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Abstract: Calycanthus fertilis Walt. is a shrub belonging to the family Calycanthaceae, has great potential as or-
namental. In the literature there are no reports on method propagation of this shrub in in vitro cultures.
Therefore, the aim of this study was a development of the method micropropagation of Calycanthus fertilis
Walter. Shoot explants of the size 1 cm, with an apex or node with lateral meristems were placed on the media
with mineral composition according to MS and WPM supplemented with BAP (from 0.5 to 2.0 mg·dm–3) and
TDZ (from 0.1 to 0.5 mg·dm–3). BAP turned out to significantly increase initiation frequency whereas TDZ in-
hibited the formation of adventitious shoots and caused explant death. The highest percentage of initiated
explants were found in shoot fragments placed on WPM medium supplemented with 1.0 mg·dm–3 BAP. Pri-
mary explants which initiated growth were transferred on the proliferation media containing WPM macro-
and microelement, with the addition of different cytokinin: BAP (from 0.5 to 2.5 mg·dm–3), KIN (1.0 to 5.0
mg·dm–3) or TDZ (from 0.1 to 0.5 mg·dm–3). Calycanthus multiplication in vitro should be conducted on WPM
media with 1.0 mg·dm–3 BAP. Proliferated shoots were placed on the WPM rooting medium supplemented
with auxins: IBA, IAA or NAA at the concentration from 0.1 to 2.0 mg·dm–3. Maximum rooting was obtained
on WPM medium supplemented with 0.5 mg·dm–3 IBA. To sum up, it should be stated that an efficient
method of micropropagation of Calycanthus fertilis Walt. has been developed.
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Introduction
Calycanthus fertilis Walt is a shrub belonging to the

family Calycanthaceae, growing in natural habitat in
the south-eastern USA (Chant 1978). The plants of
the genus Calycanthus (4 species) are phylogenetically
old and as far as certain traits are concerned, (e.g., the
flower structure – there is no differentiation between
corolla and calyx in perianth) they are very similar to
the genus Magnolia (Renner 1999, Goremykin et al.
2003). The plant was introduced to Europe (Great
Britain) in 1806, and to Poland, to the arboretum in
Niedźwiedz in 1820 (Seneta 1996). The main decora-
tive values of the shrub are its effective, abundant and
long flowering, from June to August, under Polish cli-
matic conditions as well as the change of leaf colour in

autumn. Flowers are dark cherry or purple-brown,
with or without a delicate fragrance (Phot. 1). Ac-
cording to Seneta (1996), a glabrous, mat and blue
leaf underside is a good diagnostic trait of the species.
Specimens growing in Poland undergo the full cycle
of generative development and produce seeds with
germination capacity.

However, this is not a very popular shrub in Poland,
can be usually seen in botanic gardens, arboreta and is
offered only by a few nurseries. Krüssmann (1985)
says that this plant is often mistaken for Calycanthus
floridus L which is less often cultivated and has poorer
fruiting. In the arboretum in Glinna near Szczecin
(north-western Poland) Calycanthus fertilis, from which
the samples for this research were collected thrives.
No frost damage was recorded during severe winter
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2005/06, at absolute minimum temperature –26°C
(Nowakowska and Baran 2007). Also, in the same
winter, in the SGGW arboretum in Rogowo (central
Poland), at extreme temperature –31°C, there was no
frost damage in n Calycanthus fertilis, C. fertilis var.
laevigatus (Willd.) Bean and C. fertilis ‘Lusławice’. The
above characteristics show that Calycanthus fertilis is a
valuable ornamental shrub worth being recommended
for planting around Poland.

The most popular methods of propagation are:
sowing seeds, cuttings and layering (Krüssmann
1985). Their weak points are: the lack of permanent
desired traits, very slow growth and a small number
of obtained progeny plants, respectively.

An alternative to conventional methods of tree and
shrub propagation is the method of cultures in vitro,
which allows to obtain a large number of pathogen-
and virus-free plantlets in a short time. In the litera-
ture there are no reports on this way of propagation of
this shrub. Therefore, the aim of this study was a pre-
liminary development of the method for shoot prolif-
eration of Calycanthus fertilis Walter in vitro.

Material and methods

Culture initiation
Study material – this year shoots, were collected

from four 28-year-old shrubs from Arboretum in
Glinna near Szczecin (north-western Poland). The
seeds from which the shrubs were propagated came
from the Arboretum Borres from Nogent sur Vernis-
son (central France). The shoots were collected in
April 2009.

The leaves were removed prior to soaking the
shoots for 15 minutes in water with a detergent, at
the temperature 40°C. Next, they were rinsed several
times under running water and immersed for 30 secs
in 70% ethanol solution. After initial disinfection
they were shaken in 7.5% solution of natrium hypo-
chlorite (NaClO) for 15 minutes.

