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Abstract Presently, we report a simple, reproducible and high frequency plant regeneration in Hibiscus syriacus L. using 

axillary buds. H. syriacus was regenerated from axillary buds directly or through a callus phase. Regenerated shoots were 

directly induced from young and fresh axillary buds cultured on Murashige and Skoog medium (MS) supplemented with 

0.01 mg/L of the growth regulator thidiazuron (TDZ) after 2 weeks of culture. Directly induced shoots were transferred 

to hormone-free MS medium and root development was observed after 6 weeks. On the other hand, old and stale axillary 

buds were regenerated to shoots via callus induction on MS medium containing 0.01–2 mg/L TDZ after 4 weeks. A TDZ 

concentration of 0.01 mg/L was most effective in callus formation. Green callus was transferred to MS medium containing 

0.01 mg/L α-naphthalene acetic acid (NAA) and 0.5 mg/L benzylaminopurine (BA). After 4 weeks, callus had developed 

into multiple shoots. Plantlets were formed from 10 week cultures of single shoots on hormone-free MS medium. Regene-

rated plantlets were cultured on MS medium for one month and then transferred to pots containing garden soil. Potted 

plants were acclimatized for one month and grown to maturity under greenhouse conditions. The present study has shown 

that various concentrations of plant growth regulator can be effective for in vitro plant regeneration of H. syriacus. The 

direct and indirect regeneration protocol presented here will be useful for understanding the manipulation and propagation 

of H. syriacus.
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Introduction

Hibiscus syriacus L. is the national flower of Korea and is a 
popular ornamental plant in Korea. Many cultivars giving a variety of 
colors and diverse flower forms have been released. H. syriacus has 
been planted in various areas not only as an ornamental tree in the gar-
den but also as a tree in the parks and on roadsides and in the central 
reservations of freeways. In addition, it is used in varied and economi-
cally important ways that produce fibres the production of fibre, and 
use as a beverage additive in some Asian countries (Hotta et al. 1989).

H. syriacus can be propagated by seeding and cutting. However, it 
is a heterozygous plant, so it is difficult to maintain genetic charac-
teristics by seeding (Kim et al. 1998). Also, cutting is not always a 
proper propagation method because stock plants can be infected by 
virus. For in vitro plant regeneration, plant tissue culture can solve these 
problems and can be the basis of a mass production system. Micro-

propagation, is an important facet of plant biotechnology (Mangai 
2001). It can produce many pathogen-free plants in a short period. In 
vitro plant regeneration system is very reliable and can meet the demand 
for providing disease-free, fast growing plants whose growth is not 
subject to seasonal constraints.

While early success in plant regeneration using the H. syriacus 
‘Honghwarang’ cultivar were reported (Kim et al. 1998; Yoo et al. 
1996), more recent efforts have been hindered by the difficulty in 
handling and establishing in vitro cultures of H. syriacus. The present 
paper reports the findings from two separate experiments designed to 
overcome the recalcitrance of H. syriacus. various combinations of 
plant hormone, concentration and application time were simultaneously 
optimized to improve regeneration efficiency of several H. syriacus 
cultivars including ‘Pyeonggasan’, ‘Hwarang’, ‘Chungmu’, ‘Young-
gwang’, ‘Gakchang’, ‘Chungmu’ and ‘Saimdang’. 

Materials and methods

Plant materials
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Figure 1. Indirect regeneration from Hibiscus syriacus L. ‘Pyeonggasan’
cultivar. (A and B) Green callus from axillary buds cultured on MS 
medium supplemented with 0.01 mg/L TDZ for 4 weeks. (C and D) 
Multiple shoot was performed from green callus cultured on MS medium
supplemented with 0.01 mg/L NAA and 0.5 mg/L BA for 4 weeks. (E 
and F) Plantlets were formed after single shoots were cultured on growth
regulator free MS medium for 10 weeks. White bars represent 5mm

H. syriacus L. ‘Pyeonggasan’, ‘Hwarang’, ‘Chungmu’, ‘Young-
gwang’, ‘Gakchang’, ‘Chungmu’ and ‘Saimdang’ cultivars were used. 
The ‘Pyeonggasan’, ‘Hwarang’, ‘Chungmu’ cultivars were examined 
using indirect regeneration via callus induction. The ‘Younggwang’, 
‘Gakchang’, ‘Chungmu’ and ‘Saimdang’ cultivars were examined using 
direct regeneration without the callus phase. Indirect regeneration used 
stale and old axillary buds. Direct plant regeneration used fresh and 
young axillary buds.

Axillary buds collected from axil tissues of H. syriacus cultivars 
were rinsed for a second using tap water. The tissues were then sterilized 
using an application of 70% (v/v) ethanol for a minute, washed with 
distilled water and sterilized again using 50% (v/v) commercial bleach 
for 20 min using a magnetic stirrer. After that, these buds were rinsed 
with sterile distilled water five times and transferred to a lamina air flow 
bench prior to five rinses using sterile distilled water. After the final 
rinse, the buds were used for plant regeneration.

