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Influence of Culture Media and Explant Origin
on the Micropropagation Efficiency of Dalbergia
SiSs00 Roxb.: A Key Multipurpose Forest
Species

Thirunavoukkarasu M*, Panda PK, Nayak P, Behera PR, Satpathy GB

Natural Products Department, Institute of Minerals and Materials Technology (CSIR), Bhubaneswar 751 013, India

Attempts were made to evaluate the suitable explant and media type for micropropagation of Dalbergia sissoo from
axillary bud explants of epicormic and coppice shoots origin. Murashige and Skoog (MS) medium and Woody Plant
medium (WP) supplemented with N® —benzyl adenine (BA) either alone or in combination with indole-3-acetic acid
(IAA) were used for plantlet production. Auxilary buds of coppice shoots origin responded better than of epicormic
shoot origin. Thus, the axillary buds of coppice shoot origin exhibited maximum response (84.6 %) on the medium
with MS + 6.6 <M BA + 1.14 «M IAA where an average of 8.38 shoots/explant with 5.87 cm shoot length/shoot was
recorded. MS medium was found to be superior to WP medium in terms of shoot numbers and shoot length. Rooting
of in vitro shootlets was achieved on half strength MS medium supplemented with either IAA or indole-3-butyricacid
(IBA). Rooting was best in the medium supplemented with 7.5 <M IBA. Rooted plantlets were acclimatized with 70 %
survival rate.
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INTRODUCTION
have been developed and discussed as topics of

Over the years the pressure on forest and tree-based
resources have tremendously increased resulting in wide-
scale felling of trees and depletion of natural forest cover
to a level which poses serious environmental
consequences for the very subsistence of human
population. Therefore it is imperative to augment
propagation and breeding techniques of forest/tree
species to foster environmental improvement and thus,
meet the market demand of wood and wood products.
For many years plant tissue culture propagation methods
involving regeneration of plantlets from existing meristem
MS- Murashige and Skoog IBA- indole-3-butyric acid IAA-
indole-3-acetic acid or from adventitious meristem,
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Abbreviations:

BA- N6-benzyl adenine

primarily academic interest.

However, in recent times perspectives have changed
and spectacular progress has been achieved on
successful commercial-scale exploitation of tissue culture
technigues to forest tree improvement (De Gyves et al.,
2007; Rathore et al., 2007). Dalbergia sissoo Roxb.,
commonly known as Sissoo (family: Fabaceae), is a
moderately fast-growing multipurpose deciduous tree.
Because of its wide range of economic and ecological
uses the species is widely planted in its natural habitat
and also elsewhere as an exotic (Tewari, 1994). Sissoo is
best known internationally as a premier timber species,
primarily used for durable furniture making with excellent
finishing colour and smoothness. Due to high caloric
content the wood is as an excellent source of fuelwood
and charcoal. It is valued for its ability to increase soil
fertility through fixation of atmospheric nitrogen and is
commonly planted as an ornamental, windbreak and
shade tree.

Since tree species are out breeders there is a large
amount of genetic variation in any seed raised population



(Jones and Van Standen, 1997). Cloning of mature trees
is generally preferred over seed raised trees population
(Bonga, 1987). There are a few reports on in vitro
propagation of D. sissoo, but most of the authors used
seedling explants such as cotyledonary nodes (Pradhan
et al.,, 1998), zygotic embryo (Chand and Singh, 2005)
and cotyledons (Singh and Chand, 2010). A major
detriment in using such seedling explants is that the
superiority of the explants is unknown. The objectives of
the current study therefore were to investigate the
potential of mature explant on in vitro regenerative
potential of D. sissoo. In order to ascertain the suitable
explants for cloning of elite lines of D. sissoo, we used
two types of explant originated from epicormic and
coppice shoots. Several micropropagation techniques
such as somatic embryogenesis, organogenesis, and
axillary shoot proliferation have been applied for in vitro
propagation of woody plants. Among these methods,
axillary shoot proliferation is the most widely used for
clonal propagation. We report here the effects of explant
types and culture media on the plant regeneration
potential of axillary bud explants of D. sissoo.

