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Abstract: Plants are valuable sources of a vast array of chemical compounds like alkaloids, flavonoids,
pigments, antimicrobials, pharmaceutical, etc. The majority of the compounds were produced by plants during
different stages of cell, tissues and organ differentiation. Plant tissue culture is the process by which parts of
plant can be grown in vitro condition in a sterile culture medium. The nutrient media used in plant tissue culture
contains macro, micro salts, vitamins, carbohydrates and plant growth regulators. Plant tissue culture plays an
important role in the area of Plant conservation, crop improvement, mass propagation and secondary metabolite
production. This technique also helps to propagate economically important plants, medicinal aromatic plants,
orchids and other ornamental plants in large scale through in vitro method.
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INTRODUCTION abnormalities [1]. In this study, horse-radish plantlets and

Disease,  drought  resistance  is  a  major   aim in 16 years [2]. 
plant   breeding    programs    of    many    crop   species. Nearly 70% of the silk produced by silkworm is
In vitro selection and Gene transfer studies has been directly derived from the proteins of the mulberry leaves
successfully  used  to  produce  many number of [3]. Mulberry fruits are an ingredient of a particularly
improved crop species. The propagation of valuable seductive drink known as mulberry wine and mulberry
economic plants through tissue culture is based on the leaves are often eaten as a vegetable and are useful as a
principle of totipotency. Single cell cultures, plant cell cattle feed. Increased carbohydrate content of mulberry
without  cell  wall  (Protoplast),  tissues  of  leaves, or leaves is favorable for healthy growth of silkworm larvae.
roots  can  be  used  to  generate   plants   on  culture The moisture content of mulberry leaf plays an important
media given  the required nutrients and Growth role in the growth and development of silkworm. Mulberry
regulators.  Plant  cell  and  tissue  culture  has leaf extract contains 1-deoxynojirimycin, isoquercitrin and
contributed significantly to Crop improvement and  has astragalin. It also contains flavonoids, proteins, sugars,
great  potential  for  the  future.  Phytotoxins have been polyphenols, steroids, steroids, triterpenes, vitamins and
identified as useful agents for the induction and selection minerals.
of disease resistant mutants in cell culture. In recent A high frequency of regeneration (80.0%) and shoot
years, plant tissue culture is used for the production of differentiation was observed in the primary cultures of
haploid plants from anther or isolated microspores and of nodal explants of Morus indica L. on MS medium
protoplast from plant cells. Man’s interest in mulberry supplemented with 2, 4-D (0.3 mg/l). In vitro proliferated
cultivation originated with the growth of civilization and shoots were multiplied rapidly by culture of shoot tips on
his fascination with quality fabric that led him search for MS medium with BAP (0.5 and 1.0 mg/l) which produced
silk. Mulberry leaves being the sole food for silkworm the greatest multiple shoot formation.GA  (0.05 mg/l)
(Bombyx mori) bear great importance in sericulture as well which facilitated the elongation of shoots followed by
as in forestry. The cells of differentiated sugarbeet callus sprouting of axillary buds of in vitro grown shoots. A
after 20 years in tissue culture have started to acquire high frequency of rooting (86.7%) with development of
featurestypical of the neoplastic cells, such as healthy roots was observed from shoots cultured on
polynucleation, nuclearinvaginations and cell wall medium with 2, 4-D (1.0 mg/l)[4].

transformed tissueswere cultivated in vitro formore than
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Optimum shoot multiplication was obtained using To   standardize    a     suitable    protocol   for
MS medium supplemented with 2% fructose and 2 mg/l
BA under a light intensity of 80–140 µmol m  s  with ca.-2 -1

sixfold proliferation rate per month. A high frequency
rooting (85%)    was    achieved    using    half-strength
MS medium supplemented with 2% fructose and 1 mg/l
IBA [5]. 

Propagation  of  mulberry  through  cuttings  is still
one of the most cost-effective methods for clonal
regeneration. Hardwood cuttings treated with 5 g l  IBA-1

were rooted in perlite using bunches (BP) and rows (RP)
as well as in hydroponics (HP). Rooting percentage,
callusing  percentage,  number  of  roots per rooted
cutting  and  average  root  length (cm) were evaluated.
The  best  rooting percentage was obtained from bunch
planting. Callus was successfully initiated on root,
mesocotyl and leaf base segments of 3 to 4 day old
seedlings  of  Finger  millet  (Eleusine  coracana Gaertn).
2, 4-D along with casein hydrolysate for MS basal medium
was found to be most effective for callus initiation[6]. 