Indirect regeneration

For callus induction, MS medium (Murashig and Skoog 1962) sup-
plemented with 30 g/L sucrose was used. The pH was adjusted to 5.8 
prior to addition of 3 g/L gelite. After autoclaving for 15 min at 120℃ 
and 1.2 kg･cm2 pressure, the medium was supplemented with 0.01, 0.5, 
1, 2 mg/L of a solution of the growth regulator thidiazuron (TDZ) pre-
pared by dissolution in dimethyl sulfoxide (DMSO) and filter steriliza-
tion using a Nalge 0.45 μm membrane filter.

Sterilized axillary buds were transferred to TDZ-supplemented MS 
medium and were cultured in a plant tissue culture room at 24~26℃ 
under a 16 h photoperiod for 4 weeks. When the axillary buds had 
changed into a green callus, the medium was refreshed by MS basal 
medium containing 0.01 mg/L α-naphthalene acetic acid (NAA) and 
0.5 mg/L benzylaminopurine (BA). After 4 weeks, the induced single 
and multiple shoots were transferred to hormone-free MS medium. 
Finally, plantlets formation from a single shoot culture occurred during 
10 weeks incubation in hormone-free MS medium, which was 
refreshed every 3~4 weeks.

Direct regeneration

MS medium (Murashig and Skoog 1962) containing 0.01 mg/L 
TDZ was used for direct regeneration. Sterilized young and fresh axil-
lary buds were cultured in this medium in a plant tissue culture room. 

Directly induced shoots were transferred to hormone-free MS medium 
and cultured until the development of roots, with replacement of the 
medium with fresh medium every 3~4 weeks.

Acclimatization and transfer to soil

Rooted shoots were maintained in hormone-free MS medium for a 
month. The in vitro rooted plants were taken out from the culture vessel 
and gently washed using tap water to remove residual agar, to minimize 
fungal contamination. The plants were transferred to plastic pots con-
taining garden soil (Evergreen, Seoul-bio, Korea). The potted plants 
were acclimatized in the plastic acclimatization box for a month prior 
to their removal.

Results and discussion

Indirect regeneration

Old and stale axillary buds were employed for initial establishment 
of indirect regeneration. Axillary buds from each cultivar cultured in 
the presence of a various TDZ concentrations were formed callus to 
the callus form. After 2 weeks, ‘Pyeonggasan’ cultivar explants had 
increased in size and the axillary buds were swelled. Moreover, the 
buds had become bright green. With further time, explant diameters 
gradually increased. After 4 weeks of culture, the axillary buds had 
changed into green callus that showed maximum size (Figure 1 A and 
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Table 1 Effect of TDZ concentration on callus formation from 
axillary buds of Hibiscus syriacus L

TDZ concentration
(mg/L)

Callus formation rate (%)

Pyeonggasan Hwarang Chungmu

0.01 80 0 73.3

0.5 0 0 0

1 0 0 0

2 0 23.3 0

Figure 2. Withering of callus and axillary buds in the presence of 1.0 
mg/L TDZ. ‘Pyeongasan’ (A), ‘Purplerouge’ (B), ‘Chungmu’ (C)

Table 2 Plant regeneration frequency from one callus clump of 
Hibiscus syriacus L

Cultivar No. of plantlets from one callus clump

Pyeonggasan
Hwarang
Chungmu

3.3
7.0

12.3
Data are the average number from three replicates.

Figure 3. Direct shoot and root regeneration from young and fresh axillary
buds of Hibiscus syriacus L. (A) Shoot elongation from ‘Gakchang’ culti-
var in 0.01 mg/L TDZ after 2 weeks of culture. (B) Shoot elongation from
‘Yeonggwang’ cultivar in 0.01 mg/L TDZ after 2 weeks of culture. (C) 
Rooted shoots from ‘Yeonggwang’ cultivar cultured in hormone-free MS
medium

B). TDZ concentration of 0.01 mg/L was most effective in callus for-
mation in the ‘Pyeonggasan’ cultivar as well as the ‘Chungmu’ 
cultivar (Table 1).

TDZ is an effective growth regulator in woody plants that shows 
potent cytokinin activity at low concentration (Hueteman and Preece 
1993; Kerns and Meyer 1987; Russel and McCown 1986; Singh and 
Bhatia 1988). Furthermore, being a non-purine cytokinin-like com-
pound, TDZ has effects that are more potent than cytokinins in many 
species, and is also effective for shoot propagation and adventitious 
shoot organogenesis (Hueteman and Preece 1993; Lu 1993). Although 

TDZ has many advantages for regeneration, cautious use is required 
for clonal micropropagation, since it can stimulate callus formation in 
addition to axillary shoot proliferation (Hueteman and Preece 1993).