MATERIALS AND METHODS

Study site and source materials

The study was undertaken at the Institute of Minerals and Materials
Technology, Bhubaneswar, India, situated at 20° 17 45 N latitude
and 85 49 15 E longitudes. Out of the total annual rainfall of 1500
mm, 75 % is generally recorded between July and September. The
mean temperature of the region varies from a maximum of 42 - 44
C in April-May to a minimum of 12°C in December. Explants for
the in vitro culture experiments were collected from the selected
stock plants of D. sissoo maintained in the experimental garden of
the Institute.
Stem nodes of D. sissoo were collected from actively growing
shoots from epicormic and coppiced tree trunk. The explants were
thoroughly washed in running tap water using 5% v/v aqueous
solution of Labolene (Qualigen, India), followed by ringing 5 to 6
times in double distilled water. The explants were surface sterilized

with 0.1% wi/v aqueous solution of HgCl, for 3 to 4 minutes and
then rinsed 4 to 5 times with autoclaved double distilled water. The
surface sterilized nodal explants were further trimmed (0.8-1.2 cm)
before inoculating onto nutrient media. Surface sterilization and
trimming operations were performed in a laminar air flow cabinet
(Thermadyne, India).

Nutrient media preparation and culture conditions

The formulation of Murashige and Skoog (1962) basal medium
(MS) and Woody Plant (WP) medium (Mc Cown and Lloyd, 1981)
were used throughout this study. All basal salts, sucrose and agar
were procured from Qualigens Fine Chemicals, India. For shoot
induction, the media were further supplemented with growth
regulators such as BA (6-benzyl adenine; 2.2-8.8 «M) and IAA
(indol-3-acetic acid; 0.57-1.14 «M) either alone or in combination.
For root induction, half-strength MS basal medium supplemented
with either of IAA (2.85-11.4 «M) or IBA (indole-3-butyric acid; 2.45-
9.8 «M) were used. Growth regulators (BA, IAA and IBA) were

bought from Sigma Chemical Co., St. Louis, USA. The pH of media
was adjusted to 5.8 prior to gelling with 0.8% (w/v) agar (Qualigen,
India), and then autoclaved at 121° C and 104 k Pa for 15 min.
Depending on the requirement, media were dispensed into either
150 mm X 25 mm test tubes (15 ml/tube) or in 250 ml Erlenmeyer
flasks (50 ml/ flask). All the cultures were incubated in the culture
room maintained at 25 + 2 °C under 16/8 h light/dark cycle, 45 «cmol
2 1. . : .

m "~ s~ irradiance level provided by cool white fluorescent tubes
(Philips, India) with 55 — 60 % RH.

Acclimatization

Plantlets obtained after in vitro rooting were carefully removed from
the agar medium, washed thoroughly in water to remove agar. After

dipping the roots in 0.5 g rt fungicide solution (Bavistin, BASF,
India) for 1 min., the plantlets were transferred to pots containing
sterilized vermiculite (TAMIN, India). The potted plantlets were
maintained in a temperature controlled environmental chamber for 3
weeks.

Statistical analysis

For shoot regeneration each treatment consisted of 13 replicates
and repeated thrice. Data on percent response and the number of
shoots per explant were determined after a period of 7 weeks
following culture initiation. For root induction each treatment
consisted of 15 replicates and repeated thrice. Data on percent
rooting and root number were determined after 5 weeks of culture.
All experimental data were subjected to analysis of variance
(ANOVA) for a completely randomized design (CRD). Duncan’s
new multiple range test (DMRT) (Gomez and Gomez, 1984) was
used to separate the means to determine significant effects.

RESULTS

Cultures response to media type

Effects of MS and WP media on the mean shoot
induction rate of axillary buds reared from epicormic and
coppice shoots are presented in Table 1 and 2. Both the
media supported shoot induction but the cultures grown
on MS medium exhibited better response than the
cultures grown in WP Medium. Analysis of the data
revealed that when axillary buds were cultured in MS
medium supplemented with growth regulators, maximum
response of about 85 % was achieved with average shoot
number of 6.62 and 8.38 from epicormic and coppice
shoot explants, respectively (Table 1 and 2). On the
other, when axillary buds from epicormic and coppice
shoots were reared on WP medium supplemented with
growth regulators, a maximum response of 76.9 % and
84.6 % with an average shoot number of 4.62 and 6.69
respectively was observed (Table 1 and 2).

