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Abstract Some factors influencing in vitro cultures

of potted Hibiscus rosa-sinensis L. using nodal

cuttings were investigated. A protocol using a

modified MS medium helped to overcome chlorosis,

shoot tip necrosis (STN) and leaf drop. These

disorders have been caused by mineral imbalance

associated with calcium and iron deficiency. STN and

leaf drop were overcome by increasing calcium level

from 3 mM (MS standard concentration) to 9 mM,

and this increase, in addition, enhanced shoot dry

weight and shoot extension. The chlorophyll content

and leaf area increased by increasing the iron

concentration 3-fold from 98 lM to 295 lM. Fur-

thermore, substituting Fe-EDTA with Fe-EDDHA

resulted in an increase in chlorophyll content, leaf

area and shoot extension. The most suitable multi-

plication medium for H. rosa-sinensis L. was

demonstrated to be a modified MS medium contain-

ing 2.2 lM BAP and increased concentrations of

calcium at 9 mM and iron at 295 lM provided as

Fe-EDDHA. The shoots were rooted in half-strength

modified MS medium containing 2.7 lM NAA.

Acclimatization was successful with all shoots with

or without roots.

Keywords Calcium chloride � Fe-EDDHA �
Fe-EDTA � Iron chlorosis � Micropropagation

Abbreviations

BAP 6-Benzylaminopurine

CCI Chlorophyll content index

Fe-EDDHA Ethylenediamine di-2-hydroxy-

phenyl acetate ferric

Fe-EDTA Ethylenediamine tetraacetate

ferric sodium iron

IBA Indole-3-butyric acid

NAA a-Naphtaleneacetic acid

PAR Photosynthetically active radiation

STN Shoot tip necrosis

TDZ Phenyl-N1-1,2,3,-thiadiazol-5-ylurea

(Thidiazuron)

WPM McCown Woody Plant Medium

Introduction

The ornamental shrub, Hibiscus rosa-sinensis L.,

belonging to Malvaceae, is an appreciated garden

plant grown throughout the tropics and subtropics. In

temperate areas, H. rosa-sinensis L. is economically

important as it is produced in greenhouse nurseries as
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a potted plant, and it is commonly used as an indoor

plant. Propagation by vegetative means is the

predominant technique in H. rosa-sinensis L., but it

does not ensure healthy and disease-free plants.

Moreover, dependence on season and slow multipli-

cation rates are some of the other major limiting

factors in conventional propagation methods. Signif-

icant features of in vitro propagation are the

enormous multiplicative capacity in a relatively short

time span, the production of healthy and disease-free

plants and the ability to generate propagules through-

out the year independent of seasonal changes

(Kasseanis 1957; Baker and Phillips 1962; Lloyd

and McCown 1980; Martin 1985; Chalupa 1988). In

roses, for example, up to 400,000 plants were cloned

from a single plant on an annual basis through

micropropagation (Martin 1985), and similar systems

are available for several other species (Cooke 1979;

Lloyd and McCown 1980; Chalupa 1988). An in vitro

propagation system for H. rosa-sinensis L. has the

potential for efficient and rapid multiplication.

Production of disease-free plants is a major

concern due to viruses present in H. rosa-sinensis

L. as reported by many authors (Adkins et al. 2003;

Huang et al. 2004; Rajeshwari et al. 2005). Methods

are available to eradicate virus from plants (Kasse-

anis 1957; Baker and Phillips 1962), and if these

methods are employed to obtain virus-free material to

be used in the initial culture, certified virus-free

plants of H. rosa-sinensis L. can be produced in large

numbers using in vitro methods.

In general, the growth and development of in vitro

cultured plants depend on factors such as macro- and

microelement composition, vitamin mixture, sugar

concentration, growth regulator composition and

climatic conditions (Murashige and Skoog 1962;

Staba 1969; Lloyd and McCown 1980; Phillips and

Hubstenberger 1985). A suboptimal culture medium

may cause physiological disorders or tissue death

(Van der Salm et al. 1994; Barghchi and Alderson

1996), and as potted H. rosa-sinensis L. plants are

sensitive to iron and calcium deficiency (P. Graff

pers. comm.), the influence of iron and calcium

concentrations and the type of iron was investigated

in vitro in the current study.

In vitro methods have been reported for some

related species of H. rosa-sinensis L. such as

H. cannabinus L. (Zapata et al. 1999; Srivatanakul

et al. 2000; Herath et al. 2004), H. moscheutos L.

(West and Preece 2004), H. acetosella Welw. ex

Hiern (Reynolds and Blackmon 1983) and H. syria-

cus L. (Yang et al. 1995; Jenderek and Olney 2001).

