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A protocol was developed for in vitro clonal propagation of Rauvolfia serpentina (L.) Benth. var.
CIM-Sheel through direct regeneration from nodal segment explants. The maximum response
(98.33%) of bud out-growth was obtained on MS (Murashige & Skoog, 1962) medium supple-
mented with 1 uM BA (6-benzyladenine) + 1 uM NAA (a-naphthalene acetic acid) with high-
est axillary shoot number (7.66). Single shoots cultured on MS medium supplemented with 10
uM BA alone produced maximum number of multiple shoots (9.16) within 20-25 days. The elon-
gated shoots, pulse-treated with 50 uM NAA for 24 h, rooted ex vitro successfully within 30 days.
The plantlets were maintained in polythene bags for 1% to 2 months in shadehouse irrigated
every other day and successfully transplanted to field conditions with 90% survival rate after six
months of transfer. Twelve to thirteen month-old micropropagated plants displayed uniform
flowering, fruiting, seed germination, morphological growth characteristics and root yield.

Key words: ex vitro rooting, flowering, microshoots, seed germination, shoot multiplication.

Abbreviations: BA — 6-benzyladenine; IBA — indole 3-butyric acid; MS — Murashige and Skoog
(Murashige & Skoog); NAA- a-naphthalene acetic acid.

INTRODUCTION

Rauvolfia serpentina (L.) Benth. is an important med-
icinal plant, which belongs to the Apocynaceae fami-
ly, and is indigenous to India and other tropical coun-
tries of Asia. Only a few drugs have attracted such a
worldwide attention as the roots of Rauvolfia ser-
pentina. The roots contain 50 indole alkaloids includ-
ing the therapeutically important reserpine, deserpi-
dine, rescinnamine and yohimbine. According to A-
yurveda, the roots and the whole plant are used for
the treatment of cardiovascular disorder, snake bite,
rheumatism, hypertension, insanity, epilepsy and hy-
pochondria (Kirtikar & Basu, 1993). India, which holds
almost a world monopoly, has been threatened with
the depletion of wild resource of the plant with in-
creasing demand. Despite their wide geographical di-
stribution and edaphic tolerance, Rauvolfia species
have not lent themselves to easy cultivation due to
various factors which influence their propagation,

* Corresponding author: tel.: +91 761 4044009, fax: +91
761 2840484, e-mail: m_yogiraj@yahoo.com

85

growth and development and also their alkaloidal con-
tent. At present, all supplies of Rauvolfia serpentina
roots are furnished from natural resources, which are
declining due to overexploitation by tribal and local
collectors (Rajendra & D’Souza, 1999). This has led
to listing of this species as “endangered” by the Inter-
national Union for Conservation of Nature and Nat-
ural Resources (IUCN) (Jain et al., 2003). Thus, there
have been various attempts to develop in vitro prop-
agation techniques for rapid and mass multiplication
and conservation of this plant. High frequency re-
generation from various explants of R. serpentina has
been reported. Sehrawat et al. (2002) and Ahmad et
al. (2002) found shoot apices as suitable explants for
shoot induction cultured on MS medium supple-
mented with different concentrations of BA and NAA.
Singh & Guru (2007) used excised shoot tips, and
nodal segment explants and reported a higher num-
ber of shoots from excised shoot tip explants cultured
on MS medium enriched with BA and NAA. Nodal
segments are an important tissue source for micro-
propagation and plants raised from them are com-
paratively more resistant to genetic variation (Pierik,
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1991). Morphogenesis from nodal segment explants
with axillary buds in R. serpentina has also been re-
ported (Kataria & Sekhawat, 2005). These reports
emphasized the development/refinement of the ex-
isting protocols from wild or natural sources of R. ser-
pentina. The present communication deals with the
genetically improved variety CIM-Sheel of R. serpen-
tina with high root yield (FW 331 g/plant, DW 185
g/plant) and maximum reserpine content (0.035%) in
24 month-old crop (Gupta et al., 2005). The develop-
ment of new improved varieties increases the value
and marketability of the crop. Furthermore, the ap-
plication of breeding programs for certain endan-
gered species can remove the threat to their survival
out in nature, as in the case of R. serpentina. Keeping
in view this fact, critical analysis of the earlier proto-
cols necessitated the formulation of a well document-
ed, reproducible and economical in vitro propagation
method for genetically improved varieties. To our
knowledge this is the first report on a microrpopaga-
tion/regeneration system from nodal segment ex-
plants of the CIM-Sheel variety and an evaluation of
the field performance of micropropagated plants of
R. serpentina, in general.