Response of nodal explants derived from epicormic
shoots

Nodal explants from epicormic shoots grown on MS
medium and supplemented with BA (6.6 «<M) and I1AA



Table 1. Influence of different levels of BA and IAA on shoot development of D. sissoo axillary buds derived from epicormic

shoots.
Basal medium Days to shoot Mean shoot Mean shoot length
Growth regulators («M) % Response initiation numbers (cm)
1) MS medium
BA IAA
0 0 - - - -
2.2 0 30.8 14-16 0.46 g 0.55¢g
4.4 0 53.8 14-16 0.92 efg 0.82 eg
6.6 0 61.5 14-16 1.38 defg 1.05eg
8.8 0 53.8 14-16 1.31 defg 0.86 eg
2.2 0.57 30.8 14-16 1.08 efg 1.18 eg
4.4 0.57 61.5 12-15 2.15 cdefg 2.13 deg
6.6 0.57 69.2 12-15 3.23 bed 2.52 cde
8.8 0.57 61.5 12-15 2.62 cdef 2.18 deg
2.2 1.14 53.8 12-15 2.69 cde 3.45 bed
4.4 1.14 61.5 12-15 4.00 bc 3.98 abc
6.6 1.14 84.6 12-15 6.62 a 542 a
8.8 1.14 69.2 12-15 492b 4.45 ab
2) Woody Plants Medium
BA I1AA
0 0 - - - -
2.2 0 23.07 16-18 0.38d 0.42e
4.4 0 46.1 16-18 0.77d 0.69 e
6.6 0 53.8 16-18 1.00d 0.86 e
8.8 0 46.1 16-18 0.85d 0.78 e
2.2 0.57 30.8 16-18 0.92d 0.88 e
4.4 0.57 53.8 15-17 1.69d 1.87 de
6.6 0.57 61.5 15-17 1.92cd 2.15 cde
8.8 0.57 53.8 15-17 1.85cd 1.94 de
2.2 1.14 46.1 15-17 2.08 cd 3.02 abcd
4.4 1.14 61.5 15-17 3.54 bc 3.88 abc
6.6 1.14 76.9 15-17 4.62 a 4.69 a
8.8 1.14 61.5 15-17 3.92 ab 4.00 ab

1.Data pooled from three independent experiments each with 13 replicates per treatment.

2.Data collected after 7 weeks of culture.

* Mean values within column followed by the same letter are not significantly different (p < 0.05; Duncan’s New Multiple

Range Test).

(1.14 «M) showed a maximum response of 84.6 %.
Maximum number of shoot (6.62) and the highest shoot
length of (5.42 cm) were also observed in the same
combination of culture condition. The next best response
(69.9 %) was obtained in the combination of MS medium
+ 8.8 «M BA + 1.14 ««M IAA, where an average number of

4.92 shoots/explant with a mean shoot length of 4.45 cm
was recorded (Table 1). In case of the explants cultured
on WP medium highest response of 76.9 % was achieved
in the medium supplemented with BA (6.6 «M)

and IAA (1.14 «<M) where the average number of shoots
produced was 4.62/explant with a mean shoot length of
4.69 cm. Explants cultured in both the media types
supplemented with BA alone exhibited poor response
producing lesser number of shoots. Results indicate that
by increasing BA concentration shoot bud formation from
the explants increased up to 6.6 «M, showing a positive

correlation between BA and shoot number after which it
starts declining with further increase in BA concentration
(Table 1). Callusing of explant base was a common
feature on both the media (MS and WP). The main
problem faced was the exudation of phenolic substances
immediately after 3rd day of culture followed by browning
of explants. Transfer of explants onto fresh medium on
every 3rd day of the culture could control this problem to
some extent. Usually three transfers were enough to stop
such exudation.

Response of nodal explants derived from coppice
shoots

Nodal explants originated from coppiced shoots exhibited
better shoot growth with increased number of



Table 2. Influence of different levels of BA and IAA on shoot development of D. sissoo axillary buds derived from coppice

shoots.

