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INTRODUCTION 
 

Since ancient times, mankind has been dependent on plants for 
food, flavors, medicinal and many other uses. Ancient written 
records of many civilizations give strong evidence regarding 
use of medicinal plant (Patwardhan et al., 2005; Micke 
2009). The World Health Organization (WHO) reported that 
80% of people in the developing world use medicinal plants 
for their primary health care (Vines, 2004).  The use of herbal 
medicines is growing in developed countries, presently 25% of 
the UK population use herbal medicine (Zhou 
About 40% of compounds used in pharmaceutical industry are 
directly or indirectly derived from plants (Rout 
because chemical synthesis of such compounds is either not 
possible and/or economically not viable (Oksman and Inzé, 
2004). Therefore a large number of plant species (especially 
medicinal) are under threat of extinction because of their over 
exploitation (Edwards, 2004). About 10 species of genus 
Pithecellobium, (P. clypearia, P. dulce, P. monadelphum, 
P. globosum, P. unguiscati, P. arboreum, P. flexicaule, 
P. jiringa, P. parviflorum and P. mart) commonly occur in 
India. Pithecellobium dulce Benth. (Leguminosae), commonly 
referred as manila tamarind, as its sour taste resembles 
tamarind (Sugumaran et al., 2007). It is a small to medium 
sized, evergreen, spiny tree up to 18 meters height, native of 
tropical America and available throughout the plains of India 
and in the Andamans. It is known as Jangal Jalibi in Hindi and 
Kodukkapuli in Tamil. The bark of the plant is reported to be 
used as astringent in dysentery, febrifuge and it is also useful 
in dermatitis and eye inflammation. The leaves have 
been reported to possess astringent, emollient, 
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ABSTRACT 

A micropropagation method is described for Pithecellobium dulce
Multiple shoots were induced from axillary buds on Murashige and Skoog's (MS) agar
medium containing different concentrations of 6-Benzylaminopurine (BAP) and Kinetin (Kn). 
Medium containing 3.0 mgl-1 BAP was the most effective for shoot induction .The cultures were 
amplified by passages on MS medium supplemented with 1.5 mgl
Indole-3 acetic acid (IAA). The micropropagated shoots were subsequently transferred for root 

rmation on half-strength MS medium + 2.5 mgl-1 Indole-3 butyric acid (IBA) with 94% success 
rate. These plantlets were hardened in the greenhouse. The established protocol is suitable for true 
to type cloning of mature plants of P. dulce. 
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Since ancient times, mankind has been dependent on plants for 
food, flavors, medicinal and many other uses. Ancient written 
records of many civilizations give strong evidence regarding 

., 2005; Micke et al., 
he World Health Organization (WHO) reported that 

80% of people in the developing world use medicinal plants 
for their primary health care (Vines, 2004).  The use of herbal 
medicines is growing in developed countries, presently 25% of 

herbal medicine (Zhou et al., 2006). 
About 40% of compounds used in pharmaceutical industry are 
directly or indirectly derived from plants (Rout et al., 2000) 
because chemical synthesis of such compounds is either not 

e (Oksman and Inzé, 
2004). Therefore a large number of plant species (especially 
medicinal) are under threat of extinction because of their over 

About 10 species of genus 
P. clypearia, P. dulce, P. monadelphum,               

P. globosum, P. unguiscati, P. arboreum, P. flexicaule,                  
) commonly occur in 

Benth. (Leguminosae), commonly 
manila tamarind, as its sour taste resembles 

., 2007). It is a small to medium 
sized, evergreen, spiny tree up to 18 meters height, native of 
tropical America and available throughout the plains of India 

known as Jangal Jalibi in Hindi and 
Kodukkapuli in Tamil. The bark of the plant is reported to be 
used as astringent in dysentery, febrifuge and it is also useful 
in dermatitis and eye inflammation. The leaves have                 