In these studies, somatic embryos, callus and explants

from seedlings were used for various purposes such

as regeneration and genetic transformation. Initial

contamination resulting from mite infestation was

also reported to be a problem (West and Preece

2006). Moreover, regeneration through somatic

embryogenesis and callus appears complicated and

it involves long processes. Although, multiple shoot

regeneration was reported to be efficient using

explants from seedlings of H. cannabinus L. and

H. syriacus L. (Yang et al. 1995; Srivatanakul et al.

2000; Jenderek and Olney 2001; Herath et al. 2004),

seedlings could not be used in the current study

because of the hybrid nature of H. rosa-sinensis L.

In vitro methods have been reported for H. rosa-

sinensis L. (Preece and Mackowiak 1987; Scoville

and West 2006). Scoville and West tested different

types of nutrient salt formulations and their initial

results indicated that axillary shoot initiation of

H. rosa-sinensis L. was better at high nutrient salt

formulation in combination with low phenyl-N1-

1,2,3,-thiadiazol-5-ylurea (TDZ) concentrations. This

corresponds to reports in H. moscheutos L. where the

low nutrient salt McCown Woody Plant Medium

(WPM) (Lloyd and McCown 1980) did not prolifer-

ate axillary shoots rather the primary shoot elongated

with no branching, but high nutrient salt medium, on

the other hand, was reported to provide satisfactory

results (West and Preece 2004). Our preliminary

studies showed that extensive chlorosis could be

observed in H. rosa-sinenesis L. shoots multiplied on

WPM. For this reason, in this study, the high nutrient

salt medium Murashige and Skoog (MS) (Murashige

and Skoog 1962) was used. In the preliminary

studies, Kinetin (0.2–11.5 lM) had little effect on

shoot multiplication compared to 6-Benzylaminopu-

rine (BAP), and TDZ (0.2–11.5 lM) caused

excessive callus formation and shoot death. Based

on these results, it was decided to use only BAP in the

subsequent experiments.

The current paper reports on the influence of iron

chelate, concentrations of iron, calcium and BAP on

shoot growth and multiplication of in vitro cultures of

two popular commercial cultivars of potted H. rosa-

sinensis L, ‘Cassiopeia Wind Yellow’ and ‘Caribbean

Pink’.
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Materials and methods

Culture media

The basic medium consisted of MS macro- and

microelements (Murashige and Skoog 1962), Staba

vitamins (Staba 1969), 30 g l-1 sucrose, 100 mg l-1

myo-inositol, 3 g l-1 Gelrite (Duchefa, Haarlem, The

Netherlands) and 0.5 g l-1 MES (Duchefa). The pH

was adjusted to 6.3 with NaOH before autoclaving at

121�C and 103.5 kPa for 20 min. Filter-sterilised

hormones, as described in the different experiments

below, were added after autoclaving. All other

experimental media are described elsewhere in the

paper.

Plant material and culture conditions

Two commercial cultivars of potted Hibiscus rosa-

sinensis L., ‘Cassiopeia Wind Yellow’ and ‘Carib-

bean Pink’ (Graff Kristensen A/S, Sabro, Denmark)

were grown in the greenhouse under standard condi-

tions (22�C/18�C day/night) and irrigated once a day

with standard fertilizer (Brun Komplet, Garta A/S,

Denmark) with an electrical conductivity of 1.2 mS

cm-1. Nodal cuttings without leaves were sterilized

in 1.5% (v/v) NaOCl (VWR, Copenhagen, Denmark),

0.03% (v/v) Tween 20 (Merck, La Jolla, USA) for

20 min and rinsed 3 times in sterile water. Five nodal

cuttings (15 mm) were placed in each clear plastic

container (5 9 6 9 9 cm, Sakata Ornamentals Eur-

ope, Marslev, Denmark) containing 80 ml of various

experimental media described elsewhere in this

paper. The explants were cultured in a growth room

at 24�C and 16 h-photoperiod of 45 lmol m-2 s-1

(PAR) provided by cool-white fluorescent tubes

(Philips, Amsterdam, The Netherlands).

Establishment and multiplication of cultures

Establishment

Sterile nodal cuttings from greenhouse grown ‘Cas-

siopeia Wind Yellow’ and ‘Caribbean Pink’ plants

were placed on a modified basic medium containing

197 lM Fe-EDDHA (Duchefa), 9 mM calcium ion

as CaCl2�H2O (Fluka, Neu-Ulm, Germany) and BAP

(Sigma-Aldrich, Steinheim, Germany) at 0, 0.22, 2.2

or 22 lM.

