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Stevia  rebaudiana Bertoni is a perennial herb belongs to Compositae family
used as a natural sweetener for diabetic patients, and it is native to Paraguay. Moreover,
the tissue culture techniques were used to identify the best medium for callus induction
and the regeneration using different concentrations of phytohormones to produce a high
number of shoots and roots in each genotype. Results indicate that the Murashige and
Skoog (MS) or (Linsmaier & Skoog) LS medium supplemented with 1.0 mg/l  2,4-D + 0.5
mg/l BAP + 1.0 mg/l GA3 was the favorable for all calli characters and the genotype-4 was
the best one for callus induction. The green embryos character was highest in genotypes-
4 with the regeneration media containing MS salts + 2.0 mg/l BAP. The high percent of
multiplication and elongation shoots were obtained with genotypes-5 and 3 with a medium
which containing MS salts + 0.1 mg/l BAP. Finally, the medium which contained MS salts
only was the best one for differentiated roots.
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Stevia  rebaudiana Bertoni is an
herbaceous perennial plant of the Compositae
family. (Singhand Rao, 2005). Stevia is self-
incompatible (Chalapathi, 1997) and probably insect
pollinated (Oddone, 1997). The dry leaves of this
plant are up to 30-times sweeter than sucrose, it
contains various chemicals called glycosides, that
collectively give 100 to 300 times the sweetness of
sucrose. Seeds of Stevia show a very low
germination percentage (Orioand Toffler, 1981).
Furthermore vegetative propagation through
cuttings is limited by the small number of
individuals (Sakaguchiand Kan, 1982). Das et al.
(2011) reported micropropagation of S. rebaudiana
through shoot tip culture. Uddin et al. (2006) noted
that the inter-nodal segments initiated callus earlier

than node and leaf. Callus culture and suspension
culture are the basic technique used to produce
the desired metabolites of plants (Vyas and Dixit,
1999). Gupta et al. (2010) developed a protocol for
callus induction and multiplication by culturing
nodal, leaf and root explants on MS medium with
different concentrations of plant hormone. Alhady
(2011) reported the micropropagation using stem
node segment obtained from two year old plants.
Sairkar et al. (2009) reported standardization of in
vitro culture techniques to explore the potentials
of S. rebaudiana for micro-propagation and callus
culture. Filho et al. (1993) inoculated S. rebaudiana
leaf explants with different concentrations of 2, 4-
D and BA under a high concentration of sucrose
(120 g/L)to induce somatic embryogenesis. Patel
and Shah (2009) reported the regeneration of S.
rebaudiana through callus culture from nodal as
well as leaf segments. Also, Moktaduzzaman and
Rahman (2009) reported the regeneration of S.
rebaudiana, and they analyzed the somaclonal
variation among regenerated plants. Sairkar et al.
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(2009) reported standardization of in vitro culture
technique to explore potential of S. rebaudiana
for micropropagation and callus culture.
Anbazhagan et al. (2010) also reported the mass
propagation of S. rebaudiana. Shoot tip, nodal
segment and leaf were used as explants.Recently,
Singh et al. (2011) also reported the plant
regeneration under in vitro conditions.Banerjee et
al. (2008 & 2010) reported that the leaf explants of
Stevia rebaudiana Bertoni induced callusing when
put on a mixtureof different cyanobacterial cultures
as a medium for regeneration. Taware et al. (2010)
establishedefficient plant regeneration via shoot
and callus organogenesis.Janarthanam et al. (2009)
reported that the juvenile leaf explants of Stevia
rebaudiana Bertoni produced maximum callus than
the nodal explants. Arvind et al. (2012) reported
thatthe in vitro regeneration of Stevia  rebaudiana
was performed through callogenesis and
organogenesis from different explants. Jones et
al. (2003) developed an efficient and rapid tissue
culture system for Stevia  rebaudiana via shoot
tip multiplication and somatic embryogenesis from
leaf explants. Sairkar et al. (2009) reported
standardization of in vitro culture technique to
explore potential of S. rebaudiana for micro-
propagation and callus culture. The aim of this
study istomonitor the seven Stevia  (Stevia
rebaudiana) genotypes for micropropagation
using leaf explants.

