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In vitro Regeneration of Cotyledonary Node Explant of Bauhinia racemosa
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Abstract: A regeneration protocol was developed using cotyledonary node explant on MS medium
supplemented with different concentrations of cytokinins viz; BA (6-benzylaminopurine), Kn (kinetin) and TDZ
(thidiazuron) individually or in combinations. BA (2.5 mg L ) and Kn (1.0 mg L ) induced maximum numbers1 1

of multiple shoots with 80% response. Proliferation and elongation were achieved on the same medium
containing lower concentrations of cytokinins BA + Kn (1.5 + 1.0 mg L ), elongated shoots were rooted on1

half strength MS medium containing IBA 5.0 mg L  produced maximum number of roots with 60% response.1

The plantlets were gradually acclimatized and successfully transferred to field condition with 60% survival rate
was recorded.

Abbreviations: BAP-6-benzylaminopurine; Kn-kinetin; TDZ-Thidiazuron; NAA- -naphthaleneacetic acid;
GA -Gibberllic acid; IBA Indole-3-butyric acid IAA-indole-3-acetic acid; 3
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INTRODUCTION reproduced and seed germination rate is low due to seed

The genus Bauhinia L. is often called as ‘Orchid tree’ woody legumes has been very difficult [13], but limited
ornamental value [1]. Bauhinia racemosa Lam. Fabaceae- success has been achieved in recent years [14,15,16 and
Caesalpinioideae is a small deciduous tree with dark 17]. On other hand the application of tissue culture
brown scabrous bark, distributed in Asian countries like method in forest trees has gained momentum due to
India, Pakistan and Sri Lanka [2]. It is one of the sacred growing demand of biomass and other forest products B.
plants of Hindus, worshipped during the great festival of racemosa is considered to be recalcitrant to regeneration.
Dusehra. Leaves are exchanged along with Acacia Keeping mentioned view, an effort was made to develop
ferruginea as a token of love and respect. The bark is regeneration protocol using cotyledonary node explant
astringent and is used for inflammation, chronic for propagation and conservation of important medicinal
dysentery, diarrhea, glandular inflammations, ulcer also plant.
effective for goiter and some skin diseases [3,4].
Decoction of leaves is given to relieve headache in MATERIALS AND METHODS
malarial fever, flowers are used to treat haemorrhage, piles,
cough and as laxative [2]. A new tetracyclic phenol and Plant Material: Mature pods of Bauhinia racemosa Lam.
other constituents reported from the roots [5] and were collected Gulbarga University campus and Kotnoor
structural determination of seed polysaccharide by Village, Gulbarga, Karnataka, India. Seed coat were
mythylation studies [6]. Methanol extract of stem bark has scarified [12] and washed in detergent (5% v/v Teepol,
anti-inflammatory, analgesic and antipyretic [7], antitumor Godrej, India) rinsed with sterile distilled water and
and antioxidant [8], antimicrobial [9] and hepatorenal surface sterilized with mercuric chloride 0.1 % w/v (Hi-
functions in mice [10]. media, Mumbai) for 5 min. After washings with sterilized

A traditional method of vegetative propagation is distilled water, inoculated in culture tubes of 25x150 mm
unsuccessful, seed propagation is the only way to (Borosil, India). These tube containing distilled water

coat imposed dormancy [11, 12]. The organogenesis in
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supported by filter paper bridges, were incubated at 25 ± of rooting and average number and length of roots per
2°C, for 16 hr. Photoperiod and light intensity of 50 shoots were determined and recorded after 30 days of
µmoL  S  provided by cool florescent lamps (Philips, culture. Well rooted (6-8 cm) plantlets were removed from2 1

India Ltd.). Seeds germinated in 4-5 days and it attained 4- culture tubes and transferred to plastic cups containing a
5 cm height with 2-3 nodes. Thereafter, within 15-20 days mixture of sterilized sand, soil and manure (1:1:1) kept in
these aseptically grown seedlings were used as source of culture room covered with plastic bags. Gradually
explants. acclimatized plantlets were transferred to green house and

