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ABSTRACT:

To conserve endangered medicinal plant species, Exacum bicolor Roxb.
(Gentianaceae), an efficient micropropagation protocol was developed by using nodal
segments for axillary shoot proliferation. Higher multiplication rate was achieved with
78% on MS medium supplemented with growth hormones, IBA and GA; at 1.5 mg/I
and 0.5 mg/| respectively. Rooting was more effective with 75% of the node derived in
vitro shoots in MS basal medium with the auxins, IBA and NAA at 1.0 mg/l and 0.5 mg/
| respectively. Using the hardening medium containing garden soil, sand and
vermiculate in the ratio of 1:1:1 by volume, regenerated plantlets could be
successfully acclimatized at a rate of 80 % survivability.
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INTRODUCTION

Exacum bicolor (Family: Gentianaceae; Order
Gentianales), a well known endangered medicinal herb
in the grasslands of Kerala state, India has been used to
treat a variety of diseases. In the recent times,
phytochemicals from this species are of growing interest
in pharmacology due to the usage as a stimulant to
diabetics, stomachic and antifungal agent in traditional
medicinal practices (Reddi et al, 2005; Pullaiah, 2006;
Khare, 2007; Shiddamallayya et al., 2010). Because of
this demand, over exploitation resulted in less population
size of this species in Kerala (Jeeshna, 2011). In addition
to over exploitation by man, very low seed germination
rate (<5 %) kept the population size of E. bicolor at low
level in its grassland habitats at the northern area of
Kerala (Jeeshna, 2011). Propagation by stem cuttings is
also not effective (Sreelatha et al., 2007). For these

reasons, it is difficult to recover the endangered

population of this species through conventional
propagation methods. Therefore, in the present study, to
safeguard this species by increasing its population, an
attempt has been made via in vitro regeneration by

employing tissue culture technology.

MATERIALS AND METHODS

Node from the young and healthy branches of the
individuals of the species of E. bicolor present in the
grasslands of Wayanad district of Kerala, India were
used as an explant. The immature nodes had been
washed in running water twice and then treated with 5%
tween-20 solution for five minutes for surface
sterilization and again rinsed in water (Valappil and
Subramaniam, 2011). To eliminate the fungal
contamination, explants were further treated with 5%
antibiotics (ampicillin and rifampicin) for 30 min

followed by three rinses in sterile double distilled water.

Figure 1. Micropropagation of Exacum bicolor
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Table 1. Effect of different concentrations and combinations of growth regulators in the MS medium on callus
formation and shoot proliferation from nodal explants of the species, Exacum bicolor

Growth regulator (mg/1)

Days required for shoot proliferation
after inoculation

Shoot proliferation (%)

BAP NAA 2,4-D Kn Node Node
0.5 0.1 0.0 0.0 24 74.35"+0.13
1.0 0.2 0.0 0.0 23 80.37 9+0.13
1.5 0.3 0.0 0.0 26 80.07 9+£0.95
2.0 0.4 0.0 0.0 28 79.41°+0.17
2.5 0.5 0.0 0.0 27 77.29 °£0.07
3.0 0.6 0.0 0.0 24 68.46 '+0.20
0.5 0.0 0.3 0.0 21 61.58 '+0.19
0.1 0.0 0.6 0.0 29 65.527+0.25
1.5 0.0 0.9 0.0 24 72.59 ™+0.25
2.0 0.0 1.2 0.0 21 66.64 £+0.23
2.5 0.0 1.5 0.0 22 58.50 "+0.34
3.0 0.0 1.8 0.0 23 52.38 9 £0.03
0.0 0.0 0.0 0.3 28 31.34 ©+0.24
0.0 0.0 0.0 0.6 24 24.44° £0.31
0.0 0.0 0.0 0.9 21 36.64 "+0.30
0.0 0.0 0.0 1.2 27 27.37 4+0.20
0.0 0.0 0.0 1.5 25 26.60 °+0.21
0.0 0.0 0.0 1.8 27 23.40 #+0.06

Means followed by different letter in columns are significant to each other according to DMRT at 5% level.

