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Vegetative Propagation and Tissue Culture Regeneration of Hibiscus sabdariffa L. (Roselle)
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Abstract: Hibiscus sabdariffa L. (Roselle) has gained popularity as an ornamental, medicinal, industrial and
food plant. These industries rely on the fast and guaranteed supply of clones to be cost-effective. Two
vegetative propagation methods for H. sabdariffa L. are proposed as a technique of ensuring maximum genetic
stability. Softwood and semi hardwood cuttings from two-month-old plants were rooted on a medium
containing soil, compost and rocksand after dipping in IBA (indole-3-yl-butyric acid) or NAA (a-naphthalene
acetic acid) at (0-1.0g/l). Rooting was significantly (P< 0.05) affected by the type of cutting and the
concentration of auxin used. Softwood cuttings responded more positively to auxin treatment and lower levels
(0.5g/1) of auxin stimulated leaf and root formation. Rooting seemed to be more effective in cuttings treated
with auxins than untreated cuttings. Regeneration by tissue culture proved to be more successful by using nodal
explants. Multiple shoots were initiated on Murashige and Skoog 1962 (MS 1962) medium supplemented with
various levels (0-2.0mg/l) of 6benzyl amino purine (BAP) and kinetin (KIN). Individual shoots with a
minimum of two nodes were excised and rooted on MS (1962) medium containing 1.5-2.5mg/l. Regenerants
were acclimatized on a mixture (1:1) of sterile peat and soil. They showed vigorous shoot growth

(within 3 weeks) and after 5-6 months were suitable for field planting.
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INTRODUCTION

H. sabdariffa L. (Roselle), an annual shrub, is native
of Africa and is cultivated in many tropical and
subtropical regions of the world for stem fibers, paper
pulp or edible calyces, leaves and seeds. In some
countries its flowers are also used for decorative purposes
[1]. The medicinal attributes of H. sabdariffa L. have also
been reported [2-5]. In Mauritius, this plant is mainly
recognized as being an invasive weed and only a few
people use the flower calyces to make jams and pickles.
With the drop in sugar prices in Mauritius, Roselle is now
regarded as a new crop with promising potential for
intensive cropping systems owing to its multifunctional
attributes. Although most ornamental Hibiscus species are
vegetatively propagated, Roselle is currently propagated
by seeds [2]. Vegetative propagation methods offer
many benefits including ability to regenerate clones,
convenience and ease of propagation, combination of
genotypes and reduction of length of juvenile period [6].
In addition, cuttings remain the most important means of
propagating horticultural and ornamental crop species
especially ornamental shrubs. If Roselle is to be proposed
as an easy growing, alternative crop to farmers, it is
crucial to devise a method of rapidly supplying clean and
genetically homogenous planting material to them.
Traditional methods of vegetative propagation also

include micropropagation, whereby new plants are
produced under aseptic conditions. Consequently,
micropropagation by plant tissue culture offers promising
possibilities. Moreover, in recent years, the application of
plant tissue culture as a micropropagation technique has
become an important biotechnological tool in the
multiplication of various plants that have a great
economic importance. Likewise, micropropagation
techniques offer additional advantages such as the rapid
propagation rate, lack of seasonal restrictions, provision
of disease free plants, maintenance of self-incompatible
inbred lines [7], international exchange of plant
materials, culture systems for genetic transformation.
Different pathways of regeneration can be adopted in
micropropagation. These include direct methods such as
axillary bud proliferation and direct organogenesis and
indirect techniques involving an intermediate callus
phase. Direct methods of plant regeneration usually
ensure genetic stability whereas when plant tissues are
cultured via callus phase, the plants that are regenerated
may exhibit variation [8]. Up to now, research has
focused mainly on the propagation of other ornamental
Hibiscus species such as H. syriacus, [9-10] and H. rosa-
sinensis [11]. The only report on the propagation of H.
sabdariffa L. crop relates to the effect of temperature on
seed germination [12]. Tissue culture studies on H.
sabdariffa, L. have involved anthocyanin production in
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callus cultures [13] and genetic transformation of the crop
[14]. The use of shoot apices to micropropagate H.
sabdariffa has been described [15]. Conversely, tissue
culture studies on other Hibiscus species have been
widely reported [16-22]. Incidentally, all these authors
describe organogenesis from the same type of explant
namely shoot apices. In this work we suggest two
methods of vegetative propagaton of Roselle namely stem
cuttings and micropropagation by direct and indirect
organogenesis through the use of nodal explants.