At high concentration, TDZ produced withering of almost all 
axillary buds in the ‘Pyeonggasan’, ‘Purplerouge’ and ‘Chungmu’ 
cultivars (Figure 2). This may have been due to the TDZ-mediated 
stimulation of ethylene production, as observed in bean (Elstner et al. 
1983). H. syriacus has also been linked with ethylene biosynthesis 
(Yoo et al. 1996). Thus, while a low concentration of TDZ can activate 
callus formation of H. syriacus, a higher level may promote ethylene 
activity that is deleterious to callus preservation. An exception was 
the ‘Hwarang’ cultivar, which formed green callus in the presence of 
2.0 mg/L TDZ. It may be that the demand for growth regulators differs 
from species to species. Therefore, different use of plant growth regu-
lators is required in H. syriacus regeneration.

Multiple shoots were induced from green callus cultured for 4 weeks 
on MS medium supplemented with 0.01 mg/L NAA and 0.5 mg/L BA 
(Figure 1 C and D). The effectiveness of the combination treatment is 
consistent with a previous report describing promoted elongation of 
shoots in the woody plant Eucalyptus grandis (Luis et al. 1999).

In contrast, green callus did not generate to multiple shoots upon 
continuous subculture in MS medium supplemented with 0.01 mg/L 
TDZ. In peanut in vitro regeneration, continuous use of TDZ may not 
be needed for shoot induction (Kanyand and Prakash 2007; Kamal 
and Praveen 1992). After multiple shoots formed, they were transferred 
to hormone-free MS medium. Over the next 10 weeks, plantlets were 
formed from single shoots (Figure 1 E and F).

‘Chungmu’ was the best cultivar that exhibited the most effective 
regeneration from callus. On average, about 12 plantlets were formed 
from one callus clump (Table 2). Indirectly induced plantlets were 
cultured on MS medium for one month and then transferred to pots 
containing garden soil. Potted plants were acclimatized for one month 
and established in the greenhouse.

Direct regeneration

Direct shoots were induced from culture of axillary buds of H. 
syriacus ‘Younggwang’, ‘Gakchang’, ‘Chungmu’, and ‘Saimdang’ 
cultivars on MS medium supplemented with 0.01 mg/L TDZ (Figure 
3 A and B). After 2 weeks of culture, almost 20% fresh axillary buds 
generated to plants (Table 3). Even if the same culture medium was 
used, young and fresh axillary buds were directly generated to shoots 
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Table 3 Direct plant regeneration frequency from an axillary bud 
of Hibiscus syriacus L

Cultivar No. of explants Plantlet formation

Younggwang
Gakchang
Chungmu
Saimdang

10
10
10
10

2
3
2
4

Figure 4. In vitro rooted plants of ‘Saimdang’ cultivar. (A) In vitro plant 
before transfer to soil. (B) Plant with healthy roots grown on hormone- 
free MS medium. (C) Appearance of plant following transfer to soil

without an intervening callus phase. This is consistent with the report 
describing regeneration of healthy young leaves and petioles to plants 
in H. syriacus ‘Heikeyama’ (Yang et al. 1995). Thus, explants age is 
very important to regeneration. Duong et al. (2007) reported that flower 
bud age plays an important role in morphogenesis based on a thin cell 
layer culture system, with aging plants tending to lose regenerative 
ability. Cell segregation and regeneration capacity differs between 
young and adult plant, with cell division occurring earlier in young 
Hedera helix and Anthurium andreanum plants than in their adult coun-
terparts plants (Stoutemeyer and Britt 1965; Pierik et al. 1974). Thus, 
it seems likely that the timing of explant acquisition is important.

Directly induced shoots were transferred to hormone-free MS 
medium and roots were observed after 6 weeks. Rooted shoots were 
grown on MS medium and then transferred to pots containing garden 
soil. Potted plants were acclimatized for one month and then grown to 
maturity under greenhouse conditions.

In conclusion, H. syriacus was regenerated from axillary buds 
directly or indirectly. Direct regeneration was accomplished using 
young and fresh axillary buds through growth regulator of 0.01 mg/L 
TDZ. On the other hand, old and stale axillary buds were indirectly 
regenerated via callus induction. Callus was formed on MS medium 
containing 0.01-2 mg/L TDZ. A TDZ concentration of 0.01 mg/L was 
most effective in callus formation. Callus had developed into multiple 
shoots 0.01 mg/L NAA and 0.5 mg/L BA. Finally, axillary buds deve-
loped into plantlets on hormone free-MS medium and successfully 
regenerated to plants. Present study has shown that various concentra-

tions of plant growth regulator can be effective for in vitro plant rege-
neration. The appearance of callus formation or plant regeneration 
differs depending on the cultivars and condition of the explants. The 
direct and indirect regeneration protocols presented here will be useful 
for further understanding of H. syriacus manipulation and propagation. 
Furthermore these protocols can be used basic step of Agrobacterium- 
mediated transformation or particle bombardment transformation.
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