astringent, emollient, anticonvulsant, 

 
antiulcer, abortifacient and antidiabetic properties (Sivakumar 
and Murugesan, 2005). P. dulce
calcium and ascorbic acid, which are effective against fluoride 
toxicity in the Thar Desert of India (Sheikh, 2011; Choubisa 
al., 2011). Ethanolic and aqueous leaf extract of 
studied by Sugumaran et al
activity. Prasenjit et al., (2011) investigated the beneficial role 
of the aqueous extract of the fruits of 
carbon tetrachloride (CCl4)-induced hepatic injury and found 
it highly useful. A steroid saponin, lipids,
glycosides, glycolipids and polysaccharides have been 
reported from the seeds (Nigam 
contains 37% of tannins of catechol type. Quericitin, 
kaempferol, dulcitol and afezilin have been reported from the 
leaves. Roots have been reported to possess estrogenic activity 
(Saxena and Singhal, 1998). Alkylated resins have been 
isolated from seed oil of this plant by Banarjee (2005). 
P. dulce pods are a rich source of vitamin C and can be 
considered as a functional food (
 
It is evident that P. dulce plant has great potentials in treating 
a number of ailments where the free radicals have been 
reported to be the major factors contributing to the disorders 
(Sivakumar and Murugesan, 2005; 
Sugumaran et al., (2008) evaluated ethano
properties of P. dulce, they studied the 
activity of ethanolic and aqueous leaf extract of 
saponin obtained from fruits has been studied a
exudative and proliferative phase of inflammatory reaction 
(Bhargva et al., 1970). In view of the importance of saponins 
as possible spermicidal agents, the saponins of 
also subjected to tests for spermicidal property. The saponin 
showed the activity in the dilution of 0.03% against human 
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Pithecellobium dulce Benth. using nodal explants. 
Multiple shoots were induced from axillary buds on Murashige and Skoog's (MS) agar-gelled 

Benzylaminopurine (BAP) and Kinetin (Kn). 
BAP was the most effective for shoot induction .The cultures were 

amplified by passages on MS medium supplemented with 1.5 mgl-1 each of BAP and Kn +0.5 mgl-1 
3 acetic acid (IAA). The micropropagated shoots were subsequently transferred for root 

3 butyric acid (IBA) with 94% success 
rate. These plantlets were hardened in the greenhouse. The established protocol is suitable for true 
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abortifacient and antidiabetic properties (Sivakumar 
P. dulce leaves are rich source of 

calcium and ascorbic acid, which are effective against fluoride 
toxicity in the Thar Desert of India (Sheikh, 2011; Choubisa et 

., 2011). Ethanolic and aqueous leaf extract of P. dulce was 
et al., (2009) for its antidiabetic 

., (2011) investigated the beneficial role 
of the aqueous extract of the fruits of P. dulce (AEPD) against 

induced hepatic injury and found 
it highly useful. A steroid saponin, lipids, phospholipids, 
glycosides, glycolipids and polysaccharides have been 
reported from the seeds (Nigam et al., 1997). The bark 
contains 37% of tannins of catechol type. Quericitin, 
kaempferol, dulcitol and afezilin have been reported from the 

ave been reported to possess estrogenic activity 
(Saxena and Singhal, 1998). Alkylated resins have been 
isolated from seed oil of this plant by Banarjee (2005).                   

pods are a rich source of vitamin C and can be 
ional food (Nilakshi et al., 2011).  

plant has great potentials in treating 
a number of ailments where the free radicals have been 
reported to be the major factors contributing to the disorders 
(Sivakumar and Murugesan, 2005; Rajasab and Isaq, 2004). 
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activity of ethanolic and aqueous leaf extract of P. dulce. The 
saponin obtained from fruits has been studied against the 
exudative and proliferative phase of inflammatory reaction 

