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In the present investigation, an attempt has been made to standardize a protocol for direct
shoot regeneration from leaf explants of Stevia rebaudiana. Among the combination of plant
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Introduction

Micropropagation offers many advantages over conventional
methods such as rapid multiplication of valuable genotypes,
expeditious release of improved varieties, the independence of
seasonal supply, germplasm preservation, and clonal uniformity —
all combine to increase the value of this technique [1].

Stevia botanically called as Stevia rebaudiana (also called
sweet leaf, or sugar lear) is a genus of about 150 species of
herbs and shrubs in the asteraceae family [2]. The herb is
nutrient rich, containing substantial amounts of protein,
calcium, phosphorus, sodium, magnesium, zinc, rutin, vitamin
A, vitamin C and other nutrients, yet has no caloric value [3].
Stevia has many favourable and exciting health benefits and it
is completely non-toxic. In 1931, two French chemists isolated
the glycosides that give Stevia is taste. These extracts were
named as stevioside, rebaudioside A, rebaudioside C and
dulcoside. Stevioside and rebaudioside induces insulin
secretion [4]. Besides, stevioside acts as anti-tumour agent
[5]. Stevia possess antifungal and antibacterial property also
in addition to its other versatile uses [6]. Stevia contain a
stevioside, a secondary metabolite responsible for the
sweetness and the leaf by itself is about 20 to 30 times
sweeter than sugar. Experiments proved that stevioside is 300
times sweeter than sucrose, apart from being a calorie free
sugar [7]. Hence, Stevia has been named as calorie free
“Biosweetener of high quality”. It is estimated that about 30
million Indians are presently suffering from diabetes and it is
estimated that by 2025 India’s contribution to the diabetic
global population would be a whooping 80 million. Therefore
the wave of ‘sugar free’ has become a welcome trend. Stevia
shows calorie free high potency sweetener, does not contain
calcium cyclamate, saccharin and aspartame and causes no
side effects [8]. As a response, many no-calorie synthetic
alternatives of sugar popularly known as artificial sweeteners
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have been discovered and replacing sugar in food and
beverage industry.

In the present investigation experiments were performed
to determine the role of different plant growth regulators on
direct shoot regeneration from field grown, in vitro derived leaf
explants of Stevia rebaudiana.

Materials and Methods
Collection of Plant material

The plants are collected from Suveda Ayurvedic
Pharmacy, P.V.Puram, Tirupati, Andhra Pradesh, India and
grown in the nursery of Department of Biotechnology, S.V.
University, Tirupathi, A.P., India.

Surface sterilization

Explants were washed thoroughly under running tap
water to remove the traces of dust etc. followed by treatment
with 10% teepol/tween-20 for 5 minutes. Then the explants
were sterilized in 70% ethanol for a minute, and finally with
0.01% Hgclz for 1-2 minutes and washed 3-4 times with sterile
double distilled water.

Culture medium

Leaf explants (0.5-1.0 cms) were inoculated on MS
medium [9] containing 3% sucrose and gelled with 0.8% agar
supplemented with different plant growth regulators such as
cytokinins (BA or BA-Kn) along with auxins (NAA or IAA or
IBA). The pH of the medium was adjusted to 5.8 before gelling
with agar and autoclaved for 20 minutes at 121°C for 15 Ibs
pressure.

Sub culturing
Subculturing was carried out at regular intervals of thirty
days. Visual observations of the cultures were taken for every
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transfer and the effects of different treatments were quantified
on the basis of percentage of cultures showing response.