Basal medium + Days to shoot Mean shoot Mean shoot length
Growth regulators («M) % Response initiation numbers (cm)

1) MS medium

BA IAA

0 0 - - - -

2.2 0 30.8 10-12 0.85 ef 0.64f
4.4 0 53.8 10-12 1.23 ef 1.04 ef
6.6 0 76.9 10-12 2.38 def 2.02 def
8.8 0 69.2 10-12 1.46 ef 1.12 ef
2.2 0.57 30.8 9-12 1.46 ef 1.25 ef
4.4 0.57 61.5 9-12 2.31 def 2.12 def
6.6 0.57 76.9 9-12 4.85 bc 3.56 bcd
8.8 0.57 69.2 9-12 3.08 bcde 2.51 cdef
2.2 1.14 53.8 8-10 3.54 bcde 3.02 bcde
4.4 1.14 61.5 8-10 4.08 bed 4.30 abc
6.6 1.14 84.6 8-10 8.38a 5.87a
8.8 1.14 69.2 8-10 5.00b 4.56 ab
2) Woody Plants Medium

BA IAA

0 0 - - - -

2.2 0 30.8 12-14 0.54f 0.33f
4.4 0 38.5 12-14 0.69 f 0.72f
6.6 0 76.9 12-14 1.62 def 1.18 def
8.8 0 38.5 12-14 0.77 f 0.72f
2.2 0.57 30.8 12-14 1.15 ef 0.79 f
4.4 0.57 61.5 12-14 1.69 def 1.73 def
6.6 0.57 76.9 12-14 4.15 bc 2.72 bed
8.8 0.57 69.2 12-14 2.38 cdef 1.56 def
2.2 1.14 53.8 12-14 3.00 bcde 2.48 bcde
4.4 1.14 61.5 10-12 3.46 bcd 3.92 abc
6.6 1.14 84.6 10-12 6.69 a 5.02a
8.8 1.14 69.2 10-12 4.46 b 4.10 ab

1.Data pooled from three independent experiments each with 13 replicates per treatment.

2.Data collected after 7 weeks of culture.

* Mean values within column followed by the same letter are not significantly different (p < 0.05; Duncan’s New Multiple

Range Test).

shoots/explant in comparison to nodal explants of
epicormic shoots. Bud break (Figure 1a) was first noticed
after 8 days of culture and at the end of 12th day all the
treatment showed bud break (Table 2). During the first 2
weeks of establishment, axillary bud development was
followed by callus initiation at the base of the explant
(Figure 1b). Hence after the third week the calli were
trimmed off from the explants and the explants with the
growing shoots were sub-cultured on to the same
medium composition. Shoot elongation was noticed after
one week of sub-culture. The optimum response was
achieved when the MS medium had BA (6.6 «<M) + IAA
(1.14 «M), where about 84.6 % culture responded and
the maximum number of shoots per explant was 8.38

with a mean shoot length of 5.87 cm (Table 2). The next
best response was observed in the medium composition of
MS + BA (8.8 «M) + IAA (1.14 «M) in which an average of
5.0 shoots per explant with a mean shoot length of 4.56 cm
was recorded. The results further revealed that BA alone at
lower concentration was not effective. Axillary buds showed
a maximum response of 84.6 % with an average number of
6.69 shoots/explant and mean shoot length of 5.02 cm when
cultured on the medium composition of WP + BA 6.6 ««M +
IAA 1.14 «M. Further, with increase in concentration of BA
beyond 1.5 mg Lt there was a distinct decline in percent
response as well as number of shoots produced per
explants (Table 2). After 7 weeks of culture the shoots
attained about 4-5



Table 3. Influence of different levels of IAA and IBA on rooting response of in vitro generated shoots from axillary bud
culture of epicormic and coppice shoot origin

¥ MS + Growth % Days to root Mean Mean root
regulators Response initiation numbers length (cm)
(<M)

IAA IBA Shootlets derived from epicormic nodal culture

0 0 - - - -

2.85 0 - - -

5.7 0 33.33 12-14 05a 0.98 b
8.55 0 33.33 12-14 0.7a 1.15b
11.4 0 53.33 12-14 10a 1.74 ab

