Vol. 44, 2017 (4): 186-194

Hort. Sci. (Prague)

doi: 10.17221/266/2015-HORTSCI

An efficient in vitro propagation protocol for snowdrop
anemone (Anemone sylvestris L.)

JANA SEDIVA!, PAVLA ZAHUMENICKA?, ELOY FERNANDEZ CUSIMAMANIZ

'Department of Phytoenergy and Biodiversity, Silva Tarouca Research Institute

for Landscape and Ornamental Gardening, Prithonice, Czech Republic

2Department of Crop Sciences and Agroforestry, Faculty of Tropical AgriSciences,
Czech University of Life Sciences Prague, Prague, Czech Republic

*Corresponding authors: sediva@vukoz.cz, eloy@ftz.cz

Abstract

Sediva J., Zahumenickd P., Ferndndez Cusimamani E. (2017): An efficient in vitro propagation protocol for snowdrop
anemone (Anemone sylvestris L.). Hort. Sci. (Prague), 44: 186—194.

This study investigated in vitro production of diploid (AS2) and tetraploid (AS4) cytotypes of snowdrop anemone. The
effect of plant growth regulators (PGRs) on in vitro shoot multiplication and rooting was investigated. The effect of
activated charcoal (AC) on root induction was also studied. Ploidy level affected growth characteristics during multi-
plication and rooting. Shoot induction in AS4 was higher on medium supplemented with cytokinin (3.2-3.6), while the
AS2 clone formed the most shoots on PGR-free medium (3.6). The highest rooting percentage was achieved on PGR-
free medium in both genotypes (AS2 clone, 100% and AS4 clone, 93.3%). The addition of AC to the PGR media largely
increased root induction and root length. Rooted plantlets were successfully acclimatised in the greenhouse with 100%
survival. Thus, the described micropropagation protocol represents a rapid and effective in vitro propagation method

for utilisation in horticulture and conservation programmes of snowdrop anemone.
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The snowdrop anemone (Anemone sylvestris L.) is
a perennial horticultural plant with attractive, fra-
grant, open cup-shaped white flowers and expressible
golden yellow anthers. This perennial is often grown
in small and rock gardens (HEJNY, SLAVIK 1988) or
in naturalised and woodland gardens due to spread-
ing by root suckers. It is also grown as a potted plant
(BENARY 2014). Snowdrop anemone extract contains
many biologically active substances, e.g., phenolic
compounds and antioxidants, that have medical and
pharmaceutical benefits (MASLENNIKOV et al. 2014).
The species is classified as threatened in the Czech
Republic (DANIHELKA et al. 2012), France, Germany,
Switzerland, Serbia and Belarus (Hoskovec 2007).

Changes in dry grassland management and second-
ary succession of shrubs result in the destruction of A.
sylvestris habitats (HRONES 2009). Therefore, deter-
mination of optimal conditions for the propagation
and development of these plants will be of benefit for
the conservation of Anemone genetic resources and
will facilitate the development of novel genotypes in
breeding programmes.

Snowdrop anemones can be propagated by seeds
or plant division (ViT et al. 2001). Wild plants
propagate only by sexual reproduction. DENISOW
and WRZESIEXN (2015) reported the negative effects
of shrub expansion on flowering and male function,
as well as seed set in three natural populations.
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Propagation through stem cuttings is unsuitable
for the snowdrop anemone due to its specific ro-
sette plant morphology. Vegetative propagation of
ornamentals is often accomplished by micropropa-
gation. This technique has been proven to be suc-
cessful for mass propagation, thereby reducing the
time needed for the establishment of novel culti-
vars for the market (HARTMANN et al. 2011).

The in vitro regeneration of Anemone sp. has pri-
marily focused on A. coronaria via embryogenesis
induced from anther cultures (LAURA et al. 2006).
JonanssoN and ErRikssoN (1977) reported induc-
tions of various embryos from anther cultures in
four Anemone species (A. virginiana, A. canadensis,
A. multifida and A. rupicula). Information related
to shoot organogenesis is scant for anemones. RUE-
FONI et al. (2005) reported shoot induction from the
floral stalk of A. coronaria on an induction medium
supplemented with 2iP (6-(y,y-dimethylallylamino)
purine). A micropropagation protocol has not yet
been developed for A. sylvestris. One of the major
factors affecting the success of in vitro plant propa-
gation is the choice of PGRs (AM0OO, VAN STADEN
2013). Additionally, substances other than PGRs
are also used. These substances, such as, e.g., AC,
regulate growth processes and are often used in
tissue culture to improve cell growth and develop-
ment (PAN, VAN STADEN 1998). AC has the ability
to modify the composition of the medium and is
often added to media at different stages of tissue
culture owing to its beneficial effects (MosHkov
et al. 2008). AC is often used for in vitro rooting.
The presence of AC in the medium can have a dual
effect on rhizogenesis: altering the composition of
the medium and reducing light at the explant base.

The objective of this study was to establish an ef-
ficient and reproducible in vitro propagation system
for two genotypes of A. sylvestris that vary at the ploi-
dy level as a step towards their commercialisation.

