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Abstract A rapid and efficient in vifro regeneration system
was established for Hibiscus syriacus L. The successful
regeneration protocol employs induction of shoot organogenesis
on leaf, petiole, and root explants. Among the various plant
growth regulators evaluated, thidiazuron (TDZ) was the most
effective for inducing rapid shoot formation. Most efficient
shoot regeneration frequency was obtained from Murashige
and Skoog (MS) media containing 0.01 mg/L. TDZ. Regen-
eration efficiency was highest in the roots, and lowest in the
leaves. A combination of 0.01 mg/L. TDZ with benzyladenine
(BAP) markedly improved the frequency of shoot differentiation
from the root (up to 98%) and petiole (up to 88%) explants.
Furthermore, leaf and petiole explants showed the highest
frequency of shoot induction in half-strength MS media
containing 0.01 mg/L TDZ and 1.0 mg/L. BAP, while root
explants formed the greatest number of shoots when 0.01
mg/L TDZ and 0.1 mg/L BAP were added to half-strength MS
media. Although the frequency of shoot differentiation from
leaf explants was only 50%, the leaf is considered the most
efficient plant organ for use in tissue culture because leaves are
easier to obtain than roots and petioles. Our findings show that
various organs of H. syriacus can be used for plant regeneration,
and the protocol developed in this study may be applicable in
the horticulture industry.
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Introduction

Hibiscus syriacus L., the national flower of Korea, is a
common ornamental plant found in gardens and parks and
along roadsides in Korea. It also has various economically
important uses such as in the production of fiber and as
a beverage additive in some Asian countries (Hotta et al.
1989). H. syriacus is commonly propagated using cuttings
(Govinden-Soulange et al. 2009), which offer several ad-
vantages, such as the regeneration of clones, convenience
of propagation, combination of genotypes, and reduction
in length of the juvenile period (Hartman et al. 1994).
However, this method is slow, requires considerable space,
and relies on cuttings from mother plants. Propagation
through seeds is not a viable option, as the germination
percentage is low and seed-propagated plants may display
undesirable traits and lack uniformity. Thus, this commer-
cially valuable species may benefit from the development
of an efficient and low-cost protocol for large-scale in vitro
multiplication. Previous studies explored the propagation
of H. syriacus through plant regeneration using shoot tips
(Kim et al. 1998; Jeon et al. 2009; Yoo et al. 1996), embryos
(Peak et al. 1989), and protoplasts (Zhao et al. 1991). However,
regeneration efficiency is low and it is difficult to apply
these methods in mass proliferation of H. syriacus. The
application of tissue culture is sometimes limited by the
quality and availability of the various plant materials needed
to initiate the culture. Therefore, certain plant parts, such
as leaves, petioles, and roots, which are more abundant
and easier to procure than shoot tips, show potential for
use in tissue culture. The objective of this study was to
develop an efficient method of plant regeneration for H.
syriacus using leaves, petioles, and roots and develop an
efficient protocol for mass multiplication of H. syriacus.
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Materials and Methods

Explant Source, Basal Medium Composition, and Experi-
mental Conditions

In vitro plants of H syriacus ‘Saimdang’ were used as the
source of plant materials for this study. Fresh leaves, petioles,
and roots cut from in vitro plants were sterilized in 70%
ethanol for 30 s and washed in sterile distilled water. Next, the
samples were sterilized in 1% sodium hypochlorite for 1 min
and rinsed five times with sterile distilled water. Leaf explants
were obtained by excising approximately 0.5 x 0.5-cm pieces
from sterilized leaves and petiole and root explants were obtained
by cutting 0.5-cm-long segments from sterilized petioles and
roots. The explants were then placed in MS medium.

Induction of In Vitro Shoot Morphogenesis

MS basal medium (Murashige and Skoog 1962), containing
30 g/L sucrose and 3 g/L gelrite, was used for all tissue
culture media. The pH of the medium was adjusted to 5.8
before autoclaving at 120°C for 10 min. Each explant was
cultured on MS medium containing either various concen-
trations of the growth regulator thidiazuron (TDZ; 0.001,
0.01, 0.5, 1.0, and 2.0 mg/L) alone or in combination with
various concentrations of benzyladenine (BAP; 0.1, 0.5, and
1.0 mg/L)) or naphthaleneacetic acid (NAA; 0.5 and 1.0 mg/L)
in a dark room at a temperature of 25 + 1°C for 3 weeks.
The culture plates were then subjected to a 16-h/8-h photo-
period at room temperature (25 £+ 1°C). Subculture was carried
out every 4 weeks. After 7 weeks of culture, the frequency
of callus induction and shoot formation was measured.