0 2.45 33.33 10-12 0.6a 1.07b

0 4.9 46.67 10-12 09a 1.59 ab

0 7.35 66.67 10-12 13a 240a

0 9.8 53.33 10-12 0.8 a 1.39 ab
IAA IBA Shootlets derived from coppice shoots nodal culture

0 0 - - - -

2.85 0 13.3 12-14 0.2f 03le
5.7 0 40 12-14 08e 1.21 cde
8.55 0 60 10-12 l4c 1.88 abcd
11.4 0 60 9-10 11d 1.41 bed
0 2.45 40 8-10 0.9 de 1.39 bcde
0 4.9 60 8-10 1.7b 2.62 ab

0 7.35 80 8-10 24 a 3.06 a

0 9.8 66.67 8-10 1.5 bc 2.24 abc

1. Data pooled from three independent experiments each with 15 replicates per treatment.

2. Data collected after 5 weeks of culture.

*Mean values within column followed by the same letter are not significantly different (p < 0.05; Duncan’s New

Multiple Range Test).

cm long (Figure 1c); such shoots were reared and
transferred to root induction medium.

In vitro rooting

Root induction studies were carried out in MS medium.
Shootlets of epicormic origin when cultured in the
medium containing half-strength MS basal salts
supplemented with 7.35 «M IBA showed a maximum of
66.67 % response. (Table 3). Depending upon the auxin
concentration root initiation was noticed between 10-14
days after culture. The earliest response was in the IBA
supplemented media where root initiation was observed
after 10 days of inoculation. Root initiation proceeded
with the formation of callus at the bottom from where root
numbers varying between land 3 were produced per
explant. Mean root numbers and root length were better
when the cultures were maintained in the medium with a

composition of half-strength MS  basal salts
supplemented with 7.35 «M IBA where an average
number of 1.3 roots/shootlet with a mean length of 2.40
cm was recorded. IAA at 11.4 «M gave a maximum of
53.33 % response with an average root numbers of 1.0
and a mean root length of 1.74 cm (Table 3).

Shoots originated from the coppice shoot nodal culture

showed comparatively better response than the shootlets
originated from epicormic shoots. A maximum of 80 %
rooting was recorded in the medium supplemented with
7.35 «M IBA followed by 66.67 0% response in the
medium supplemented with 9.8 «M IBA (Table 3). Root
initiation occurred between 8-14 days of culture. Roots
varying from 1 to 4 in numbers were produced from each
shootlet (Fig 1d). Maximum number of roots per explant
was high in the medium supplemented with 7.35 «<M IBA
where an average of 2.4 root numbers with a mean root
length of 3.06 cm was obtained. Cultures in the IAA
supplement medium produced a maximum of 1.4 roots
when the shoots cultured on 8.55 «<M concentration of
IAA. The excised shoots did not show any sign of root
development in an auxin-free half strength MS medium
even after 6 weeks of culture. Rooted plantlets were
successfully acclimatized (Figure 1e) and maintained
under a shade house for future use.

DISCUSSIONS

In the present study, two types of media viz MS and WP
were used for identifying suitable medium for optimal
response. We observed that -cultures were more
responsive in MS basal medium than in WP medium. In



Figure 1. Plant regeneration from axillary bud (coppice shoot origin) culture of Dalbergia

sissoo Roxb.

Captions to Figure 1

a. Axillary bud of coppice shoot origin cultured on MS + 6.6 ««M BA + 1.14 ««M IAA showing

bud break on 8t

day of culture.

b. Axillary bud of coppice shoot origin cultured on MS + 6.6 «M BA + 1.14 oM I1AA
showing shoot development and callus formation at the end of 2 week culture period.
c. Well developed shoots on the same medium after 7 weeks of culture.

d. Microshoot rooted on % MS + 7.35 «<M at the end of 5 week culture.

e. An acclimatized plant ready for out planting.

general, tissue growth and the quality of morphogenetic
responses are strongly influenced by the type and
concentrations of nutrients present in the culture media
(Niedz and Evens, 2007). Effect of different macronutrient
formulations on number and growth of in vitro cultured
explants was investigated by many workers (Cohen,
1995; Rout et al., 1998; Thirunavoukkarasu and Debata,
2002). Mc Cown and Sellmer (1987) reported that some
species give analogous response in all media while
others show preference for a specific medium for explant
establishment and growth. The most widely used culture
medium is MS medium, because most plants respond to
it favorably. It is classified as a high salt medium in
comparison to many other formulations, with high levels
of nitrogen, potassium and some of the micronutrients,
particularly boron and manganese (Cohen, 1995).