Media and Explant Evaluation: For in vitro regeneration
three different growth media viz., MS [18], B5 [19] and Statistical Analysis: The results were analyzed
WPM [20]  were  tested  and  supplemented  with  BA statistically for the number of shoots responded per
(2.5 mg L ) mesoinositol (100 mg L ) and different explant and shoot length for their mean values and1 1

concentrations  of  PVP  (Polyvinylpyrrolidone  100-500 standard error (Mean ± SE) 
mg L ). The pH of culture media was adjusted to 5.6-5.81

using (0.1N HCl and 0.1N NaOH) and solidified with 0.8% RESULTS AND DISCUSSION
agar (Hi-media, Mumbai), 3% sucrose before autoclaved
under 1.06 kg/cm at 121°C for 15 min. Different seedling 10-15 days old aseptically grown seedling of 3-4 cm2

explants  like  cotyledonary  node, hypocotyl, epicotyl length were selected. Hypocotyls, epicotyl, cotyledonary
and shoot tip explants were inoculated. All the cultures node and shoot tip explants were cultured on semi solid
maintained in a growth room at 25 ± 2 °C under 16 hr light MS (Murashige and Skoog medium), B5 (Gamborg
with a light intensity of 50 µmoL  S  provided by cool medium) and WPM (woody plant medium) medium2 1

florescent lamps (Philips, India Ltd.,). Each treatment supplemented with BA (2.5 mg L ) and Kn (1.0 mg L ).
consisted of 10 cultures and all the experiment were Both MS and WPM medium induced 6-8  shoot  buds
repeated thrice. from  cotyledonary  node  and  shoot tip explants within

Induction of Multiple Shoots: For direct induction of differentiation (80%) was observed in MS basal medium.
multiple shoots, three different cytokinins BAP, Kn and However, shoot buds after elongation showed shoot tip
TDZ (1.0-4.0 mg L ) individually and in combination of necrosis and percent of necrosis was very high (50%) in1

BAP (1.0-3.0 mg L ) + Kn (1.0 mg L ) and BAP (1.0-3.0 WPM medium. Several reports have emphasized the1 1

mg L ) + TDZ (1.0 mg L ). The explants were medium dependent response and shoot tip necrosis1 1

subcultured once in 15 days on basal medium [21,22]. MS medium has also been effectively used in
supplemented with same concentrations of growth other species of Bauhinia such as B. purpurea [17] and
regulators to minimize the deleterious effect of dark B. variegata [23]. In the present study MS medium has
exudates liberated during in vitro conditions. been proved best medium for shoot induction,

Proliferation and Elongation: The 45 days old 1-2 cm MS medium supplemented with various
microshoots obtained from cotyledonary node were concentrations of BA, Kn and TDZ (1.0-4.0 mg L )
further subcultured on MS basal medium containing individually and in combinations BA (1.0-3.0 mg L ) + Kn
different concentrations of BA (1.0-1.5 mg L ) + Kn (0.5- (1.0 mg L ) and BA (1.0-3.0 mg L ) + TDZ (1.0 mg L ).1

2.5 mg L ) and BAP (1.0-1.5 mg L ) + GA  (1.0-2.5 mg They induced the shoot buds within 10 days, which1 1
3

L ) were tested for proliferation and elongation developed into green, healthy shoots in another 10 days1

purposes. After 45 days, percentages of response, from cotyledonary node and shoot tip explants but
number of shoots and shoot length per culture were hypocotyls and epicotyl explant produced callus. 
recorded. After 15 days the shoot segments exhibited browning

In vitro Rooting Acclimatization: Elongated shoots (4-5 To prevent the browning, PVP (Polyvinylpyrrolidone, mol.
cm) were transferred to half strength MS basal medium
containing NAA ( -naphthaleneacetic acid), IBA (Indole-
3-butyric acid) and IAA (indole-3-acetic acid) (1.0-6.0 mg
L ) individually tested for root induction. The frequency1

then field conditions. 

1 1

20 days culture. The highest frequency of shoot bud

proliferation, elongation and rooting. 

