003; Taware et al., 2010). The well rooted
plants were transferred into foam cups containing diffe-
rent combination of soil, soilrite and vermiculite (Table 6
and Figure 5). The rooted plantlets of Stevia were
hardened in 2:1:1 ratio of sand: soil: vermicomposite
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Figure 5. Hardening media containing soil, soilrite and vermiculite (2:1:1
w/w).

Table 3. Combined effect of different concentration of adenine sulphate with Kinetin and NAA on
shoot multiplication of S. rebaudiana.

Kinetin NAA Adenine sulphate Average No. of  Average length of
(mg/L) (mg/L) (mg/L) shoots shoots (inch)
2.0 1.0 40 30 5.0
2.0 1.5 40 24 4.8
2.0 2.0 40 19 4.5
2.0 2.5 40 16 4.5
2.0 3.0 40 11 3.0
2.0 35 40 9 24
F-test - S S
SD (4) - 0.981 0.152
CD at 5% - 2.090 0.323

Data represent average number of shoots per explant and average length of shoots in three experiments
with three replicates in each.

Table 4. Combined effect of different concentration of adenine sulphate with Kinetin and BAP on
shoot multiplication of s. rebaudiana.

Kinetine BAP Adenine Average No.of  Average length of
(mg/L) (mg/L)  sulphate (mg/L) shoots shoots (inches)
2.0 1.0 40 3 15
2.0 2.0 40 4 2.0
2.0 3.0 40 6 2.5
2.0 4.0 40 6 2.0
2.0 5.0 40 8 35
2.0 6.0 40 8 29
F-test S S
SD (3) 0.882 0.125
CD at 5% 1.878 0.266

Data represent average number of shoots per explant and average length of shoots in three
experiments with three replicates in each.
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Table 5. Effect of different concentration of NAA and IBA on rooting of S. rebaudiana.

Growth regulators (mg/L)

Growth response

S. No NAA IBA Percent Average No. Mean length of
rooting of roots roots (cm)

1 1.0 1.0 40 5 2
2 1.5 2.0 45 8 3
3 2.0 3.0 60 10 5
4 1.0 - 80 15 7
5 15 - 65 12 5
6 2.0 - 55 8 3
F-test - - S - -
SD (+) - - 1.674 - -
CD at 5% - - 3.349 - -

Data represent percent rooting, average number of roots per shoots and mean length of roots in
three experiments with three replicates in each.

Table 6. Survival percentage of micro shoots using different substrates for hardening.

S. No Soil composition for hardening (w/w) Percentage of survival
1 Soil + Soilrite (1:1) 10
2 Soil + Soilrite (2:1) 30
3 Soil + Vermiculite (1:1) 45
4 Soil + Soilrite + Vermiculite (2:1:1) 75
5 Soil + Soilrite + Vermiculite (2:2:1) 50
6 Soil + Soilrite + Vermiculite (2:2:2) 30
7 Soil + Soilrite + Vermiculite (1:2:2) 10
F-test S
SD (#) 1.401
CD at 5% 2.984

Data represent average percentage of survival of three experiments with three replicates in

each.

were successfully established in soil (Sairkar et al.,
2009). Hardened plants showed vigorous and uniform
growth in the field similar to mother plants.

Conclusion

The present study demonstrates a simple and efficient
method for high frequency direct shoot regeneration from
nodal explants of S. rebaudiana. The system is rapid and
maximum of shoots (65 shoots/explant) with increased
shoot length were produced on MS media supplemented
with kinetin (9.3 pM) and Ads (40 mg/L). Proliferating
shoot cultures were established by repeatedly
subculturing the nodes on the same medium. Maximum
rooting occurred in shoots cultured on half strength MS
medium supplemented with 5.3 pM NAA.
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