MATERIALS   AND METHODS

The present study was carried out at the
Botany and Microbiology Department, Faculty of
Science, King Saud University, Saudi Arabia. All
genotypes were brought from the Agricultural
Research Center in Egyptand cultivated in the
greenhouse. The basic culture mediawere MS
(Murashigue & Skoog’s, 1962) or LS (Linsmaier&
Skoog’s, 1965) macro and micro elements (1X),
vitamins (Nitsch & Nitsch,1969), all media were
supplied with3% sucrose as carbon source and
different concentrations of the phytohormones (2,
4-D, K, GA3, BAP and NAA). All media were
solidified with 0.8 % agaradded after adjusting the
pH to 5.5 using 1.0 M HCL or 1.0 M NaOH(Table1),
then the media were sterilized by autoclaving at
121 °C for 20 min. After cooling to 50- 65 °C, the
medium was poured in glass Petri dishes using 25-

30 ml per dish in the Lamin air hoods and left at
room temperature to be solidified. The explantswere
surface sterilized by immersing in 70% ethanol for
30 Sec, then in 0.1% mercuric chloride for 8 min.
Afterwards,they were washed with three changes
of sterile distilled water. Leaf discs (1 cm diameter)
were cultured on the surface of solidified medium.
Each genotype was cultured in 10 Petri dishes in
ten replications for each the protocol treatment
(A, B and C) supplemented withdifferent types of
phytohormones Table (1). Afterwards,cultures were
incubated in dark at 20 ±5 °C for four weeks and
thin calluses induction were recordedas the
percentage of explants which had calluses on the
initiation media, the fresh weight (gm) of individual
and initiative calli and the percentage of
embryogenic calli derived from this explants.For
the embryo formation, embryogenic calliwas
transferred to MS mediasupplemented with
different concentrations of phytohormones as
indicated in Table (1) protocols D, E, F and G and
then incubated for four weeks, then the percentage
of calli with green embryos were recorded.For
regeneration of plants, the embryos were
transferred to MS media with different
concentrations of benzyl amino purine (BAP)
protocols H and I as shown in Table (1) then
incubated for four weeks.When shooted plantlets
reachedapproximately 5 cm in height, they were
transferred to the rooting medium that contained
auxin (NAA) or wasphytohormones-free as
indicated in Table (1) protocols J and K. In all
protocols for embryo formation, regeneration, and
rooting the explants were incubated at the same
condition in a format Scientific (USA) growth
incubator at 25 ± 2°C and 3000 Lux of white cool
fluorescent (16/8: light/dark cycle).
Statistical analysis

Data from these experiments were
analyzed as a randomized complete block design
(RCBD) with ten replicates for each genotype
according to Steel and Torrie (1984). Comparisons
among means were made by using the Least
Significant differences test (L.S.D.).

RESULTS  AND  DISCUSSION

Callus induction
The production of callus of all Stevia

genotypeswas recorded after incubation for four
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weeks. Analysis of variance (ANOVA) Table (2),
showed significant differencesdifferences in callus
production between the seven Stevia  genotypes,
and the media protocols. However, the interaction
between the media and the seven genotypes were
non-significant.

The results of callus induction indicate
that medium (B) induced more callus production
than the other two media (A and C),(Figures 1aand
2a, Table 2 and 3). The obtained results were
confirmed by those of Handro et al., (1977), Lee et
al., (1982) and Swanson et al., (1992) who reported
the optimal concentration of growth regulators
(BA, NAA, IAA and 2,4-D ) for callus induction of
Stevia  rebaudiana, while Bespalhok et al., (1997)
discussed that the somatic embryogenic callus
formation occurred from leaf explants of Stevia
rebaudiana cultured on MS medium. The same
results were obtained by Bondarev et al., (1998).
Callus weight

The ANOVAof the seven in vitro traits of
Stevia  summarized in Table (2), showed that the
sources of  media, and genotypes with the
interaction of  media had highly significant
differences in callus weight. All genotypes
(Table(3) and Figure(2b)), showed that the medium
B high effect on the callus weight characteristic
when compared with the other two media (A and
C, respectively).Therefore, the comparisons
between the genotype found in Table (3), indicated
that genotype-6 had the highest callus weight
followed by genotypes (5 and 7), which have the
same weight on media (B). The latest results of
callus weight were almost matched with those of
Bondarevet al., (1998) which showed the effects
of addition of GA3 to callus and suspension
cultures of Stevia .
Total calluses weight