MATERIALS AND METHODS

Explants and culture establishment

Roots of Rauvolfia serpentina (L.) Benth. var. CIM-
Sheel were collected from CIMAP (Central Institute
of Medicinal and Aromatic Plants), Lukcnow (Uttar
Pradesh, India). The roots, grown in a sand bed, start-
ed shooting after 15 days and the explants were col-
lected from 30 day-old shoots. The explants, used to
initiate aseptic cultures, were single nodal segments
of 1.0-1.5 cm in length comprising unsprouted axillary
buds. They were collected and washed thoroughly un-
der running tap water. For surface sterilization, the
nodal segments were then treated with 1% (v/v) solu-
tion of cetrimide (ICI Ltd., Kolkata, India) for 10 min
under constant shaking. Then they were washed four
times with distilled water. Finally, the explants were
treated with 0.1% mercuric chloride (HgCl,) solution
for 2 min in a laminar air flow cabinet and washed
three times with double-distilled water to remove
traces of HgCl,. After trimming both ends, single ex-
plants were placed aseptically in culture tubes con-
taining MS semi-solid medium supplemented with
different combinations of BA (0.0, 0.1, 1.0 and 10
uM) and NAA (0.0, 0.1, 1.0 uM) to identify appropri-
ate combinations for multiple shoot regeneration.

Shoot proliferation

Sprouted axillary shoots were excised and maintained
for 4 weeks on MS semi-solid medium supplemented
with the combination of bioregulators found more
suitable for maximum bud sprouting, i.e., 1 uM BA+
1 uM NAA. Then, elongated (> 2.5 cm long) healthy
micro shoots were planted, singly, in media supple-
mented with BA (0.0, 0.01, 0.1 or 10.0 uM) and NAA
(0.0, 0.01, 0.1, 1.0 or 10.0 uM) in various combina-
tions, to screen out the most effective combination
for shoot proliferation. The experiment was conduct-
ed according to a two-way factorial design, with BA
and NAA the two factors at various levels.

Rooting

Microshoots (>2.5 cm in length) harvested from the
fourth subculture onwards were used for ex vitro root-
ing. Microshoots were thoroughly washed in running
tap water. After blotting, the cut ends of their bases
were dipped in a 50 uM IBA (indole 3-butyric acid)
or a NAA solution, prepared in 50% ethyl alcohol,
for 0, 8, 12 and 24 hrs. The microshoots were trans-
ferred to root trainers comprising 25 cells of 150 cc
each (Neevedita Plastic Industries, Nagpur, India),
filled with autoclaved sand. The planted root trainers
were shifted to plastic trays filled with half strength of
iron free MS salts, covered with perforated transpar-
ent polythene sheet and maintained at 25 =2°C un-
der 16h photoperiod. After an acclimatization period
of 2-3 weeks when the plants were completely weaned,
they were moved to a shadehouse. One-month old
plantlets were transplanted in polythene bags con-
taining soil: sand: farmyard manure (1:1:1) in the
shadehouse conditions for 1% to 2 months receiving
irrigation every other day and sprays of %> MS solu-
tion once every 15 days.