Furthermore, surface sterilization was carried out by
dipping the explants in 0.1% HgCl, for 3 min followed
by 3 — 4 rinses in sterilized double distilled water. MS
basal medium containing 3% sucrose solidified with 1%
agar (tissue culture grade, Himedia, India) had been
used. The pH of the medium was adjusted to 5.6 — 5.8
prior to the addition of agar (Padmavathy et al.,
2013). The explants were transferred to culture bottles
containing 25ml MS basal medium supplemented with
different concentrations of the growth regulators BAP
and NAA, BAP and 2,4-D and Kn alone for shoot
proliferation. Cultures were incubated at 25+2° C under
16 h photo periods from cool white fluorescent tubes
giving 2000 lux at the culture level. The shoots that
proliferated from primary explants were isolated and
subcultured onto the MS medium supplemented with
different concentrations of BAP and NAA, BAP and Kn
and BAP and GA; for bulking up shoot culture material.
The green adventitious shoots were subcultured from
proliferating cultures and implanted onto the MS
medium supplemented with various concentrations of

IBA and NAA and IBA and IAA for root induction. The

rooted plantlets were then transferred to the hardening

media containing different hardening  mixtures
(Mallikadevi et al., 2008). Triplicates were maintained
for all experiments. Data obtained were processed
statistically to New Duncan’s Multiple Range Test

(OMRT) (Gomez and Gomez, 1976).

RESULTS AND DISCUSSION

The effects of cytokinins and auxins at various
concentrations on the axillary shoot induction from nodal
explants are presented in Table 1. The higher amount of
81.71 % of nodal segments responded well for shoot
proliferation within 26 days in the MS basal medium
supplemented with BAP and NAA at 2.0 and 0.4 mg/I
respectively. The direct shooting of nodal explants were
noted in an effective manner while culturing onto the
basal medium with the cytokinin, BAP alone. Sarwar et
al. (2009) already proved the importance of increased
cytokinin in shoot development. It has been already
reported about the requirement of BAP for effective
shoot formation in the members of Gentianaceae,

Swertia chirayita (Joshi and Dhawan, 2007) and Exacum

Journal of Research in Biology (2016) 6(5):2054-2061
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Figure 2. Serial cultures of Exacum bicolor in tissues culture chamber and thawing

travancoricum (Kannan et al., 2007). For instance, BAP
was found to be the most effective growth hormone for
shoot bud induction in Chlorophytum borivilianum
(Purohit et al., 1994). Similarly, in Vitex negundo, Sahoo
and Chand (1998) reported BAP as the most effective
growth hormone for shoot bud induction.

The subculturing of node derived in vitro
produced shoots for multiple shoot induction in the MS
basal medium was varied according to the combinations
and concentrations of the growth regulators used
(Table 2). All subculturing experiments showed that
basal medium containing the growth regulators, BAP and
GA; at 1.5 and 0.5 mg/l respectively exhibited high

degree of shooting characters like per cent explant
response to shoot initiation (78.14%), number of shoots/
explant (11.17 shoots/explant) and shoot length (6.32
cm). It indicated the fact that high concentration of the
growth regulator, cytokinin (BAP) and low concentration
of GA; were needed for the shoot formation of node
derived shoots of this species. Senthilkumar et al. (2009)
emphasized the importance of BAP and GA; for multiple
shoot formation in the medicinal plant species,
Ophiorrhiza mungos of Nilgiris. Several works on the
importance of BAP and GA; for the multiple shoot
formation in different species were already documented

well (Ornstrup et al., 1993; Nasirujjaman et al., 2005;
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Table 2. Effect of different concentrations and combinations of growth regulators in the MS medium on
multiple shooting after sub culturing the node derived in vitro produced shoots of the species, Exacum
bicolor.

Growth regulator (mg/1) Number of shoots/

Culture response (%) Shoot length (cm)

BAP NAA Kn GA; explant

0.5 0.3 0.0 0.0 14.19%+0.13 2.322+0.07 2.23%10.15
1.0 0.3 0.0 0.0 16.19 °+0.13 3.24°+0.13 3.13 °+0.08
1.5 0.5 0.0 0.0 22.09 °+0.16 4.25 °+0.09 3.29 °+0.09
2.0 0.5 0.0 0.0 26.17 ¢ +0.21 3.26%+0.21 1.10 2 +0.10
2.5 0.7 0.0 0.0 32.09©+0.18 5.24 44+0.07 4209+0.11
3.0 0.7 0.0 0.0 48.19 £0.13 7.25£+0.09 5.24 74031
0.5 0.0 0.3 0.0 64.127+0.14 3.21°+0.05 2.33°+0.08
1.0 0.0 0.5 0.0 58.30'+0.11 4.28°+0.12 4.199+0.14
1.5 0.0 0.7 0.0 49.18 £ +0.05 53394007 2.42°+0.17
2.0 0.0 0.9 0.0 55.81"+0.38 6.38 €+0.09 3.27°+0.11
25 0.0 1.1 0.0 65.195+0.14 8.22 £+0.06 5.24 °+0.08
3.0 0.0 1.3 0.0 68.13'+0.10 6.27€+0.11 5.22°+0.11
0.5 0.0 0.0 0.5 69.23 ™ +0.09 5.19 ¢ +0.07 4.239+0.07
1.0 0.0 0.0 0.5 72.20 "+0.08 10.19 1£0.12 5.24°+0.08
1.5 0.0 0.0 0.5 78.14 9+0.56 11.17740.10 6.328+0.14
2.0 0.0 0.0 0.5 76.20 P £0.04 9.21 "+0.04 5.36 1 +0.07
2.5 0.0 0.0 0.5 74.17 ° +0.19 7.23 ££0.09 4.414£0.16
3.0 0.0 0.0 0.5 69.24 ™ +0.08 6.24 ° +0.07 4.199+0.14

Means followed by different letter in columns are significant to each other according to DMRT at 5% level.