The ANOVA of the total callus weight for
the seven Stevia  genotypes showed in Table (2)
indicated that the mean square of the media and
the media in combination with that of the
genotypes was highly significant, while that of
genotypes alone was significant. The mean values
of in vitro traits for all characters, showed in Table
(3) and Figure 2c, which indicate the medium A is
favored. The comparisons of genotypes (Table, 3)
showed that the genotype-4-6 gave the highest
value of total calli weight, while the lowest value
found with genotypes (1). All genotypes gave high

total calli weight on medium (A) when compared
with other mediums (B and C). Whereas the
response of total calli weight on medium (A) was
found to be greater with the genotypes (7, 4 and
1), respectively. On the other hand, the genotypes
(4 and 7) gave the higher total weight of calli on
medium (A and B), respectively, when compared
with medium (C), while the genotype-2 and 3 gave
the lowest weight on medium C.
Embryogenic calluses

In this part of study the cultures were
incubated in complete darkness, after that a small
and slow-growing calli appeared. The growing calli
of all genotypes cultured in the first medium (A)
was found to be hard, white and appeared on the
explants. The calli that has sprung up on the second
medium (B) showed a color of calli ranged from
white to yellow and were friable, easy to separate
from the explants and appeared under or a above
of the explants.Finally the calli of the genotypes
after growing on the third medium (C), showed
that color ranged from white to brown and were
friable, easy to separate from the explants and
appeared on all the explants and this agree with
the result of Swanson et al., (1992) when cultured
the leaf explants of Stevia rebaudiana in MS
medium which yielded friable callus cultures. The
ANOVA showed that the genotypes and the
interaction between media and genotypes was
non-significant differences for embryogenic callus,
whereas the protocol of media were significantly
affected on embryogenic calluses (Table 2). The
result in Table (3) showed that the medium (B) gave
the highest percentage of embryogenic calli while
the medium (C) gave the lowest percentage of it
and the medium (A) showed intermediate.

The comparison between the genotypes
means results which represented in Table (3) and
Figure(2d) indicated that all genotypes were
statistically in almost similar to this character of
embryogenic calli percentages, either illustrates the
result of the interaction between media and
genotypes on the produced embryogenic callus.
From these results we indicated that the genotypes
varied in their responses to the media protocols.
The result in Table (4)showed that the genotype-5
gave the lowest embryogenic callus percent on
medium (C), while genotype-3 gave the highest
embryogenic callus percent on the same media.
On medium (B) genotype-1 gave the highest
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Table 2. Analysis of variance of in vitro traits for the seven Stevia  genotypes (Stevia  rebaudiana Bertoni)

                            Mean Square

S.O.V D.F Callus Callus Total weight Embryogenic
induction % weight (gm) of calli (gm) calli %

Media 2 52726.190** 0.161** 28.758** 44683.075**

Genotypes 6 1169.683** 0.002  * 00.217* 433.342
M×G 12 227.302 0.005** 00.294** 982.097
Error 209 251.481 0.0014 00.094 889.940

*, ** significant and highly significant at the 0.05 and 0.01 level of probability, respectively.

Table 4. Mean values as interactions between the in vitro traits for four character studies of the seven
stevia genotypes with the protocols (A, B and C) of media

Media × Genotypes Callus Callus Total weight Embryogenic
induction(%) weight(gm) of calli (gm) calli (%)

A Genot.1 33.00 0.079 0.267 33.63
Genot.2 29.00 0.091 0.254 60.00
Genot.3 31.00 0.105 0.330 45.97
Genot.4 45.00 0.095 0.434 41.70
Genot.5 33.00 0.074 0.244 50.09
Genot.6 31.00 0.102 0.340 51.45
Genot.7 36.00 0.080 0.285 48.33

B Genot.1 90.00 0.151 1.347 74.78
Genot.2 82.00 0.139 1.122 66.62
Genot.3 79.00 0.159 1.260 70.31
Genot.4 93.00 0.188 1.742 69.08
Genot.5 75.00 0.212 1.567 71.56
Genot.6 69.00 0.213 1.395 73.52
Genot.7 91.00 0.196 1.783 68.95