It has been shown previously that explant juvenility is an
essential condition for the successful in vitro culture of
woody adult plants (George, 1993). Multiplication of shoot
bud explants of both tropical and temperate trees is
easier if the explants are derived from germinated
seedlings and said to be juvenile in nature. But
multiplication of trees through seeds is not a satisfactory
means of conserving the characteristics of a desired
clone because of strong heterozygosity of trees (Das and

Mitra, 1990). To avoid such a situation explants were
collected from newly formed shoots in the coppiced area
of the mature plants (Roy et al.,, 1992). The results
obtained in the present study clearly indicated that the
response of nodal explants was dependent on the origin
of the explants. Nodal explants obtained from coppice
shoots were more responsive than the explants obtained
from the epicormic shoots. This is obvious in the present
investigation that the nodal explants of coppice shoot
origin showed an overall response of around 57 % as
against 53 % response in the nodal explants of epicormic
origin indicating that coppice shoots are more juvenile
than the epicormic shoots. In many hardwood species the
stumps that remain mature, after trees are felled often
produce juvenile sprouts which provide ideal explants for
micropropagation  (Menzies, 1992). This is in
corroborated in the results obtained in the present
investigation that a maximum response was achieved
when the explants were of coppice shoot origin.

Low response in the explants of epicormic origin is due to
exudation of pheonolic compounds from the cultured
explants, which was comparatively less in the coppice
shoots explants. This is in accordance with the results
obtained in species like Eucalyptus tereticornis, E.
camaldulensis and Tectona grandis (Das and Mitra,



1990; Gill and Gill, 1994; Devi et al., 1994). An important
factor observed in the present investigation was that the
nodal explants that were slightly tender and having active
buds showed quicker and high rate of multiplication
compared to hard nodal explants with brownish buds,
which showed no sign of growth. A similar response was
also reported in mulberry species (Chitra and Padmaja,
1999; Oka and Ohyama, 1975).

Frequency of shoot formation and further development
were greatly influenced by the presence of auxin and
cytokinin in the medium. We observed that MS medium
without any growth regulator failed to elicit regeneration,
but addition of BA proved to be significantly useful in
multiple shoot production in axillary buds of D. sissoo.
Although a number of cytokinins have been used for
shoot induction studies, BA found to be the most ideal
cytokinin as observed by many workers (Arumugam and
Rao, 1996; Purohit and Dave, 1996; Pradhan et al., 1998;
Nayak et al., 2007; Behera et al., 2008). In contrast to
BA-enriched medium alone, we observed an improved
response in the media enriched with BA and IAA.
Cultures with such media composition increased the
number of shoots per explant by fourfold. The
requirement of growth hormones as a supplement for
obtaining optimal response for sprouting and further
shoot differentiation is well documented in other tree
species such as Aegle marmelose (Hossain et al., 1995;
Nayak et al., 2007), Gmelina arborea (Thirunavoukkarasu
and Debata, 1998; Behera et al, 2008), Khaya
senegalensis (Danthu et al., 2003) and Acacia senegal
(Kaur et al., 1998).