., 1970). In view of the importance of saponins 
as possible spermicidal agents, the saponins of P. dulce were 
also subjected to tests for spermicidal property. The saponin 
showed the activity in the dilution of 0.03% against human 
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semen (Misra et al., 1979). Polyphenols from the aqueous 
extract of P. dulce was tested for their inhibitory activities 
against Naja kaouthia venom. The extract could completely 
inhibit the lethality of the venom (Pithayanukul et al., 2005). 
The powder, methanolic and aqueous extracts of P. dulce 
seeds have proved fungistatic and possess fungicidal effects 
against plant pathogens (Gomathi et al., 2011). Several 
triterpene saponins, pitheduloside inhibited in vitro mycelial 
growth of Rhizopus stolonifer and colletotrichum 
gloeosporioides, respectively. The less-polar hexane extract 
and polar methanolic extract of this plant screened against 
various bacteria and fungi were also found to be active 
(Bautista et al., 2003; Ali et al., 2001). The alcoholic extract 
showed highest activity when comparable with standard drugs 
like, streptomycin, isoniazid, rifampicin, ethambutol and 
pyrazinamide (Shanmuga et al., 2005, 2006). The potency of 
alcoholic and aqueous extracts of leaf was compared with that 
of chlorpromazine. Sugumaran et al., (2008) also studied the 
aqueous and alcoholic extract of Pithecellobium dulce leaves 
for radical scavenging activity.  Cerdas et al., (1997) 
developed in vitro propagation protocol of P. saman (Rain 
tree) from hypocotyl explants on Murashige and Skoog 
(1962). Saxena and Gill (1987) regenerated plants from 
mesophyll protoplasts of the P. dulce. Since no literary 
evidence is available for in vitro propagation of P. dulce from 
mature tissues, the main objective of the present investigation 
is to develop a highly reproducible micropropagation protocol 
for providing continuous supply of a better source of elite 
plant to be used as standard material in pharmaceutical 
industries.  

 

MATERIALS AND METHODS 
 

Collection, surface sterilization, and culture of nodal 
explants 
 

Field surveys were conducted for identification and selection 
of mature and superior trees of P. dulce along with the East 
Coast of South India. These include various sites in Tamil 
Nadu and Pondicherry. The trees were selected on the basis of 
height, biomass production, number, size and the test of the 
pods. The fresh shoot sprouts were collected from the field-
grown, mature plants and 2 - 3 cm long shoots each with 1 - 2 
nodes were used as explants. These explants were surface 
sterilized with 90% ethanol for 30 - 40 seconds followed by 
0.1% (w/v) HgCl2 (disinfectant, Hi-Media, India) for 4 - 5 min 
and rinsed 6 - 8 times with sterile water. These surface 
sterilized explants were placed on MS medium (Murashige 
and Skoog, 1962) with the combinations of cytokinins (BAP 
and Kn ranging from 0.1 to 5.0 mgl-1) and auxin (IAA ranging 
from 0.1 to 1.0 mgl-1). The medium was solidified with 
analytical grade agar (0.8%) (Hi-Media, India). The pH of the 
medium was adjusted to 5.8 ± 0.02 using 1 N NaOH or 0.1 N 
HCl prior to autoclaving for 15 min at 15 psi and 121°C. 
These cultures were incubated in the culture room at 25 ± 2°C, 
70% relative humidity (RH) under light intensity of 40 µmol 
m-2 s-1 Photosynthetic Photon Flux Density (PPFD) for 14 h 
per day photoperiod. 
 
Multiplication of the cultures 
 
The in vitro regenerated shoots were multiplied by repeated 
transfer of mother explants and sub culturing of in vitro 
produced shoots on fresh medium. The shoot-clumps were 

subcultured in the culture flasks. For multiplication of 
cultures, MS medium supplemented with various 
concentration and combination of cytokinins (BAP and Kn 
0.5 to 3.0 mgl-1 and IAA/IBA ranging from 0.1 to 2.0 mgl-1) 
were used.  
 

