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ABSTRACT
Stevia rebaudiana is native plant of tropical climate of Brazil and Paraguay. Its leaves produce a sweetener- stevioside
which is 150-300 times sweeter than cane sugar. An attempt is made to grow this plant in hot semi arid climate of Lahore
region of Pakistan through tissue culture technique. A completely randomized design was used for the experiment with
three replicates. The data was analyzed by applying one way ANOVA and the treatments’ means were compared for
significance by Duncan’s New Multiple Range (DMR) test at 0.05% P. MS media supplemented with different
concentrations of BAP (0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mg/l), kinetin (0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mg/l) and combination
of BAP and kinetin were used and BAP 1 mg/l proved to be the better micropropagating medium for Stevia rebaudiana
as compared to other media. Whilst rooting of micro shoots of the Stevia gave the best response in MS+ IBA 0.4 mg/l.
then these mericlones were hardened in green house in different soil mixtures among which the best mixture was sand,
clay and vermicompost in the ratio of 1:1:1 with 85% survival rate. These semi hardened plants were then shifted to
larger pots and open field of hot semi arid climate of Lahore and developed successfully.
Key words: Stevia, BAP, honey crop, sweetener, stevioside.

INTRODUCTION

Stevia rebaudiana is a plant native to the
tropical climate of Brazil and Paraguay where average
annual rainfall is 1500-1800 mm and that of temperature
tolerance range is -6 to 43˚C. But it also shows better
results in fertile fields when grown as a crop (Oddone,
1999).
Present work was carried out to establish this
important crop in Pakistan. As this plant, with very poor
seed germination rate, is not native to Pakistan, so tissue
culture technique was used to establish the crop here in
hot semi-arid climate of Lahore, Pakistan, where annual
rain fall is less than 500 mm and average temperature is
greater than 20˚C (Khan and Jamil, 2010).

With increasing awareness of the common man
about obesity, diabetes and heart diseases, people are
becoming more and more conscious about the use of
sucrose in their daily meals. As a result, demand of non
caloric sweetener is increasing day by day (Pinhiero and
Oliviera, 2005).
Non caloric sweetener are of two types i.e.,
natural sweeteners and artificial sweeteners. However
disadvantages overweigh the advantages of these
sweeteners as artificial sweeteners like aspartame can
cause cancers. Similarly patients of phenylketonuria
cannot use aspartame in their diet due to the formation of
phenylalanine during its metabolism (Butchko et al.,
2001). Saccharin is considered to be associated with
bladder cancer (Pearson, 2001). Cyclamate has a major
metabolite, cyclohexylamine, which causes testicular
atrophy and at high doses, it has unwanted cardiovascular
effects (Bopp and Price, 2001). In such circumstances
Stevia rebaudiana may be considered as the best
alternative of sugar cane as it produces stevioside which
is 150-300 times sweeter than sucrose and non caloric in
nature without any harmful effects (Dacome et al., 2005).
Stevioside can be used in baking at temperatures
where other artificial sweeteners show browning. It is
stable on wide range of temperatures and pH (Brandle
and Rosa, 1992). It has longer shelf life as it acts against
food deteriorating bacteria e.g., E. coli. It also shows
anticancer, anti-hyperglycemic and anti-hypertension
activity etc (Jeppeson et al., 2000; Kedik et al., 2003).

