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ABSTRACT
Croton bonplandinum Bail. with its amazing colors and leathery leaves is regarded as a beautiful foliage plant. The plant is native of South America. Generally crotons are
multiplied vegetatively by means of cuttings and air layering. This process is slow in response and need to maintain large number of mother plants stock. Micropropagation is
an alternative mean of propagation that can meet its high demand in relatively shorter time. An improved and enhanced method was established for the In vitro propagation of
the Croton bonplandinum. A series of experiments were conducted for the optimization of shooting media. The best media for shoot induction was MS (Murashige and Skoog)
supplemented with 0.5 mg/L of BAP (6-benzyl amino purine). During the present investigation leaves, nodal segments and internodal segments were used as explants for callus
induction and its establishment. Nodal segment derived callus showed fast growth and brown in colour.
KEYWORDS: Callus, micropropagation, MS media, Croton bonplandinum.

INTRODUCTION
Plant cell cultures have great potential for the production of
secondary metabolites. In recent years, considerable success has
been achieved in increasing the secondary metabolites using cell
suspension cultures in several plant species. Plant cells grown in
culture have potential to produce and accumulate chemicals similar
to the parent plant from which they were derived. The technique of
plant cell culture occupies a key role in the second green revolution
in which gene modifications and biotechnology are being used to
improve crop yield and quality. The developments in culturing of
plant cells, tissue and organs are associated with the developments in
lour knowledge about nutritional requirements of plant cell,
discovery of growth regulating factors, analytical tools and
techniques and development of microscopy.
Earlier work involving plant tissue was mainly concerned with
nutritional requirements of cells to make them divide and sustain
growth. The work progressed rapidly after the discovery of auxin
and cell division factor. With the better understanding of the
technique of plant tissue culture and nutritional requirements of
plant cell, it was possible to develop newer technologies by culturing
plant organs (anther, ovary, ovule, petal, leaf and meristem) leading
to establishment of new research lines viz., haploids, virus-free
plants, in-vitro fertilization, embryo rescue and direct regeneration
from leaf disc for genetic engineering. Regeneration of plants and
production of useful metabolites through plant biotechnology has
become an industrial application1. In micropropagation optimization
of cultural parameters is critical to obtain high quality transplants at
an increased rate. Considerable studies have indicated that cultural
conditions like sucrose, growth regulators influence photosynthetic
ability,
concerning
the
photosynthetic
status
during
micropropagation. Some advantages of micro-propagation are
reduced weight and volume of plants, reduction of pathogens,
decreasing the number of multiplication cycles in the field,
increasing the multiplication rate and speed, easier propagation of
plants which are difficult to reproduce of particularly valuable
heterozygous genotypes.
Croton bonplandinum, commonly known as Ban tulsi and
sometimes called Kala Bhangra, belongs to the family
Euphorbiaceae, is one of the most popular ornamental plants
because of vivid foliage colors and varied leaf shapes. It is native to
the southern Bolivia, Paraguay, Southwestern Brazil and Northern
Argentina of South America2. It is widely distributed through the
plains at India, Bangladesh and all other countries of South Asia3.
It is a small Perennial herb, green and laticiferous growing up to 1-2
ft tall. More than 200 varieties of croton exist on the globe, available