First subculture

Shoots developed during the establishment phase

were subcultured on modified basic medium contain-

ing 197 lM Fe-EDDHA, 9 mM calcium and 0,

0.22 or 2.2 lM BAP. The shoots from explants

cultured on the four different media in establishment

phase were mixed and randomised before performing

first subculturing.

Second subculture

Shoots developed during the first subculture were

cultured on modified basic medium containing

197 lM Fe-EDDHA, 9 mM calcium and 0, 0.22, 2.2

or 22 lM BAP for ‘Cassiopeia Wind Yellow’ and 0,

0.22 or 2.2 lM for ‘Caribbean Pink’. The shoots from

explants cultured on the three different media during

first subculture were mixed and randomised before

performing second subculturing. The experiments

were carried out as block experiments consisting of

three blocks, and each treatment in each block

consisted of two containers. Each experiment was

repeated twice. The cultures were evaluated after six

weeks and the data taken were the number of shoots per

explant and the shoot length.

Media with iron-level and iron-chelate

To the basic medium, iron was supplied either

as ethylenediamine tetraacetate ferric sodium (Fe-

EDTA) (Duchefa) or ethylenediamine di-2-hydroxy-

phenyl acetate ferric (Fe-EDDHA) (Duchefa) at

equimolar concentrations of Fe ions of the two

chelates at 98 (MS standard), 197, 295 or 394 lM

together with 0.22 lM BAP. This BAP level was

chosen to get large leaves, which was a prerequisite for

measuring the relative chlorophyll content, Chloro-

phyll Content Index (CCI), using a chlorophyll content

meter (CCM-200, Opti-Sciences, Hudson, NH, USA).

To obtain the chlorophyll standard curve, chlorophyll

was extracted in 80% acetone and absorbance mea-

sured at 652 nm (Arnon 1949). Leaf area was

measured using a leaf area meter (LI-3100 Area

Meter, LI-Cor Biosciences, Lincoln, NE USA). Each

shoot was oven dried for 48 h at 85�C for dry weight

measurements and the dry mater content (%) was

calculated. Only ‘Cassiopeia Wind Yellow’ was tested

in this experiment since this cultivar displayed the

most apparent signs of mineral disorder in preliminary
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experiments. The iron experiment was repeated twice

using six replicate containers per treatment and the

experiment was evaluated after six weeks.

Media with calcium and BAP level

All media contained 197 lM Fe-EDDHA, and

calcium was supplied at 1.5 mM, 3 mM (MS stan-

dard) or 9 mM as CaCl2�2H2O and BAP at 0.22 lM

or 2.2 lM in a factorial design. Measurements were

made on leaf area and shoot dry weights as above.

Only ‘Cassiopeia Wind Yellow’ was tested in this

experiment since this cultivar displayed the most

apparent signs of mineral disorder in preliminary

experiments. The iron experiment was repeated twice

using six replicate containers per treatment and the

experiment was evaluated after six weeks.

Induction of roots

Shoots of ‘Cassiopeia Wind Yellow’ and ‘Caribbean

Pink’ developed during the second subculture were

cultured on half-strength basic medium containing

98 lM Fe-EDDHA and 4.5 mM calcium. The auxin

a-Naphtaleneacetic acid (NAA) (Sigma-Aldrich) was

added at different concentrations (0, 2.7, 8.1 or

16.2 lM). Only NAA was used because the pre-

liminary experiments carried out with indole-3-

butyric acid (IBA) and its combinations with NAA

indicated that NAA by itself was better than any other

combinations used. The experiment was carried out

as a block experiment, consisting of three blocks, and

each treatment in each block consisted of two

containers. The experiment was repeated twice and

the results were recorded after four weeks.

Acclimatization

After the in vitro rooting phase, both plantlets with

and without roots were transferred to a propagation

room, and grown under clear plastic at 96% RH,

20�C/20�C day/night and 16 h light provided by high

pressure sodium lamps (SON-T, Philips) of 145 lmol

m-2 s-1 (PAR) at plant surface. The plantlets were

grown in peat (Pindstrup II, Pindstrup Mosebrug A/S,

Ryomgaard, Denmark) sterilized by autoclaving at

121�C and 103.5 kPa for 20 min. After rooting the

plants were transplanted into plastic pots (ø11 cm)

containing peat (Pindstrup II) and grown in a

greenhouse until flowering at 22�C/20�C day/night

and 70% RH, and the plants were irrigated once a day

with standard fertilizer (Brun Komplet) with an

electrical conductivity of 1.2 mS cm-1.