MATERIALS AND METHODS
Shoot tips of Stevia rebaudiana plants were
taken from the green house of Lahore College for
Women University, Lahore, Pakistan, to be used as
explants for the tissue culture purposes. These explants
were first washed with the running tap water and treated
with household detergent to remove the dust particulates.
Then explants were washed with tap water to remove the
detergent. The explants were then treated with 20%
sodium hypochlorite solution for 15 minutes. In next step,
explants were washed with autoclaved water to remove
the traces of the sodium hypochlorite. After completing
the sterilization process, the explants were inoculated in
different MS media formulations for micropropagation.
At the end, plants were shifted to different mixtures of
soil, sand and manures, to check the percentage survival
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rate. Fully grown plants were then shifted to the field.
The experiment was planned under completely
randomized design (CRD) with six treatments with five
replication.
Explants of shoot apical meristem were
inoculated in solid MS media (Murashige and Skoog,
1962) supplemented with cytokinins i.e., BAP (0.5, 1.0,
1.5, 2.0, 2.5 and 3.0 mg/l), Kin (0.5, 1.0, 1.5, 2.0, 2.5 and
3.0 mg/l) and combinations of BAP 1 with Kin 0.5, 1.0,
1.5, 2.0, 2.5 and 3.0 mg/l. The pH of media was set at
5.4-5.7 for all experiments and then media containers
were solidified with phytagel at concentration of 1.5 g/l.
Each time when medium was formulated, it was sterilized
by autoclaving at 121°C and 15 lbs/Inch2 pressure for 20
minutes. Cultures of Stevia rebaudiana were maintained
in culture room under controlled conditions with
fluorescent light having 2200 lux light intensity,
temperature range of 22°C ± 2 with 16 hour light and 8
hour dark period in every 24 hour cycle. The data were
recorded for 1) days for multiple shoot formation, 2)
number of shoots per explant, 3) shoot length and 4)
number of nodes per cm of the shoot length of the plant.
Then these in vitro grown micro shoots were
transferred to the rooting medium (MS+ different
concentrations of Auxins, NAA, IBA and IAA in
concentration of 0.2, 0.4, 0.6, 0.8 and 1.0 mg/l. In the
next step, rooted in vitro plants or mericlones were
transferred into pots containing different soil
combinations for hardening. Potted plants were brought
out from green house into open sun light after four weeks
of hardening and finally seventy plants were shifted into
the field for further growth and ten out of them were used
to record the growth parameters.
The data thus generated were analyzed through
one way analysis of variance (ANOVA) and the
treatments’ means were compared for significance by
Duncan’s New Multiple Range (DMR) test at 0.05% P
using SPSS computer software. (Duncan, 1955)

2), in which somehow better results were shown by MS+
BAP 1mg/l +kin 1mg/l with least number of days to show
initiation of multiple shoots from the explant (14.0±0.13),
MS+ BAP 1mg/l+ Kin 2 mg/l with maximum number of
shoots per explant (22.4±1.00) and MS+ BAP 1mg/l+
Kin 0.5 mg/l with maximum shoot length per explant
(6.54±0.13 cm) and maximum number of nodes per cm
of the plant (5.52±0.05). But as a whole, result was not
better than MS+ BAP 1mg/l.
Hwang, (2006) used combination of IAA 2mg/l
and Kin 0.5mg/l for optimizing micropropagation of
Stevia rebaudiana. Ibrahim et al., (2008) obtained
maximum number of shoots in MS+ BAP 2mg/l. They
showed that kinetin gave best results at concentrations of
10mg/l but in present study kinetin showed response at
quite lower concentration i.e., 2 mg/l. Similarly Debnath,
(2008) concluded that Stevia rebaudiana explants gave
maximum number of shoots with MS+ BAP 2 mg/l+ IAA
1.13 mg/l. Hossain et al., (2008) also concluded that MS+
BAP 1 mg/l as the best medium for the micropropagation
of Stevia rebaudiana on the basis of days to shoot
initiation, shoot length, number of multiple shoots and
number of microcuttings per culture. Sairkar et al.,
(2009), found better micropropagation method of Stevia
rebaudiana with MS+ BAP 3.5 mg/l.
Cytokinins in fact determine the regeneration
response in the explants (Schmulling, 2004) and enhance
the number of meristematic cells as well as the cell
division rate. Cytokinins are also involved in the function
of certain enzymes, so having a vital role in the
metabolism of plants (Ali et al., 2007). So Cytokinins
promote plant growth by inducing active cell growth.
These cytokinins bind to the high affinity binding
proteins (Histidine kinases) which reside in the plasma
membrane and thus form a signal transduction cascade
which convey signal to the nucleus by two pathways
(Schmulling, 2004). One of which is through histidine
aspartame phospho/dephosphorylation or by guanine
nucleotide binding and subsequent hydrolysis, thus
causing transcription of specific genes which are
involved in the synthesis of specific proteins (Cyclins)
which are responsible for G1/S transition in cell cycle
(Ding et al., 2009) .
Microshoots developed from the experiment
were inoculated in the different rooting media containing
different concentrations of NAA, IBA and IAA. Table 2
depicts the results of rooting experiment that explant took
least days (6.14±0.27) to initiate roots in MS+ IBA 0.4
mg/l. This medium also produced maximum number of
roots per explant (4.54±0.14) with maximum root length
(10.9±0.24 cm).
Different scientists, who worked on rooting of
Stevia plants, used different concentrations of Auxins,
like Rafiq et al., (2007) used different concentrations of
NAA and IBA but concluded that MS+ NAA 0.5 mg/l to
be the right medium for rooting of the plant . But Ahmed