in different leaf sizes, shapes and color patterns. Stem: Occasionally
grows into a small tree. Leaves: simple, alternate, petiolate; recemes
usually terminal, may be lateral, monoecious; Alternately arranged
leaves, 3-5 cm long, are lance-shaped, with a toothed margin.
Flower: small, white, unisexual; flowers have 5 sepals and 5 petals
and numerous long stamens protruding out. Small white flowers are
borne in 3-8 cm long racemes at the end of branches. Flowering :
September to November. Fruits : deciduous, 2-valved cocci, 5 mm
oblong capsule, with a warty surface. Seeds : small, smooth,
albuminous.
Croton is rich in secondary metabolites including alkaloids and
terpenoids4 , the latter including irritant co- carcinogenic phorbol
esters5. The whole plant contains sparsiflorine, crotonoflorine,
crotsparinine, isoquinoline-dienone, proaporphine, β-sitosterol,
taraxerol, vomifoliol, ursolic acid and rutin6-7. The seed of this plant
contain diterpenes, including carcinogen 12-ortho-trideconeolyphorbol-13-acetate (TPA), myristoylphorbol- acetate (MPA),
norsinoacutin, 3-methoxy-4,6 dihydroxy morphinandien-7 one,
phorbol diesters and phorbol trimesters. C. bonplandianum contain
phorbol derivatives and the secondary metabolites of diterpenoids
category8 . The plant is also well reputed for the production of
valuable secondary metabolites of alkaloids, terpenes and flavanoids
in nature9-11.
In addition to its esthetic value as an indoor plant, Croton
bonplandinum is also well known for its medicinal value. Croton
bonplandianum seeds are attributed to carcinogenic activities and for
the treatment of jaundice, acute constipation, abdominal dropsy and
internal abscesses12, while the fruit latex demonstrated fungi-toxic
activities13. Its ethanolic extract has been found to possess
hypotensive, spasmolytic and antimicrobial activities14-15. Various
extracts of this plant are also known to possess antimicrobial activity
and antitumour activity16. Diterpene resins found in many species of
Croton have been used experimentally in studies of tumor initiation
and conceivably prove to be useful in cancer therapy17. This plant is
also considered as chologogue and purgative. The plant has been
credited with potential to cure liver disorder, swelling of body,
cure against ringworms and skin diseases. Leaves of this plant are
highly medicinal and used for controlling high blood pressure and
for the treatment of skin diseases and cut and wounds and it is
antiseptic and antidote also18-20. Leaf infusion is used to cure fever
caused due to infection of glands. Latex of plants has healing effect
on cuts and wounds. The fresh juice of the plant is used against
headache21-22.
Due to its slow rate of conventional multiplication, the plant is very
high in demand. Micropropagation is a relatively new technology
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and application of innovative method have served to overcome
barriers to progress in the multiplication of elite species and further
improvements are anticipated. In vitro growth and development is
considerably influenced by several factors like genotype, the age and
size of explant, the season, growth conditions, media composition
and various other physiological factors. As a mean of securing
pathogen free plants, culture of shoot apical meristem is ideal. Other
advantages that assure by this method include large number of plant
production in shorter time period, irrespective of the season23.
Croton was chosen for micropropagation due to its rare success in
conventional breeding and very little data is available for its In vitro
production24-25. The present study was aimed to establish an
efficient, economical and reliable protocol for in vitro propagation
of Croton bonplandianum Bail.
MATERIAL AND METHODS
Plant material and explants
The Plant species Croton bonplandinum Bail. (small Perennial
herb) were collected from the area adjacent to the railway track near
to J. L.N. Marg, Jaipur and grown in the month of Jan. to April as
source for plant materials. For propagation and for raising callus,
nodal, internodal and leaf segments were used. All explants (nodal
stem segments, internodal segments and leaves) were washed under
running tap water followed by several rinses in sterile distilled water
these were then treated with chilled antioxidant solution (citric acid
(50 mg/L) + poly vinyl pyrrolidone (PVP) (50 mg/L) + Ascorbic
acid (100 mg/L) to check browning of cut ends.
Chemicals
The chemicals used for preparation of media were of high purity
grade (Analytical grade) and procured from Sigma British Drug
House (BDH), Hi-media laboratories India, E-Merck, Qualigens
line, Chemicals, India etc.
Culture media
In the present study MS media were used. This media were
employed for differentiation and establishment of callus tissues in
culture.
The basic component of the media comprises of macro and micro
nutrients, carbon source, vitamins, amino acids, growth regulators
etc. A convenient approach to media preparation for experimentation
was to have a series of stock solutions. All the stock solutions and
growth regulators were kept in refrigerator at 4-5°C. Different stock
solutions (A, B, C, D, E, F and G) of MS medium were prepared as
per the composition and quantity of the nutrients in distilled water
(Table 1). All the stocks of inorganic salt solutions and growth
regulations (Kn and BAP) were stored in a refrigerator (5° - 10°C),
while the vitamins in a deep freezer (~4°C). For the preparation of
the culture, the medium required volumes of the stock solutions
(inorganic salts/ vitamins) were mixed (Table 2) and the final
volume was raised by the distilled water. The pH of the medium was
adjusted to 5.8 using 0.1 N HCl (hydrochloric acid) or 0.1 N NaOH
(sodium hydroxide). Subsequently, 1% agar-agar was added to make
the semi-solid medium and heated, till it dissolved completely
followed by autoclaving. The cytokinins were initially dissolved in
1N NaOH/ethanol and 1N HCl respectively and finally the volume
made up to 100 ml using distilled water. 0.8% agar powder (Hi
media) was dissolved by heating the medium. pH of the medium
was adjusted to 5.8-6.0 with 0.1N NaOH or 0.1 N HCl using the
systromics pH meter before autoclaving. The media was dispensed
at the rate of 35-40 ml in culture flasks and plugged with non
absorbent fresh cotton. The media was autoclaved at 15 pounds per
square inch (15 psi) pressure, allowed to cool and solidify.
Inoculation
All the experimental inoculations were carried out under aseptic
conditions in a Laminar Airflow. Laminar flow cabinet was also
sterilized by ultra violet light (UV) for 30 minutes. Fresh
unsterilized explants from Croton bonplandinum viz., nodal stem