Culture conditions

The growth room conditions maintained for in vitro
cultures were 26 £ 20C and 60-70% relative humidity, light
intensity was 3000 lux with a photoperiod of 18 hrs day light
and 6 hrs dark. Each experiment was conducted at least thrice
with 20 replicates per treatment

Results
Direct shoot organogenesis from leaf explants of field
grown plants of Stevia rebaudiana
Effect of cytokinins alone on direct shoot regeneration
After 10 days of incubation, enlargement of most of the
leaf explants was observed. Direct formation of shoots was
observed after three weeks from mid rib region or basal
petiolar region or apical region of the leaf. Plant growth
regulator BA alone without any combination of hormones also
induced shoots ranging from 1.4 — 3.1 with a shoot length
ranging from 1.25 — 2.30 cm. When kinetin alone was tested
for shoot initiation and elongation there was no formation of
shoots observed at the concentration of 0.5 mg/L and 1.0 mg/L
and very less number of shoots (1.9 + 0.40) was recorded at
2.0 mg/L with a mean shoot length of 2.85 + 0.10 cm (Table-
1).

Effect of auxins in combination with cytokinins on direct
shoot regeneration

BA along with kinetin and other auxins such as NAA, 1AA
and IBA showed increase in number of shoots. Kinetin when

used in the combination of BA and NAA showed good
response. The combinations of kinetin (0.5 — 2.0 mg/L), BA
(1.0 mg/L) and NAA (0.05 mg/L) were tested for shoot initiation
and elongation. The number of shoots formed was (5.2 — 8.9)
and shoot length ranges in between 1.25 - 255 cm. A
maximum number of (10.4 + 0.21) shoots were observed in BA
(1.0 mg/L), Kn (0.5 mg/L) and 1AA (0.1 mg/L) (Table-1; Figure-
1). The maximum shoot length (4.23 + 0.10) was obtained in
BA (2.0 mg/L), Kn (0.5 mg/L) and IAA (0.1 mg/L). The
combination of BA, Kn and NAA was also studied. This
combination also induced de novo shoot formation from leaf
explants of field grown plants. The second best concentration
observed was MS medium supplemented with BA (2.0 mg/L),
kinetin (0.5 mg/L) and NAA (0.1 mg/L) in which the second
highest number of shoots (8.1 + 0.35) was observed. BA (0.5 -
3.0 mg/L) in combination with kinetin (0.5 mg/L) and NAA (0.1
mg/L) induced mean number of shoots (4.0 — 8.1) with a mean
shoot length ranged from 1.74 — 2.25 cm. BA (0.5 - 2.0 mg/L)
in combination with kinetin (1.0 mg/L) and IBA (0.1 mg/L)
induced multiple shoots from leaf explants, where the mean
number of shoots ranged from 2.5 — 5.5 and mean shoot
length ranged from 1.4 — 2.30 cm . The combinations of BA
(0.5 — 2.0 mg/L), Kinetin (0.5 mg/L) and IAA (0.1 mg/L) were
also tested for their effect on direct organogenesis. The
number of shoots formed (5.5 — 10.4) and the shoot length (3.2
—4.23 cm) was recorded.

Among all the concentrations tested, combination of BA, Kn
and 1AA induced maximum number of shoots from field grown leaf
explants.

Table-1: In vitro direct multiple shoot organogenesis from leaf explants of field grown S. rebaudiana plants; Observation: after 4 weeks; values are
mean + SE of 20 independent determinations.

Plant growth regulator (mg/L)

Number of shoots / explant Shoot length (cm)

BA Kn NAA IAA IBA
05 - - - - - -
1.0 1.4 +0.62 1.25 +0.62
2.0 23+0.33 2.30+0.65
3.0 - 3.1+054 1.63+0.08
- 05 N -
1.0 - -

- 2.0 - 1.9+0.40 285+0.10
05 0.5 0.1 4.0+0.55 1.95+0.38
1.0 0.5 0.1 6.3+0.28 1.74 £0.50
2.0 05 0.1 8.1+0.35 2.25+0.62
3.0 05 0.1 - 7.6+0.07 205+0.19
05 0.5 - 01 55+0.65 390+0.24
1.0 0.5 01 104+0.21 3.2+0.62
2.0 0.5 - 0.1 6.2+0.72 4.23+0.10
1.0 0.5 0.05 6.0+0.89 1.92£0.33
1.0 1.0 0.05 8.9+0.42 255+0.90
1.0 2.0 0.05 - 52+0.71 1.25+0.38
05 1.0 - 01 25+0.64 14+0.10
1.0 1.0 01 55+0.33 2.30+0.65
2.0 1.0 0.1 3.8+0.92 1.95+0.24
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Table-2: Direct shoot oreganogenesis from leaf of in vitro regenerated S.rebaudiana plants; Observation: after 4 weeks; values are mean + SE of 20
independent determinations