MATERIALS AND METHODS

Stem cuttings: Cuttings were taken from two-month-old
H. sabdariffa L. (Roselle) plants cv. ‘Local’ from the farm
of the University of Mauritius early in the morning.
Healthy branches were randomly selected for the excision
of cuttings from the field. Branches were separated into
17-22cm long/ 4mm diameter soft wood and 18-20cm
long /6mm diameter semi-hard wood cuttings with 45°
slanting cut. All shoot tips were removed and all cuttings
were made up of one newly formed leaf with three nodal
segments. All cuttings were dipped in 0.05%w/v Dithane
M45" fungicide solution prior to auxin treatment. The
rooting medium consisted of 50% soil (Low
Humic Latosols), 33% compost and 17% rocksand in
cylindrical black polyethylene potting bags of 40 x 27 cm
dimensions.

Cuttings were dipped for five minutes in
05-1.0g/1 1IBA, (BHD Limited Poole, England)
and 0.5-1.0g/l NAA, (Sigma, Aldrich) and were
planted to a depth of 2cm in moist rooting
medium. Controls were dipped in distilled water. The
rooting medium was kept moist throughout the
experiment.

regeneration: Establishment of aseptic
seedlings: Mature Roselle seeds were washed in running
tap water containing one drop of Tween 20 for 10 minutes
and were rinsed three times in sterile distilled water. After
an overnight soak in sterile distilled water, seeds were
disinfected in a mixture of 0.1% Benomyl® and 0.07%
Dithane M45® for 10 minutes followed by rinsing three
times in sterile distilled water. The seeds were then
dipped into 95% ethanol for 10 seconds and treated with
1% sodium hypochlorite with 2 drops of Tween 20 for 15
minutes followed by thorough rinsing in sterile distilled
water for five times. The seeds coats were aseptically
removed (manually, under laminar flow, using sterilized
scalpels). Seeds were germinated on Murashige and
Skoog (MS 1962) [23] medium containing 3% sucrose
and solidified with 0.8% agar. The pH of the medium was
adjusted to 5.8 before autoclaving at 120°C and
0.138MPa for 20 minutes.

In vitro
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Direct organogenesis: 0-0.5cm nodal segments excised
from in vitro germinated seedlings were sub-cultured on
MS (1962) media containing various concentrations (0.1
mg/-2.0 mg/l) of 6Benzyl Amino Purine (BAP) (Sigma,
Aldrich) and Kinetin (KIN) (Sigma, Aldrich). The
number of leaves that developed from the shoots in the
different BAP and kinetin cultures was recorded every
week. Shoots were rooted on MS (1962) medium
supplemented with 1.5 mg/l-2.5 mg/1 of (Sigma, Aldrich).
The percentage (%) number of shoots that developed
roots was recorded.

Indirect organogenesis: Calli were induced using the
leaves and stems from in vitro germinated seedlings as
explants. Explants of 0.5 x 0.5 cm were inoculated on MS
(1962) medium supplemented with Thidiazuron (TDZ) or
2,4-dicholrophenoxy acetic acid (2, 4-D) at 0.1mg/1 to 2.0
mg/l and 0.01 mg/1 to 0.05 mg/1 respectively. One explant
was cultured per jar and callus production was recorded
as a percentage of explants response. The effect of
(4.0-5.0 mg/l), 6-Benzyl amino-purine (BAP) (0.5-2.0
mg/l) and TDZ (0.1-1.5 mg/l) was compared for shoot
regeneration from the calli.

Acclimatization of the regenerated plantlets:
Regenerated plantlets were acclimatized on a mixture
(1:1) of sterile peat and soil in black polythene
plastic pots.

