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An in vitro regeneration protocol has been standardized via direct and indirect methods from excised root explants of
C. bonduc, a threatened woody legume used for the treatment of contagious diseases, inflammation, leprosy, antiperiodic,
febrifuge, anthelmenthic, urinary disorders, leucorrhoea, piles and to heal wounds. MS medium supplemented with
17.75 pmol BAP and 2.46 pumol IBA, induced a mean of 3.40 + 1.07 shoots directly from the surface of excised root
explant. Subsequently, the shoots rooted readily on MS haf strength medium with out growth regulators. In indirect
organogenesis, callogenic frequency was optimized (96.66%) at the concentration of 9.04 umol 2, 4-D and 0.88 umol BAP.
An average, 15.30 + 5.25 shoots were differentiated from the root callus at the concentration of 17.57 umol BAP and 2.85
pumol 1AA. Shoots regenerated through callus were rooted well on MS half strength medium with growth regulators at 2.95
pmol IBA. Rooted plantlets were transferred to the pots containing sterilized soil and were successfully hardened at
greenhouse condition for three weeks then exposed to the natural environment. Survival rate was more (95%) in plantlets
derived through direct organogenesis than (60%) the plantlets regenerated through root calli.
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Caesalpinia bonduc (L.) Roxb. (Caesapinaceae) is a
dioecious scrambling woody liane with a spiny stem
and bipinnate leaves up to 1 m long. The plant is
threatened and very sparsely distributed in the
deciduous forests of the Western Ghats of India.
It adso reported to be criticaly endangered in
Malaysia®®.

In Ayurvedic system of medicine the plant is
popularly known as fevernut and has being used for
treating tuberculosis, cancer, eye sores, haemorrhages,
leprosy, inflammations, asthma, toothache and
fever*>. The seeds have been screened for anti-
microbial  activity®’,  anti-hypoglycaemic, anti-
hypolipidemic®®, antitumour, antioxidant’®, anti-
pyretic and analgesic activities™, anti-filarial
activity?, anxiolytic activity™, immunomodulatory
activities™. C. bonduc seeds are the major component
of famous Ayurvedic drug- ‘Ayush’, used against
malaria®. The plant is propagated through round
marble-sized seeds born in borne in a two seeded
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pods. The glossy and hardy seeds are frost-tolerant
and it requires more than 5 years of dratification for
germination. Due to longer duration of dormancy and
thick seed coat, viability is very poor and it does not
germinate unless the scarifying action of microbes,
weathering, insects, or rodents which eventually break
the glossy coat and allows water to enter the seeds.
Further, unscientific overexploitation of the plant
parts like seeds and bark for medicina purposes and
destruction of habitat by anthropogenic activities drag
this species towards the threshold of threatening
condition and will become extinct if proper steps are
not taken for its conservation and listed under
endangered medicinal plant category™®.

Since, the plant is having immense medicinal
value previous investigators were attempted to
derive in vitro protocol using epicotyl’” and stem
explants'®. As compared to chlorophyllus areal
explant culture, reports are scanty on exploration of
in vitro regenerative potentialities of the root
explants®®. Therefore the objective of the present
study is to investigate the regenerative potentialities
of root explants of C. bonduc and to develop a
reliable system for mass propagation with or without
an intervening callus phase.
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Materialsand Methods

Mature seeds of Caesalpinia bonduc were collected
from Bhadra Wild Life Sanctuary (1 km from the
Kuvempu University) of the Western Ghats,
Karnataka, India. The plant material and seeds
was authenticated by Prof. Y. L Krishnamurthy,
Department of Applied Botany, Kuvempu University,
Shankaraghatta (Voucher specimen number: KUAB
301). The seeds were washed under running tap water
treated with few drops of Tween 20 for 15 min
followed by 3 times distilled water then 70% ethanol
for 5 min. The dormancy of the seeds was over come
by acid scarification using conc. H,SO,4 for 60 min
followed by washing with double distilled water for
4-5 times. The seeds were soaked in distilled water
for 72 h and disinfested with 0.1% HgCl, for 8 min
followed by 3 to 4 times wash with sterilized distilled
water in aseptic condition. Seeds were subjected to
germination on M'S medium? supplemented with 3.48
pmol kinetin (Kn). Root segments of 1.0-1.5 cm in
length were aseptically harvested from the 45 days
old culture and used as explants for the exploration of
callogenic and caulogenic potentialities.

