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Purpose: Due to pharmaceutical values of Stevia plant (Stevia
rebudiana Bertoni.), this study was done to introduce a new
protocol for rapid mass propagation of it through tissue
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0.025, 0.05, 0.1 mg I'Y) was investigated. Rooting of cuttings
was done both in vitro and ex vivo conditions. Findings:
According to the results, the most number of stems obtained
in MS medium containing 0.3 mg I BA. The highest length of
stems obtained in MS medium without BA and the most
number of leaves observed in MS medium supplemented
with 0.4 mg I'* BA. In in vitro situation, the most number and
length of roots obtained in MS medium without IBA. The most
number of rooted cuttings was obtained in IBA solution after
72 hours and about 70% of rooted cuttings were healthy.
Research limitations: It had no limitation to report.
Originality/value: In conclusion, it seems that the potential of
producing root and shoots in stevia plant is extremely high, so
its proliferation is possible using low concentrations of plant
growth regulators in in vitro culture.
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INTRODUCTION

Diabetes is one of the most common diseases in human societies. Therefore, the use of natural
sweeteners is especially important if people with diabetes can also consume it. Stevia
rebaudiana Bertoni is a Sweet herb and anti-diabetic medicinal plant, from Asteraceae family
(Aggarwal et al., 2011; Altaf et al., 2013). This plant is native to certain regions of South
America-Brazil and Paraguay (Abd Alhady, 2011). It is a major source of sweetener and has
enormous commercial importance. It could be replaced by artificial sweetener and even table
sugar in the future. Stevia has various properties such as regulating blood sugar, preventing
hypertension and tooth decay, antibacterial, anticandidal, antifungal, antiviral, diuretic,
hypoglycemic, vasodilator and treatment of skin disorders (Mathur & Begum, 2015; Singh &
Rao, 2005). Stevioside and rebaudioside are two important glycosides in leaves that taste
about 300 times sweeter than sugar (Geuns, 2003).

Stevia plant propagates by both sexual and asexual methods. Heterozygoty, self-
incompatibility and low germination percentage are the most important problems in stevia
seed propagation (Toffler & Orio, 1981). Because of the lower number of individuals that can
be obtained simultaneously from a single plant, vegetative propagation is not suitable
(Sakaguchi & Kan, 1982). To overcome all, multiplication and improvement of this medicinal
plant, tissue culture is the best alternative for the rapid mass propagation of Stevia (Borroto et
al., 2008). Several factors such as the type of explant, kind and concentration of plant growth
regulators (PGRs) play important role in successfulness culture establishment of Stevia
(Babber et al., 2001). Kind of explants considerably influences on multiplication and
proliferation in tissue culture. Successful initiation of in vitro direct organogenesis in stevia
has been attained using different explants, for instance, shoot tips (Ibrahim et al. 2008), leaves
(Jain et al., 2009; Kalpana et al., 2010), nodal segments (Ahmed et al., 2007; Modi et al.,
2012), and axillary buds (Das et al., 2011). However, among different explants in stevia tissue
culture, nodal segments have been extremely applied. Between two methods of direct and
indirect regeneration for clonal propagation of stevia, the development of adventitious shoots
directly from the explants is more suitable compared to the callus mediated regeneration.

Majumder and Mahbubur Rahman (2016) investigated the effect of different explants
(shoot apex, leaf, and nodal explants) in organogenesis of stevia. They found indirect
organogenesis in leaf segment and direct organogenesis in shoot apex. But in case of the
nodal segment, both direct and indirect organogenesis was observed.

Tomaszewska-Sowa et al. (2015) obtained enormous shoots using sterile nodal segments
that were cultured on Murashige and Skoog (MS) (1962) media and supplemented with
phytohormones. They observed the highest efficiency of shoots proliferation at the presence
of 0.5 mg dm™ Benzylaminopurine (BAP). The longest stems and the largest number of
leaves and the greatest width of leaf were observed when 0.5 mg dm= GA;3 was applied to the
medium. The process of rhizogenesis was intensified by the 0.5 mg dm Indole-3-butyric acid
(IBA) contained in the nutrient medium.

Ojha and Chadhary (2013) obtained the maximum number of the shoot on the MS
medium supplemented with BAP (2.0 mg IY). The well Developed shoots used for rooting in
vitro and 100% rooting found in 0.5 mg I"* IBA. The in vitro developed rooted plantlets were
transferred to medium size pots and they were grown in the greenhouse for hardening and
finally, they were planted in the open field. Around 92% of plants were successfully
established in natural field condition.