Culture conditions and Media: All in vitro work was
performed on MS (1962) medium containing 3% sucrose
and solidified with 0.8% agar. The pH of the medium
was adjusted to 5.8 before autoclaving at 120°C for 20
minutes. The cultures were incubated in a culture room at
a temperature of 25+2°C and a photoperiod of 16 hours.
The light intensity that was provided to the cultures was
2000 Lux and the relative humidity was 23.5%.

Experimental design and measurements: Ten
replicates were used for each treatment in the cutting
experiment. Measurements were recorded over period of
4 weeks and each treatment was replicated five times by
using a completely randomized design. At two weeks
intervals, 3 out of the 5 cuttings per treatment were up
rooted carefully, to record the fresh weight, cutting
diameter, root number, number of branches, stem and root
dry weight. Collected data was treated by ANOVA,
variations and interaction effects were compared using the
Dunnett’s test at the 5% level of significance using
MINITAB 13.1 and Microsoft Excel 2007 software.

For the in vitro experiment, all treatments were
replicated five times using a completely randomized
design. The number of leaves that initiated from each
shoot was noted. The percentage number of shoots that
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developed roots during the experiment was also
recorded. Collected data were analyzed by one-way
ANOVA and deviations among means were evaluated
using the Minitab 13.1 statistical software at P=0.05.
Least significant differences (LSD) were computed at the
5% level of significance to compare the treatment means.

RESULTS

Stem cuttings

Number of leaves: The number of leaves increased
significantly with time in both softwood and semi-
hardwood cuttings on the different treatments. However, a
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Fig. 1: Number of leaves on softwood cuttings. Vertical bars indicatetstandard error (£SE) of means (n=3)
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greater (P<0.05) increase in leaf number was noted
in the case of 0.5 g/l IBA for softwood cuttings whereas
the control treatment gave the highest number of leaves
after 4 weeks in the case of semi-hardwood cuttings
(Fig. 1 and 2).

Length of cuttings: Data analysis showed that change
in length of cuttings in both softwood and semi
hardwood cuttings was significantly (P<0.05) influenced
by the level and type of plant growth regulators
(PGRs) used. As such, softwood cuttings showed a
general increase in length for all treatments, with
significantly larger increases on 0.5g/l IBA. However,
in the case of semi-hardwood cuttings, there was a
much greater increase in length in all treatments,
with significantly larger increases on 0.5g/1 IBA (Fig. 3).
For both types of cuttings, the overall change in
length was smallest when higher levels (1.0g/1) of
PGRs were used.

Diameter of cuttings: All the treated cuttings
showed a significant (P<0.05) increase in diameter
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with time irrespective of the treatments used (Fig. 4).
Change in diameter of cuttings was also significantly
(P<0.05) affected by the treatment employed. Conversely
the increase in diameter was significantly much
lower in the case of the control treatments for both
softwood and semi hardwood cuttings. 0.5g/1 IBA and/or
NAA gave significantly (P<0.05) higher increase in
diameter than the higher levels of auxins (1.0g/l), as
depicted in Fig. 4.

Root number: Both softwood and semi-hardwood
cuttings produced roots in all treatments (Fig. 5a and 5b).
The number of roots was significantly affected by the
concentration of auxin used (P<0.05). The interaction
effect between the type of cutting and treatment on root
number was also significant (P<0.05). For softwood
cutting, the highest increase in root number was obtained
with 1.0g/l IBA and the lower concentration of IBA
(0.5g/1) gave a superior number of roots in semi
hardwood cuttings. The highest number of roots at the
end of the experiment was 25 for softwood cuttings and
20 for semi-hardwood cuttings.
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Dry matter accumulation: Auxin treatment was seen to
have a significant effect (P<0.05) on dry matter
accumulation depending on the type of cutting used. As
such, dry weight of cutting increased significantly in both
softwood and semi hardwood cuttings treated with 0.5g/1
and 1.0g/l1 IBA compared to other treatments during the
first four weeks after planting (Fig. 6.).