C Genot.1 46.00 0.123 0.584 24.14
Genot.2 38.00 0.128 0.525 27.33
Genot.3 38.00 0.098 0.364 42.25
Genot.4 39.00 0.106 0.407 39.58
Genot.5 27.00 0.087 0.239 14.95
Genot.6 26.00 0.109 0.296 32.95
Genot.7 39.00 0.096 0.359 38.41

L.S.D 13.971 0.032 0.269 26.28

Table 3. Mean values of in vitro traits (for four characters understudies) as influenced
by Genotype, and media protocols

             Factor Callus Callus Total weight Embryogenic
induction % weight(gm) of calli (gm) calli %

Media A 34.000 b 0.08964 c 0.3076 b 52.798 b

B 82.571a 0.17975 a 1.4594 a 83.787 a

C 36.143 b 0.10660 b 0.3962  b 33.728 c

Genotypes 1 56.333 ab 0.118 b 0.7327abc 51.444 a

2 49.667 bc 0.119 b 0.6334  c 57.845 a

3 49.000 bc 0.121 b 0.6512  c 60.403 a

4 59.000 a 0.130 ab 0.8608  a 56.694 a

5 45.000 c 0.124 ab 0.6829 bc 51.611 a

6 42.000 c 0.141 a 0.6773 bc 59.991 a

7 55.333 ab 0.124 ab 0.8090 ab 59.407 a

Factor means followed by a common letter are not significantly different according to LSD 0.05



J PURE APPL MICROBIO, 8(2), APRIL 2014.

1294 EL-ZAIDY et al.:  MICROPROPAGATION OF Stevia rebaudiana

Table 5. Analysis of variance for green embryos
formation of the seven Stevia  genotypes

(Stevia  rebaudiana Bertoni)

S. O. V D. F Mean square
(Callus regeneration)

Media 3 7277.500**
Genotypes 6 2040.595**
Media × Genotypes 18 3069.167**
Error 279 384.087

** highly significant at the 0.01 level of probability

Table 6. Percentages of green embryos formation
as influenced by genotypes and media

protocols tested by LSD

Green embryos (%)

Media protocols D 74.000 b

E 91.570 a

F 70.430 b

G 87.290 a

Genotypes Genot. 1 92.500 a

Genot. 2 82.500 bc

Genot. 3 73.000 d

Genot. 4 76.500 d

Genot. 5 76.250 cd

Genot. 6 88.000 ab

Genot. 7 77.000 cd

Factor means followed by a common letter are not
significantly different according LSD 0.05

embryogenic callus percent, but the genotype-2
gave the low percent. On the contrary, genotype-2
gave the highest embryogenic callus percent on
medium (A), while the genotype-1 gave the lowest
one. Therefore, the high percent of embryogenic
calli was found with the protocol of medium (B)
especially with genotypes (1, 6, 5 and 3),
respectively,Table (4). The same results found by
Wada et al., (1981), Bespalhok et al., (1993 & 1997)
and Jones et al., (2003) which reported that the
somatic embryos of Stevia  rebaudiana were
induced from leaf explants. Also they observed
the various developmental stages of embryos after
subculturing of calli on the same composition
medium.
Green embryos Formation

In another sets of experimentsfour
protocols of media (D, E, F and G) were used to
study embryo formation of the seven Stevia
genotypes as shown in Table (1). Cultures were
incubated under the circumstances of 300Lux of
light for 16 hours.’s and in darkness for 8 hours.
The AVOVA for green embryos formation presented
in Table (5). The results indicated that all the media,
genotypes and the interaction between media and
genotypes had highly significant effects on the
green embryos formation. Figures (1 b) showed
that the development stages of green embryogenic
calli of the Stevia  genotype - 1 under the
regenerated media protocol G.On the other hand,

Table 7. The percentages of differentiated shoots and the averages of shoot number (multiplication) and of
shoots height (elongation ) of seven Stevia genotypes cultured on the tow media (H&I).