In Vitro Rooting of Regenerated Shoots

Shoots cut from plantlets cultured on the shooting medium
were transferred and cultured on a rooting medium con-
sisting of half-strength MS basal medium supplemented
with various concentrations (0.01, 0.1, 0.5, 1.0, and 1.5 mg/L)
of indole-3-acetic acid (IAA). Culture was conducted at room
temperature under a 16-h/8-h photoperiod. The number of
days required for root emergence to occur was measured for
each rooting shoot. Each experiment was repeated three times.

Results and Discussion

Effects of Explant Source and TDZ Concentration on /n
Vitro Regeneration

H. syriacus is generally propagated using leaf or stem

cuttings. However, this method is slow, requires considerable
space, and relies on cuttings from mother plants. /n vitro
multiplication techniques are now effectively employed for
the mass clonal multiplication of commercially important
plant species, such as Saintpaulia ionantha (Lo et al. 1997,
Mithila et al. 2003), Titanotrichum oldhamii (Takagi et al.
2011) and Aeschynanthus radicans (Cui et al. 2009). The goal
of the present study was to develop a simple and efficient
propagation protocol for rapid in vitro multiplication of H.
syriacus utilizing TDZ, a potent plant growth regulator
(PGR) known to induce shoot morphogenesis and somatic
embryogenesis (SE) in vitro. In vitro regeneration was
achieved successfully through either SE or shoot organogenesis
in H syriacus by using different explants cultured on a
range of PGRs, alone or in combination. Shoot organogenesis
and SE modulated by TDZ are well-documented in many
plant species (Hutchinson et al. 1996; Murthy et al. 1998,
Murch and Saxena 2001; Jones et al. 2007). TDZ used alone
at low concentrations induced shoot organogenesis and at
high concentrations induced in African violet (S.ionantha)
(Mithila et al. 2003; Taha et al. 2009) and Ochna inte-
gerrima (Ma et al. 2011). Preliminary tests revealed that
calluses were not formed when explants were cultured on
MS medium containing either 2.0 or 5.0 mg/L 2,4-D (data
not shown), whereas all explants cultured on MS medium
containing 0.01 mg/LL. TDZ produced friable, compact, and
yellowish calluses (Fig. 1). After a few weeks, several
calluses produced multiple shoots. While root explants
showed particularly efficient callus and shoot formation,
leaf explants did not form shoots. Although TDZ is classified
as a type of cytokinin, it is chemically very different from
the auxins and cytokinins that are generally used to induce
callus and shoot formation, and exerts both auxin- and
cytokinin-like effects (Guo et al. 2011). Previous studies
have shown that TDZ is much more effective than any
other cytokinin for inducing the production of multiple
shoots (Bates et al. 1992; Fellman et al. 1987; Neuman et
al. 1988; Visser et al. 1992). However, several studies
reported that although TDZ induced shoot growth, it did
not support continuous shoot elongation (Yoo et al. 1996).
In our study, TDZ was more efficient than 2,4-D in trig-
gering callus and shoot formation. The treatment of explants
with various concentrations of TDZ showed that high TDZ
concentrations induced the formation of larger calli than
that by low TDZ concentrations (Fig. 2 and Table 1).
However, explants treated with high concentrations of TDZ
produced calli that turned yellow in color and stopped
growing. In contrast, low TDZ concentrations (0.01 mg/L)
resulted in the formation of multiple shoots. In the case
of leaf explants, although TDZ concentrations of 0.5 and
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Fig. 1 Plant regeneration in explants derived from various organs of Hibiscus syriacus L. cultured on MS medium containing 0.01
mg/L TDZ
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Fig. 2 Effects of (A) TDZ concentration and (B) combinations of TDZ with BAP and NAA on callus induction and shoot formation
in leaf, petiole, and root explants of Hibiscus syriacusL. ‘Saimdang’
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Table 1 Effects of TDZ concentration on callus induction and shoot formation in leaf, petiole, and root explants of Hibiscus syriacus