Statistical analysis

The data obtained were subjected to analysis of

variance (ANOVA) using the general linear models

(PROC GLM) procedure in the Statistical Analysis

System (SAS 9.1) programme package for Windows.

Multiple comparisons among means were performed

using Duncan’s multiple range test with the level of

significance P = 0.05. The influences of pretreat-

ments were included as a factor in the analysis of the

data from the first and second subcultures and the

root induction experiment.

Results

Effects of BAP and genotype on establishment,

first and second subculture

The pH, adjusted to 6.3 before autoclaving, dropped

to 5.9 after autoclaving. No further drop in pH was

measured after adding hormones due to the strong

buffer capacity of MES buffer. The explants of

‘Cassiopeia Wind Yellow’ and ‘Caribbean Pink’

were well established since the overall maximum

contamination rate was only 10% and the axillary

buds from explants grew well. General speaking, the

highest number of shoots per explant combined with

the highest survival rate was obtained at 2.2 lM BAP

for both cultivars (Table 1). The highest BAP level

(22 lM) reduced the survival rate compared to the

other treatments and therefore this level was left out

of the medium in the first subculture as it was judged

to be inhibitory.

In the first subculture, the highest number of

shoots per explant was obtained at 2.2 lM BAP for

both cultivars. However, ‘Caribbean Pink’ produced

only 1.3 shoots per explant, which was significantly

lower than the 2.2 shoots produced by ‘Cassiopeia

Wind Yellow’. In the second subculture, the

proliferation was again significantly higher in

‘Cassiopeia Wind Yellow’ at 2.2 lM or 22 lM
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BAP, when compared to the lower BAP levels

(Table 1). Due to the low number of shoots per

explant recorded during the first subculture for the

other treatments, 22 lM BAP was reintroduced for

‘Cassiopeia Wind Yellow’ in order to try to

increase the number of shoots per explant. BAP

22 lM was not reintroduced for ‘Caribbean Pink’

as this level was judged to be inhibitory due to the

low survival rate of 34.5% obtained at this BAP

level during the establishment. Although, the num-

ber of shoots per explant in ‘Cassiopeia Wind

Yellow’ at 22 lM BAP was at the same level as

for 2.2 lM BAP, then the shoot length was reduced

from 5 mm to 2 mm and the survival rate from

94.4% to 68.6% when 22 lM BAP was used again.

The best treatment for shoot multiplication was

2.2 lM BAP based on the mean shoot number per

explant and survival rate.

There were significant differences in responses

between the two cultivars in the establishment stage,

first and second subcultures (Table 1). The number of

shoots per explant and the mean shoot length were

higher in ‘Cassiopeia Wind Yellow’ than in

‘Caribbean Pink’ in most treatments. The significant

highest shoot length for ‘Cassiopeia Wind Yellow’

was obtained in 0.22 lM BAP in the establishment,

first and second subculture.

Effects of iron-level and chelate type

The chlorophyll standard curve (Fig. 1) showed a

linear correlation between the chlorophyll content

index (CCI) measured using the chlorophyll content

meter (R2 = 0.8517, y = 0.0292x + 0.03655). This

equation was used to calculate the chlorophyll

content from the CCI. Both, iron chelate type and

iron level had a significant effect on chlorophyll

content of the leaves. The Fe-EDDHA produced

significantly higher chlorophyll content than Fe-

EDTA (P \ 0.0001) (Fig. 2a), and an increase in

the iron concentration for both chelates also gave

significantly higher chlorophyll content. At the low-

est iron concentration of 98 lM Fe-EDTA, the leaves

showed clear signs of chlorosis, whereas leaves from

98 lM Fe-EDDHA treated explants only showed

weak signs of chlorosis (Fig. 3a).

Table 1 Effects of BAP concentration on in vitro shoot multiplication of nodal explants of H. rosa-sinensis L. ‘Cassiopeia Wind

Yellow’ and ‘Caribbean Pink’

BAP

(lM)1
Establishment 1st Subculture 2nd Subculture

‘Cassiopeia Wind

Yellow’

‘Caribbean

Pink’

‘Cassiopeia Wind

Yellow’

‘Caribbean

Pink’

‘Cassiopeia Wind

Yellow’

‘Caribbean

Pink’