Table 3. Effect of different concentrations and combinations of growth regulators in the MS medium on certain
rooting attributes after subculturing the node derived in vitro shoots of the species, Exacum bicolor

Growth regulator (mg/l)

Shoots rooted (%) Number of roots/shoot Root length (cm)

IBA IAA NAA

0.1 0.0 0.0 58.13'+0.10 5.199+0.12 3.22%+0.05
0.2 0.0 0.0 60.08 “+0.16 6.19 ©+0.09 2.29%40.11
0.3 0.0 0.0 61.28 '+0.04 4.16°+0.13 3.18 °+0.05
0.4 0.0 0.0 59271+0.12 3.27°+0.11 4.19 ©+0.04
0.5 0.0 0.0 54.23"10.07 3.27%+0.11 4.24°+0.07
0.6 0.0 0.0 4823 4+0.07 2.28240.12 5.189+0.17
0.2 0.0 0.1 51.30 "+0.09 7.20 F+0.09 4.19 ©+0.03
0.4 0.0 0.2 62.35 ™ +0.04 5.23940.08 3.10°+0.08
0.6 0.0 0.3 68.27 " +0.03 7.23 7+0.08 4.30 °+0.08
0.8 0.0 0.4 73.22 P+0.05 9.221+0.05 5.53 °+0.25
1.0 0.0 0.5 75.22 9+0.08 10.20 1£0.12 6.00 +0.08
1.2 0.0 0.6 70.10 ° £0.05 8.152+0.12 5.00 9£0.08
0.1 0.3 0.0 30.16 *+0.12 6.19 °+0.13 4.51°+0.42
0.2 0.5 0.0 34.14 ° +0.09 4.23 °£0.08 4.24 °+0.09
0.3 0.7 0.0 46.23 © +0.07 5.21 ¢+0.08 3.18 Y £0.05
0.4 0.9 0.0 52.268+0.11 6.24 ¢+0.07 3.31%+0.25
0.5 1.1 0.0 50.23 ©+0.07 4.23 °£0.06 4.23 °+0.08
0.6 1.3 0.0 48.244+0.07 3.10 ° +0.06 3.16 ° +0.10

Means followed by different letter in columns are significant to each other according to DMRT at 5% level.

Joshi and Dhawan, 2007; Vinterhalter ef al,, 2008; Kurt medium containing various concentrations of growth

and Erdag, 2009).

Root

formation was

induced

in in vitro

regenerated shoots by culturing them on to the MS basal

regulators,

NAA,

IBA and IAA (Table 3). The

concentration of IBA and NAA at 1.0 and 0.5 mg/l

respectively in the basal medium produced significantly
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higher percentage (75.22 %) of roots. It showed that as in
many other species, the growth regulator, auxin is
playing the most important role for rooting in, E. bicolor.
Pande et al. (2000) and Karuppusamy and Pullaiah
(2007), already reported the importance of auxins in the
root formation during the subculturing of secondary
explants. Similar kind of observations on the requirement
of auxins for better rooting were reported in many
species (Dewan et al., 1992; Beck et al., 2000; Beck and
Dunlop, 2001; Vengadesan et al., 2002, 2003; Nanda et
al., 2004; Rout et al., 2008). The rooted plantlets were
removed from the basal medium after 20 days of culture
and treated with fungicide bavistin (0.4%) and washed
thoroughly in sterile double distilled water (http:/
shodhganga.inflibnet.ac.in/bitstream/10603/33765/6/

chapter5.pdf ). Then they were acclimatized well in the
plastic cups containing hardening medium encomposed
by garden soil, sand and vermiculate in the ratio of 1:1:1
by volume. About 80% of the plantlets survived and
subsequently it has been observed that the plantlets grew
well in the greenhouse without any change in phenotypic

characters and the clones developed are most identical.

CONCLUSION

The protocol standardized through this study
demonstrates a rapid and effective in vitro shoot
from suitable

multiplication of Exacum bicolor

microsites in the grasslands of northern Kerala.
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