Rooting of in vitro-produced shoots 
 

At the time of transfer of the shoot clumps on the fresh 
medium, the elongated (3 - 4 cm long) and thicker shoots were 
excised carefully and cultured on full, half, and one-fourth 
strengths of MS media for induction of roots with the 
incorporation of 200 mgl-1 of activated charcoal and auxins 
(IBA and IAA ranging from 0.5 - 5.0 mgl-1). These cultures 
were maintained under diffused light (15 µmol m-2 s-1 PPFD). 
 

Hardening and pot transfer of in vitro-regenerated 
plantlets 
 

The rooted plantlets were taken out from the culture vessels, 
washed thoroughly with sterile water in order to remove the 
adhered nutrient agar, and potted in bottles containing soilrite 
moistened with one-fourth strength of the MS salts. In vitro- 
and ex vitro-rooted shoots were kept in covered bottles under 
60 - 70% humidity in the greenhouse for 25 - 35 days. 
Subsequently, these plantlets were exposed to ex vitro 
conditions by gradual loosening and finally removing the caps 
of bottles. When the plantlets became hard, these were 
transferred to pots containing a mixture of soil and organic 
manure. 
 

Observation and data analysis 
 
The cultures were regularly sub cultured on fresh medium 
after 4-5 weeks interval. The observations were taken after 
every five days of inoculation. The experiments were repeated 
thrice with ten replicates per treatment. The rate of 
multiplication represents number of shoots produce per 
explant on a specific medium after number of days of its 
inoculation as mentioned in the results. The data were 
subjected to statistical analysis. 
 

RESULTS 
 

Establishment of the cultures of P. dulce 
 

The different types of explants of P. dulce exhibited variable 
responses on the culture media. The axillary shoot apices 
responded quickly in cultures. From each node 3 to 5 shoots 
were differentiated within 7 to 10 days on different 
concentrations of BAP and Kn on MS medium. Maximum 
number of explants responded on BAP 3.0 mgl-1 where 96% 
explants regenerated shoots from the nodes (Table 1). The 
effect of concentrations of Kn on response of explants and 
shoot induction from nodal explants was not impressive 
(Table 2). Four to five shoots regenerated from each node on 
MS medium supplemented with 3.0 mgl-1 BAP (Fig. 1 A-C). 
Incorporation of auxin (IAA) in the medium was also not 
found very impressive in the induction of shoots. Again the 
MS medium supplemented with BAP + Kn also not 
impressive as far as the number of shoots regeneration is 
concern. The explants harvested during November-December 
responded earlier in the culture (within 10 days) while the 
explants collected in April-May (responded after15 to 20 
days). 
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Table 1: Effects of BAP on induction of number of shoots in 
P. dulce on MS medium 

 

BAP Concentrations 
(mgl-1) 

% of 
Response 

Number of 
Explant ± SD

Control ( 0.0 ) 19 
0.5 48 
1.0 59 
1.5 76 
2.0 82 
2.5 89 
3.0 96 
3.5 82 
4.0 68 
4.5 42 
5.0 36 

Note: The observations were taken after every twenty days of inoculation. The 
experiments were repeated trice with ten replicates per treatment.

 
Table 2: Effects of cytokinin (Kn) on induction of number of 

shoots from explants of P. dulce on MS medium

 
Kn Concentrations  

(mgl-1) 
% of 

Response 
Number of  Shoots / 

Explant ± SD

Control ( 0.0 ) 21 0.0 ± 0.00
0.5 28 1.1 ± 0.60
1.0 40 1.5 ± 0.65
1.5 52 2.7 ± 0.87
2.0 69 4.2 ± 0.43
2.5 83 3.5 ± 0.12
3.0 95 3.6 ± 0.89
3.5 78 2.5 ± 0.87
4.0 63 2.2 ± 0.40
4.5 47 2.0
5.0 29 1.8 ± 0.97

Note: The observations were taken after every twenty days of inoculation. The 
experiments were repeated trice with ten replicates per treatment
 

Table 3: Effects of Cytokinins (BAP + Kn) concentrations on 
multiplication of shoots from in vitro regenerated shoots on MS 

Medium containing 0.5 mgl-1 IAA.
 