Mean shoot number per explant

0 2.4 (±0.6) d2 1.3 (±0.3) e 1.1 (±0.1) c2 1.0 (±0.1) c 1.0 (±0) b2 1.2 (±0.3) b

0.22 1.9 (±0.5) d 1.1 (±0.1) e 1.5 (±0.2) b 1.1 (±0.1) c 1.2 (±0.3) b 1.0 (±0) b

2.2 6.6 (±0.9) a 2.2 (±0.6) d 2.2 (±0.4) a 1.3 (±0.1) b 2.3 (±0.6) a 1.3 (±0.3) b

22 4.6 (±1.0) b 3.3 (±1.1) d – – 2.1 (±0.6) a –

Average shoot length (mm)

0 25 (±1.4) b2 10 (±0.6) c 10 (±1.4) b2 8 (±2.0) c 7 (±1.5) b2 3 (±0.7) d e

0.22 28 (±1.5) a 11 (±0.5) c 13 (±1.5) a 7 (±1.8) c d 12 (±3.0) a 4 (±1.1) c d

2.2 9 (±1.4) c 7 (±1.8) c d 7 (±1.5) c d 6 (±1.1) d 5 (±1.1) c 3 (±0.6) d e

22 4 (±1.8) e 2 (±0.4) e – – 2 (±0.4) e –

Survival rate (%)

0 87.0 a b2 88.9 a b 96.3 a2 48.3 c 98.1 a2 61.9 b

0.22 95.0 a 86.7 a b 94.0 a 73.3 b 91.8 a 92.2 a

2.2 93.9 a b 78.2 b 92.1 a 70.9 b 94.4 a 36.4 c

22 64.7 c 34.5 c – – 68.6 b –

1 BAP, 6-Benzylaminopurine
2 The numbers followed by different letters (a, b, c, d, e) within a column are significantly different at P B 0.05 by Duncan’s

multiple range test. Mean ± SD
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Another positive effect of Fe-EDDHA observed

was that it produced significantly larger leaf area in

explants compared to Fe-EDTA (P \ 0.001) (Fig. 2

b). There was a marked increase in leaf area when

Fe-EDDHA concentration was raised from 98 lM to

295 lM, but further increase in iron concentration

did not have a positive effect. Explants cultured on

394 lM Fe-EDTA produced the smallest leaf area

(Fig. 2b), but had significantly higher amount of

chlorophyll as compared to other treatment ratios of

leaf area to chlorophyll content (Fig. 2a).

Fe-EDDHA also had a positive effect on mean

shoot length and mean dry weight per shoot as

Fe-EDDHA grown explants exhibited a higher mean

shoot length (P \ 0.001) and higher mean dry weight

per shoot (P \ 0.001) in comparison to those grown

on Fe-EDTA at 295 lM and 394 lM (Table 2). On

the other hand, Fe-EDTA had a positive effect on the

mean number of shoots per explant, which was

significantly higher (P \ 0.001) for explants cultured

on Fe-EDTA than explants cultured on Fe-EDDHA

(Table 2). Regarding the dry matter content of the

shoots, there was no effect by either chelate types

(P = 0.588) (Table 2).

The mean shoot length and mean dry weight were

significantly lower for explants cultured at 394 lM

Fe-EDTA compared to the other iron levels provided

with this chelating agent whereas there was no

significant difference in mean shoot length for

explants cultured at the different Fe-EDDHA levels

(Table 2). On the other hand, the mean dry weight

was significantly lower at 98 lM Fe-EDDHA com-

pared to the other iron levels provided with this

chelating agent. The iron-level had a significant effect

on the mean number of shoots per explant

(P \ 0.001) (Table 2), where the lowest iron level

gave the highest number of shoots for both iron

chelates. There was no significant effect of iron level

on the dry matter content of the shoots (Table 2).

Effects of calcium and BAP level

A visual evaluation revealed that calcium had a

positive effect on preventing shoot tip necrosis (STN)
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Fig. 1 Chlorophyll standard curve showing the linear corre-

lation (R2 = 0.8517, y = 0.0292x + 0.03655) between the

Chlorophyll Content Index (CCI) measured using a chlorophyll

content meter and extracted chlorophyll (mg g-1 fresh weight)

from leaves of H. rosa-sinensis L. ‘Cassiopeia Wind Yellow’
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Fig. 2 Effects of iron type and iron concentrations on leaf area

and chlorophyll content. (a) chlorophyll content of leaves (mg

g-1 fresh weight). (b) mean leaf area per shoot (cm2) in H.
rosa-sinensis L. ‘Cassiopeia Wind Yellow’ cultures treated

with Fe-EDTA or Fe-EDDHA at different concentrations. Bars

marked with different letters (A, B, C, D) are significantly

different at P B 0.05 by Duncan’s multiple range test. Bars:

Mean ± SD
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and leaf drop. STN was severe at 1.5 mM calcium

and moderate at 3 mM, but it was not observed at

9 mM (Fig. 3b, c). The mean shoot length increased

significantly (P \ 0.001) by the increase in calcium

concentration for explants cultured at 0.22 lM BAP,

but not at 2.2 lM BAP (Fig. 4a). Hibiscus explants

cultured on 0.22 lM BAP or 2.2 lM BAP exhibited

a significant reduction in shoot number (P \ 0.001),

when calcium concentration was increased (Fig. 4b),

whereas the leaf area per shoot increased by an

increase in calcium concentration (Fig. 4c). The

shoot dry weight increased significantly by an

increase in calcium concentration at 0.22 or 2.2 lM

BAP (P \ 0.001) (Fig. 4d).

The increase in BAP level from 0.22 to 2.2 lM

BAP decreased the shoot length notwithstanding of

the calcium concentration applied (Fig. 4a). Vice

versa, number of shoots per explant increased by

increasing the BAP concentration irrespective of the

calcium concentration applied (Fig. 4b). The increase

in BAP level caused a decrease in leaf area per

explant (Fig. 4c) and the dry weight per explant

(Fig. 4d) at 3 and 9 mM calcium, but not at 1.5 mM.

Root induction

Root induction was not enhanced by the use of NAA

as it was clear that the explants produced roots

without any exogenous auxin (Table 3), but there was

a significant difference between the two cultivars in

root formation. ‘Cassiopeia Wind Yellow’ (Fig. 3d)

responded best with the rooting percentages of 49.0%

and 45.3% at 0 lM and 2.7 lM NAA respectively,

while only 14.3% of the ‘Caribbean Pink’ shoots

rooted with 2.7 lM NAA, which was the highest

rooting percentage obtained for ‘Caribbean Pink’.

Fig. 3 In vitro culture of

H. rosa-sinenesis L. (a)

Shoot development in nodal

cuttings, from left to right,

cultured on modified MS

medium containing

0.22 lM BAP and Fe

concentrations at 98, 197,

295 or 394 lM. For shoots

in upper row, iron was

supplied as Fe-EDDHA

and in the lower row as

Fe-EDTA. (b) Shoot

development in nodal

cuttings, from left to right,

cultured on modified MS

medium containing 0.22

lM BAP and CaCl2 at

1.5 mM, 3 mM or 9 mM.

(c) Shoot development in

nodal cuttings, from left to

right, cultured on modified

MS medium containing

2.2 lM BAP and CaCl2 at

1.5 mM, 3 mM or 9 mM.

(d) Plantlet with well

developed roots. (e)

Acclimatised plants in the

greenhouse. Bars: 10 mm
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Acclimatization

There was a 100% recovery of plantlets, when all the

plants with or without roots were established in peat

(Fig. 3e). The plantlets without roots developed roots

after four weeks in peat. At the flowering stage five

months after rooting, no differences in plant mor-

phology or flower colour were noticed between these

plants and plants raised by conventional cuttings.

Furthermore, no difference in time to anthesis

between micro-propagated plants and plants raised

by conventional cuttings was observed.

Discussion

Effects of BAP and genotype on establishment,

first and second subculture

BAP induced axillary shoot formation in H. rosa-

sinensis L., but a decline in the number of shoots per

explant was recorded from the establishment stage to

the second subculture. A decline in shoot multiplica-

tion during subcultures has been observed in other

plant species where shoot cultures cease to grow and

proliferate after a period of time. This decline could

be associated with failure to become rejuvenated,

inadequacy or superfluity in nutritional or plant

regulatory compounds (George 1996). Preece and

Mackowiak (1987) reported that low levels of BAP

(4.4 lM) were the best for micropropagation of

H. rosa-sinensis L., and Scoville and West (2006)

concluded that better axillary shoot initiation was

observed with the stronger cytokinin, TDZ, but at low

concentrations only (0.01 and 0.001 lM). In many

plant species, TDZ is known to have very high level

of cytokinin activity since this compound promotes

differentiation at much lower concentrations and

shoot regeneration occurs with an efficiency greater

than that of other cytokinins (Murthy et al. 1998). In

conclusion, all these evidences indicate that H. rosa-

sinensis L. performs better at low cytokinin levels.