In vitro clonal multiplication of safed musli
(Chlorophytum  borivilianum),  has  been  achieved on
MS  medium  supplemented  with  22.2 µM BA shoot
bases as explants. All shoot rooted when transferred to
MS medium with 3/4 strength inorganic and organic
constituents and 9.8µM IBA [3]. A protocol for
micropropagation of Horsegram (Macrotyloma uniflorum
(Lam) Verdc.) plants. The embryonic axes with two
cotyledons were capable of developing shoots on MS
basal medium containing BAP (8.8 µM). Shoots were
rooted successfully on MS medium with IBA (9.8 µM).

Multiple shoots were induced from shoot tips and
nodal  segments  of camphor (Cinnamomum camphora)
on woody plant medium supplemented with BA and KIN.
Harvested  shoots  were  rooted  in  vitro   in  woody
plant  medium  supplemented  with  activated  charcoal
and IBA [7].

Spilanthes   acmella     L.     was   successfully
micropropagated   using    axillary    buds    as   explants.
The aseptic axillary buds formed multiple shoots within 5
weeks when cultured on MS medium supplemented with
2.0 mg/l N –BA. MS medium supplemented with 0.5 mg/l
BA was sufficient for the proliferation of rooted multiple
shoots of S.acmella L.[8].

A continuously growing callus was obtained from
immature endosperm of Morus alba L. cultured on MS
medium containing 5µm 2, 4-D. Shoot buds were produced
when the callus was subcultured on a medium containing
a cytokinin or a cytokinin and NAA. Endosperm-derived
plants were established in soil [9].

micropropagation for callus induction, Biochemical
studies, antibacterial properties of the plant by the
extraction of bioactive compounds of mulberry.

MATERIALS AND METHODS

Plant  Material:  For  the   present   study,   Mulberry
plant was used. The mulberry plant MYSORE-5 were
collected from the Tamilnadu Agricultural University,
Coimbatore   and   established   in   experimental   garden
of the Department of Biotechnology, K.S.R.college of
Technology, Tiruchengode,India.

Explant  Collection:  Fresh  leaves  and  internodal
segments were collected for callus induction. Nodal and
axillary buds were collected for micropropagation studies.
The collected plant was immediately dipped in water for
avoiding the damage of cells.

Preparation  of  Media:  MS  medium  (Table  1)  with
various concentration and combination of auxin and
cytokinin is used in the present study. The media were
autoclaved at 121°C for 15-20 minutes at 15 lbs pressure in
autoclave[10].

Hormone Stock Preparation
Auxins: About 100 mg of auxins (2,4-D,IAA,IBA and
NAA)were dissolved in few drops of 1N NaOH and made
upto 100 ml using distilled water and store in refrigerator
20°C (Table 2).

Cytokinins: About 100 mg of cytokinins (BAP and Kn)
were  dissolved  in  few  drops of 1N Hcl and made upto
100 ml using distilled water and store in refrigerator 20°C
(Table 2).

Sterilization of Explants: The freshly collected explants
were thoroughly washed with running tap water for
30mins and surface sterilized with a detergent solution
followed by Tween 20 for 5mins and rinsed with distilled
water to remove the surface adhering contaminants. In a
laminar air hood,the explants were treated with 0.1% HgCl2

for 1min followed by 70% ethanol wash for 1min and then
washed with 0.5% antifungal solution for 10mins
(BAVINSTIN). The explants were then rinsed repeatedly
with sterile distilled water for 4-5 times and used for
further studies.



Bot. Res. Intl., 2 (1): 42-49, 2009

44

Table 1: Murashige and Skoog (MS) medium composition (1962)