Auxin supplement is an essential factor for obtaining
rooted shoots in the present investigation. An auxin free
medium did not support rooting on the cultured micro
shoots of D. Sissoo. Concentration of auxin in the
medium was found to be the critical factor in producing
healthy roots. It was observed that low concentration of
IAA (2.85 «M) on the shootlets of nodal explants origin
completely failed to induce rooting. In comparison to I1AA,
IBA even at low concentration (2.45 «M) produced better
rooting response. Pradhan et al. (1998) reported that the
rooting of in vitro shootlets of D. latifolia was better at 9.8
«M of IBA. Ndoye et al. (2003) observed the highest
rooting response at 19.6 «<M concentration of IBA while
working in Balanites aegyptiaca. However, in the present
study IBA, even at 9.8 «M concentrations IBA showed
inhibitory effect in all the experiments. It may also be
worthwhile to mention that rooting of in vitro propagated
shoots was achieved on the half strength MS medium
supplemented with IAA or IBA. Initially full strength MS
medium along with the auxins IAA and IBA was tried
which proved to be ineffective so the strength was
reduced to half strength. Our present results are in
agreement with previous in vitro studies on Acacia seyal,
where shootlets produced longer and normal roots on the
half-strength MS medium while cultures on full-strength
MS medium produced shorter and abnormal

roots (Al-Wasel, 2000). Also there was a significant effect
of the origin of explant on rooting of the culture generated
shootlets. Thus about 42 % of the in vitro shootlets
originated from coppice shoots and 32 % from the
epicormic shoots responded for rooting respectively.
Plants successfully rooted were acclimatized and
established under greenhouse condition. The in vitro
propagation protocols developed in the present study,
thus, can be effectively utilized for producing elite planting
materials of D. sisso0.

ACKNOWLEDGMENTS

Authors are thankful to Dr. A. Nayak, Head, Natural
Products Department and Prof. B.K. Mishra, Director for
providing facilities and encouragement.

REFERENCE

Al-Wasel AS (2000). Micropropagation of Acacia seyal Del. in vitro. J.
Arid. Envt. 46: 425-431.

Arumugam S, Rao MV (1996). In vitro production of plantlets from
cotyledonary node cultures of Aegle marmelose (L.) Corr. Adv. Plant
Sci. 9(2): 181-186.

Behera PR, Nayak P, Thirunavoukkarasu M, Sahoo SB (2008). Plant
regeneration of Gmelina arborea Roxb. from cotyledonary node
explants. Indian J. Plant Physiol. 13(3): 258-265.

Bonga JM (1987). Clonal propagation of mature trees: problems and
possible solutions. In: Cell and Tissue Culture in Forestry Vol. 1 Eds.
JM Bonga, DJ Durzan, (Canadian Forestry Service, University of
California) pp. 249-270.

Chand S, Singh AK (2005). Plant regeneration from semi-mature
zygotic embryos of Dalbergia sissoo Roxb. Indian J. Biotech. 4:78-
81.

Chitra VDS, Padmaja G (1999). Clonal propagation of mulberry (Morus
indica L. cultivar M-5) through in vitro culture of nodal explants. Sci.
Hort. 80: 289-298.

Cohen D (1995). The culture medium. Acta Hort. 393: 15-24.

Danthu P, Diaite-Sanogo D, Sagna M, Sagna P, Dia-Gassama YK
(2003). Micropropgation of Khaya senegalensis, an African
mahogany from dry tropical zones. J. Trop. For. Sci.15(1): 164-175.

Das T, Mitra GC (1990). Micropropagation of Eucalyptus tereticornis
Smith. Plant Cell Tiss. Org. Cult. 22: 95-103.

De Gyves EM, Royani Jl, Rugini E (2007). Efficient method of
micropropagation and in vitro rooting of teak (Tectona grandis L.)
focusing on large-scale industrial plantations. Ann. For. Sci. 64: 73-
78.

Devi SY, Mukherjee BB, Gupta, S (1994). Rapid cloning of elite teak
(Tectona grandis Linn.) by in vitro multiple shoot production. Indian J.
Exp. Biol. 32: 668-671.

George EF (1993). Plant Propagation by Tissue Culture. Part 1. The
Technology, 2nd Ed. Exegetics Ltd., Edington.

Gill RIS, Gill SS (1994). In vitro exudation of phenols in Eucalyptus.
Indian For. 120(6): 504-509.

Gomez KA, Gomez AA (1984). Statistical Procedures for Agricultural
Research, 2" Edn. John Wiley & Sons, New York.

Hossain M, Islam R, Islam A, Joarder Ol (1995). Direct organogenesis
in cultured hypocotyl explants of Aegle marmelos Corr. Plant Tiss.
Cult. 5(1): 21-25.