Flowering, fruiting, seed germination and growth char-
acteristics of micropropagated plants

The micropropagated plants were maintained in 50%
shade under field conditions. Flowering, fruiting, seed
characteristics, growth and dry root yield of ten ran-
domly selected plants were recorded after 12 to 13
months. Growth was measured in terms of total
length of the shoot up to the tip and mean width of
the shoot determined at basal, middle and upper first
axillary branching leaves of the stem using a vernier
scale. Mean length of the fruit and fresh weight of the
depulped seeds blotted on filter paper were also de-
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termined. Seeds collected from mature fruits were
scarified with sand paper and treated overnight with
300 ppm gibberelic acid. The treated seeds were in-
oculated in root trainers filled with sand and seed
germination data was recorded after 6 weeks. The
freshly collected root samples from 10 selected plants
were thoroughly washed with running tap water so as
to remove adhered soil form root surface. The root
samples obtained so were cut in to 2.5-3 cm pieces
and dried in shade for one month and dry root weight
was measured.

Culture conditions and analysis of data

For culture establishment and shoot multiplication
experiments, the medium contained 3% (w/v) sucrose
as carbon source and 0.8% (w/v) agar (Loba Chemie
Ltd., India) as gelling agent. The pH of the medium
was adjusted to 5.8 using 0.1 N NaOH or 0.1 N HCI
before autoclaving for 15 min at 1.06 kg cm= (121°C).
For bud induction, the nodal segments were inocu-
lated in test tubes (25 x 125 mm, Borosil, India) con-
taining 10 ml of semi-solid medium and shoots were
cultured in 400 ml glass jars containing 50 ml of semi-
solid medium for the in vitro shoot multiplication ex-
periment. All culture vials were covered with plastic
caps. The cultures were incubated at a temperature
of 25 +2°C under 16 hrs illumination with fluorescent
light (approx. 45 umol s~2). Each experiment was con-
ducted twice and ten replications per treatment were
taken. The data for bud sprouting, multiple shoot in-
duction and shoot multiplication were recorded after
four weeks of inoculation. All experiments were con-

ducted in complete randomized design (CRD) and
data were analyzed by two-way analysis of variance
employing Duncan’s multiple range test for means
comparisons at p = 0.05 using SYSTAT-12 statistical
package (SYSTAT analysis software, 1982, version
12, USA). The interactions of the treatments in cul-
ture establishment shoot multiplication and ex vitro
rooting experiments were studied in their factorial
combination.

RESULTS

Induction of multiple shoots

The axillary buds on the nodal cuttings showed a vis-
ible growth after five days in culture and most of them
grew into shoots within 25 days. The data on bud
sprouting and number of shoots effected by the treat-
ment of BA and NAA alone or in all possible combi-
nations are shown in Table 1. There were significant
differences among the different concentrations of BA
and NAA and their interactions in bud sprouting re-
sponse and shoot number. Among different concen-
trations of BA, 1.0 uM was found to be significantly
more effective in sprouting response (61.66%) and
shoot number (4.5) as compared to the control (27.21%
sprouting; 2.16 shoot number) and on par with re-
sponses to 0.1 uM and 10 uM BA. Similarly, 1.0 uM
NAA caused maximum sprouting response (65.41%)
and shoot number (4.91) as compared to the control
(32.91 % sprouting; 2.37 shoot number) and 0.1 pM
NAA (39.16 % sprouting; 2.62 shoot number). High-
est values of bud sprouting percentage (98.33 %) and

TABLE 1. Effects of BA, NAA and their interactions on sprouting percentage and shoot number in Rauvolfia serpentina L.

Benth. var. CIM-Sheel bud culture

NAA BA (uM)
(uM) 0.0 0.1 1.0 10 Mean
a. Sprouting percentage
0.0 21.66 1 26.66 © 354 48.33 ¢ 32911
0.1 21.66 1 41.66 ¢ 51.66° 41.66 ¢ 39.16 1
1.0 38.33°¢ 61.66° 98.33 2 63.33° 65.41¢8
Mean 27.21™ 43.32! 61.661 42,10k
b. Shoot number
0.0 1.83°¢ 233°¢ 2.33°¢ 3.0° 2.37¢
0.1 1.83°¢ 25¢ 3.5° 2.83° 2.66 ¢
1.0 2.83° 4.66° 7.66 2 45°% 4914
Mean 216N 3.16¢ 450 f 3.44¢

Values sharing the same superscript letter are not significantly different (p < 0.05)
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number of shoots (7.66) were recorded on medium
supplemented with 1.0 uM BA + 1.0 uM NAA and
were found to be significantly (p < 0.05) higher than
other combinations (Table 1a, b; Fig. 1A).