The present study was carried out to examine a new protocol for the rapid mass
propagation of S. rebaudiana using different PGRs.
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MATERIALS AND METHODS

Plant materials

S. rebaudiana explants were collected from tissue cultured plants that were established in the
greenhouse. Axillary bud explants (1-1.5 cm long) and 0.1-0.3 c¢cm thick (Fig. 1la) were
washed thoroughly for 5 min under running tap water, treated with 0.05% sterile acetic acid
(w/v) for 2-3 min followed by treatment with 0.05% sterile acetic acid (w/v) + 0.1% (w/v)
HgCl> for 2-3 min and finally treated with 0.05% sterile acetic acid (w/v) for 2-3 min and
washed 3 times with sterile double distilled water. Sterilization was carried out in the laminar
airflow.

Shoot induction media

Murashige and Skoog medium (1962) was used supplemented with 3% (w/v) sucrose,
solidified with 0.7% (w/v) agar; pH was adjusted to 5.8 prior to autoclaving at 121 °C for 20
min. for investigation the effect of BA on shoot development and multiplication, MS medium
fortified with different concentrations of BA (0, 0.1, 0.2, 0.3, 0.4 and 0.5 mg I). Cultures
without BA served as control. In each 30 ml glass jar, 10 ml of media were dispensed. A total
number of shoots, length of shoots and number of leaves were measured after 4 weeks of
culture. The cultures were incubated at 25 + 1°C with a photoperiod of 16 h at 3000 lux light
intensity of cool white fluorescent light. Data according to the frequency of multiple shoots
were recorded after 4 weeks of inoculation.

In vitro and ex vitro root induction

After 30 days, the elongated shoots with length more than 3.0 cm were carefully removed
from the glass jars and transferred to the rooting media. To determine the effect of BA on root
induction, MS medium supplemented with 0, 0.025, 0.05 and 0.1 mg/l IBA under aseptic
conditions. The growth regulator was added separately to MS medium containing 3% sucrose
and 0.7% (w/v) agar. A total number of roots per shoot and the length of the roots were
recorded after 4 weeks of culture.

In another experiment for accelerating and reducing the cost of tissue culture, root
formation in shoots examined in ex vitro condition. So, micro-cuttings with 6 cm length taken
from the in vitro proliferated shoots that were transferred to small clear plastic cups (by the
volume 50 cc) containing 10 mg It IBA (20 ml of solution dispensed in each cup) for four
different times (0, 24, 48, 72 hours) (Fig. 1d) and each containing six replications. After that
cutting was transferred to pots that were contained sterilized peat moss and perlite (1:3 ratio).
These pots kept four days in dark and then incubated at 25 £ 1 °C with a photoperiod of 16 h
at 3000 lux light intensity of cool white fluorescent light. A total number of shoots and leaves
and the length of shoots were recorded after 4 weeks of culture.

Hardening

Rooted cuttings were exited from the glass jars, washed carefully with sterile water to remove
agar media, placed in the plastic cups filled with sterilized peat moss and perlite by the 1: 3
ratio (Fig. 1e). Plastic bags on the pots, used for maintaining humidity in pots. These plants
incubated at 25 £ 1 °C with a photoperiod of 16 h at 3000 lux light intensity of cool white
fluorescent light. After hardening established plantlets were re-potted in small pots containing
sterilized garden soil and sand (1:1) (Fig. 1f).
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Statistical analysis

Data with regard to different parameters (number of shoots, length of shoots, number of
leaves, number and length of roots) was measured after 30 days of culture. Each treatment had
10 replicates and every single explant was considered as an experimental unit. All data were
statistically analyzed by ANOVA using SAS program (ver 9.1). Significant differences
among the treatments were tested by Duncan‘s multiple range test at 5% level.

Fig. 1. In vitro propagation of Stevia rebaudiana. (a) Axillary bud explants used for micro-propagation (b) Establishment of
Stevia rebaudiana in MS medium and multiplication of shoots (c) In vitro rooted plantlet after 6 weeks of culture (d) Ex vitro
cuttings in IBA solution. (e) Cuttings in plastic cups filled with sterilized peat moss and perlite by the 1:3 ratio in hardening
phase (f) A plantlet acclimatized in greenhouse.