Effects of iron-level and chelate type

Plantlets grown on sugar supplemented medium in

vitro only produce a small amount of their carbohy-

drate requirement through photosynthesis. During

acclimatisation the plantlets have to change to fully

autotrophic nutrition. In cauliflower, a positive car-

bon balance was first achieved after 14 days. Until

then, plantlets were releasing more CO2 than assim-

ilating and at the same time the respiration was higher

in the plantlets than in seedlings of comparable aged,

suggesting that the plantlets had a high energy

requirement for acclimatisation (Grout and Aston

1978). Plantlets with higher chlorophyll content and

shoot dry weight might have a higher chance of

survival and better growth and development during

acclimatization due to higher carbohydrate reserve

and photosynthetic competence. It was evident in the

Table 2 Effects of iron concentration and chelate type on in

vitro culture of H. rosa-sinensis L. ‘Cassiopeia Wind Yellow’

Chelate (lM) Fe-EDTA Fe-EDDHA

Mean shoot length (mm)

98 18.8 (±4.7)* b c 22.3 (±5.2) a b

197 21.1 (±5.7) b c 20.3 (±6.0) b c

295 18.0 (±4.6) c 24.7 (±5.5) a

394 13.6 (±3.0) d 22.0 (±4.5) a b c

Mean dry weight per shoot (mg)

98 31.5 (±16.1)* c d 41.4 (±17.6) b c d

197 33.8 (±16.7) c d 52.5 (±21.9) a b c

295 47.5 (±5.4) b c 59.5 (±18.4) a b

394 22.6 (±6.9) d 65.5 (±43.8) a

Mean number of shoots per explant

98 2.1 (±0.3)* a 1.8 (±0.2) b c

197 1.6 (±0.2) b c d 1.5 (±0.2) c d e

295 1.8 (±0.3) b c 1.4 (±0.2) d e

394 1.6 (±0.2) b c d e 1.3 (±0.1) e

Mean dry matter content

98 12.0% (±1.2)* a 11.9% (±0.9) a

197 12.2% (±1.4) a 12.5% (±0.9) a

295 12.7% (±1.4) a 12.5% (±0.9) a

394 13.8% (±1.1) a 12.5% (±1.4) a

* The numbers followed by different letters (a, b, c, d) within

each row are significantly different at P B 0.05 by Duncan’s

multiple range test. Mean ± SD

Fig. 4 Effects of calcium on shoot length, leaf area, shoot

number and shoot dry weight. (a) mean shoot length (mm). (b)

mean number of shoots perexplant. (c) mean leaf area per shoot

(cm2). (d) mean dry weight per shoot (mg) of H. rosa-sinensis
L. ‘Cassiopeia Wind Yellow’ cultures treated with 1.5, 3 or

9 mM CaCl2. Bars marked with different letters (A, B, C, D)

are significantly different at P B 0.05 by Duncan’s multiple

range test. Bars: Mean ± SD
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current study that the iron chelate and iron level had

impact on leaf chlorophyll content and shoot dry

weight of H. rosa-sinensis L. Fe-EDDHA was shown

to be a better iron source than Fe-EDTA in terms of

producing higher leaf chlorophyll content, shoot

length and shoot dry weight. These results correspond

with those reported for micropropagation of Rosa-

hybrida, where an increase in chlorophyll content

was recorded for explants cultured on Fe-EDDHA

medium compared to the explants cultured on

Fe-EDTA medium. In contrast to present findings,

the dry weight of bitter almond shoots grown in

Fe-EDDHA was lower than that of shoots grown in

Fe-EDTA at all iron levels studied (Shibli et al.

2002). The reported discrepancies in the results could

be explained by the differences in the ability of plant

species to extract iron from the chelate complex. The

differences could also be due to the higher photo-

stability of EDDHA compared to that of EDTA as Fe

ions become unavailable due to light induced degra-

dation of EDTA (Stasinopoulos and Hangarter 1990;

Van der Salm et al. 1994). The better stability of

Table 3 Effect of NAA concentrations on in vitro rooting of

Hibiscus rosa-sinensis L. ‘Cassiopeia Wind Yellow’ and

‘Caribbean Pink’ shoots

NAA (lM)1 ‘Cassiopeia Wind Yellow’ ‘Caribbean Pink’

Rooting percentage

0 49.0 a2 9.1 c

2.7 45.3 a 14.3 b

8.1 21.1 b 0.0 c

16.2 6.0 c 0.0 c

Mean root length of rooted explant (mm)

0 34 a2 5 b

2.7 43 a 3 b

8.1 43 a 0 b

16.2 55 a 0 b

Mean number of roots per rooted explant

0 1.6 a2 1.0 a

2.7 1.6 a 1.0 a

8.1 1.6 a 0.0 b

16.2 1.5 a 0.0 b

Survival rate (%)