Shoot fragments of the size 1 cm, with an apex or
node with lateral meristems were used as primary

explants for in vitro culture. They were placed on the
media containing macro- and microelements accord-
ing to MS (Murashige and Skoog, 1962) or WPM
(Woody Plant Media, Lloyd and McCown, 1980) sup-
plemented with thidiazuron – TDZ (from 0.1 to 0.5
mg·dm–3) or 6-Benzylaminopurine – BAP (from 0.5 to
2.0 mg·dm–3), 25 explants per each medium. At this
stage and throughout the following ones the cultures
were maintained in a phytotrone, at the temperature
24±1°C, light intensity 40 mE.m–2.s–1 and 16h
photoperiod. Initiation stage lasted 8 weeks.

Multiplication stage
Primary explants which initiated growth were

transferred on the proliferation media containing
WPM macro- and microelement, with the addition of
different cytokinin: BAP (from 0.5 to 2.5 mg·dm–3),
kinetin – KIN (1.0 to 5.0 mg·dm–3) or TDZ (from 0.1
to 0.5 mg·dm–3), 25 explants per each medium. Multi-
plication stage lasted 6 weeks.

Rooting stage
Proliferated shoots were placed on the WPM root-

ing medium supplemented with auxins: indole-3-bu-
tyric acid (IBA), indole-3-acetic acid (IAA) or 1-na-
phthaleneacetic acid (NAA) at the concentration
from 0.1 to 2.0 mg·dm–3, 25 explants per each me-
dium. Rooting stage lasted 6 weeks.

At all stages of experiments the media were sup-
plemented with 8 g·dm–3 agar and 30 g·dm–3 sucrose
and 100 mg·dm–3 inositol and their pH was adjusted
to 5.7 using the solutions: 0.1M NaOH and HCl. After
adding growth regulators, the media were autoclaved
for 20 minutes at the temperature 121°C. The plants
on MS media without growth regulators constituted
control at all stages.

Statistical analysis
This experiment was established in one-factor

completely randomised design. Significance of differ-
ences was determined by analysis of variance and the
Tukey t-test at P=0.05. Homogenous groups between
analysed combinations were labelled with successive
letters of alphabet.

Results and discussion
Observed number of infections confirmed the ef-

fectiveness of chosen disinfection method – there
were few infections – only 2%. Such low amount may
be connected with appropriate time of explant collec-
tion – initiation was conducted in April, at the begin-
ning of vegetation period and only very young,
healthy, shoot fragments, were used.

In the case of herbaceous plants culture initiation
in vitro usually takes place on the media with mineral
content according to Murashige and Skoog (1962). In

Table 1. Percent (%) of initiated explants of Calycathus
fertilis depending on type of medium (WPM and MS) and
its composition

Plant growth regulators
[mg·dm–3 ]

Percentage of responding shoot
apex explants

WPM MS

control 0.0 8 4

TDZ 0.1 64 10
0.2 80 14
0.5 42 4

BAP 0.5 80 46
1.0 92 38
2.0 60 20
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the case of trees and shrubs mineral composition
must be modified since MS medium contains too
many macroelements. The medium with lower con-
tent of NH4NO3 and KNO3 was used for the prolifera-
tion of avocado Persea americana Mill, belonging like
Calycanthus to the order Laurales, by Witjaksono et al.
(1999). The application of complete MS medium, in
the case of avocado, caused the reduction of leaf size,
numerous necroses and dying of apical meristem
(Witjaksono 1991). In the studies on avocado, Bar-
celo-Mu oz (1999) used the medium containing
microelements according to MS with macroelements
reduced by half for the micropropagation of this spe-
cies. We have found a negative effect of MS medium
on the Calycanthus fertilis explants. On this medium,
irrespective of the applied concentration of growth
regulators, explants developed properly at the begin-
ning but after 2 weeks necrotic changes on leaves and
dying of growing tips were observed. Explants which
were cultured on WPM developed properly.

The highest percentage of initiated explants were
found in shoot fragments placed on WPM medium
supplemented with 1.0 mg·dm–3 BAP. Application of
2.0 mg·dm–3 BAP or 0.5 mg·dm–3 TDZ resulted in the
occurrence of hyperhydricity. This finding is in agree-
ment with the studies of Huang et al. (1998), who ini-
tiating shoot cultures of Cinnamomum camphora dis-
covered that 0.3 mg·dm–3 BAP added to initiation me-
dia brings about hyperhydricity and with the increase
of the dose to 10 mg·dm–3 the frequency of the plants
affected by the disease amounts even to 80%.