BAP + Kn 
Concentrations  

(mgl-1) 

Shoot Numbers ± 
SD 

Shoot Length (cm) 

0.1 6.6 ± 0.69 
0.5 8.7 ± 0.45 
1.0 9.2 ± 0.23 
1.5 10.2 ± 0.59 
2.0 9.6 ± 0.67 
2.5 7.4 ± 0.31 
3.0 6.1 ± 0.56 

Note: The observations were taken after every twenty days of inoculation. The 
experiments were repeated trice with ten replicates per treatment

 
Multiplication of the cultures  
 
The shoots were multiplied by following methods, (i) 
culturing of the in vitro produced shoots, and (ii) Repeated 
transfer of shoot clumps. The in vitro regenerated shoots were 
sub-cultured for further multiplication on fresh medium. It was 
observed that cytokinin requirement for 
shoots was low. If the cultures were multiplied in shoot 
initiation medium they exhibited ‘hyperhydricity’. 
Comparatively low concentration of BAP (1.5 mgl
promoted the shoots multiplication and also minimized the 
hyperhydricity. Sub culturing was essential within 20 to 25 
days. The rate of multiplication of shoots through 
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Table 1: Effects of BAP on induction of number of shoots in  

Number of Shoots / 
Explant ± SD 

0.0 ± 0.00 
1.2 ± 0.45 
1.6 ± 0.56 
2.2 ± 0.78 
3.8 ± 0.23 
4.2 ± 0.89 
4.6 ± 0.78 
3.6 ± 0.34 
2.2 ± 0.89 
1.9 ± 0.45 
1.2 ± 0.29 

observations were taken after every twenty days of inoculation. The 
experiments were repeated trice with ten replicates per treatment. 

Table 2: Effects of cytokinin (Kn) on induction of number of 
on MS medium 

Number of  Shoots / 
Explant ± SD 

0.0 ± 0.00 
1.1 ± 0.60 
1.5 ± 0.65 
2.7 ± 0.87 
4.2 ± 0.43 
3.5 ± 0.12 
3.6 ± 0.89 
2.5 ± 0.87 
2.2 ± 0.40 
2.0 ± 0.27 
1.8 ± 0.97 

Note: The observations were taken after every twenty days of inoculation. The 
experiments were repeated trice with ten replicates per treatment 

Table 3: Effects of Cytokinins (BAP + Kn) concentrations on 
regenerated shoots on MS 

IAA. 

Shoot Length (cm) 
± SD 

2.4 ± 0.69 
2.8 ± 0.34 
2.9 ± 0.67 
3.6 ± 0.23 
3.3 ± 0.55 
2.9 ± 0.33 
2.5 ± 0.58 

Note: The observations were taken after every twenty days of inoculation. The 
experiments were repeated trice with ten replicates per treatment 

The shoots were multiplied by following methods, (i) Sub 
produced shoots, and (ii) Repeated 

regenerated shoots were 
cultured for further multiplication on fresh medium. It was 

observed that cytokinin requirement for sub culturing of 
shoots was low. If the cultures were multiplied in shoot 
initiation medium they exhibited ‘hyperhydricity’. 

mparatively low concentration of BAP (1.5 mgl-1) 
promoted the shoots multiplication and also minimized the 

was essential within 20 to 25 
days. The rate of multiplication of shoots through sub 

culturing of in vitro produced shoots was relatively low and 7 
to 8 shoots were produced in each culture flask. In order to 
enhance the rate of multiplication shoot clumps were 
repeatedly transferred. This proved to be the most effective 
method of production and amplification 
cultures. After each repeated transfer 10 to 11 shoots were 
produced in a flask within 20 to 25 days. The cultures were 
maintained on MS medium + 0.5 mgl
BAP and Kn at 25±2° C under 30 µmol m
& E). The effect of concentrations of BAP and Kn on shoot 
multiplication is shown in Table 
delayed beyond 4 weeks the shoots of clumps turned yellow 
and subsequently became brown. This proved to be 
detrimental for the cultures. It 
subculture/transfer the shoot clumps on the fresh medium after 
25 days in order to maintain the sustained growth of the shoots 
and rate of multiplication.  
 