656

In vitro regeneration

Direct organogenesis: Table 1 illustrates the number of
elongated shoots (expressed as a percentage) that were
initiated from axillary buds of in vitro germinated
seedlings of H. sabdariffa on MS (1962) medium
supplemented with various levels of BAP. It can be noted
that 81% of shoots were produced in the hormone free
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Table 1: Shoot regeneration from axillary buds of H. sabdariffa on

MS+BAP
Conc. of Shoot No. of shoots
BAP (mg/l) formation (%) per nodal explant
0 81.0+£5.32° 3.2+0.22°
0.1 73.042.54° 1.44+0.19°
0.5 46.2+2.07% 0.8+0.19*
1.0 39.6+1.59° 0.6+0.14"
1.5 39.6+1.13" 1.0+0.02%
2.0 33.0+1.12° 1.2+0.07*

Means+S.E followed by the same letter in a column are not significantly
different, as indicated by the LSD test (P=0.05)

Table 2: Shoot regeneration from axillary buds of H. sabdariffa on

MS+KIN
Conc. of Shoot No. of shoots
KIN (mg/l) formation (%) per nodal explant
0 100+5.32° 3.0£0°
0.1 82.0+1.90° 1.8+0.12°
0.5 35.2+1.20° 1.3£0°
1.0 25.0+0.88* 1.6+0.14"
1.5 19.6+0.94% 1+0.02%
2.0 18.0+0.12° 1.0£0°

MeanstS.E followed by the same letter in a column are not significantly
different, as indicated by the LSD test (P=0.05)

medium while only 33% of shoots resulted in the 2.0mg/1
of BAP respectively.

The hormone also had an effect on the initiation of
elongated (normal) and stunted shoots. Interveinal
chlorosis, which is yellowing of the leaves between the
veins, was observed in cultures that developed normal
shoots (Plate 1a) as well as in cultures that developed
stunted shoots (Plate 1b). The development of the normal
shoots started with the formation of a small mass of callus
at the cut ends but after elongation no callus was found at
the base.

Table 2 indicates the% and the number of shoots that
were initiated on medium with Kinetin. MS medium
supplemented with 0.1 mg/l of kinetin and MS (1962)
medium without any hormone gave a higher response in
the shoot initiation.

The effect of KIN was such that it contributed largely
to the regeneration of the shoots (normal and stunted)
rather than to the formation of roots. Moreover, the roots
that were initiated from the cultures were not profusely
developed (Plate 1b).

Microshoots that attained a height of 2-3 cm with at
least one node were individually excised from the shoot
cluster and selected for rooting. Rooting was seen to be
significantly more efficient with increasing concentration
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Table 3: % Root initiation on MS+ IBA

IBA (mg/l) Root formation (%)
1.5 28.1+0.6°
2.0 59.6+1.4°
2.5 86.2+0.0"

Means+S.E followed by the same letter in a column are not significantly
different, as indicated by the LSD test (P=0.05)

Plate 1a: Shoot formation from H. sabdariffa explants on
MS+KIN after 8 weeks

Plate 1b: Shoot & Root formation from H. sabdariffa
explants on MS+KIN after eight weeks

of IBA; hence the highest rooting percentage was
obtained at 2.5mg/l IBA (Table 3). The regenerated
plantlets were successfully acclimatized in oven-sterilized
soil under 100% humidity after two weeks (Plate 2.).

Callus initiation: Callus formation was observed on both
TDZ and 2,4-D on leaf explants of H. sabdariffa (Plate 3).
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Table 4: % Callus formation on leaf explants of H. sabdariffa using

TDZ and 2,4-D

Conc.of Callus Conc of Callus

TDZ mg/1 formation (%) 2,4-D(mg/1) formation (%)
0.1 20 0.01 80

0.5 60 0.02 80

1.0 60 0.03 80

1.5 80 0.04 80

2.0 60 0.05 80

Plate 2: H. sabdariffa plantlet on a mixture (1:1) peat
and soil

Plate 3: Callus initiation from leaf explants of H.
sabdariffa cultured on TDZ

However, 1.5 mg/l TDZ showed a higher response in
callus formation (80%) (Table 4); nevertheless the lowest
callus formation was observed with 0.1 mg/l of TDZ. On
the other hand, all levels of 2,4-D (0.01-0.05mg/l)
produced equally high percentage of callus (80%).
Conversely, these calli could not be regenerated further as
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only profuse chlorophyll formation (organogenic calli)
was observed after two weeks culture on different levels
of KIN (0.1-5.0mg/1).