Explant multiplication is usually conducted on the
media with cytokinin as the only PGR or together
with auxins. Shao et al. (2006) multiplied the shoots
of Calycanthus chinensis on MS medium supplemented
both with 2.0 mg·dm–3 BAP and 0.1 mg·dm–3 NAA. As
a result of this kind of proliferation the obtained rate
of regeneration was 4.06. In our studies initiated

explants multiplied most intensively on the media
with the addition of 1.0 mg·dm–3 BAP, producing nu-
merous new shoots and leaves (Table 2, Fig. 1). In ad-
dition, the shoot length (4.65) afforded to divide
them into smaller fragments. The plants from this
medium had healthy leaves without necrosis and dis-
colouration, devoid of hyperhydricity. Explants from
the medium with kinetin formed a smaller number of
shoots and leaves. It is in line with the results pre-
sented by Babu et al. (2003) who multiplying Cinna-
momum camphora on the WPM medium with cytokinin
addition, found considerably lower usefulness of ki-
netin application at this stage.

Our studies show that shoots of Calycanthus easily
forming a roots in in vitro culture. The root produc-
tion was observed on all media used in the experi-
ment (Table 3). The highest frequency was observed
in the case of shoots placed on WPM media with 0.5
and 1.0 mg·dm–3 IBA – all explants produced long and
numerous roots. Shi et al. (2010) rooted the shoots of
Cinnamomum camphora on similar media – half MS me-
dium with 0.5 mg·dm–3 IBA. The roots, formed on the
media supplemented with IAA, were longer in com-
parison with those rooted on the media with IBA, but
less abundant. The plant rooting frequency was also
lower. In our studies the poorest rhizogenesis was
noted in the case of plants rooted on the media with
NAA – there was a low frequency of rooted plantlets
(from 16 to 32%), a small number of rather short
roots. At the same time, in all explants on the media
supplemented with NAA, callus tissue, whose pres-
ence at this stage is not desired, was formed.

To sum up, it should be stated that an efficient
method of micropropagation of Calycanthus fertilis
Walt. has been developed. Micropropagation should
be conducted on WPM media with the addition of 1.0
mg·dm–3 BAP, at the stage of initiation and prolifera-
tion, and – 0.5 mg·dm–3 IBA at the stage of rooting.

Table 2. Mean values of morphological traits Calycantus fertilis propagated on WPM medium with different concentrations of
cytokinins

Cytokinins [mg·dm–3 ] Plant height [cm] Number of multiplied  shoots Plant weight[g] Leaf number [cm]

BAP 0.5 3.13 c 2.34 ef 0.28 ab 8.4 de

1.0 4.65 b 4.72 ab 0.37 ab 20.1 a

2.5 1.42 e 5.43 a 0.32 ab 18.6 ab

KIN 1.0 4.32 b 1.45 f 0.18 b 11.6 cd

2.5 6.53 a 2.47 de 0.31 ab 14.5 bc

5.0 3.32 c 3.34 cd 0.24 b 10.9 cd

2iP 2,0 2.46 d 2.22 ef 0.19 b 8.9 de

5,0 4.76 b 3.16 cde 0.24 b 10.9 cd

7.5 3.56 c 3.99 bc 0.21 b 11.2 cd

control 0.0 2.43 d 1.15 g 0.19 b 6.2

Mean 3.66 3.03 0.25 12.13

NIR 0,05 0.56 0.89 0.11 5.3
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Fig. 1. Micropropagation of Calycanthus fertilis a) shrub from which shoots were collected at flowering b) apical meristem
initiating growth on WPM medium with 1.0 BAP c) explant at proliferation stage on WPM medium with 1.0 mg·dm–3

BAP d) shoot rooted on the medium with  0.5 mg·dm–3 IBA
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Table 3. Mean values of morphological traits of Calycanthus fertilis rooted on WPM medium with different concentrations of
auxins

Auxins [mg·dm–3] % of plant rooted Plant height [cm] Roots length [cm] Roots number Plant weight [g]

IBA 0.1 76 1.21 f 3.21 a 1.23 e 0.11 bc

0.5 100 2.21 e 4.15 a 3.15 a 0.12 bc

1.0 100 2.34 e 2.98 ab 2.45 ab 0.09 bc

2.0 84 3.52 bc 2.65 abc 1.98 bcd 0.23 a

IAA 0.1 60 1.80 f 2.15 cd 1.25 cde 0.18 ab

0.5 90 3.21 cd 2.56 bc 1.36 cde 0.15 abc

1.0 88 4.21 a 1.98 de 1.21 de 0.13 bc

2.0 72 3.96 ab 1.99 de 1.14 e 0,24 a

NAA 0.1 16 2.04 e 1.65 de 2.15 bc 0.18 ab

0.5 24 2.98 d 1.52 e 2.14 bc 0.09 bc

1.0 32 2.65 de 1.62 de 2.65 ab 0.07 c

2.0 16 3.15 cd 0.99 f 2.05 bcd 0.12 bc

Control 0.0 4 1.32 f 1.30 f 1.00 e 0.13 bc

Mean 59.3 2.66 2.21 1.83 0.14

NIR 0,05 0.65 0.58 0.83 0.09

a, b, ... – mean values followed by the same letters are not significantly different at P = 0.05