1

1

1 1 1

of the explant and medium due to leaching of phenolics.

wt. 46,000 D) was added in different concentrations (100-
500 mg L ) to MS medium containing BA + Kn addition1

of PVP (200 mg L ) has given the best results in terms of1

regeneration  response. Similar, observations were earlier
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Table 1: Effect of cytokinins on induction of multiple shoots from cotyledonary node and shoot tip explants of Bauhinia racemosa (values M±SE; 10 replicates
results, an average of three experiments)

Hormones Cotyledonary node Shoot tip
---------------------------------------- ----------------------------------------------------------------------- -----------------------------------------------------------------------
Growth concentrations Percentage Average number Average length Percentage Average number Average length
regulators (mg L ) of response (%) of shoots of shoots of response (%) of shoots of shoots1

BAP 1.0 - - - - - -
2.0 30 2.83 ± 0.33 0.89 ± 0.05 - 0.93 ± 0.13 0.59 ± 0.09
3.0 60 4.27 ± 0.53 0.94 ± 0.08 10 1.87 ± 0.62 0.97 ± 0.12
4.0 50 3.72 ± 0.38 1.03 ± 0.23 20 2.69 ± 0.29 0.99 ± 0.32

Kn 1.0 10 1.81 ± 0.87 1.27 ± 0.48 15 1.75 ± 0.76 1.02 ± 0.53
2.0 10 2.09 ± 0.29 1.42 ± 0.55 25 2.45 ± 0.64 1.31 ± 0.67
3.0 10 2.13 ± 0.36 2.57 ± 0.36 30 2.52 ± 0.81 1.67 ± 0.34
4.0 30 3.96 ± 0.79 1.63 ± 0.49 45 3.56 ± 0.87 1.71 ± 0.52

BA+Kn 1.0 + 1.0 30 2.81 ± 0.29 1.53 ± 0.08 20 2.98 ± 0.96 1.35 ± 0.14
1.5 + 1.0 50 2.93 ± 0.36 1.76 ± 0.32 40 2.23 ± 0.47 1.65 ± 0.40
2.0 + 1.0 60 4.27 ± 0.29 2.13 ± 0.17 50 3.48 ± 0.64 2.01 ± 0.19
2.5 + 1.0 80 6.23 ± 0.47 2.15 ± 0.16 65 5.13 ± 0.32 2.11 ± 0.22
3.0 + 1.0 35 4.76 ± 0.32 1.19 ± 0.36 40 3.53 ± 0.09 2.32 ± 0.41

BA+TDZ 1.0 + 1.0 10 2.83 ± 0.55 1.82 ± 0.72 20 2.94 ± 0.62 1.54 ± 0.47
1.5 + 1.0 30 3.97 ± 0.30 1.91 ± 0.63 45 2.38 ± 0.82 1.84 ± 0.63
2.0 + 1.0 75 5.21 ± 0.08 2.23 ± 0.07 60 5.71 ± 0.19 2.51 ± 0.23
2.5 + 1.0 40 4.43 ± 0.76 2.10 ± 0.03 35 3.91 ± 0.84 2.09 ± 0.12

-indicates no response 

Table 2: Effect of BAP + Kn on proliferation and elongation of multiple shoots in Bauhinia racemosa Lam. (values M±SE; replicates n=10, results an average
of three experiments)

Growth regulators (mg L ) Average number of shoots Average length of shoots1

BAP + Kn
1.0 + 0.5 2.80 ± 0.03 3.16 ± 0.16
1.0 + 1.5 3.50 ± 0.32 3.18 ± 0.13
1.0 + 2.0 3.80 ± 0.16 3.26 ± 0.07
1.0 + 2.5 4.00 ± 0.10 4.03 ± 0.11
1.5 + 0.5 4.00 ± 0.08 4.08 ± 0.13
1.5 + 1.0 8.60 ± 0.05 5.83 ± 0.08
1.5 + 1.5 6.23 ± 0.07 5.14 ± 0.16
1.5 + 2.0 6.01 ± 0.38 4.10 ± 0.12
1.5 + 2.5 5.38 ± 0.14 4.16 ± 0.18

made in Datura metal [24], Dalbargia latifolia [25] and seedling  explant  in  Bauhinia vahlii [31], but not so in
Acacia catechu [26]. All the cultures were subcultured on the case of B. racemosa. In the present study TDZ
to the same medium at every 15 day interval. Increase in stimulated the development of numerous adventitious
the shoot induction was observed after two subcultures. shoots buds but they fail to elongate shoots. Similar

