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ABSTRACT: In vitro conservation of micropropagated Ruscus aculeatus L. (Liliaceae) cultures was studied. Plants
were maintained without transfer on fresh media more than a year. Efficient medium-term storage
in two-phase culture at room temperature was proposed. Recovery of the cultures was investigated
on media supplied with various plant growth regulators. Two-phase cultivation allowed effortless
storage for 16 months. The best regeneration rates in the post-storage cultivation were obtained on
media with thidiazuron or kinetin.
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INTRODUCTION
Ruscus aculeatus L. (Liliaceae) is a small evergreen
perennial used both as a medicinal and ornamental plant.
Steroid saponins extracted from rhizomes possess antiinflamatory and vasoprotective properties and are used
both in conventional and traditional medicine (Bouskela
& Cyrino 1994). The rigid, evergreen branches make
the species attractive as a cut foliage and garden plant.
However market relies on the natural resources. Foliage
and rhizomes are taken from the wild and excessive
utilization already affected some natural populations
(Tansi et al. 2009). In Bulgaria, R. aculeatus is under
regulated regime of gathering (Anex 4 of the Biodiversity
Act 2002). Slow growth determines the limited field
cultivation of the species due to long production cycle
of the planting material and specific requirements for
shading (D’Antuono & Lovato 2003; Zistler et al.
2008). In vitro propagation was proposed as a method for
multiplication and conservation of R. aculeatus. Choice
of suitable primary explants, regeneration rates and
characteristics of the cultures were discussed in the recent
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years (Moyano et al. 2006; Ivanova et al. 2008; Banciu et
al. 2009). However, there is not enough data or protocol
about in vitro conservation and storage conditions.
In vitro cultivation for conservation purposes is
recognized as efficient technique complementary to in situ
practices for preservation of valuable plant species (Dodds
1991; Sarasan et al. 2006). Nonetheless, maintenance of
cultures in vitro for a long period could be efficient only by
reduction of costs and labor. Different strategies are applied
to minimize growth and to reduce frequent transfers on
fresh media. It is beneficiary that the slow-growing species
could be conserved at standard conditions (Engelmann
2009). Unfortunately, the existing procedures are not
universal and often a specific protocol has to be developed
for each species or variety (Withers 1986).
The present work highlights the opportunities for in
vitro conservation of R. aculeatus shoot cultures. An easyto-maintain two-phase culture is proposed for mediumterm storage at room temperature and recovery of the
cultures on media supplemented with various growth
regulators was studied.
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MATERIALS AND METHODS
Clusters of 2-4 shoots were obtained in vitro from
R. aculeatus rhizome explants on agar solidified MS
medium (Murashige & Skoog 1962) with modified
vitamins (10 fold increased thiamine) and supplied
with 1 mg/L 6-benzylaminopurine (BAP) and 0.5 mg/L
α-naphthaleneacetic acid (NAA) as previously described
by Ivanova et al. (2008). Shoot clusters were stored in
two-phase (agar-liquid) culture at 24±1°C. Plant material
was fixed on a plain agar (6.5 mg/L Plant agar, Dushefa,
NL) used as a support. Liquid MS medium (20 ml) with
60 g/L sucrose and 2 mg/L NAA was added above the agar

(125ml) without covering the plants. Reference cultures
on agar-solidified MS media without growth regulators
were kept at 15±1°C and 24±1°C. All cultures were placed
in Vitro Vent containers (Dushefa, NL). All media were
autoclaved at 121ºC and 1atm for 20min; pH was adjusted
to 5.75 prior to sterilization. Cultures were kept at 16/8
h photoperiod (40.5 μmol m-2s-1). Five repetitions with
36 clusters were incubated. Vitality of the cultures was
checked monthly for 16 months without transfer on fresh
media. Recovery of the two-phase cultures was performed
on MS media with 30 g/L sucrose, supplied with NAA,
BAP, 2,4-Dichlorophenoxyacetic acid (2,4-D), thidiazuron
(TDZ), kinetin (Kin) and indol-3-butyric acid (IBA)

Fig. 1. Regeneration capacity of R.
aculeatus cultures after 16-month
storage in two-phase system. Values
are mean ± SE. Bars labeled with
same letters are not significantly
different at 0.05% level (Duncan’s
multiple range test)

Fig. 2. Regeneration rate of R.
aculeatus cultures after 16-month
storage in two-phase system. Values
are mean ± SE. Bars labeled with
same letters are not significantly
different at 0.05% level (Duncan’s
multiple range test)
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Fig. 3. Development of clusters within one month on control medium without growth regulators, with kinetin (0.5 mg/l) and
thidiazuron (0.5 mg/l) – left to right.

at concentrations 0.5, 1, 2 mg/L. All media (60ml) were
dispensed in Magenta® GA7-3 boxes. The regeneration
capacity of the stored cultures (percentage of clusters where
regeneration occurred), the regenerated rate (number of
regenerated shoots) and the shoot length were recorded
after one month. Four repetitions of one vessel with 5
clusters per vessel for each treatment were tested. Data was
statistically analyzed and mean values were compared for
similarity using Duncan’s multiple range test.
RESULTS AND DISCUSSION
Two-phase cultivation resulted in 91% survival of the
cultures for 16 months without transfer on fresh media.
Damages due to contamination or loss of vigor were not
observed. Long incubation period in liquid media were
reported to cause culture decline and low bud proliferation
in R. aculeatus and R. hipophyllum L. cultures (Ziv 1983;
Ivanova et al. 2008). Such effect was not observed in the
two-phase culture. This could be explained by the fact that
the clusters were only partially submerged which allowed
normal development of plantlets. The maintenance of
two-phase cultures was easier than the agar ones. After
full consumption of the liquid phase it could be simply
replenished. Maximum storability of R. aculeatus cultures
on agar at 24±1°C was determined to be six months.
Prolongation of incubation period at these conditions led
to rapid decay of all cultures. The limiting factor was drying
of the agar medium at ambient temperature. Successful in
vitro conservation on agar media without transfer for 12
to18 months at room temperature was reported for other