L. ‘Saimdang’ after 7 weeks of culture

TDZ concentration — Leal —
(mg/L) Callus é(;or)matlon Callus growth’ Shoot gz;natlon No. /((:)afl lif;oots
0.001 25.7 £ 3.5 + 0.0 £ 0.0 0.0 £ 0.0
0.01 95.1 £ 3.3 + 0.0 £ 0.0 0.0 £ 0.0
0.50 100.0 = 0.0 + 112 £ 24 0.2 = 0.1
1.00 100.0 = 0.0 + 38 £ 0.5 0.1 £ 0.0
2.00 98.0 = 1.0 -+ 0.0 = 0.0 0.0 = 0.0
Petiole
0.001 58.7 +£ 7.1 + 299 + 8.6 1.8 £ 0.7
0.01 625+ 72 -+ 583 + 42 3.7 £ 07
0.50 929 + 4.1 -+ 17.8 + 6.2 02 = 0.1
1.00 100.0 = 0.0 -+ 157 £ 4.9 03 £ 0.1
2.00 100.0 = 0.0 -+ 40 £ 2.0 0.1 £ 0.1
Root
0.001 759 £ 1.3 + 432 £ 13.0 1.1 £ 04
0.01 98.3 + 0.8 ++ 932 + 0.9 29 +03
0.50 100.0 = 0.0 -+ 0.0 £ 0.0 0.0 £ 0.0
1.00 97.9 + 2.1 -+ 0.0 £ 0.0 0.0 £ 0.0
2.00 935+ 19 -+ 0.0 £ 0.0 0.0 £ 0.0

Each value is the mean + SE of 3 replications containing 20~30 explants per replication.

* % of explants forming callus per inoculated explant
¥ +: low; ++: medium; +++: high; ++++: very high.
“ % of explants forming shoot per inoculated explant

1.0 mg/L. were effective for inducing callus formation
(Table 1), the calli did not produce shoots. Similarly, 1.0
and 2.0 mg/L. TDZ concentrations induced callus formation
in petiole and root explants (Table 1). However, 0.01 mg/L
TDZ was the most effective concentration for causing shoot
formation. At high concentrations, TDZ produced calli in
nearly all explants of the Saimdang cultivar. Statistically,
both callus formation and shoot formation were the highest
at a TDZ concentration of 0.01 mg/L; however, callus
formation was completely suppressed at TDZ concentrations
higher than 0.01 mg/L.TDZ and at low concentrations.
Our study showed that by using low levels of TDZ, leaf,
petiole, and root explants can be used for in vitro
regeneration of H. syriacus (Fig. 1).

Effect of Various PGRs on /n Vitro Regeneration of H.
syriacus

Shoot formation was greater in explants or calli cultured
on TDZ media when low concentrations of auxins and
cytokinins are added to the medium and shoot proliferation

increased significantly (Huetteman and Preece 1993). Although
BAP is considered the most effective cytokinin, its effec-
tiveness is restricted to certain explant types (Tiwari et al.
2001). Kumari and Pandey (2011) reported that BAP, in
combination with IAA, was the most effective cytokinin
for shoot differentiation. However, high concentrations of
BAP (2.0 mg/L) may inhibit growth by up to 81% of the
shoots formed from the axillary buds of in vitro-germinated
seedlings of H. sabdariffa L. treated with hormone-free
medium, and only 33% shoot formation was recorded for
seedlings treated with high concentrations of BAP (Govinden-
Soulange et al. 2009). After 7 weeks of culture, treatment
of explants with combinations of TDZ, BAP, and NAA
showed that callus formation was the highest and shoot
formation was the lowest at an NAA concentration of 0.5
mg/L (Table 2). The addition of 1.0 mg/L of BAP to the
medium resulted in the highest shoot formation in leaf and
petiole explants (Table 2), and the addition of 0.1 mg/L
BAP resulted in higher shoot formation in root explants
(Table 2). Overall, adding BAP to the medium enhanced
shoot induction and formation in calluses with multiple
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Table 2 Effects of combination of TDZ with various concentrations of plant growth regulators (BAP and NAA) on callus induction
and shoot formation in leaf, petiole, and root explants of Hibiscus syriacus L. ‘Saimdang’ after 7 weeks of culture