Plant growth regulator (mg/L) Number of Length of
BA Kn NAA IAA shoots/ explant shoot (cm)
05 05 0.1 - 14.0 +0.66 1.90 +£0.55
1.0 05 0.1 - 19.5+0.20 2.63+0.32
2.0 05 0.1 - 28.7+0.84 1.65+0.40
1.0 - 0.05 - 12.1+0.92 2.05+0.63
2.0 - 0.05 - 15.4+0.35 1.95+0.22
0.5 1.0 - 0.05 14.8£0.15 3.30+0.55
1.0 1.0 - 0.05 10.6 +0.26 3.95+0.19

Table 3: Root organogenesis of in vitro derived shoot lets in MS half strength medium supplemented with various concentrations of auxins such as

IBA and NAA
Plant growth Mean number
Frequency Mean length

regulator (/L) of root formation (%) of roots / of root (cm) Callus
IBA NAA shoot
0.1 - 86 10.3 £0.66 3.06 £1.77 -
0.5 - 88 22.7+0.85 3.17+£0.08 -
1.0 - 96 28.0£0.50 3.76 £0.14 -
20 - 98 324+034 2.70£0.50 -
- 0.1 82 8.3+0.88 4.9+0.62 -
- 0.5 85 12.2+0.94 34+0.12 -
- 1.0 91 16.6 £ 1.20 2.53+0.08 o
- 2.0 94 15.6 £0.88 153 +0.26 ct

Observation: After 4 weeks; values are mean + SE of 20 independent determinations; C*- Poor callus; C* - Moderate callus, C*+* - high callus

Figune-1

Direct regeneration of shoats from leal explants

A, Shoot bud induction from keal axplant of finld grown plarts MS « BA (2.0 mg/L} (bar 1em
= 1.1 cm) B ME + BA (0.8 mgiL) = Kinetin (0.5 mg/L] * NAA (0.1 mgfL) (bar Tom = 1.3
cmj; C. M5 « BA (1.0 mgi) « Kinetin (1.0 mg/L) « IBA (0.1 mg/L) (bar tom = 0.8 o)

D. Shoot muitiplication from explant of in wino grown plants M3 + BA (1.0 mgiL) + Kinetin
(0.5 mg/L) + WAA (0.1 mgfL} (bas 1cm = 1.0 cm;

tn witro roat orga from shoots
E WS # IBA (0.1 mgi/L) {bar Tem = 1.2 em)
ng and of in witrs regen plants

F. Rogenerated plant in rood trainer (bar Tem = 2 em)

Effect of auxins in combination with cytokinins on direct

In vitro direct shoot regeneration from leaf explants of in shoot regeneration

vitro regenerated S. rebaudiana shoots
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The leaves which are excised from the in vitro
regenerated shoots of S. rebaudiana were successfully used
for the regeneration of plants and in vitro micropropagation of
S. rebaudiana.