Shoot proliferation

The data pertaining to the effects of BA and NAA
alone or in all possible combinations on shoot multi-
plication in a two-way factorial experiment are pre-
sented in Table 2. Single shoots cultured on different
auxin-cytokinin supplemented media produced mul-
tiple shoots. A significant effect of different levels of
BA on the rate of shoot multiplication was noticed.
The maximum rate of shoot multiplication (4.16) was
obtained on the medium supplemented with 10 uM
BA, which was statistically higher than the shoot mul-
tiplication rate obtained with other concentrations of
BA. Among different concentrations of NAA, 0.01
uM produced significantly more shoots (3.65) than
any other concentrations, which was statistically on
par with the shoot number obtained with the control
(3.39). In interaction studies, 10 uM BA alone was
found sufficient to produce maximum number of
shoots (9.16) and interactions of BA and NAA did
not favour shoot multiplication, which were signifi-
cantly lower than BA alone (Table 2a; Fig. 1B). In

contrast to shoot multiplication, a significant increase
in shoot length was caused by BA and NAA interac-
tion. The maximum shoot length (9.4 cm) was ob-
tained with 10 uM BA + 0.1 uM NAA, which was sta-
tistically higher than the shoot length obtained with
other combinations. However, this combination was
statistically on par with the shoot length (8.3 cm) ob-
tained on 10 uM BA + 0 .01 uM NAA (Table 2b).

Ex vitro rooting

In vitro developed microshoots planted in root train-
ers filled with autoclaved sand (Fig. 1C) produced
new leaves within ten days. Microshoots surviving one
month after planting were assumed to be rooted and
the rooting percentage for each treatment was esti-
mated. Data revealed a significant effect of auxins
and duration of pulse treatments (Table 3). Treating
microshoots with 50 uM NAA for 24 h resulted in
100% rooting (Fig. 1D), which was significantly high-
er than other durations and hormone (IBA). The
plants, maintained in polythene bags for 1% to 2
months, showed vigorous growth under shadehouse
conditions (Fig. 1E). Almost 90% of the regenerated
plants survived and flowered without any morpholog-
ical variation within 12-13 months of their transfer to
the field (Fig. 1F).

FIG. 1. In vitro micropropagation system for cloning of Rauvolfia serpentina: (A) initiation of shoot culture on
MS medium supplemented with 1 uM BA + 1uM NAA (bar = 0.5 cm); (B) shoot multiplication on MS medi-
um supplemented with 10 uM BA (bar = 0.5 cm); (C) shootlets treated with 50 uM NAA and transferred to
root trainers filled with autoclaved sand for ex vitro rooting; (D) one month-old ex vitro rooted plantlets
(bar=0.7 cm); (E) 1% to 2 month-old plantlets maintained under shadehouse conditions (bar = 6 cm); (F)
growth of plantlets after 12-13 months of transfer in field conditions (bar =20 cm).
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TABLE 2. Effect of BA, NAA and their interactions on shoot multiplication and shoot length in Rauvolfia serpentina L.
Benth. var. CIM-Sheel

NAA BA (uM)
(uM) 0.0 0.01 0.1 1.0 10 Mean
a. Number of new shoots/shoot
0.0 1.49¢ 1.33¢ 2.16°¢ 233¢ 9.16 2 3.39d
.01 3.33¢ 1.66 ¢ 249¢ 4.15¢ 6.66° 3.654
0.1 1¢ 2.16¢ 1.83¢ 1.83¢ 349¢ 2.06¢
1.0 1.16¢ 1¢ 1¢ 1.5¢ 1.33¢ 1.19¢
10 049¢ 1.66 ¢ 0.99°¢ 05¢ 0.16 ¢ 0.76 f
Mean 1.49h 1.6610 1.661 2.06h 4.16¢
b. Shoot length (cm)