Table 4: Effects of Auxin (IBA) on 
numbers and length from in vitro

strength MS medium
 

IBA 
Concentrations 

(mgl-1) 

%  of 
Response 

Number of Roots 

0.5 34 
1.0 44 
1.5 66 
2.0 82 
2.5 94 
3.0 88 
4.0 77 
5.0 69 

Note: The observations were taken after every twenty days of inoculation. The 
experiments were repeated trice with ten replicates per treatment.

 

Fig. 1. A-C: Induction of shoots from nodal shoot segments 
cultured on MS medium 
D-E: Multiplication of P. dulce cultures 
F: Rooted shoot of P. dulce on MS medium + IBA.
G: Pot transferred plantlet in green 
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produced shoots was relatively low and 7 
to 8 shoots were produced in each culture flask. In order to 
enhance the rate of multiplication shoot clumps were 
repeatedly transferred. This proved to be the most effective 
method of production and amplification of healthy shoots in 
cultures. After each repeated transfer 10 to 11 shoots were 
produced in a flask within 20 to 25 days. The cultures were 
maintained on MS medium + 0.5 mgl-1 IAA + 1.5 mgl-1 each 
BAP and Kn at 25±2° C under 30 µmol m-2 s-1 PPFP (Fig. 1 D 

The effect of concentrations of BAP and Kn on shoot 
Table 3. If sub culturing was 

delayed beyond 4 weeks the shoots of clumps turned yellow 
and subsequently became brown. This proved to be 
detrimental for the cultures. It was therefore, necessary to 
subculture/transfer the shoot clumps on the fresh medium after 
25 days in order to maintain the sustained growth of the shoots 

Table 4: Effects of Auxin (IBA) on in vitro regeneration of root 
in vitro generated shoots on half 

strength MS medium 

Number of Roots 
± SD 

 
Length of Roots 

(cm) ± SD 

1.2 ± 0.57 1.3 ± 0.37 
2.4 ± 0.86 1.7 ± 0.23 
2.7 ± 0.25 1.9 ± 0.67 
3.8 ± 0.21 2.1 ± 0.14 
4.3 ± 0.47 2.2 ± 0.78 
3.3 ± 0.23 2.2 ± 0.46 
3.2 ± 0.78 1.9 ± 0.23 
2.3 ± 0.98 1.5 ± 0.70 

Note: The observations were taken after every twenty days of inoculation. The 
with ten replicates per treatment. 

 
C: Induction of shoots from nodal shoot segments 

cultures in vitro. 
on MS medium + IBA. 

G: Pot transferred plantlet in green house for hardening. 