RESULTS AND DISCUSSION
Shoot tips of Stevia rebaudiana were inoculated
on different concentrations of cytokinins (i.e., BAP,
Kinetin and their combinations) for the purpose of
micropropagation. Table 1 depicts that the best results
were obtained in case of MS+ BAP 1mg/l on the basis of
days to shoot initiation (7.92±0.03) shoot length
(8.48±0.17 cm) and number of nodes (6.74±0.32).
Number of nodes is an important parameter studied to
evaluate the efficiency of micropropagation method for
Stevia rebaudiana as it determines the number of leaves
per cm of the plant length. In turn leaves are the factory
site for stevioside synthesis (Megejii et al., 2003).
Maximum number of shoots was obtained from MS+
BAP 3mg/l. As MS+ BAP 1mg/l gave the best results, it
was used with different concentrations of Kinetin (Table
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et al., (2007) reported that IAA at concentration of 0.1
mg gave maximum number of roots per explant. Hossain,
(2008) reported that NAA 1.5 mg/l with full strength MS
was better for rooting.
Auxin control of multiple activities is due to its
control over cell division, cell elongation and cell
differentiation (Davies, 2004). Auxins are taken up by the
cells through pH trapping or by influx carrier proteins
(Delberre et al., 1998). Auxin signal is perceived right in
the heart of the nucleus (George et al., 2006). Auxins
control the transcription of some genes in the nucleus
which in turn control the cell wall elongation (Dharmasiri
et al., 2005).
Table 3 shows the hardening experiment of
tissue cultured grown Stevia rebaudiana mericlones in
green house level. All the plants which survived were
successfully transferred to the large pots and field on
canal bank near Multan Road, Lahore, Pakistan.
Experimental data showed that a mixture of sand clay and
vermicompost in ratio of 1:1:1 proved to be better with
85% survival rate and afterwards giving better shoot
length values after two and four weeks (5.20±0.05 cm)
and (15.40±0.24 cm) respectively.

Sairkar et al., (2009), Patel and Shah, (2009),
Ahmed et al., (2007), Rafiq et al.,(2007), Macchia et al.,
(2003) reported only 78%, 63%, 70%, 83%, 80% survival
rate for Stevia rebaudiana plantlets respectively. Hwang,
(2006) was successful to get 98.6% survival rate of Stevia
plants in Korean climate in soil.
Addition of compost in mixture improves the
drainage while maintaining the water holding capacity of
the soil and interrupts the aggregation of the clay
particles so that the soil has a more granular structure. It
helps maintain the soil's porosity so that air and water can
move freely through the soil and makes the sticky soil
more friable or workable. It reduces the bulk density of
the soil helping it resist compaction and also helps the
roots to penetrate in the soil.
The results obtained in the present study could
be highly significant. This efficient and reliable plant
regeneration system via micropropagation system can be
exploited for improvement in yield and productivity
through genetic transformation and other cellular
techniques. The establishment of mericlones in semi arid
environment also is a step forward for establishment of
this exotic plant in Pakistan.

Table 1: Effect of different cytokinins on shooting of Stevia rebaudiana
Hormone

Treatment
(mg/l)

Days to shoot
initiation

MS+BAP

0.5
1.0
1,5
2.0
2.5
3.0
0.5
1.0
1,5
2.0
2.5
3.0

10.4e±0.46
7.92f±0.03
10.1e±0.21
10.0e±0.06
12.6d±0.36
14.8c±0.47
16.9a±0.29
14.8c±0.33
13.4cd±0.61
9.16e±0.19
12.6d±0.78
15.7ab±0.17

MS+Kinetin

Number of
shoots per
explant
7.92e±0.51
15.0d±0.30
21.2c±0.66
26.2b±0.33
27.4b±0.67
35.4a±0.61
1.14h±0.07
3.68g±0.27
3.36g±0.17
4.18g±0.09
6.34f±0.14
6.68ef±0.61

Shoot length
(cm)
4.16de±0.09
8.48a±0.17
6.30c±0.25
6.00c±0.21
4.24de±0.11
3.00e±0.17
1.16g±0.061
2.10g±0.08
4.58d±0.32
7.06b±0.11
2.28f±0.09
1.02h±0.09

Number of
nodes per
branch
2.34ef±0.19
6.74a±0.32
4.50b±0.15
3.54cd±0.16
3.04de±0.07
1.88fg±0.13
1.30g±0.10
1.54g±0.05
2.26efg±0.13
4.08bc±0.09
3.62bc±0.16
2.40ef±0.14

No. of test tubes cultured = 10, each value is mean of five replicate with standard error (mean ± S. E). Means within a column not
sharing a common superscript differ significantly (P<0.05) according to Duncan’s multiple range test.