Table 1. Analysis of variance of various concentrations of BA in MS media on some growth characteristics of stevia

S.0.V df Number of shoots Length of shoot Number of leaves
Concentration of IBA 5 8.16** 9.38** 27.12**
Error 54 1.76 1.38 0.84

** Significantat P < 0.01.

Table 2. The effect of various concentrations of BA on the number of shoots, length of shoots and humber of leaves of stevia
Parameters BA (mg I')

0 0.1 0.2 0.3 0.4 0.5
Number of shoots 2.6h° 4.02 3.7% 4.28 2.4¢ 2.1¢
Length of shoots 4.012 1.66° 1.67° 1.5° 1.79° 1.61°
Number of leaves 10.3% 7.84°¢ 7.53¢ 6.99¢ 19.092 16.71%

+ Values with the same letter in the each row were not significantly different (P > 0.01)

Table 3. Analysis of variance of various concentrations of IBA on the length and number of roots of stevia

S.0.V df Length of roots Number of roots
Concentration of IBA 3 5.48** 58.49**
Error 36 0.90 9.59

** Significant at P < 0.01.

100 JOURNAL OF HORTICULTURE AND POSTHARVEST RESEARCH VOL. 1(2) SEPTEMBER 2018



A new protocol for direct regeneration of stevia plant

Table 4. Analysis of variance of keeping various times in IBA solution on some growth characteristics of stevia

S.0.V df Number of leaves Number of shoots Length of shoots
Time of IBA 3 14.37** 0.27m 36.33™
Error 20 4.16 0.35 17.65

ns, non-significant; **, significant at P <0.01.

RESULTS AND DISCUSSION

The axillary bud explants were cultured in MS media with different concentration of BA (0,
0.1, 0.2, 0.3, 0.4 and 0.5 mg 1) (Fig. 1b). All measured parameters (number of shoots, length
of shoot and number of leaves) have shown significant differences at various concentrations
of BA in MS media (Table 1). Data recorded after 30 days of culturing showed that axillary
bud explants of S. rebaudiana could be established in all tested media including the control
medium (without any growth regulators) (Table 2). Our result was in agreement with the
findings of Sivaram and Mukundan (2003) reported that BA could induce shoot regeneration
in the shoot apex, nodal and leaf explants. They found that higher concentrations of BA
resulted in decreasing multiple shoot formation in all the explants of Stevia. The maximum
number of leaves obtained in MS medium supplemented with 0.1 and 0.3 mg I"! BA (Table
2). The maximum length of shoots observed in MS medium free from BA (Table 2). The BA
didn’t show any effect on the length of shoot. The highest number of leaves recorded in MS
medium fortified with 0.4 mg It BA. Sairkar et al. (2009) obtained the best results (1.55
shoots/explant) on MS medium supplemented with 0.1 mg " IBA.

Different concentrations of IBA showed a significant difference in the number and the
length of roots of stevia (Stevia rebaudiana Bertoni.) in in vitro condition (Table 3). MS
medium without IBA (control) showed better growth in terms of a number of roots (9) and
root length (3.48 cm) (Table 3). Also, 0.05 mg It IBA, as well as MS free PGR, could form
the highest length of the root (3.12 cm). Actually, by increasing the concentration of IBA the
number and length of roots didn’t increase (Fig. 2). According to the results, the rooting
percentage was observed as 100% that could be obtained on MS without IBA and with IBA
alone (Fig. 1c). It seems that because of the internal level of phytohormones in stevia was
high, so, external IBA had low effect on root induction.

In the ex vitro rooting experiment, shoot length was significantly affected by the keeping
time in IBA solution, but it didn’t show a significant difference in the number of shoots and
leaves (Table 4). Keeping cutting for 72 hours in IBA solution was optimum for shoot length
(13 cm) (Fig. 3). Other times (0, 12 and 24 hours) didn’t show a significant difference in
length of shoots (Fig. 3). It should be noted that the rooting medium also acted as shoot
elongation medium, (Sivaram & Mukundan, 2003) so we recorded length of shoot.

According to the results, it seems that producing root and shoots in stevia plant is extremely
high, so its proliferation is possible by low concentrations of plant growth regulators in in
vitro culture.

CONCLUSION

In conclusion, this study introduced a new protocol for in vitro propagation of Stevia
rebudiana to optimize the culture media for multiple proliferation of shoot and root. The
present study advises the use of MS medium fortified with BA for shoot induction and MS
medium with IBA for rooting of Stevia shoots. In order to reduce the cost and accelerating the
work, rooting the cutting in ex vitro condition is proposed.
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Fig. 2. The effect of various concentrations of IBA on number and length of roots of stevia
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Fig. 3. The effect of different incubation times in IBA solution on shoot length of stevia
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