, 2012 



Multiplication of the cultures  
 
The shoots were multiplied by following methods, (i) Sub 
culturing of the in vitro produced shoots, and (ii) Repeated 
transfer of shoot clumps. The in vitro regenerated shoots were 
sub-cultured for further multiplication on fresh medium. It was 
observed that cytokinin requirement for sub culturing of 
shoots was low. If the cultures were multiplied in shoot 
initiation medium they exhibited ‘hyperhydricity’. 
Comparatively low concentration of BAP (1.5 mgl-1) 
promoted the shoots multiplication and also minimized the 
hyperhydricity. Sub culturing was essential within 20 to 25 
days. The rate of multiplication of shoots through sub 
culturing of in vitro produced shoots was relatively low and 7 
to 8 shoots were produced in each culture flask. In order to 
enhance the rate of multiplication shoot clumps were 
repeatedly transferred. This proved to be the most effective 
method of production and amplification of healthy shoots in 
cultures. After each repeated transfer 10 to 11 shoots were 
produced in a flask within 20 to 25 days. The cultures were 
maintained on MS medium + 0.5 mgl-1 IAA + 1.5 mgl-1 each 
BAP and Kn at 25±2° C under 30 µmol m-2 s-1 PPFP (Fig. 1 D 
& E). The effect of concentrations of BAP and Kn on shoot 
multiplication is shown in Table 3. If subculturing was 
delayed beyond 4 weeks the shoots of clumps turned yellow 
and subsequently became brown. This proved to be 
detrimental for the cultures. It was therefore, necessary to 
subculture/transfer the shoot clumps on the fresh medium after 
25 days in order to maintain the sustained growth of the shoots 
and rate of multiplication.  
 
Rooting of micropropagated shoots  
 
Rooting of shoots was achieved by in vitro methods only. The 
in vitro generated shoots of P. dulce rooted on MS Medium. 
However, the most suitable medium for root induction was 
found to be half strength MS medium + 2.5 mgl-1 IBA. On this 
medium about 94 % of the shoots rooted (Table 4). The root 
initiation was visible on 10th day of inoculation (Fig. 1 F ). 
Whereas 56 % of the shoots were rooted on IAA containing 
medium. The shoots rooted the best at 26±2°C temperature. 
 
Hardening and pot transfer  
 
The hardening of the plants was achieved within 25- 30 days 
in the bottles containing soil mixture (sand, soilrite, organic 
manure and black soil in 1:1:1:1 ratio) moistened with one-
fourth strength of MS basal salts. The hardened plants were 
acclimatized in polybags and later on transferred to pots. 91 % 
success was achieved in the hardening of plants (Fig. 1 G). To 
achieve 100 % field survival only hardy shoots were harvested 
for rooting and low moisture was maintained in the bottles by 
removing the caps for 2-4 hours in the day time.  
 

DISCUSSION 
 
Numerous medicinal plants and their formulations are used by 
mankind in ethno-medical practice as well as traditional 
system of medicine in India (Manna et al., 2006, 2007). Plant 
products play a beneficial role in the management of various 
disorders (Zhao et al., 2009; Lee et al., 2009; Kaur et al., 
2006; Bhattacharjee and Sil, 2007). In the absence of a reliable 
liver protective drug in the modern medicine, a number of 

medicinal preparations in ayurveda are recommended for the 
treatment of liver disorders. Pithecellobium dulce is a well-
known Indian medicinal plant. It has been commonly used for 
fencing and tanning, as fodder for feed and pods for food. 
Infusions of different parts of P. dulce have been traditionally 
used to treat diseases (Touré et al., 1998). 