species (Divakaran et al. 2006; Tyagi et al. 2006, 2009).
However, possibility for expanding the storage period
depends greatly of the plant species as well as of whole
complex of chosen conditions. Lowering the incubation
temperature is one of the frequently used methods for
reduction of the number of transfers during the storage
(Ng & Ng 1991). At lower temperature (15°C) the decline
of the R. aculeatus cultures was detected after the eighth
month of storage. Average survival of the clusters reached
80%. The decline and low remaining number of the clusters
on agar did not allowed further work and experiments
with these cultures.
Regeneration capacity of the cultures stored for 16
months in two-phase system was estimated on different
media in order to investigate the culture response after
storage (Fig. 1). It ranged between 0 and 100% depending
on the used medium. Generally multiplication rates were
lower than those reported for R. aculeatus in vitro cultures
without storage, although not significantly (Ivanova et
al. 2008). The number of obtained shoots with cytokinin
treatments was higher compared to those with auxins (Fig.
2). Moreover visible shoots on the cytokinin containing
media were developed at the second week of cultivation
and quality of shoots was better as well. Thidiazuron or
kinetin ensured highest number of regenerated shoots
within one month (Fig. 3). Capelle et al. (1983) and Cruz
de Carvalho et al. (2000) assumed involvement of TDZ
in the synthesis and/or accumulation of cytokinins in
plant tissue cultures. It was recently used for induction of
shoot- and organogenesis in many species (Murthy et al.
1998; Faisal & Anis 2006; Xu et al. 2009). Kinetin was also
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Fig. 4. Changes in morphology
caused by NAA – A and 2,4-D – B.

Fig. 5. Shoot height of regenerated
R. aculeatus cultures after 16-month
storage in two-phase system. Values
are mean ± SE. Bars labeled with
same letters are not significantly
different at 0.05% level (Duncan’s
multiple range test)

reported to have shoot promoting effect in Ruscus cultures
(Jha & Sen 1983; Moyano et al. 2006). Nevertheless,
higher TDZ and kinetin concentrations reduced shoot
regeneration and caused decay of the cultures. Similarly
Abou Dahab et al. (2005) observed the same effect in R.
hypoglossum L. cultures.
Auxins (2,4-D, NAA) were recommended as a shoot
and callus promoting regulators for R. aculeatus and R.
hypophyllum (Ziv 1983; Moyano et al. 2006; Ivanova
et al. 2008). NAA that was previously used to increase
shoot production had no such effect on stored cultures.
Adversely, the obtained shoots were thinner and of low

quality (Fig. 4a). Addition of 2,4-D resulted in shoots
with needle-shaped phylloclades (Fig. 4b). Moreover, the
regeneration rate of the cultures dropped with the increase
of 2,4-D concentration. These effects could be due to
alteration of the culture response to growth regulators.
Accordingly Hamad & Taha (2008) reported that
prolonged incubation on same media could modify the
regeneration performance in Ananas comosus (L.) Merr.
cultures. The culture age was also proved to play role in
induction of organogenesis (Routh et al. 2001).
Overall root formation after storage was very poor
compared to abundant rooting of R. aculeatus cultures on
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media without growth regulators or with NAA (Ivanova
et al. 2008). Spontaneous rooting was observed only in
IBA treatments.
Shoots from all treatments were morphologically
typical: 3-4 phylloclades on an unbranched stem.
Shoot height was significantly influenced by both type
of regulator and its concentration (Fig. 5). Generally,
the increase of concentration of BAP, NAA and 2,4D shortened the shoots. IBA had no effect on the shoot
height and obtained shoots were as tall as in the control.
Kinetin also induced regeneration of tall shoots only at
0.5 and 1 mg/L. Shortest shoots with reduced stems and
phylloclades were observed in TDZ treatments. Reduction
of shoot height caused by TDZ could be attributed to its
strong cytokinin-like activity. TDZ was shown to stimulate
rather shoot proliferation than elongation (Huetteman &
Preece1993, Lincy & Sasikumar 2010).
CONCLUSION
R. aculeatus could be successfully conserved in vitro
at ambient temperature using two-phase culture. The
method is effective allowing effortless storage for 16
months without transfer on fresh media. Best regeneration
rate in the post-storage cultivation was achieved on MS
media with TDZ or Kinetin at concentrations lower than 2
mg/L. Additionally TDZ induced considerable reduction
of the shoot height. This effect was favorable to save space
for keeping the in vitro collections.
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REZIME

In vitro konzervacija mikropropagiranih biljaka
Ruscus aculeatus L. (Liliaceae)
Teodora Ivanova, Chavdar Gussev, Yulia Bosseva, Tatyana Stoeva

I

zučavana je in vitro konzervacija kultura mikro-propagiranog Ruscus aculeatus L. (Liliaceae). Biljke su držane bez
prebacivanja na svež medijum više od godinu dana. Navodi se efikasan srednje vremenski process za čuvanje ovih
kultura na sobnoj temperature. Izučavano je obnavljanje biljaka nakon ovog perioda sa različitim kombinacijama
regulatora rastenja dodatim u medijum. Dvofazna kultivacija omogućava čuvanje u periodu do 16 meseci. Najbolja
stopa obnavljanja postignuta je dodatkom tidiurazona ili kinetina u medijum.
Ključne reči: Ruscus aculeatus, conservation, thidiazuron, micropropagation.