DISCUSSION

Stem cuttings: This study demonstrates that H.
sabdariffa can be propagated through the use of both
softwood and semi hardwood cuttings especially by using
auxin treatment. However, based on the number of leaves
produced after four weeks, it seems that softwood cuttings
are more responsive to auxin treatment than semi
hardwood cuttings of H. sabdariffa. Several factors can
affect the number of leaves produced including the type
of cuttings used; the plant growth regulators utilised,
temperature, dry matter content of the cuttings before
sticking in the medium and the health status of the plant
[24]. Tt seems however that compared to other hibiscus
species, H. sabdariffa L. produced new leaves faster (than
some other Hibiscus species such as H. rosa sinensis (27
days) [25]. In our experiment, after 14 days, Roselle
already had 3 fully expanded leaves in semi-hardwood
cuttings and 4 in soft wood cuttings.

The leaves produced in the experiment varied with
the treatment given and the type of the cuttings used. Fig
1 and Fig 2 also indicate that the amount of dry matter
originally present in the semi hardwood cuttings had a
more significant effect than that of the auxin treatment as
the semi hardwood cuttings had an initial weight of
1.51240.366g and the softwood cuttings were lighter
(0.677+0.133g). The number of leaves produced is also
determined by the initial amount of dry matter in the
cuttings [11, 26]. The number of leaves in the cuttings is
very important for successful post propagation. As such,
softwood cuttings produced a total of 16 leaves
cumulatively for the 4 weeks period with 0.5g/1 IBA
whereas the semi-hardwood cuttings produced only 14
leaves. For the case of semi hardwood cuttings, the
highest number of leaves was produced in the control.
Softwood cuttings seemed to respond more positively to
auxin treatment than semi hardwood with respect to the
number of leaves.

Similarly, both softwood and semi-hardwood
cuttings witnessed the highest increase in length and
diameter with lower levels of auxin (0.5g/l IBA & 0.5g/1
NAA). The increase in length of cuttings and increase in
diameter seemed to be due to the use dry matter for the
shoot growth. The smallest increase in diameter was
observed with 1.0g/1 NAA in both types of cuttings
probably due to the diversion of the cuttings food reserves
towards root formation [27]. Auxin treatment had a
significantly positive effect on root number of H.
sabdariffa cuttings as the untreated cuttings produced a
lower number of roots in both species after four weeks.
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The treatment giving the highest dry matter accumulation
in the roots was IBA 1.0g/l for softwood and semi
hardwood cuttings.

Root production in H. sabdariffa was faster (within
two weeks) than in H. rosa-sinensis L. cultivar
‘Paramaribo’ which took 21 days to produce the first
visible roots [11]. The effect of various co-factors
including endogenous auxins on rooting has been
formerly reported [6, 28-29] and also seem to be species
dependent [28]. As such, although the same auxin (IBA)
produced similar number of roots in both types of
cuttings, it seemed that, softwood cuttings required a
higher concentration of IBA for maximum root
production (1.0g/1). This could be due to dry natter
content which was higher in semi hardwood cuttings
batch initially and at the end of the experiment. The effect
of initial carbohydrate content (dry matter) on rooting
ability has previously been described [30-31].