Maximum number of multiple shoots were obtained response has been reported in other woody plants [32].
on MS medium containing BA (2.5 mg L ) and Kn (1.0 mg The number of shoots produced on medium1

L ) with 6.23 ± 0.47 number of shoots per explant and supplemented with BA + TDZ and BA + Kn are1

2.15 ± 0.15 cm shoot length from cotyledonary node statistically similar. Several reports have indicated that
explant with 80% response and in shoot tip explant an TDZ either stimulated the formation of numerous shoots
average 5.13 ± 0.32 number of shoots per explant 2.11 ± or unsuitable for micropropagation [33]. 
0.22 cm shoot length with 65% response were recorded The explants excised from juvenile plant showing the
over 45 days culture period (Table 1, Fig. A). best response from the shoot tips in Acacia saligna [34],

A synergistic effect of BA and Kn in promoting cotyledonary nodes in Acacia nilotica [35], Acacia
shoot initiation has been reported early in Acacia catechu senegal [36] and nodal explants of trees in Acacia
[27,28] and Bauhinia vahlii [29] Although TDZ was catechu [29]. In the present investigation the
recommended for in vitro regeneration of woody plants morphogenetic response of the cotyledonary node
[30] and best cytokinins for shoot proliferation from explant was found better compared to shoot tip explants.
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Table 3: Effect of auxins on in vitro rooting of shoots cultured on half strength MS medium (values M± SE; n=10, an average of three experiments)
Growth regulators (mg L ) Percentage of rooting (%) Number of roots per shoot Root length (cm)1

NAA 1.0 - - -
2.0 - - -
3.0 30 4.21 ± 0.58 2.12 ± 0.32
4.0 30 4.13 ± 0.09 2.56 ± 0.21
5.0 40 4.62 ± 0.17 2.62 ± 0.62
6.0 35 3.96 ± 0.12 2.19 ± 0.16
IBA 1.0 - - -
2.0 - - -
3.0 20 4.10 ± 0.47 2.31 ± 0.13
4.0 30 4.83 ± 0.87 2.92 ± 0.74
5.0 60 8.82 ± 0.62 3.19 ± 0.18
6.0 50 7.21 ± 0.13 3.12 ± 0.62
IAA 1.0 - - -
2.0 - - -
3.0 - - -
4.0 30 3.52 ± 0.53 2.93 ± 0.32
5.0 - - -
6.0 - - -
- indicates no response.

Fig. 1 A-H: In vitro regeneration of cotyledonary node explant of Bauhinia racemosa Lam.
A: Induction of buds and multiple shoots on MS medium supplemented with BA + Kn (2.5 + 1.0 mg L ).1

B, C and D: Proliferation and elongation on MS medium supplemented with BA+ Kn (1.5 + 1.0 mg L ).1

E, F and G: In vitro rooting on half strength MS medium supplemented with IBA (5.0 mg L ).1

H: Acclimatized potted plant.

Multiple  shoots  obtained  cotyledonary  node of tested concentrations BA (1.5 mg L ) + Kn (1.0 mg L )
1.5-2.0   cm   were   harvested   and   further   subcultured elicited  the  maximum   number   of   shoots  8.60 ± 0.05
on MS basal medium supplemented with lower per  culture with  an  average  5.83  ±  0.08  cm  shoot
concentrations of BA (1.0-1.5 mg L ) and Kn (0.5-2.5 mg length  from  45  days   old   culture   period   (Table   2,1