0 3.24° 391¢% 381% 4,65 5.53% 423f
.01 3580 3912 5413 832 6.522 5.54¢
0.1 5.582 4.08 2 5.74% 942 5.394 6.04 ¢
1.0 4,662 3.15° 4332 3.812 2.33¢ 3.65¢
10 0.54 3.940 2.33¢ 2.66° 0.66 4 2.02h

Mean 3.46] 3.807 4321 5.761 4107

Values sharing the same superscript letter are not significantly different (p < 0.05)

TABLE 3. Effect of pulse treatment of NAA and IBA on ex vitro rooting in microshoots of Rauvolfia serpentina L. Benth. var.
CIM-Sheel

Duration of pulse NAA IBA Mean
treatment (hrs) (50 uM) (50 uM)
% Rooting
0 - — —
8 30¢ 13.33¢ 21.67"P
12 76.66 ° 16.66 ¢ 46.66 &
24 100® 40 ¢ 70 f
Mean 51.671 17.51

Values sharing the same superscript letter are not significantly different (p < 0.05)

TABLE 4. Flowering, fruiting and seed characteristics of the micropropagated plants of Rauvolfia serpentina L. Benth. var.
CIM-Sheel after 12-13 months of plantation in the field

Shoot Mean No. of No. of Mean Mean Seed germi- Dry root

length width of flower/ fruits/ length of weight of nation (%) yield/ plant
(cm) shoot (cm) plant Plant (%) fruit (cm) seed (mg) after 6 weeks (2)
63.71 1.28 = 0.18 28 20.5(73.15) 0.984=0.04 432 =1.75 65.1 158=15

Value in parentheses indicates percentage of flowers producing fruits
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Flowering, fruiting, seed germination and growth char-
acteristics of micropropagated plants

From the perusal of data presented in Table 4, it was
observed that the micropropagated plants grown un-
der 50% shade conditions were almost uniform in
growth with an average shoot length (63.71 cm) and
width measurements (1.28 cm). No aberrations and
growth defects were observed in the plants. After 12-
13 months, the plants flowered, with the period be-
tween flower bud emergence and fruit ripening vary-
ing from 25 to 30 days. The flowering and fruiting
characteristics of the randomly selected clonal plants
were uniform and an average of 28 flowers and 20.5
fruits produced per plant. In all of the plants, approx-
imately 73% of the flowers produced fruits of an av-
erage size of 0.98 cm. The seeds of uniform weight
(43.2 mg) collected from these resulted in 65% ger-
mination within 6 weeks. An average of 158 g dry root
yield was obtained in 10 randomly selected plants.

DISCUSSION

Induction of multiple shoots

In the present investigation, MS medium supple-
mented with BA alone produced shoots in all of the
explants. By supplementing the medium with NAA
both bud sprouting and induction of multiple shoots
per explant were increased which shows that auxin
(NAA) also plays a significant role in multiple shoot
induction and contradicts the earlier report of Sarma
et al. (1999). The enhanced rate of multiple shoot in-
duction in cultures supplemented with BA and NAA
may be attributed to increased rate of cell division
and production of several primordial outgrowths in-
duced by cytokinin (BA) in the axillary meristematic
zone of the explant tissues. The combined effect of
BA and NAA on axillary bud proliferation from no-
dal explants of R. serpentina is well documented (Bak-
sha et al., 2007; Singh & Guru, 2007; Salma et al.,
2008). Baksha et al. (2007) and Singh & Guru (2007)
obtained 85% bud sprouting with 7.5 shoots and 86%
bud sprouting with 5 shoots, respectively, on MS
medium supplemented with BA and NAA. Salma et
al. (2008) obtained 90% bud sprouting with only 4
shoots. In the present study, the combined effect of
BA and NAA on bud sprouting (98.33%) and shoot
number/explants (7.66) was higher than these pub-
lished reports, which speaks to the strength of results
of the present investigation. Further, shorter period

(4 weeks) for axillary shoot proliferation from nodal
explants in our study is also comparable with 8 weeks
and 6 weeks period reported by Baksha et al. (2007)
and Salma et al. (2008), respectively. These variable
responses may be attributed to the specific age, phys-
iological condition and genotype of the donor plants
from which the nodal explants were excised. In the
present study we collected the explants from 30 day-
old plants of a recently developed variety, i.e. CIM-
Sheel of R. serpentina.