For direct organogenesis, aseptically excised root
segments were placed horizontally on to MS medium
fortified 5.42 pmol Adenine sulfate, 300 mg*
polyvinyl pyrrolidone (PVP) and a range (4.43 to
22.19 pmol) of 6-Benzylaminopurine (BAP) and
2.46 10 9.84 umol of 3-Indolyl butyric acid (IBA). For
indirect organogenesis, the callogenic media consisted
MS basal sdts supplemented with 10.85 pmol
Adenine sulfate, 500 mgL™ PVP and the growth
regulators 2, 4-Dichlorophenoxyacetic acid (2, 4-D)
and BAP are at the range of 3.39-13.57 pmol and
044 to 221 pmol respectively. For shoot bud
differentiation the media fortified with a range of
BAP (8.87-26.63 umol) and IAA (2.85-11.41 umoal).
The shoot buds organized either directly from the
explants or through the calus phase, grew above
56 cm with wel developed biparipinnately
compound leaves were aseptically excised and
transferred to MS half srength media consists of
2.95 pmol IBA and 500 mgL™ PVP. The growth
regulators were added to the medium before
autoclaving. The pH of the medium was adjusted to
5.6 to 5.8, autoclaved at 121 °C at 15 ps (1.06
kg/cm?) pressure for 20 min. The cultures were
incubated at 12 h photoperiod with alight intensity of
2000 Lux at 22+2 °C with 65-70% RH. The data
were dstatistically evaluated by using ezANOVA

software (0.98 versions). The regenerated plantlets
were primary hardened for two weeks in culture
condition and then transferred to the greenhouse for
secondary hardening.

Results and Discussion

Till date there are many reports available on the
culture of achlorophyllus root explants of woody
species and derive reliable protocol for mass
multiplication of plantlets®®. It has been suggested
that tissue culture of medicinal plants from root
explants has been regarded as a good explant source
not only for mass multiplication of plantlets but also
for the production of secondary metabolites from the
cali**®. In this study, regenerants were successfully
produced from the excised root explants of C. bonduc
both from direct and indirect organogenesis methods.

Direct organogenesis

The root explants harvested from the in vitro grown
seedling are considered as an excellent material for
culture initiation as compared to mature plant explant
and the degree of contamination is very less. Further,
culture of stem explants of C. bonduc observed
the magor problem of endogenous microflora
contamination®. For culture initation of Média
azedaracta®’, also harvested the root explants from
the seedlings was used. Although, this species had an
immense medicina value, rigorous investigations
has not been carried out because of recalcitrant
nature and browning of the explants during the initial
stage of culture. Due to phenolic exudation, most of
the woody species explants does not induces
morphogenic responses in culture condition and it is
very poor among woody legumes®®. In absence of
growth adjuvant, adenine sulfate and antioxidant,
PVP browning of the explant noticed even with
the presence of optima concentration of growth
regulators. Within a week of culture phenolic
exudation noticed from the explants. The phenolic
oxidation was controlled by the supplementation of
5.42 umol adenine sulfate and 300 mgL ™ PVP.

The quality and quantity of growth regulator would
have an immense effect on in vitro organogenesis and
significant results obtained due to the interaction of
optimal concentrations of exogenously supplemented
growth regulators with the endogenous growth
regulators of cultured explants. In many woody
legumes, the supplementation of BAP aone in
different concentrations or in combination with auxins
induced shoot bud organogenesis® and its caulogenic
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Fig. 1—Plant regeneration from root explants from C. bonduc. (A) shoots bud initiation from the cultured root explants, (B) multiple
shoot buds organization on root explants, (C) growth of shoot with serrate margined leaves, (D) further elongation of shoot with
peripinnately compound leaves, (E) rooting from the organized shoot, (F) hardened and soil acclimatized plantlets.
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frequency varies depending upon the type of explants
cultured. The reason for effectiveness of the BAP may
lie in its ability to stimulate the plant tissues to
metabolize the natural endogenous hormones or could
induce the production of natural hormone system for
the induction of shoot organogenesis™.