In vitro regeneration: In vitro regeneration from H
sabdariffa seemed to be more successful by axillary bud
regeneration than by indirect organogenesis. As such
more efficient shoot regeneration from axillary buds of A.
sabdariffa was obtained on MS media with low levels of
cytokinins than on media supplemented with higher
concentrations of BAP or KIN. The optimum
concentration of cytokinin for successful shoot
regeneration was between 00.1mg/l for both growth
regulators. These findings are in accordance with those of
Samanthi et al. [20], on tissue culture of H. cannabinus
whereby the optimum concentration of BAP was
1.98mg/1 for shoot regeneration from nodal explants with
negative results on using higher cytokinin concentrations.
Similar type of response was published by Jorge et al.
[32] who also reported that cytokinin is directly
responsible for reprogramming apical meristem axes of
cotton towards the multiplication of buds and also fewer
shoots with higher dose of growth regulators were
observed. In the present study, we also found that kinetin
was more responsive than BAP in inducing shoot
formation in contrast to the findings of Christensen et al.
[33] who obtained efficient shoot regeneration from nodal
cuttings of H. rosa sinensis L. on 0.5mg/l BAP. The
incidence of abnormal shoots and interveinal chlorosis
during tissue culture of hibiscus species has formerly been
reported by Samanthi et al. [20] on H. cannabinus and on
H. rosa sinensis by Christensen et al. [33]. Our study
shows that single node explants can also be used for the in
vitro regeneration of Roselle even with very low levels or
even in the absence of cytokinins. Moreover, our results
differ from the report of GomezLeyva et al. [15], who
used shoot apices with cytokinins to induce sprouting in
that we have made use of different explants. We infer that
single nodes probably do not suffer from the apical
dominance effect exerted by the apical meristem and
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hence were able to sprout without or with very low levels
of growth regulators. Likewise, Gomez-Leyva et al. [15]
highlighted the significant role of BAP and m-topolin in
reprogramming the cells in shoot apices of Roselle
towards sprouting.

In vitro rooting of initiated shoots was efficiently
obtained after a period of 8 weeks either on MS medium
containing 2.5mg/1 IBA. However, simultaneous rooting
was observed also on shoots cultured in both shoot
initiation and shoot growth media (MS+Cytokinin). The
positive effect of IBA on rooting of in vitro regenerated
shoots has been widely reported [34-36].

Indirect organogenesis from leaf explants of H.
sabdariffa proved to be more intricate in that although
callus formation was observed on both TDZ and 2,4-D
supplemented medium, these calli could not be
regenerated. Our results confirm the significant effect of
genotype in regeneration by tissue culture methods
[37-40]. Similarly other Hibiscus species namely H.
syriacus could be efficiently regenerated from nodal
explant on MS media supplemented with TDZ [41].
Likewise, Jenderek et al. [19] have succeeded in
regenerating in vitro derived callus from H. syriacus
seedling fragments on MS medium supplemented with
BAP or KIN.

CONCLUSIONS

This study has shown for the first time that AH.
sabdariffa can be propagated by vegetative methods both
in vitro and ex vitro. Although auxins were not a sine qua
non condition for effective rooting of softwood or semi
hardwood cuttings, the use of exogenous auxins
accelerated and ensured uniformity of the rooting process.
The present findings indicate also the possibility of using
micropropagation methods for the in vitro regeneration of
H. sabdariffa. The use of direct organogenesis as
suggested in this work proved to be a quick and efficient
method for in vitro regeneration of H. sabdariffa. In
addition, by making use of single node explants, the
number of micropropagules used in one tissue culture
multiplication cycle offer the advantage of being more
abundant than through the use of shoot apices. The fact
that no or low levels of cytokinins induced higher
sprouting efficiency also reduces the risks of somaclonal
variation as a result of the use of plant growth regulators
in tissue culture.

REFERENCES

Sanchez-Mendoza, J., A. DominguezLopez, S.
Navarro-Galindo and J.A. Lopez-Sandoval, 2007.
Some physical properties of Roselle (Hibiscus
sabdariffa L.) seeds as a function of moisture
content. Journal of Food Engineering, 87: 391-397.



10.

11.

12.

13.

14.

15.

World J. Agric. Sci., 5 (5): 651-661, 2009

Morton, J., 1987. Roselle, Hibiscus sabdariffa L. In:
Fruits of Warm Climates, Ed., Morton, J.F. Creative
Resource Systems, Inc., pp: 281-286.

Akindahunsi, A.A. and M.T. Olaleye, 2003.
Toxicological investigation of aqueous methanolic
extract of calyces of Hibiscus sabdariffa L. Journal
of Ethnopharmacology, 89: 161-164.
Herrera-Arellano, A., S. Flores-Romero, M.A.
Chavez-Soto, J. Tortoriello, 2004. Effectiveness and
tolerability of standardized extract from Hibiscus
sabdariffa in patients with mild to moderate
hypertension: a controlled and randomized clinical
trial. Phytomedicine, 11: 375-382.