L )  for  proliferation  and  elongation.  Among  the Fig. 1. B, C and D).1

1 1
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Shoots subcultured on medium supplemented with 5. Jain, R., S. Alam and U. Sexana, 2002. A new
GA (Gibberllic acid), had less proliferation and elongation. tetracyclic phenol and other constituents from the
A similar phenomenon was observed in Anogesissus roots of Bauhinia racemosa. Indian Journal of
serecia [37]. The combination of two cytokinins has been Chemisty, 41B(6): 251-253.
found to be more effective than TDZ alone in several 6. Jain,     S.     and     B.K.     Srivastava,    2005.
woody species viz., Tilia cordata, Sorbus acuparia and Structural determination of seed polysaccharide of
Robinia psudoacacia [38] and Tamarindus indica [39]. Bauhinia   racemosa   by   mythylation   studies.
Inclusion of auxin produced excessive callusing and Oriental Journal of Chemistry, 21(3): 601-602.
reduced shoot numbers and length. 7. Gupta, M., U.K. Mazumder, R.S. Kumar, P. Gomathi,

For in vitro rooting excised shoots of cotyledonary Y. Rajeshwar, B.B. Kakoti and V.T. Selven, 2005.
node 4-5 cm long were transferred to 25x170 mm test tube Anti-inflammatory analgesic and antipyretic effects
(glass) containing 20 ml of half strength MS medium of   methanol   extract   from   Bauhinia   racemosa
supplemented with different concentrations of auxins viz., stem bark in animal models. Journal of
IAA, NAA and IBA (1.0-6.0 mg L ) individually were Ethanopharmacology, 98(3): 267-73.1

tested. Within 10 days, the initiation of roots was 8. Gupta,   M.,   U.K.   Mazumder,   R.S.   Kumar   and
observed in medium containing NAA and IBA (3.0-6.0 mg T.S. Kumar, 2004. Antitumor activity and antioxidant
L ) and gave the good response of rooting. role of Bauhinia racemosa against Ehrlich ascites1

However, maximum (60%) rooting was observed on Carcinoma in Swiss albino mice. Acta Pharmacology
the medium supplemented with IBA (5.0 mg L ) Sinica, 25(8): 1070-1076.1

individually, an average 8.82 ± 0.62 roots per shoots with 9. Kumar, R.S., T. Sivakumar, R.S. Sunderam, M. Gupta,
3.19 ± 0.18 cm root length were recorded over 30 days U.K.     Mazumdar,     P.     Gomathi,    Y.    Rajeshwar,
culture period. Similar rooting phenomenon were S.   Saravanan,   M.S.   Kumar,  K.  Murugesh  and
observed in IBA treated medium in many woody K.A. Kumar, 2005. Antioxidant and antimicrobial
leguminous plants like, Acacia sinuta [40] Acacia catechu activities of Bauhinia racemosa L. stem bark.
[26], Acacia, mangium [41] and Sesbania grandiflora Brazilian  Journal  of  Medical  Biological  Research,
[42]. Although NAA and IAA also responded for root pp: 1015-1024.
induction but percentage of rooting is poor and roots 10. Kumar,    R.S.    Malaya,    Gupta,    U.K.   Mazumder,
were thin and delicate (Table 3, Fig-1. E, F and G). Y.     Rajeshwar,     T.S.    Kumar,    P.   Gomathi   and

About 76-80 per cent shoots, obtained from the R. Roy, 2005. Effects of methanol extract of
single cotyledonary node and of these 55-62 per cent Caesalpinia bonducella and Bauhinia racemosa on
plantlets acclimatized successfully  in  the  pot  containing Hematology and Hepatorenal function in mice.
sand, soil and manure (1:1:1) in 3-4 weeks time with Journal of Toxicological Science, 30(4): 265-274.
percent survival 60 per cent in field. The protocol 11. Zopade, S., 1991. The improvement of germination of
standardized in the present study enabled high rate of some    forest    species    by    acid   scarification.
shoot multiplication without any callusing at any stage Indian forester, 117(1): 61-66.
and could be applied for afforestatoin purpose of this 12. Prasad, P. and A.R. Nantiyal, 1996. Physiology of
valuable tree (Fig-1. H). germination in Bauhinia: Involvement of seed coat
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