Table 2: Effect of different combinations of cytokinins on shooting of Stevia rebaudiana
Hormone

MS+
BAP + Kin

treatment
(mg/l)
1.0+0.5
1.0+1.0
1.0+1.5
1.0+2.0
1.0+2.5
1.0+3.0

Days to shoot
initiation
17.8bc±0.18
14.0e±0.13
15.6d±0.36
16.8cd±0.20
18.7b±0.40
20.6a±0.73

Number of shoots
per explant
10.8cd±0.95
12.1c±0.63
18.2b±0.33
22.4a±1.00
15.8b±1.18
8.40d±1.43

Shoot length
Cm
6.54a±0.13
6.24a±0.12
4.48b±0.14
3.30c±0.04
3.40c±0.09
2.36d±0.07

Number of nodes
per branch
5.52a±0.05
4.26b±0.73
3.48c±0.26
2.84cd±0.19
2.46d±0.21
0.98e±0.25

No. of test tubes cultured = 10, each value is mean of five replicate with standard error (mean ± S. E). Means within a column not
sharing a common superscript differ significantly (P<0.05) according to Duncan’s multiple range test
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Table 3: Effect of different auxins on rooting of Stevia rebaudiana
Treatment
(mg/l)
0.2
0.4
0.6
0.8
1
0.2
0.4
0.6
0.8
1
0.2
0.4
0.6
0.8
1

Hormone

MS+NAA

MS+IBA

MS+IAA

Days to root
initiation
15.5de±0.16
14.4e±0.45
14.0e±0.28
13.8e±0.41
17.5c±0.32
15.2de±0.05
6.14g±0.27
10.9f±0.84
7.72g±0.20
9.38f±0.60
23.2a±0.67
21.4b±1.09
18.0c±0.49
16.7cd±0.32
20.0b±0.48

Number of roots
per explants
2.14e±0.06
2.64cd±0.16
2.94cd±0.04
3.24bc±0.04
3.72b±0.05
3.36b±0.13
4.54a±0.14
4.36a±0.15
3.90ab±0.05
4.12ab±0.09
1.94e±0.05
2.18e±0.10
2.32de±0.18
3.24bc±0.17
3.08d±0.24

Root length
Cm
1.10i±0.29
6.20d±0.64
9.10b±0.36
10.5a±0.42
6.38d±0.20
8.72b±0.23
10.9a±0.24
9.18b±0.09
8.26bc±0.11
7.24c±0.18
2.06hi±0.06
2.56gh±0.18
3.14g±0.08
4.16f±0.07
4.34e±0.22

No. of test tubes cultured = 10, each value is mean of five replicate with standard error (mean ± S. E). Means within a column not
sharing a common superscript differ significantly (P<0.05) according to Duncan’s multiple range test

Table 4: Effect of different combinations of soil and manure on hardening of Stevia rebaudiana
Sr. #
Mixtures
1
2
3
4
5
6
7
8
9
10
11
12

sand
1
0
0
0
1
1
1
0
0
1
0
1

Treatments
vermi-compost
0
0
1
0
0
1
0
1
1
1
1
1

clay
0
1
0
0
1
0
0
1
0
1
1
1

Leaf manure
0
0
0
1
0
0
1
0
1
0
1
1

percentage
survival
30.67%
30.11%
49.93%
44.67%
50.17%
53.00%
60.00%
76.10%
34.97%
85.00%
63.80%
80.00%

Shoot length (cm)
After 4 weeks After 8 weeks
6.03f±0.03
06.20j±0.05
e
7.07 ±0.05
07.40i±0.05
cd
8.30 ±0.12
13.20f±0.12
d
8.00 ±0.04
14.30e±0.07
d
8.17 ±0.07
08.87h±0.06
bcd
8.43 ±0.05
14.20e±0.12
abc
9.00 ±0.05
15.80d±0.13
abc
9.00 ±0.07
19.57b±0.24
ef
6.43 ±0.24
11.03g±0.03
a
9.80 ±0.05
23.40a±0.24
ab
9.20 ±0.05
15.96d±0.07
bcd
8.37 ±0.11
18.20c±0.12

No. of test tubes cultured = 10, each value is mean of five replicate with standard error (mean ± S. E). Means within a column not
sharing a common superscript differ significantly (P<0.05) according to Duncan’s multiple range test
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Fig A to H: Illustrating micropropagation and hardening stages of Stevia rebaudiana
A)
B)
C)
D)
E)
F)
G)

Explant
Vigorous growth in MS+ BAP 1 mg/l
Rooting in MS+ IBA 0.4 mg/l
Rich cultures of Stevia rebaudiana in culture room
Hardening stage
Hardened plants in larger pots
Field grown Stevia Plants
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