Medium composition Weight (mg l )1

Macrosalts

KNO 19003

NH No 16504 3

MgSO •7H O 03704 2

KH PO 01702 4

CaCl .2H O 04402 2

Microsalts

Kl 0.83

H BO 6.23 3

MnSO .4H 0 22.34 2

ZnSo .7H O 8.64 2

Na MoO .2H O 0.252 4 2

CuSO .5H 0 0.0254 2

CoCl .6H O 0.0252 2

Iron salts

FeSO .7H O 27.84 2

Na EDTA.2H 0 37.32 2

Vitamins

Thiamine HCl 0.5

Pyridoxine HCl 0.5

Nicotinic acid 0.5

Glycine 2

Myoinositol 100

Sucrose  30g/l Agar  0.8-1.0g/l  PH  5.6±0.2

Table 2: Preparation of stock solution for Growth Regulators

Desired Powder Storage of

Hormones Concentration for 100ml Solvent Stocks

Auxins

2,4-D 1mg/ml 100mg 1N NaoH 20°C

1AA 1mg/ml 100mg 1N NaoH 20°C

1BA 1mg/ml 100mg 1N NaoH 20°C

NAA 1mg/ml 100mg 1N NaoH 20°C

Cytokinin

KIN 1mg/ml 100mg 1N HCl 20°C

BAP 1mg/ml 100mg 1N HCl 20°C

Culture  Maintenance: The explants after sterilization
were inoculated on the medium under aseptic condition.
The  culture   tubes   were   maintained   at   25±2°C  with
10 hours photoperiod and 50-60% humidity. After 20 days
of callus initiation, the calli were sub cultured on to the
same media as well as transferred to liquid media and
incubated in a shaker culture with 100rpm. The shoot
sprouts from the nodal explants were excised and
inoculated on to a fresh media of same composition for
shoot proliferation in regular intervals.

In Vitro Culture Studies- Callus Induction: Young
leaves  from 2  and  3rdnode  from the apex werend

collected as explants for inoculation. After surface
sterilization, the young leaf explants of mulberry were
inoculated on the MS basal medium, supplemented with
various concentration of auxin (2, 4-D).

Micro Propagation: The explants were collected from the
healthy plant of mulberry. Nodal and apical buds were
excised and used as explants for plantlet regeneration.
After  surface  sterilization, the explants were inoculated
on the MS basal medium supplemented with various
concentration and combination of auxin and cytokinin
(BAP, NAA, IAA and KIN)

Induction   of    Rooting:   The   regenerated  shootlets
were  individually    transferred    to   the   MS  medium
with  hormones  that  initiate   the   root  development
(NAA  and  IBA)  and incubated for 3-4 weeks in the
culture room.

Hardening: The plantlets were transferred to the soil for
hardening under green house environment.

Biochemical Studies
Estimation   of Chlorophyll   [11]:   Weigh   1g   of  fresh
leaf   material   and   it   was   homogenized   in   20ml  of
80% cold acetone with chilled mortar and  pestle. The
homogenates  are  centrifuged at 5000rpm for 5 minutes
and then transfer the supernatant to a 100ml volumetric
flask.Grind the residue with 20ml of 80%acetone,
centrifuge and transfer the supernatant to the same
volumetric flask. The procedure was repeated until the
formation of colorless pellet.The total volume of the
supernatant  is  made  up  to  100ml  with 80% acetone and
the  optical  density  is  measured spectrophotometrically
at 645,663 and 652nm against the solvent (80% acetone)
blank.

Estimation of Protein [12]: Weigh 0.5g of fresh leaf and
homogenized in chilled mortar and pestle with 5ml of
buffer.The extract was centrifuged at 5000 rpm for 5min
and the supernatant was taken and the pellet was
discarded. Pipette out 0.1and 0.2 ml of sample extract in
two test tubes. Pipette out 0.2, 0.4, 0.6, 0.8 and 1.0ml of
working standard into series of test tubes.Make up the
volume to 1.0ml in all the test tubes. A tube with 1ml of
water  serves  as blank.Add 5ml of reagent C to each tube
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including the blank. Mix well and allow it to stand for Micropropagation:   From   the   above   table, MS
10minutes. Then  add  0.5ml  of  Folin’s  phenol  reagent, medium supplemented with growth regulator BAP
mix well  and  incubate  at  room  temperature  in  dark  for (0.5mg/l)  shows  significant  shoot   regeneration   from
30 minutes. Blue colour developed was measured at the  nodal explant. Similarly, highest shoot regeneration
660nm.Draw a standard graph and calculate the amount of was  observed  on  MS  medium supplemented with
protein present in the sample. growth regulator BAP (1.0mg/l) from the shoot tip explant

RESULTS Shoot  formation  with   average   length of

In present study, plant regeneration was done on MS medium with BAP (1.0mg/l) when compared to
successfully in mulberry plant was examined using other  growth  regulator  separately  and  combinely
suitable procedure. Biochemical studies, antimicrobial (Table 4).
activity and phytochemical studies of the plant was also Significant root induction was observed in the
determined. The observation was displayed as results and medium supplemented with IBA when compared to NAA
the results were discussed. For callus induction various (Table 5).
parts of the plant such as leaf, node and inter node were Micropropagation  is   done   to   produce   multiple
used as explants under different concentration of auxins shooting,   i.e.    to    increase   the    number   of  plantlets.
and cytokinins. The result and observation of callus For micropropagation, nodal and shoot tips were used for
induction are tabulated. present study in Morus alba.