Hirunpanich, V., A. Utaipat, N.P. Morales, N.
Bunyapraphatsara, H. Sato, A. Herunsale and C.H.
Suthisisang,  2006.  Hypocholesteromic  and
antioxidant effects of aqueous extracts from the
dried calyx of Hibiscus sabdariffa L. in
hypercholesteromic rats. J. of Ethnopharmacology,
103: 252-260.

Hartman, B.H., D.E. Kester and F.T. Davies, 1994.
Plant Propagation: Principles and Techniques.
Prentice Hall, New Jersey.

Collin, H.A. and S. Edwards, 1998. Plant Cell
Culture. Bios Scientific Eds., Guilford.

Lindsey, K. and M.G.K. Jones, 1989. Plant
Biotechnology in Agriculture. Open University Press
Ed. Milton Keynes, UK.

Grange, R.I. and K. Loach, 1985. The effect of light
on rooting of leafy cuttings. Sci. Hort., 27: 105-111.
Jenderek, M.M. and A.J. Olney, 1999. High
regeneration ability of benzyladenine and napthalene
acetic acid induced callus of eastern Hibiscus.
Hortscience, 34 (3): 458.

Bertram Lise, 1991. Vegetative propagation of
Hibiscus rosa-Sinensis L. in relation to nutrient
concentration of propagation medium. Sci. Hott.,
48: 131-139.

Mansour, B.M.M., 1974. Effect of temperature and
day length on growth and flowering of roselle
Hibiscus sabdariffa L. Sci. Hort., 3: 129-135.

Bajaj, Y.S., 1999. Biotechnology in Agriculture and
Forestry 24, Medicinal and Aromatic Plants. V.
Springer-Verlag, Berlin.

Gassama-Dia, Y.K., D. Sané, M. Ndoye, 2004.
Direct genetic transformation of Hibiscus sabdariffa
L. African Journal of Biotechnology, 3: 226-228.
GomezLeyva, J.F., L.A. MartinezAcosta, 1.G.
LopezMuraira, H. Silos-Espino, F. Ramirez-
Cervantes and I. Andrade-Gonzalez, 2008. Multiple
shoot regeneration of Roselle (Hibiscus sabdariffa
L.) from a shoot apex culture system. International
Journal of Botany, 4: 326-330.

660

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Zapata, C., M.M. Srivatanakul, S.H. Park, B.M. Lee,
M.G. Salas and R.H. Smith, 1999. Improvements
in shoot apex regeneration of two fiber crops:
Cotton and Kenaf. Plant Cell Tissue Organ Culture,
56: 185-191.

McLean, K.S., G.W. Lawrence and N.A.
Reichert, 1992. Callus induction and alventitious
organogenesis of kenaf (Hibiscus cannabinus L.).
Plant Cell Reports, 11: 532-534.

Srivatanakul, M.S., S. Park, J. Sanders, M. Salas and
R. Smith, 2000. Multiple bud regeneration of kenaf.
(Hibiscus cannabinus L.) from bud apex culture
system. Plant Cell. Rep., 19: 1165-1170.

Jenderek, M., R. Olney and C.A. Fresno, 2001.
Hibiscus syriacus plant regeneration from callus.
International Pl. Propagators Proc., 50: 565-568.
Samanthi, P.H., S. Takayuki and K. Hattori, 2004.
Multiple shoot regeneration from young shoots of
Kenaf (Hibiscus cannabinus), Plant Cell, Tissue and
Organ Culture, 77: 49-53.

Adamson, W.C. and J.E. O’Bryan, 1981. Plant
differentiation of Hibiscus hieranus from callus
grown from embryo explants. Environmental and
Experimental Botany, 21: 434-435.

Sakhanokho, H. and C. Pounders, 2006. Evaluation
of growth regulators on in vitro Hibiscus shoots
regeneration. Southern Nursery Association
Proceedings, 51: 346-349.

Murashinge, T. and F. Skoog, 1962. A revised
medium for rapid growth and bioassays with tobacco
tissue cultures. Physiol. Plant., 15: 473-497.
Richards, M. (1985). Preparation of mother plants for
both cutting and grafting. Acta. Hort., 166: 41-44.
Bertram Lise, 1992. The relation between
adventitious root formation and the post
propagation growth of Hibiscus rosa-sinensis L.
Acta Hort., 314: 105-111.