Genotype                   media               Differentiated               (Multiplication)                (Elongation)
                shoots %                average number                average height

                                     of shoots                       of shoots cm

Genot. 1 H 39.20 2 2.0
I 32.13 7 3.3

Genot. 2 H 42.00 4 2.8
I 40.86 2 3.2

Genot. 3 H 69.43 10 2.3
I 71.32 3 5.1

Genot. 4 H 51.23 3 2.2
I 32.16 8 2.6

Genot. 5 H 82.11 5 2.4
I 74.26 2 3.2

Genot. 6 H 60.11 4 2.5
I 47.20 2 3.5

Genot. 7 H 33.15 5 2.6
I 41.19 3 3.5
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Fig. 2. Calli induction in percentages (%) (2a), calli weight in grams (2b) total weight of calli (2c) and embryogenic
calli in percentages (%) (2d) of the seven stevia genotypes with the three media protocols (A, B and C)

Fig. 1. (a) Embryogenic callusesof  stevia genotype- 4 on protocol B, (b) Green embryos formation of stevia
genotype-1  on protocol G,  (c & d)Shootsdifferentiation of stevia genotype-5 on protocol H, (e) Multiplicationin
genotype-3  on  protocol H (f) Root differentiation  of Stevia genotypes -3, on the protocol k (without hormone).
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Table (6) shows thePercentages of green embryos
formation with protocol E and G that gave the high
mean of green embryos respectively, whereas the
medium F and D gave the low percentage of it
respectively. The analysis of data showed that the
genotypes 1and 6 gave the high percent of green
embryos formation, andgenotype-3 gaves lowest
percent of green it. An interaction between genotypes
and media protocols illustrated in (Table,6 and Figure,
3). The previous data showed that the protocols E
and G were the favorable than the other protocols (D
and F) (Table, 6 and Figure, 3). The results obtained
from the present study regarding the establishment
of green embryos are in agreement with those of Jones
et al., (2003) who found the maximum number (94%)
of embryogenic calluses from leaf explants on MS
medium.In the same composition medium, they
observed the embryos at different stages of
development after subculturing of the calli.

Shoot differentiation, multiplication and
elongation

Two different concentrations of (BAP)
were added to the protocols of culture media H
and I (Table 7 and Figure 4a) for shoot
differentiation, elongation and multiplication
(Figure 1 c, d and e) of the present seven selected
Stevia  genotypes. From the previous data it can
be noted that the high percent of differentiated
shoots were obtained with genotype-5 on medium
H, (Table 7 and Figures 1 c and 4a), also was the
same genotype on mediumI then genotype-3.The
opposite effects of the low differentiated percent
were Stevia  genotype-7 with medium H while
genotypes (1 and 4) were given the lowest percent
with medium I, respectively. The average number
of shoots as indicator to the multiplication cells
was high in genotype-3 with medium H, (Table 7
and Figures 1e and 4a), while was also high in

Fig. 3. Percentages (%) of the green (calli) embroys of the seven stevia genotypes with the four media protocols
(D, E, F and G)

Fig. 4. a) Diagrams of the differentiated shooting percentages (%) with the two media protocols (H and I) of the
seven stevia genotypes (b) Diagrams differentiated root percentages (%) with the two media protocols (J and K)
of the seven stevia genotypes
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genotype-4, then genotype-1 with medium I more
than the other genotypes. The low number of shoots
as multiplication found in general with medium I more
than with medium H in almost genotypes. Again, the
average height of shoots as elongation was almost
similar in all genotypes with medium H, but with
medium I the genotype-3 had the highest average
number (5.1cm) more than the other genotypes which
were low in almost.The results obtained from the
present study regarding the differentiation of the
callus tissue and that induce shoot cultures to grow
roots thereby differentiating into rooting-shoot
cultures are in agreement with those of Swanson et
al., (1992) and Bondarev et al., (1998).
Root differentiation

Data of the root differentiation for the
seven Stevia  genotypes on the two mediums J and
K(Table 8 and Figures 1f and 4b), indicated that the
medium K was the best one for root differentiation
more than the other medium J. The high
differentiated root percentages were the Stevia
genotypes (3, 2, 4 and 7), respectively on the medium
k (without hormone),Table (8). While the low root
differentiation percentages found with genotypes
(4 and 1), respectively on the media J which
containing NAA phytohormones Table (8). The
results of root differentiation are in agreement with
the results of Bondarev (2001), Sivaram et al., (2003),
Jones et al., (2003) and Dhir et al., (2005). Tamura et
al., (1984a) found from anatomical examination, the
roots were differentiation when the shooting

subculture transferred to a medium containing NAA
phytohormone with 0.1 mg/L concentration.
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