(Table 3).

12.9±4.34cm  were    noticed    when    they   are cultured

Table 3: Effect of growth regulators (BAP, KIN, NAA and IAA) on MS medium for direct shoot regeneration from nodal and shoot explant of Morus alba

Nodal Shoot Tip

Growth ---------------------------------------------------------------------------------- -----------------------------------------------------------------------------------

Regulators Total no No of explants Mean no of Shoots/ Total no of No of explants Mean no of shoots/

(mg/l) of explants responded explant (Mean±SD) explants responded explant (Mean±SD)

BAP

0.5 50 45 13.1±0.83 50 35 9.3±3.31

1.0 50 50 13±4.38 50 40 11.2±1.53

1.5 50 40 11.1±3.75 50 30 7.5±2.57

2.0 50 35 9.4±3.35 50 25 6.2±3.15

KIN

0.5 50 30 7.9±2.66 50 20 6.9±2.58

1.0 50 40 10.9±3.78 50 30 7.6±2.57

1.5 50 35 9.3±3.25 50 25 6.2±3.15

2.0 50 29 6.6±2.28 50 21 6.9±2.54

NAA

0.5 50 30 7.4±2.57 50 20 7.4±2.61

1.0 50 35 9.2±3.42 50 23 5.6±2.93

1.5 50 37 9.9±3.64 50 25 6.0±3.03

2.0 50 31 7.2±2.48 50 19 6.0±3.06

IAA

0.5 50 25 5.9±3.14 50 15 4.4±2.28

1.0 50 27 7.1±2.42 50 17 4.8±2.48

1.5 50 30 6.7±2.28 50 20 7.4±2.61

2.0 50 24 6.1±3.21 50 14 4.3±2.96
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Table 4: Effect of growth regulators (BAP, KIN and NAA) either separately or combinable in MS medium for shoot elongation

Growth Regulators(mg/l) No of explants No of explants responded Average length of shoots(cm)

BAP
0.5 50 44 12.8±0.87
1.0 50 50 12.9±4.34
1.5 50 42 11.4±4.05
2.0 50 38 10.6±4.02

KIN
0.5 50 32 6.9±2.42
1.0 50 40 11.2±3.78
1.5 50 37 10.3±3.95
2.0 50 32 7.1±2.46

NAA
0.5 50 45 12.8±1.13
1.0 50 48 11.5±4.34
1.5 50 40 11.0±3.71
2.0 50 36 9.9±3.78

BAP+KIN
0.5+0.5 50 32 7.0±2.40
1.0+0.5 50 35 9.4±3.46
1.5+0.5 50 33 8.0±4.07
2.0+0.5 50 27 5.1±3.53

KIN
0.5+0.5 50 32 6.7±2.36
1.0+0.5 50 37 11.1±2.3
1.5+0.5 50 35 9.3±3.43
2.0+0.5 50 29 6.7±3.43

Table 5: Effect of root induction from the shootlets on MS medium with various concentrations of auxins (IBA, NAA) 

Growth Regulators (mg/l) Response (%) Average no of roots/ shootlets

IBA
0.5 60 3.0±0.02
1.0 70 1.5±0.14
1.5 75 8.8±0.37
2.0 62 3.2±0.41

NAA
0.5 65 3.4±0.12
1.0 80 5.0±0.10
1.5 40 2.0±0.04
2.0 30 1.2±0.36

Table 6: Effect of growth regulators (BAP, KIN, NAA and IAA) on MS medium for multiplication of shootlets and shoot elongation from nodal explant of
Morus alba

Growth Total no No of explants Mean no of Shoots/ Percentage of
Regulators (mg/l) of explants responded explant (Mean±SD) responding cultures Mean shoot length Cut base callus

BAP+NAA
0.5+0.2 50 25 6.0±4.04 50 2.65±0.99 ++
1.0+0.3 50 35 7.6±4.17 70 4.95±1.67 ++
2.0+0.5 50 40 8.3±4.40 80 6.16±0.19 +++
5.0+1.1 50 18 5.2±3.21 36 2.1±1.09 +
6.0+1.3 50 10 2.5±1.91 20 1.23±0.65 -
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Table 6:

BAP+IAA
0.5+0.2 50 20 6.5±2.61 40 2.91±0.19 +
1.0+0.3 50 25 6.0±3.19 50 2.64±0.90 ++
2.0+0.5 50 30 7.5±2.5 60 2.88±0.98 ++
5.0+1.1 50 15 4.2±2.18 30 1.61±0.82 +
6.0+1.3 50 10 2.5±1.85 20 0.94±0.49 -

BAP+KIN
0.5+0.2 50 25 6.1±3.20 50 2.71±0.92 ++
1.0+0.3 50 32 7.3±2.53 64 2.89±0.97 ++
2.0+0.5 50 43 8.9±3.78 86 6.22±0.14 +++
5.0+1.1 50 47 8.5±5.69 94 5.29±1.76 +++
6.0+1.3 50 35 8.0±4.26 70 5.46±0.34 ++

Table 7: Effect of growth regulators (BAP, KIN, NAA and IAA) on MS medium  for  multiplication  of  shootlets  and  shoot  elongation  from  shoot  tip
explant of Morus alba

Shoot Tip
Growth -----------------------------------------------------------------------------------------------------------------------------------------------------
Regulators Total no No of explants Mean no of Shoots/ Percentage of
(mg/l) of explants responded explant (Mean±SD) responding cultures Mean shoot length Cut base callus

BAP+NAA
0.5+0.2 50 23 5.4±2.90 46 2.42±0.84 +
1.0+0.3 50 30 8.2±4.11 60 3.57±1.21 ++
2.0+0.5 50 35 9.3±3.52 70 4.05±1.37 ++
5.0+1.1 50 10 2.7±1.67 20 1.61±0.55 -
6.0+1.3 50 5 1.2±1.16 10 0.71±0.38 -

BAP+IAA
0.5+0.2 50 13 2.9±2.07 26 1.41±0.79 +
1.0+0.3 50 15 4.3±2.19 30 1.5±0.79 +
2.0+0.5 50 25 6.6±2.69 50 3.03±1.03 ++
5.0+1.1 50 8 2.2±1.24 16 1.03±0.52 -
6.0+1.3 50 4 1.0±1.1 8 0.56±0.36 -

BAP+KIN
0.5+0.2 50 30 7.4±2.53 60 3.62±1.22 ++
1.0+0.3 50 35 9.5±3.35 70 3.75±1.34 ++
2.0+0.5 50 45 12.9±1.04 90 5.36±1.79 +++
5.0+1.1 50 50 14.4±0.66 100 5.88±1.97 +++
6.0+1.3 50 40 11.2±1.72 80 4.78±1.60 +++

Table 8.Percentage of root induction from the shootlets on MS medium with various concentration of auxins (IAA and NAA)

Growth Total no No of explants Mean no of Shoots/ % of responding Average
Regulators (mg/l) of explants responded explant (Mean±SD) cultures root length

IBA
0.1 50 36 5.8±2.18 72 1.38±0.70
0.5 50 48 9.3±3.31 96 2.34±0.80
1.0 50 43 7.8±2.74 86 2.06±0.72
1.5 50 32 5.7±2.19 64 1.24±0.47
2.0 50 26 3.7±2.41 52 0.45±0.32

NAA
0.1 50 28 5.2±2.4 56 0.82±0.35
0.5 50 32 6.0±2.32 64 1.28±0.17
1.0 50 27 4.9±2.02 54 0.6±0.43
1.5 50 20 4.2±2.27 40 0.54±0.32
2.0 50 16 2.1±1.81 32 0.14±0.15

The frequency of root induction was high in the MS medium supplemented with IBA (0.5mg/l) when compared to NAA
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Table 9: Protein Estimation (Lowry et al., 1951)

Solution
------------------------------------------------------------ Volume of Volume of Volume of Folin’s Colorimetric
Volume in (ml) Concentration in (ug) distilled water(ml) reagent C (ml) phenol reagent (ml) reading at 670nm

Blank - 1.0 5.0 0.5 0.00

Standard
0.2 40 0.8 5.0 0.5 0.09
0.4 80 0.6 5.0 0.5 0.26
0.6 120 0.4 5.0 0.5 0.45
0.8 160 0.2 5.0 0.5 0.53
1.0 200 - 5.0 0.5 0.56

Unknown
0.1 - - 5.0 0.5 0.33
0.2 - - 5.0 0.5 0.57

The amount of protein present in 0.5g of Morus alba leaf material was found to be 100 mg