 
In vitro propagation of medicinal and horticultural plants plays 
a significant role in drug industry. Explant is the material used 
as initial source of tissue culture. Tissue culture success 
mainly depends on the age, types and position of explants 
(Gamborg et al., 1976) because not all plant cells have the 
same ability to express totipotency. In nature the trees/plants 
experience various kinds of stresses induced by very severe 
winters and high temperatures and high wind velocities. It 
seems that the tissues of adult plants accumulate metabolites 
during seasonal cycle of the year. These prevent bud breaking 
in culture as such the response of the explants taken from non-
pruned/unlopped trees does not respond in culture.  
(Sasikumar et al., 2009). Explants harvested during 
November-December found most suitable as compared to 
remaining months of the year for shoot regeneration in P. 
dulce in present study. Growth regulators regulate various 
physiological and morphological processes in plants 
(Srivastava, 2002). PGRs are synthesized by plants; therefore 
many plant species can grow successfully without external 
medium supplements (Bhavisha and Jasrai, 2003; Baksha et 
al., 2005). Hormones can also be added into cultures to 
improve plant growth and to enhance metabolite synthesis 
(Rayns et al., 1993). As observed in woody trees, in vitro 
growth and shoot formation was not achieved without 
adequate concentrations of exogenous hormones (Sasikumar 
et al., 2009). However, inadequate or excessive amount of 
growth hormones can cause morphological and physiological 
abnormalities (Bouza et al., 1994). As callus formation was 
observed in P. dulce when higher concentration of IAA added 
in the culture medium. Several re-juvenilization methods for 
rejuvenation of mature woody trees have been suggested and 
discussed by Rathore et al., (1992) and Deora and Shekhawat 
(1995). Sanchez et al., (1997) suggested many invigoration 
treatments for the micropropagation of mature chestnut trees. 
John et al., (1997) suggested cold treatment at 15°C for 72 
hours for bud breaking to occur after 30-35 days on MS + 
BAP + Kn + biotin + calcium pantothenate in woody trees. No 
such treatment was required during our study in this system. 
For successful plant regeneration by tissue culture first shoots 
are formed by culture of explants or callus on media 
containing growth hormones (mainly cytokinins but 
sometimes auxins also). The best shoot induction was 
observed in P. dulce on MS medium supplemented with 3.0 
mgl-1 BAP. Basal medium containing 4.0 mgl-1 BAP and 1.0 
mgl-1 of IAA, increased the number and growth rate of 
multiple shoots in Aloe barbadensis (Ujjwala, 2007; Baksha et 
al., 2005). While higher rates of shoot proliferation were also 
reported in Momordica dioica on MS medium containing 0.8 
mgl-1 of IAA and 2.0 mgl-1 of BAP (Shekhawat et al., 2011). 
In case of Salvadora persica, MS medium containing 0.5 mgl-

1 BAP, 0.5 mgl-1 Kn with 0.2 mgl-1 NAA showed rapid shoot 
multiplication (Phulwaria et al., 2011). MS medium 
containing 1.0 mgl-1 BAP with 0.2 mgl-1 IAA reported the best 
for growth and number of shoots in Leptadenia reticulata 
(Rathore et al., 2010). After producing healthy shoots, 
plantlets transferred to different media for root formation. 
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Auxins are mainly used in root induction and their effect 
varies with type and concentration used in different plant 
species (Swamy et al., 2002). The excised shoots could be 
rooted by in vitro on half-strength MS medium + 3.0 mgl-1 
IBA. About 94% of the shoots could be rooted. McClelland et 
al., (1990) investigated the effect of in vitro and ex vitro root 
initiation on subsequent microcutting root quality in woody 
plants Acer rubrum and Betula nigra. These were 
distinguished by several important anatomical and 
morphological traits that continued to regulate both root 
system and whole plant quality in later stages of production. 
During hardening about 85-90% of the plants survived. These 
could be pot transferred. Cerdas et al., (1997) developed in 
vitro propagation protocol of P.  saman (Rain tree) from 
hypocotyl explants on Murashige and Skoog medium 
supplemented with BA. The best results were obtained with 
explants cultured on half-strength MS medium containing 26.6 
μM BA, with explants of 5 and 10 days after germination 
placed horizontally and a 7 day exposure period to BA. 
Rooting percentages decreased when shoots were exposed for 
more than 24 hours to indole-3-butyric acid (IBA). Maximum 
rooting was obtained with 369.0 μM IBA. This indicates the 
superiority of IBA for root induction. Near about same types 
of results were also obtained in this investigation.  It was first 
attempt to develop an efficient tissue culture protocol for 
regeneration of P. dulce in cultures from mature tissues. Now, 
it has been possible to generate clones of P. dulce through 
tissue culture. The process defined is highly reproducible, 
efficient and can be following for cloning of selected and 
mature genotypes of P. dulce selected for coastal area of South 
India.     
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