Jones NB, Van Staden J (1997). The effect of a seaweed application on
the rooting of pine cuttings. S. Afr. J. Bot. 63: 141-145.

Kaur K, Gupta P, Verma JK, Kant U (1998). In vitro propagation of
Acacia senegal (L.) wild. from mature nodal explants. Adv. Plant Sci.
11(2): 229-233.

McCown BH, Lloyd G (1981) Woody Plant Medium (WPM) - a mineral



nutrient formulation for microculture for woody plant species. Hort. Sci.
16: 453.

McCown BH, Sellmer JC (1987) General media and vessels suitable for
woody plant microculture. In: Cell and Tissue Culture in Forestry Vol
1 Eds. JM Bonga, DJ Durzan, Martinus Nijhoff Publishers, The
Netherlands. pp. I-16.

Menzies MI (1992). Management of stock plants for the production of
cutting material. In: Proc. of IUFRO-AFOCEL symposium on mass
production technology for genetically improved fast growing forest
tree species. AFOCEL pp. 257-270.

Murashige T, Skoog F (1962) A revised medium for rapid growth and
bioassays with tobacco tissue culture. Physiol. Plant. 15: 473-497.
Nayak P, Behera PR, Thirunavoukkarau M (2007). High frequency
plantlet regeneration from cotyledonary node cultures of Aegle

marmelos (L.) Corr. In vitro Cell Dev. Biol. Plant 43: 231-236.

Ndoye M, Diallo I, Dia YKG (2003) In vitro multiplication of the semi-arid
forest tree, Balanites aegyptiaca (L.) Del. Afr. J. Biotech. 2(11): 421-
424,

Niedz RP, Evens TJ (2007). Regulation of plant tissue growth by
mineral nutrition. In vitro Cell Dev. Biol. Plant 43: 370-381.

Oka S, Ohyama K (1975). Studies on in vitro culture of excised bud in
mulberry tree. Il. Effect of growth substances on the development of
shoots from bud. J. Seric. Sci. Jpn. 44: 444-450.

Pradhan C, Kar S, Pattnail S, Chand PK (1998). Propagation of
Dalbergia sissoo Roxb. through in vitro shoot proliferation from
cotyledonary nodes. Plant Cell Rep. 18: 122-126.

Purohit SD, Dave A (1996). Micropropagation of Sterculia urens Roxb.
An endangered tree species. Plant Cell Rep. 15: 704-706.

Rathore MS, Singh M, Rathore JS, Panwar D, Shekhawat NS (2007).
Molecular tools for improvement of forest trees. American-Eurasian J.
Agric. Environ. Sci. 2(5): 545-551.

Rout GR, Das P, Goel S, Raina SN (1998). Determination of genetic
stability of micropropagated plants of ginger using Random Amplified
Polymorphic DNA (RAPD) markers. Bot. Bull Acad. Sin. 39: 23 -27.

Roy SK, Islam MS, Sen J, Hadiuzzaman S (1992). Shoot tip, an
alternative to seed as a source of genetic material for conservation
and propagation of forest trees. In: Plant Tissue Culture. Ed. AS
Islam. Oxford & IBA Publishing Co. Pvt. Ltd. New Delhi, pp. 9-15.

Singh AK, Chand S (2010). Plant regeneration from alginate-
encapsulated somatic embryos of Dalbergia sissoo Roxb. Indian J.
Biotech. 9: 319-324.

Thirunavoukkarasu M, Debata BK (2002). Clonal propagation of
Enterolobium cyclocarpum (Jacq.) Griseb. through in vitro culture of
hypocotyl explants. In: Proc. of Utilization of Bioresources. Eds. A
Sree, YR Rao, B Nanda, VN Misra. Allied Publishers pp. 391-396.

Thirunavoukkarasu M, Debata BK (1998). Micropropagation of Gmelina
arborea Roxb. through in vitro culture of axillary buds from a mature
tree. Indian J. Plant Physiol. 3(2): 82-85.

Tewari DN (1994). A monograph on Dalbergia sissoo Roxb.,
International Book Distributors, Dehra Dun, India.