The root explants excised from the seedlings of
C. bonduc when cultured on MS culture medium
supplemented with BAP alone (4.43-22.19 umol) or
in combination with IBA (2.46-9.84 pmol) induced
adventitious shoot bud. After 15 days of culture
photosynthetic loci appeared on the surface of
root explants and these were transformed in to
shoot buds (Fig. 1A and 1B). Subotic et al.*
investigated the effects of six cytokinins [kinetin
(Kn),  N6-benzylaminopurine  (BAP), 6-0,0-
dimethylallylaminopurine  (2IP),  N-(2-chloro-4-
pyridyl)-NO-phenylurea (CPPU), 1-phenyl-3-(1,2,3-
thiadiazol-5-yl)urea (TDZ) and 6-[4-hydroxy-3-
methyl-but-2-enylaminopurine (ZEA)] on the induction
and development of adventitious buds from the root
explants of Centaurium erythraea and found that the
urea-type cytokinin such as CPPU and TDZ were
more effective than adenine-type cytokinin for
adventitious buds formation with normal morphol ogy.
But in the present study, BAP the Adenine-type
cytokinin would provoke better shoot organogenesis
on interacting with the auxin IBA. The shoot bud
organogenesis was optimized at the concentration of
17.75 pmol BAP and 2.46 pumol IBA with a mean of
3.40 £ 1.07 shoots per explant (Table 1), off which,
only one or two shoots grew up wel bearing
biparipinnately compound leaves (Fig. 1C and D).
The shoot buds turns to brown and dried on the
explant. This may be due to well differentiated
vascular bundles of the selectable shoots. It is aso
observed that as the concentration of BAP decreases
with the increased concentrations of IBA, the
caulogenic potentialities of the root explant was
decreased. The effect of BAP on bud differentiation
from root explants has been reported in other woody
plant species such as Citrus mitis?, Populus
tremula®, Piper colubrinunv?. The regenerated shoots
rooted readily on MS basa medium without plant
growth regulators (Fig. 1E). The plantlets were
acclimatized to greenhouse for hardening in polythene
bags containing sterilzed soil (Fig. 1F).

Indirect organogenesis
The root segments of C. bonduc inoculated onto
M S medium augmented with 2, 4-D, BAP showed the

sign of organogenic response and pale yellow, callus
initiation was noticed from surface of the explants
after 15 days of inoculation, at the concentration of
3.39 to 13.57 umol of 2, 4-D done (Fig. 2A). The
frequency of calogenesis increases with the
augmentation of BAP at the range of 0.44 to 2.21
pmol. In the culture of epicotyls explants of
C. bonduc, Meenaet al." also noticed that presence of
auxin alone showed poor callusing from the explants
and interaction ° auxins with cytokinines favored
callogenesis. But the percentage of callus induction
was increased considerably to 96% in the interaction
of 5.70 pmol of IAA with 17.75 pumol BAP. In the
present study the caulogenic frequency of the root
explants of C. bonduc was highest (96.66%) at the
concentration of 9.04 umol 2, 4-D and 0.88 umol
BAP (Table 2). When increased concentrations of

Table 1—Synergetic effect of BAP and IBA on shoot bud
differentiation from the Root explants of C. bonduc

Growth regulators (umol) Number of shoot buds/
root explant
BAP IBA (mean + SD)
04.43 0.00 1.20+0.79
04.43 2.46 0.90+0.74
04.43 4,92 0.00+0.00
04.43 7.38 0.00+0.00
04.43 9.84 0.00+0.00
08.87 0.00 1.60+0.97
08.87 2.46 2.20+0.63
08.87 4.92 1.10+0.74
08.87 7.38 0.00+0.00
08.87 9.84 0.00+0.00
1331 0.00 2.70+0.95
13.31 2.46 3.90+1.20
1331 4.92 2.50+0.85
13.31 7.38 0.40+0.52
1331 9.84 0.30+0.67
17.75 0.00 3.10+0.99
17.75 2.46 3.40+1.07
17.75 4,92 2.70+0.95
17.75 7.38 1.30+0.95
17.75 9.84 0.50+0.71
22.19 0.00 3.50+1.27
22.19 2.46 3.20+0.79
22.19 4,92 3.00+1.15
22.19 7.38 1.70+0.82
22.19 9.84 2.30+0.82
FVaue 26.4
The value of each combination consisted of mean + SD of 10
replicates.

The F-value is significantly different when P< 0.05.
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Fig. 2—Plant regeneration from root calli explants from C. bonduc. (A) callus formation on root explants, (B) initiation of greenish nodal
like shoots bud organization, (C) sprouting of multiple Shoots differentiation, (D) growth of shoot with serrate margined leaves, (E)
rooting on half strength MS medium with 0.6% IBA, (F) soil acclimatization of plantlets derived from root calli.
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BAP hindered callogenic efficiency of the explant.
This variation in calogenic response from different
explants of the same species is due to the presence of
endogenous growth regulators at varied concentrations.