Shoot proliferation and shoot length

The effectiveness of BA + NAA on in vitro shoot re-
generation in R. serpentina has been observed in pre-
vious reports (Mehatre et al., 2004; Baksha et al.,
2007; Salma et al., 2008). In contrast to these reports,
in the present study 10 uM BA alone was found suffi-
cient to produce more shoots and the interactions of
BA and NAA did not favour shoot proliferation, which
was significantly lower than that with BA alone. Puro-
hit et al. (1994) also found BA alone sufficient to pro-
duce a high number of shoots in sated musli (Chloro-
phytum borivilianum). It appears that explants possess
poor ability to utilize NAA from the medium. As
compared to longer shoot regeneration period (6-8
weeks) and additional supply of NAA in the culture
medium (Baksha et al., 2007; Salma et al., 2008), our
protocol with shorter shoot regeneration period (4
weeks) and only one phytohormone (10 uM BA) is
more suitable and economical.

In contrast to shoot proliferation, BA alone did
not increase shoot length, which was significantly en-
hanced by the interactions between BA and NAA. In
earlier reports too, the shoot length in R. serpentina
was maximized with the combined action of BA and
NAA, whereas BA alone or its interactions with other
hormones significantly decreased shoot length (Bak-
sha et al., 2007; Singh & Guru 2007).

EXx vitro rooting

In the present investigation the microshoots, pulse-
treated with 50 uM NAA for 24 h achieved with
100% ex vitro rooting in pure sand. In accordance with
the present findings, Kataria & Shekhawat (2005) and
Pant & Joshi (2008) also reported 98% and 86.6% ex
vitro rooting of in vitro raised shoots treated with
NAA, respectively. Ex vitro rooting is attractive and
advantageous in a micropropagation method as it is
cost effective with simultaneous rooting and harden-
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ing of the plants (Nemeth, 1986). Furthermore, such
plants give a high field survival percentage due to less
infection and require little post-transplant care (Mon-
cousin, 1991). Earlier, in vitro rooting has been at-
tempted in R. serpentina, which prolonged the period
for production of rooted, hardened and acclimatized
plantlets (Ahmed et al., 2002; Baksha et al., 2007).
Ahmed et al. (2002) induced in vitro rooting within 4-
5 weeks and another one month for hardening and
acclimatization of the plantlets. Baksha et al. (2007)
also reported in vitro rooting and hardening in 15
days each and also encountered acclimatization prob-
lem of the plantlets. Thus, in the present study, 100%
ex vitro rooting was achieved, omitting the need for
additional steps of in vitro rooting and hardening.
This will lead to the shortening of the propagation
period and reduction of cost and, consequently, de-
velopment of a more efficient and cost effective pro-
tocol.

Conclusion

In conclusion, we developed an efficient method for
in vitro propagation of R. serpentina using nodal seg-
ment explants collected form 30 day-old plants. Im-
provement over previous protocols was achieved for
culture establishment (Baksha et al., 2007; Singh &
Guru, 2007), shoot multiplication (Mehatre et al.,
2004; Baksha et al., 2007; Salma et al., 2008) and ex
vitro rooting (Kataria & Shekhawat, 2005; Pant & Jo-
shi, 2008), which reduced the cost, number of steps
and time period required for micropropagation of R.
serpentina. Thus, this method is economical and pro-
mising for commercial exploitation and cloning of a
selected variety of R. serpentina, i.e. CIM-Sheel, re-
ported herein.
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