Plant growth regulator

TDZ 0.01 mg/L with Leaf
BAP NAA Callus formation® Callus growth® Shoot formation” No. of shoots
(mg/L) (mg/L) (%) (%) /callus
0.10 0.00 899 =22 ++ 324 + 82 0.7 £ 0.1
0.50 0.00 944 + 2.6 ++ 16.0 + 6.2 0.3 £ 0.1
1.00 0.00 86.1 = 4.9 ++ 502 £ 2.6 1.8 £ 0.1
0.00 0.50 100.0 £ 0.0 ++ 215 £ 11.1 03 +£02
0.00 1.00 98.9 + 1.1 +H+ 8.0 + 4.0 0.1 £0.1
Petiole
0.10 0.00 69.2 + 4.7 +H+ 493 + 10.0 25 £ 0.6
0.50 0.00 93.7 £ 6.3 +H+ 773 + 4.6 1.7 £ 0.2
1.00 0.00 98.2 + 1.8 +H+ 923 + 14 33+£0.5
0.00 0.50 100.0 £ 0.0 -+ 22.1 £ 3.8 04 = 0.1
0.00 1.00 95.6 + 2.2 -+ 333 £ 54 03 £0.2
Root
0.10 0.00 100.0 £ 0.0 + 98.5 = 1.5 3.6 + 0.5
0.50 0.00 98.3 + 0.9 + 73.6 = 12.0 19 + 0.6
1.00 0.00 95.6 + 2.2 ++ 86.6 + 1.4 2.5 £ 0.1
0.00 0.50 100.0 = 0.0 ++ 547 + 4.3 09 + 0.2
0.00 1.00 100.0 = 0.0 =+ 414 £ 12.0 0.7 £ 0.2

Each value is the mean + SE of 3 replications containing 25~35 explants per replication.

x % of explants forming callus per inoculated explant
y +: low; ++: medium; +++: high; ++++: very high.
z % of explants forming shoot per inoculated explant

Table 3 Effects of IAA concentration on rooting in micro shoots of Hibiscus syriacus L. ‘Saimdang’

IAA concentration

Root emergence” (days)

(mg/L)
0.00 21.3 £ 0.8
0.01 21.8 £ 0.8
0.10 19.8 £ 0.5
0.50 21.0 £ 1.7
1.00 18.6 £ 0.6
1.50 20.8 £ 2.1

Each value is the mean + SE of 3 replications containing 5 micro shoots per replication. Experiment was repeated three times.

*number of days required for root emergence from micro shoot.

shoots were induced in green calli treated with 0.01 mg/L
TDZ and either 0.1 or 1.0 mg/L. BAP.
Rooting and Acclimation of in vitro Regenerated Plants

Six concentrations of IAA were compared for their efficiency
in inducing in vitro root formation. Up to 20% of the enlarged
shoots developed roots on basal media without PGRs

(Table 3). Our results show that rooting in H. syriacus,
which typically requires 1 month, was completely dependent
on exogenous auxin. Excised axillary nodes, derived from
in vitro-cultured shoots, formed roots only upon transfer to
hormone-free half-strength MS medium or half-strength
MS medium supplemented with different concentrations of
IAAs. In vitro rooting of initiated shoots occurred after
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approximately 18.5 days of culture on half-strength MS
basal medium containing 1.0 mg/L IAA (Table 3). A
single root emerged after 18 days, continued to grow
linearly, and produced branches. Root emergence in media
containing all other concentrations of IAA (excluding 1.0
mg/L) was delayed by 1-3 days (Table 3).

In conclusion, an efficient in vitro plant propagation
protocol for rapid multiplication was established for H.
syriacus. Efficient in vitro plant regeneration methods are
essential improving the mass production and molecular
manipulation of plants. Thus, the protocol developed in
this study shows potential for use in further research to
manipulate and propagate H. syriacus, as well as for eventual
application in the horticulture industry.
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