explant, internodal segments and leaves were washed under tap
water, then with detergent (Extran-phosphate free) and finally rinsed
with distilled water to remove every trace of detergent. These
explants pre-treated with antioxidants were surface sterilized in a
sterile flask using mercuric chloride (0.1%) for 3-5 minutes with
continuous shaking. They were repeatedly washed with sterile
distilled water and then were inoculated vertically or horizontally on
the surface of the MS-medium supplemented with different growth
regulators. The inoculated culture flasks/tubes were kept in culture
room under controlled conditions. Five replicates for each treatment
were taken and all experiments were repeated thrice. The cultures
were regularly subcultured after 4-5 weeks.
The present investigation on Croton bonplandinum was carried out
in vitro keeping in view to raise callus cultures from different
explants. Callus induction of this plant under defined nutritional,
hormonal and cultural conditions was investigated.
Culture conditions
The cultures were maintained at a temperature of 30±2°C under
55±5% relative humidity in the culture room. A rhythmic cycle of
16 hours light followed by 8 hours darkness was given to the
cultures. Light was provided by a combination of cool white
fluorescent tubes and incandescent bulbs in the ratio of 3:1. The
light intensity as irradiance varied according to experimentation in
with range of 2500 lux to 3000 lux. The temperature light and
relative humidity conditions varied according to the experiment to
get optimal regenerations.
Callus induction and establishment
Callus is basically a more or less non-organized tumour like tissue,
which usually arises on wounds of differentiated tissue and organs.
A callus tissue may be uniformly parenchymatous but can be
composed by diverse type of cells and may be genetically different
and or exhibit epigenetic potential, depending on the source of callus
and the culture medium in which it grows. Thus, in principle. It is a
organized, amorphous mass of loosely arranged, thin walled
parenchymatous cells developing from proliferating cells of the
parent tissue26. The unique feature of callus is that it was biological
potential to develop normal roots and shoots ultimately it can form a
complete plant.
Callus formation is governed by the source of explants, nutritional
composition of the medium and environmental factors27 . Explants
having meristematic tissues develop cells more rapidly than due
thick walled and lignified cells. Callus is formed through three
developmental stage viz. induction, cell division and proliferation.
During induction metabolic rate of cell is stimulated, duration of
which depends on the physiological status, nutritional and
environmental factors. Owing to increased metabolic rate, cells
synthesize more cellular contents and finally divide to form may
cells. Cellular differentiation and expression of certain metabolic
pathways starts in the third phase, leading to secondary products. An
organized tissue such as stem or root can be completely changed to a
rapidly proliferating un-differentiated mass of cells (callus), if
cultured on a nutrient medium containing specific growth regulators.
Organ redifferentiation can be manipulated in this de-differentiated
tissue (callus) by subjecting it to the interacting influence of a whole
host of plant growth regulators and nutrient constituents. The
phenomenon is also dependent upon a number of other factors such
as source of origin of the callus, its genotype and age, endogenous
levels of growth regulators, seasonal variations, oxygen gradient,
quality and intensity of light and various other physical factors28-29 .
Genetic instability being the drawback of callus, the regenerated
plants are not uniform, hence, the correct initial explant should be
chosen to raise callus. A number of plant tissues in vitro synthesize
growth regulators in sub-optimal amounts and therefore, require
addition of external phytohormones30-31. Cytokinins are involved
indirectly in a wide variety of biochemical activities of physiological
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functions leading to most heterogenous, histological and
morphological results. They play an important role in inducing
chlorophyll formation and shoot induction in plant tissue culture.
For callus induction, nodal, internodal and leaf segments were used
and these were inoculated on the MS-medium containing various
levels of growth regulators or other growth adjuvants. Callus of the
plant raised on MS-medium in vitro was maintained for by frequent
subculturings on fresh medium after every 4-5 weeks, for its
biomass production. Callus was also subcultured on fresh medium in
order to evaluate whether the callus showed any morphogenic
response or continued to proliferate as such. For maintenance of
stock callus, non-embryogenic and rhizogenic callus was discarded
in every passage and only regenerable callus pieces were used for
further subcultures on fresh medium at an interval of 4-5 weeks.
Fresh weight of callus was recorded by weighing the callus tissue
after separating it from the plant.
Five to six replicates per treatment were taken and all experiments
were repeated thrice. The cultures were regularly subcultured on
fresh medium whenever required. Initially cultures were examined
every day up to a week of incubation, later weekly and final
morphologenetic data were recorded after 4-5 weeks. The period of
observation was extended or altered in certain specific cases.
Growth Indices
Callus cultures were maintained through subculturing at a regular
interval. Evaluation of growth, fresh and dry weight of callus was
determined to study the kinetics of callus development. Five such
replicates of each tissue were examined and their average was
calculated. Growth indices (G I) were calculated on dry weight
basis. The growth index (GI) was determined as:

Stock Solution

Constituents

A.

NH4NO3

B.
C.

KNO3
H3BO3
KH2PO4
KI
Na2MoO4.2H2O
COCl2.6H2O
CaCl2.2H2O
MgSO4.7H2O
MnSO4.4H2O
ZnSO4.7H2O
CuSO4.5H2O

D.
E.

F.
G.

Na2EDTA
FeSO4.7H2O
Thiamine HCl
Nicotinic acid
Pyridoxine HCl
Glycine

RESULT AND DISCUSSION
Medicinal plants are source of important therapeutic aid for healing
human diseases. The depletion of the wild resources has prompted
conservation, propagation, and enhancement of resources for
medicinal plants. Conservation and propagation of plant species
using biotechnological tools such as plant tissue culture are relevant
when natural propagation is hampered for various reasons. In vitro
techniques allow mass multiplication and propagation under
pathogen-free conditions but also over ride dependence on season
for availability of plant material. Moreover, in vitro genetic
manipulation of a species, invariably, requires a pre standardized
tissue culture protocol for its multiplication. Micropropagation
offers an alternate method to propagate and improve medicinal
plants through selection of high-yielding lines and their efficient
cloning. Both protocols can be employed at commercial scale. This
cost effective and efficient protocol has been successfully applied
for the micropropagation and large-scale production of quality
planting material in important medicinal plants.
Croton can be propagated by various methods such as cuttings,
grafting, by seeds and air layering. From shoot tip cuttings, one
mother/stock plant can yield only 20 plants per year. Due to its slow
rate of conventional multiplication, the plant is very high in demand.
During the present investigation leaves, nodal segments and internodal
segments were used as explant for callus induction and its
establishment. These explants were tried with various concentrations
and combinations of phytohormones.
Among these explant leaves were not found to be suitable for
callusing. Callus was obtained from nodal segment explant.
Induction of callus was initiated after 10-15 days of inoculation and
it was proceded by the swelling of the explants on sides in contact
with medium.
In this plant species Internodal segment derived callus showed
retarded growth. Nodal segment derived callus showed fast growth
and
brown
in
colour
(Plate:
Fig.
A-D).

Table 1: Inorganic Stock Solution
Conc. in stock solution (g/l)
Volume of stock solution (mg/l)
in final medium
82.5
20
95.0
20
1.24
34.0
0.166
5
0.05
0.005
88.0
5
72.0
4.46
5
1.72
0.005
7.45
5.57
0.02
0.1
0.1
0.4

Final concentration in medium
(mg/l)
1650.00
1900.00
6.20
170.00
0.83
0.25
0.025
400.00
360.00
22.30
8.60
0.025
37.25
27.85
0.10
0.50
0.50
2.00

5

5

Table-2: Preparation and composition of murashige and skoog’s (ms) medium used in the present study
M – inositol
100 mg
30 g
Sucrose
Inorganic stock solution

55 ml

Complex vitamin concentrate
Iron stock solution

5 ml
5 ml

Agar
Double distilled water to Ph 5.8 before autoclaving, Adjusted with either kOH
(3%) Or HCI (1%).