Prior to calus initiation, the root explants bulges
into moniliform knot like structures. After 25 days of
culture whitish fleshy callus protruded from these
knots (Fig. 2A). Sub culturing of the primary callus
on to the same media resulted in the formation of
whitish hard nodular mass (Fig. 2B) and no sign of
caulogenesis even after five subculture onto the
same media. On the contrary, interaction of higher
concentrations of BAP (8.87-26.63 pmol) with
lower concentrations of IAA (2.85-11.41 pmol)
shoots bud differentiation from the root callus
(Table 3). On shoot bud differentiation media, the
whitish callus turns to pale brown initidly, later
organization of pale greenish protuberances were
noticed all over the surface of the root callus and in

Table 2—Effect of 2, 4-D and BAP on the frequency of callus
formation from the root explants of C. bonduc

Growth regulators (umol) Frequency of callus

formation (%)

24-D BAP

03.39 0.00 10.00
03.39 0.44 46.66
03.39 0.88 23.33
03.39 1.33 26.66
03.39 177 00.00
03.39 221 00.00
04.52 0.00 26.66
04.52 0.44 36.66
04.52 0.88 33.33
04.52 133 73.33
04.52 177 26.66
04.52 221 16.66
09.04 0.00 56.66
09.04 0.44 76.66
09.04 0.88 96.66
09.04 133 66.66
09.04 177 23.33
09.04 221 16.66
13.57 0.00 43.33
13.57 0.44 66.66
13.57 0.88 36.66
13.57 1.33 00.00
13.57 177 00.00
13.57 221 00.00

The value of each combination consisted of percentage of callus
induction
from the mature stem of 3 x 10 replicates.

four week old culture, these protuberances were
transformed into shoot buds. Sub-culturing of these
differentiating calli on to the same media resulted in
the growth of buds in to multiple shoots with
photosynthetic simple linear lanceolate leaves
(Fig. 2C). At optimal concentration (17.75 pumol BAP
and 2.85 pmol IAA) a mean of 15.30 = 5.25 shoots
counted per callus (Table 3). However, only two to
three shoots w e capable to grew up well with
biparipinnately compound leaves (Fig. 2D). In the
callus culture of woody legumes Entada purseatha®,
Acacia senegal® aso noticed the development of
simple leaves in the early stage of shoot bud
differentiation and the growth of minimal number of
efficient shoots with biparipinnately compound leaves
at later stages of development.

Table 3—Synergetic effect of BAP and IAA on shoot bud
differentiation from the Root callus of C. bonduc

Growth regulators (umol) Number of shoot

buds/callus
BAP IAA (mean £ SD)
08.87 00.00 07.40+1.43
08.87 02.85 04.40+2.88
08.87 05.70 01.20+1.23
08.87 08.56 00.50+0.71
08.87 1141 00.10+0.32
1331 00.00 09.00+2.05
1331 02.85 07.80+2.35
13.31 05.70 05.60+£3.13
13.31 08.56 01.60+0.70
1331 11.41 00.40+0.70
17.75 00.00 10.90+2.13
17.75 02.85 15.30+5.25
17.75 05.70 09.70+£1.89
17.75 08.56 06.70+3.06
17.75 1141 03.60+2.07
22.19 00.00 11.40+2.67
22.19 02.85 09.10+1.66
22.19 05.70 08.40+1.65
22.19 08.56 06.60+3.63
22.19 11.41 04.90+2.13
26.63 00.00 13.50+1.65
26.63 02.85 12.30+1.57
26.63 05.70 10.90+2.23
26.63 08.56 09.30+2.67
26.63 1141 07.10+1.66
F Vaue 35.9
The value of each combination consisted of mean + SD of 10
replicates.

The F-value is significantly different when P< 0.05.
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Rooting of regenerated shoots

One of the mgjor tasks in the regeneration of
woody legumes is the rooting of microshoots.
Generally on high ionic strength and liquid media
withering of leaf lets and exudation of phenolics are
common. Half strength media augmented with
antioxidants and the growth regulator IBA or IAA is
suitable for induction of roots from the in vitro
differentiated shoots of woody legumes™®. When the
shoots attain the length of 5 to 6 cm with two to four
biparipinnately compound leaves were transferred to
rooting medium augmented with 2.95 umol IBA as
analogous to the report of Meena et al'’. Root
developed from shoots with 100% survival rates
(Fig. 2E). The regenerants were successfully hardened
and acclimatized on soil (Fig. 2F). The well rooted
regenerated plantlets were transferred to plastic cups
containing sterilized garden soil acclimatized in
greenhouse condition. As compared to the plantlets
regenerated through root calli (60%), the survival of
plantlets was more (95%) in the plantlets derived
through direct organogenesis.

Conclusion

This study developed an efficient and reproducible
regeneration protocol via direct and indirect
organogenesis from the root explants. The results
presented here are expected to be helpful for ex-situ
conservation and for the production of secondary
metabolites from the root calli.
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