Saranga, J. and R. Cameron, 2006. Adventitious root
formation in Anacardium occidentale L. in response
to phytohormones and removal of roots. Sci Hort.,
111: 164-172.

Okoro, O.0. and J. Grace, 1975. The physiology of
rooting Populus cuttings: Carbohydrates and
photosynthesis. Physiol. Plant., 36: 133-138.
Carpenter, W.J. and J.A. Cornell, 1992. Auxin
application duration and concentration govern
rooting of hibiscus stem cuttings. J. American
Society for Hort. Sc., 117: 68-74.

Day, J.S. and B.R. Loveys, 1998. Propagation
from cuttings of two woody ornamental
Australian shrubs, Boronia megastigma, Nees
(brown boronia) and Hypocalymma augustifolium,
Endl. (white myrtle). Australian J. Exper. Agric.,
38:201-206.



30.

31

32.

33.

34.

35.

World J. Agric. Sci., 5 (5):

Buldawa, F. and K. Ki Sun, 1994. Effects of
irrigation frequency on root formation and shoot
growth of spray growth chrysanthemum cuttings in
small jute plugs. Sci. Hort., 60: 125-138.

Yong Kweon, Y. and K. Ki Sun, 1996. Seasonal
variation in rooting ability, plant hormones,
carbohydrate, nitrogen, starch and soluble sugar
contents in cuttings of white forsythia
(Abeliophyllum distichum, Nakai). J. Kor. Soc. Hort.
Sci., 37: 554-560.

Jorge, L.M., HR. Permingeat, M.V.C. Romagnoli,
M. Heisterborg and H.V. Ruben, 1998. Multiple
shoot induction and plant regeneration from
embryonic axes of cotton. Plant Cell Tiss. Org. Cult.,
54: 131-136.

Christensen, B., S. Sriskandarajah, M. Serek and R.
Muller, 2008. In vitro culture of Hibiscus rosa
sinensis L.: Influence of iron, calcium and BAP on
establishment and multiplication. Plant Cell, Tissue
and Organ Culture, 93: 151-161.

Aktar, S., KM.N. Asiruddin and H.H. Uq,
2007. In vitro root formation in Dendrobium
orchid plantlets with IBA. J. Agric. Rural Dev.,
5:48-51.

Hatzilazarou, S., H. Grammatikos, A.S. Economou,
N. Rifaki and F. Ralli, 2003. Rooting in vitro and
acclimatization of Myrtus communis microcuttings.
Acta Hot., 616: 259-264.

661

36.

37.

38.

39.

40.

41.

1 651-661, 2009

Rout, G.R., S. Samantaray and P. Das, 1999. Root
induction in microshoots of Simarouba glauca L.
in vitro: Peroxidase as a marker for rooting. Silvae
genetica., 48: 14-17.

Mathias, R.J. and E.S. Simpson, 1986. The
interaction of genotype and culture medium on the
tissue culture responses of wheat (Triticum aestivum
L. em. Thell.) callus. Plant Cell, Tissue and Organ
Culture, 7: 31-37.

Wolford, D.S. and K.H. Quesenberry, 1992. Tissue
culture regeneration of Desmodium. Crop Sci.,
32:266-268.

Niederwieser, J.G. and J. Van Staden, 1990. The
relationship between genotype, tissue age and
endogenous cytokinin levels on adventitious bud
formation on leaves of Lachenalia. Plant Cell, Tissue
and Organ Culture, 22: 223-228.

Colomba, E.L., K. Grunberg, S. Griffa, L. Ribitta, L.
Mroginski and E. Biderbost, 2006. The effect of
genotype and culture medium on somatic
embryogenesis and plant regeneration from mature
embryos of fourteen apomictic cultivars of buffel
grass (Cenchrus ciliaris L.). Grass and Forage Sci.,
61:2-8.

West, T. and J.E. Preece, 2004. Effects of thidiazuron
and nutrient salt formulations on micropropagation
of hardy hibiscus (Hibiscus moscheutos L.). Acta
Hort., 630: 293-297.