BA (05 - 2.0 mglL) in combination with lower
concentrations of NAA (0.05 - 0.1 mg/L) or BA (0.5 — 2.0 mg/L)
in combination with kinetin (1.0 mg/L) and IAA (0.05 mg/L) was
used to produce the direct shoot regeneration from leaf of in
vitro regenerated S. rebaudiana plants and the results were
tabulated. BA (2.0 mg/L) with kinetin (0.5 mg/L) and NAA (0.1
mg/L) resulted in maximum number of shoots (28.7 + 0.84)
(Table-2; Figure-1). The maximum shoot length (3.95 + 0.19)
was observed in the combination of BA (1.0 mg/L), kinetin (1.0
mg/L) and IAA (0.05 mg/L). At lower concentrations BA
favoured the shoot length and as concentration of BA
increased the shoot length was decreased. It is evident from
the combinations of BA 2.0 mg/L with NAA 0.05 mg/L and BA
2.0 mg/L, Kn 0.5 mg/L and NAA 0.1 mg/L. The combination of
BA (0.5 — 1.0 mg/L) with kinetin (1.0 mg/L) when used with IAA
(0.05 mg/L) showed the reduced shoot number (10.6 — 14.8)
over the NAA (14 - 28.7).

Well developed shoots with a length of (3-5cm) were
excised and transferred to MS medium supplemented with
different concentrations of auxins such as IBA and NAA (0.1-
2.0 mg/l). In all the concentrations tried, exogenous supply of
auxins favoured the root formation and root primordial
appeared between 7-10 days of inoculation. High rooting
frequency (98%) with highest number of roots (32.440.34)
were obtained in IBA (2.0 mg/L) (Table-3 and Figure-1).

Acclimatization and hardening

Well rooted plantlets were separated from the culture
tubes, washed and transferred to polybags containing soil +
vermiculite in 1:1 ratio for hardening. Finally the hardened
plantlets were transferred to field conditions. Rooted shoots
showed the maximum percentage of survival.

Discussion

Growth and organogenesis in in vitro depends on the
interaction between endogenous growth substances and the
synthetic growth regulators which may be added to the
medium. The induction of direct shoot regeneration depends
on the nature of the plant organ from which the explant was
derived and is highly dependent on plant [10]. Leaf bits excised
from the leaf explants resulted in callus formation at cut ends.
Most of the media tested were induced shoot regeneration via
direct organogenesis and the primordia always regenerated
directly from the leaf without forming callus. After some days of
incubation, meristemoids differentiated from the abaxial
epidermal cells, which by further cell division gave rise to small
protrusions of tissue which gradually became green and
organized into a growing plant as described in Pathomorphe
umbellata [11].

The combination of cytokinin and auxin seems to have a
synergistic effect as cytokinins enhance cell division, stimulate
axillary bud and adventitious shoot proliferation and auxins
regulate cell elongation, tissue swelling and shoot expansion.
The effect of auxins and cytokinins on optimizing shoot
regeneration has been reported in several spices, such as
Catalpa ovata [12] Echinacea purpurea [13] and Kigelia
pinnata [14]. The effect of BA and IBA was studied earlier in
Platanus acerifolia wild [15] and Daphne georum [16]. The
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combined effect of BA and Kn on the direct adventitious shoot
development is well documented in Piper longum [17]. Direct
multiple shoot regeneration was obtained in Murraya koenigii
using the combinations of BA and IAA and kinetin with 1AA
[18]. Among all the concentration tested combination of BA, Kn
and IAA induced maximum number of shoots from leaf. These
results are in line with the observations reported in Lillium [19]
and Cajanus cajan [20]. Age of the excised leaves was the
major factor controlling morphogenetic potential as is also true
in Cleisostoma racimeferum [21]. According to the earlier
reports [22] the adventitious shoot regeneration from carnation
leaves obtained from green house grown plants is more
efficient than from leaves of in vitro grown plants. But in S.
rebaudiana more number of adventitious shoot formation were
observed in the in vitro grown plants when compared with the
field grown.

The differential response of field grown leaves and in vitro
grown leaves could be due to the varying concentrations of the
growth regulators used in the medium, endogenous levels of
growth regulators and explant type [23]. The morphogenic
potential of younger tissues is attributed due to more
physiological and biochemical activity [24].

Conclusion

Direct regeneration from leaf is another alternative step
for clonal propagation and germplasm conservation. Hence in
the present study an approach has been made to standardize
an efficient protocol for in vitro propagation of highly
commercial Stevia rebaudiana using leaf explants.
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