10 g
1 litre

The growth medium was sterilized by autoclaving at 15 Ibs psi for 25-30 min.
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Table-3: Callus induction from nodal segment of in vitro grown C. bonplandinum on MS medium supplemented with different concentrations of BAP and Kn in
combination
Kn (mg/L)
BAP (mg/L)
Explant response (%)
Callus growth
Colour
Texture
0.1

-

33

++

BG

FR

0.5
1.0

-

31
28

+
+

BN
BN

FR
FR

-

0.1

52

++

BG

FR

-

0.5

82

++++

BN

FR

-

1.0

48

++

GN

FR

0.1
0.5
1.0

0.5
0.5
0.5

40
+
BN
FR
79
+++
BN
FR
33
+
BN
FR
Evaluation made 8 wk after culture initiation
Experiment contained three replicates per treatment
+, low, ++, moderate; +++, high; ++++, intense; BG, brownish green; BN, brown; GN, green, FR, friable

Plate: Photographs of establishment of cell culture in Croton bonplandinum Bail.
Fig. A-D: Induction and establishment of callus from nodal segment explant of Croton bonplandinum
Fig. A: Inoculation of nodal segment as explants on MS medium supplemented with BAP (0.5 mg/L)
Fig. B: Fast growing and brown callus after on MS-medium supplemented with BAP (0.5 mg/L) callus formation after 4 weeks
Fig. C: Callus formation after 8 weeks
Fig. D: Callus formation after 14 weeks

Effect of cytokinins (Kinetin and BAP) on callus production
Different concentrations (0.5-1.0 mg/L) of kinetin when
incorporated on MS-medium separately produced callus show slow
growth. Such as different concentrations (0.5-5.0 mg/L) of BAP
when incorporated on MS-medium separately at produced callus
with variable growth and brown in colour.
Cytokinins (BAP) was the best for callusing 0.5 mg/L was optimum
for callus formation from internodal segment explant (Table-3). As
the nodal segment gave the best response, for further studies only
callus derived from nodal segment explant was used. The callus was
obtained on this concentration (BAP -0.5 mg/L) was fast growing
and healthy but light red and brown in colour (Table 3, Plate: Fig. AD)
Similar result also obtained from in vitro multiplication of Codiaeum
variegatum (croton). In this plant enhanced shoots and buds
formation can be achieved by using the MS media with 0.5 mg/L of
BAP32.
SUMMARY AND CONCLUSION
During the present set of experimentation, regeneration studies were
performed via the possible means of micropropagation, i.e., multiple
shoot proliferation through nodal segments in this plants species.
Regular procedures for cleaning and sterilization of glassware and
the explants, media preparation were followed.
Success of plant cell, tissue and organ culture relies upon the
nutrient media, type of explants, age of explants, type of sugar and
hormone used. Phytohormones play a crucial role in the success of
in vitro culture experiments. Therefore, various concentrations (0.1-

1.0 mg/l) of cytokinins (Kinetin and BAP) with combination were
tried singly as well as in combinations.
A series of experiments were performed to obtain multiple shoot
proliferation from juvenile nodal segments in Croton bonplandinum.
Multiple shoot proliferation through the culture of nodal stem
segments was achieved on MS medium fortified with BAP (0.5
mg/l), respectively. Elongation of regenerated shoots via the culture
of nodal segment was achieved on the same medium after regular
sub culturing up to 14 weeks.
In Croton bonplandinum nodal segments were found to be the most
suitable for morphogenetic potential. The protocol here in described
is very much efficient for the In vitro multiplication of Croton
bonplandinum (nodal segment). In the present study different
concentrations of Kinetin and BAP (6-Benzylamino purine), were
used to evaluate its effect on the axillary shoot formation. The plant
growth varied as the concentration of the BAP changed. There was
an increment in axillary shoot formation until the BAP concentration
reached to 0.5 mg/L (Table 3). The concentrations above 0.5 mg/L
did not show any significant increment in the axillary shoot
induction. This might be due to the fact that the requisite
concentration of each type of growth regulator differs greatly
according to the plant being cultured (George, 1993). Our results
clearly suggest that maximum shoot induction can be achieved by
the use of 0.5 mg/L of BAP (Plate: Fig. A-D). An improved and
enhanced method was established for the In vitro propagation of
Croton bonplandinum. The best media for callus induction was MS33
supplemented with 0.5 mg/L of BAP (6-benzyl amino purine). An
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efficient and reliable system for the in vitro propagation of Croton
bonplandinum has been optimized. In the light of our results, it can
be suggested that enhanced shoot and buds formation can be
achieved by using MS media with 0.5 mg/L of BAP.
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