Out of 50 nodal explants inoculated on MS medium, (Table 6 and 7) Among various combinations best
BAP + KIN (5.0±1.1) combination showed significant response in terms of multiple shoot regeneration was
shoot multiplication and shoot elongation when compared observed   on   MS   medium   supplemented   with  BAP
to other combinations (Table 6). (5.0 mg/l) + KIN (1.1 mg/l). Inflorescence was excised at an

Out of 50 shoot tip explants inoculated on MS early  stage  to  accelerate  the  development  of  shoots.
medium, BAP +KIN (5.0±1.1) combination showed The present results were co-related with the results of on
significant shoot multiplication and shoot elongation mulberry (Morus alba)from the nodal explants of in vitro
when compared to other combinations (Table 7). plant regeneration.

Root Induction: Different percentage of root induction would be helpful for haploid production through anther
was obtained with different concentration of hormones culture. In Morus australis, most explants collected
such as IBA and NAA. The result and observation of root during the November-February produced inflorescence
induction are given in Table 8. during the shoot elongation [13].

DISCUSSION than  KIN  in  inducing  shoot  induction  from  both,

Previous  studies  with  Morus  alba  have mulberry  species.  From  the  present  study,  BAP was
demonstrated  that  young  leaf  tissues  can  be  induced more  effective  than  other  growth  regulators in
to regenerate plants viz. direct organogenesis. For inducing  shoot   regeneration   from   shoot   tip  and
successful micropropagation axillary buds or shoot tip nodal  explants[14].
cultures are preferred, they easily develop into shoots Superiority of BA over other cytokinins in producing
while maintaining clonal fidelity. in vitro shoots has also been confirmed in other plants

Nodal  explants  of  medium  thickness  (0.5-0.6  cm) like Ocimum sanctum, Rosmarinus officinalis, Arachis
with emerging greenish axillary buds responded more hypogaea and Atropa belladonna [15]. Induction and
favourably in terms of bud sprouting and shoot development of roots at the base of the in vitro grown
differentiation. The percentage and their subsequent shoots is an essential step to establish tissue culture
development into shoots varied in nodal and in shoot tip derived plantlets to the soil.
explants on MS medium supplemented with various Among various concentrations of IBA and NAA, the
growth regulators (Table 6 and 7). highest percentage of shoots that produced roots were

To obtain plantlets with uniform growth found when they cultured on MS medium having 1.0 mg/l
characteristics of the mother plant, the direct plant NAA. The NAA was a more effective rooting agent for
regeneration is essential. Different combinations and Morus alba. On the other hand did not get any response
concentrations of auxins and cytokinins were used on MS with NAA as a rooting agent and reported 2, 4-D to be
medium  for  optimizing  multiple  shoot  regeneration more effective [16]. 

Induction of inflorescence from cultured explants

It  was  bserved   that   BAP   was   more  effective

shoot  tip  and  nodal explants in three varieties of
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The plantlets with well developed shoots were 6. Mohanty, R.D., S. Dutta Gupta and P.D. Ghosh, 1985.
transferred to pots containing soilrite and the acclimatized Callus initiation and Plant Regeneration in Finger
plants were finally transferred to soil. It is inferred that the millet (Eleusine Coracana Gaertn.). Plant Cell Tissue,
technique described here provided a promising method Organ Culture, 5: 147-150.
for rapid propagation on a commercial scale of this 7. Babu,  K.N.,   A.   Sajina,   D.   Minoo,  C.Z.   John,
horticulturally as well as economically important plant P.M. Mini and K.V. Tushar, 2003. Micropropagation
species of Camphor tree (Cinnamomom Camphora) Plant Cell,

In the present study, in vitro proliferated shoots Tissue and Organ Culture, 74: 179-183.
were multiplied rapidly by culture of shoot tip and nodal 8. Haw,  A.B.  and  C.L.  Keng,  2003.  Micropropagation
explants   on   MS   medium   supplemented   with   BAP of Spilanthes acmella L., a bio- insecticide Plant,
(5.0 mg/l) + KIN (1.1mg/l). Highest frequency of rooting through proliferation of multiple shoots. J. Appl.
was obtained from shoots cultured on MS medium Hort., 5(2): 65-68.
supplemented with IBA 0.5mg/l. Plants with well 9. Thomas, T.D., A.K. Bhatnagar and S.S. Bhojwani,
developed roots were transferred to soil. 2000. Production of triploid plants of Mulberry
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