0 99.0 a2 100 a

2.7 100 a 100 a

8.1 100 a 81.8 b

16.2 100 a 80.0 b

1 NAA, a-Naphtaleneacetic acid
2 The numbers followed by different letters (a, b, c, d) within

each row are significantly different at P B 0.05 by Duncan’s

multiple range test
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Fe-EDDHA was observed in bitter almond, where a

higher iron acquisition was measured in shoots grown

in Fe-EDDHA compared to shoots grown in Fe-

EDTA (Shibli et al. 2002). Shibli et al. (2002)

reported that the iron acquisition increased by an

increase in iron concentration in the medium, and it

was also noted in the present study that the chloro-

phyll content increased in H. rosa-sinenesis L. when

the iron concentration was raised.

Effects of calcium and BAP level

Plants translocate calcium through the xylem in the

transpiration steam and the greater the transpiration, the

greater the calcium flow to the actively growing

meristematic regions (Biddulph et al. 1959). If the

transpiration is inhibited, the transpiration stream and

consequently the calcium flow is reduced. Containers

for micropropagation have a very humid atmosphere,

which suppresses the transpiration rate in shoots

cultured in vitro. Furthermore, shoot cultures without

roots lack roots to aid uptake of calcium. Under these

conditions it is possible that nutrient deficiency develops

of less mobile minerals such as calcium and therefore, it

is suggested that calcium deficiency symptoms in

micropropagation is related to mobilization. The present

study revealed that the calcium deficiency symptoms

such as shoot tip necrosis (STN) and leaf drop could be

prevented by increasing the calcium concentration in the

media. This corresponds with the findings in Pistacia

vera L., where STN was significantly reduced by

increased application of calcium (Barghchi and Alder-

son 1996) and, in another study, a correlation between

STN and low calcium content was found in shoots of

Vitis vinifera L. (Thomas 2000). H. rosa-sinenesis

L. explants exhibited a significant reduction in shoot

number, when calcium concentration was increased.

This phenomenon could be explained by the fact that

STN occurred at low calcium level, which in turn caused

death of the apical shoot meristem. The loss of apical

dominance then promoted secondary shoot develop-

ment. The higher shoot number per explant at lower

calcium level was therefore seen as a stress symptom,

and the shoots at low calcium level were of poor quality.

A decrease in the shoot multiplication rate with

increased calcium concentration has also been reported

in P. vera L. (Barghchi and Alderson 1996) and

Eucalyptus tereticornis Smith (Sharma and Ramamur-

thy 2000). Another example of stress symptoms at lower

calcium level was the low leaf area per shoot due to poor

leaf development and leaf drop. The present study

revealed an increase in mean dry weight per shoot for

shoots grown at 2.2 lM BAP and 9 mM calcium, but no

increase in mean shoot length was measured. The

increase in dry weight could be explained by the

increased mean leaf area per shoot. Increased dry weight

will improve the chance of survival and better growth

and development during acclimatization due to higher

carbohydrate reserve.

The present results clearly demonstrated that

H. rosa-sinensis L. grown in vitro benefits from

increasing the iron and calcium concentration as well

as substituting Fe-EDTA with Fe-EDDHA in the

culture medium. This corresponds well with the

observation that potted H. rosa-sinenesis L. benefits

from the application of increased iron and calcium

concentrations when applied as foliar fertilizer during

commercial production (P. Graff pers. comm.).

Root induction and acclimatization

The acclimatization process was successful with

100% recover and the plantlets without roots devel-

oped roots after four weeks in peat indicating easy ex

vitro rooting. Based on the low rooting percentage in

vitro of H. rosa-sinensis L., ex vitro would be the

preferred method for root induction, and furthermore

ex vitro rooting would help to reduce the cost and

time of in vitro propagation (George 1996). To our

knowledge, this study is the first to report root

induction in H. rosa-sinensis L. as previous micro-

propagation studies on H. rosa-sinensis L. did not

include any root induction data.

Conclusion

The findings described in the present paper form the

basis for developing a protocol for in vitro propaga-

tion of H. rosa-sinensis L. The results from the

current study have confirmed that, even under in vitro

conditions, cultures of H. rosa-sinensis L. benefits

from increased application of calcium and iron. The

type of iron chelate is important as Fe-EDDHA

chelate was found to be superior to Fe-EDTA. In

addition, the results showed that there were signifi-

cant differences between the cultivars. The present

study, conducted over two years, indicated that
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H. rosa-sinensis is of recalcitrant nature due to the

sensitivity of the cultures to mineral deficiency, high

cultivar variability and overall low proliferation rate.

However, the information given here will be valuable

for future work.
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