MATERIAL AND METHODS

Plant material and culture conditions. In all
experiments, we used in vitro shoots of two geno-
types: AS2 (diploid, 2n = 16) and AS4 (tetraploid,
2n = 32). The tetraploid culture was generated in
previous experiments by in vitro-induced poly-
ploidization of shoot explants using oryzalin treat-
ment (Czech University of Life Sciences Prague,
Faculty of Tropical AgriSciences, Plant Tissue Cul-
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ture Laboratory). AS4 is a novel clone with a high
potential for the flower market. Stock material of
the snowdrop anemone (AS2 and AS4) was main-
tained and multiplied on full-strength solid MS
culture medium including vitamins (MURASHIGE,
Sko0G 1962; Duchefa Biochemie B.V., The Neth-
erlands) supplemented with 20 g/l sucrose, 2.5 g/l
Phytagel™ (Sigma—Aldrich, USA) and 0.5 uM BA
(N®-benzyladenine, Fig. 1A). The pH was adjusted
to 5.7 prior to autoclaving. Axillary and adventi-
tious shoots were cultured in 100-ml Erlenmeyer
flasks containing 25 ml of medium. For the experi-
ments, three shoots were placed in each glass ves-
sel. The cultures were maintained in a growth room
under a 16 h photoperiod with a photosynthetic
photon flux density (PPFD) of 60 pumol/m?/s pro-
vided by cool-white fluorescent tubes (Tungsram;
General Electric Co., USA) at 22 + 1°C.

Newly grown shoot clumps were divided into two
or three parts by sub-culturing onto fresh medium
(three clumps per vessel) every three to four weeks
for one year. Prior to the multiplication experiments,
intact clumps were transferred to the same medium
but without PGRs for two weeks; then, single shoots
were used as the initial explants in the experiments.

Shoot multiplication and rooting experiments were
conducted in three replications with 15 shoots per
treatment (a total of 45 explants), whereas 25 rooted
plants per treatment (a total of 75 shoot explants)
were used for the acclimatization experiment.

Shoot multiplication. To evaluate the effect
of PGRs on the multiplication rate, single shoots
(2-3 expanded leaves, > 1.5 cm long) were ex-
cised from the stock cultures (see Plant material)
and multiplied on MS medium including vitamins
supplemented with different cytokinins (BA, zeatin
or kinetin) at different concentrations (0 or 1 pM).
The shoot numbers per explant and shoot lengths
were evaluated after three weeks.

In vitro rooting of regenerated shoots. Shoot
clumps harvested on multiplication media with
kinetin and zeatin were transferred to PGR-free
medium for two weeks for plant strengthen-
ing. Then, they were separated into single shoots
(4-5 expanded leaves, > 3 cm long) and placed
vertically into full-strength solid WPM includ-
ing vitamins (Woody Plant Medium; LLoyD, Mc-
cowN 1980; Duchefa Biochemie B.V., The Neth-
erlands). Media were supplemented with AC
(0 or 1 g/l) and the auxin indole-3-butyric acid
(IBA) or a-naphthalene acetic acid (NAA) at con-
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Control

Fig. 1. Plant regeneration of snowdrop anemone. (A) bulking of stock material on PGR-free medium (left AS2 clone,
right AS4 clone); (B) adventitious shoot regeneration on shoot induction media (MS medium with 0 or 1 uM BA, zeatin
or kinetin) of the AS4 clone after three weeks; (C) detail of malformed leaves of the AS4 clone grown on medium with
1 uM BA; (D) adventitious shoot regeneration on shoot induction media (MS medium with 0 or 1 uM BA, zeatin or

kinetin) in the AS2 clone after three weeks; (E) rooted shoot of the AS4 clone on PGR-free medium after three weeks;

(F) callus induction in an unrooted shoot of the AS4 clone on medium supplemented with NAA after three weeks; (G)

rooted shoot of the AS4 clone on medium supplemented with NAA and AC after three weeks; (H) acclimatisation of

rooted plantlets in the culture room; (I) young plants in the cold frame

centrations of 0 or 3 uM alone or in combination
with 0 or 0.2 uM BA for root induction. Rooting
(expressed as the percentage of shoots producing
roots, the number of roots per shoot and the root
length) was measured using a binocular micro-
scope (Carl Zeiss Jena, Germany) after three weeks.
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Acclimatisation of rooted plants. For the accli-
matisation experiments, we used rooted plantlets
from media supplemented with auxin IBA (0 and
3 uM) and AC (0 and 1 g/1). Five days prior to plant-
let transfer to ex vitro conditions, the aluminium
foil caps of the Erlenmeyer flasks were perforated in
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four places (approximately 2-mm diameter holes)
using forceps to promote better adaptation of the in
vitro-rooted plantlets. Rooted plantlets were taken
from the culture vessels, the phytagel medium was
removed from the roots with tap water and they
were transferred into plastic pots (Teku®; Pop-
pelmann, Germany, 6.0-cm diameter) containing
steam peat-perlite substrate (1:1; v/v) and watered
with tap water. The pots with plantlets were placed
in boxes covered with clear plastic covers (low and
high forms; FIMA Czech Republic) and transferred
to a growth room with cool-white fluorescent
tubes (Tungsram) and a PPFD of 60 pmol/m?/s for
a 16 h photoperiod at 24/19 + 1°C (day/night) for
four weeks. For the first two weeks, the plantlets
were incubated under 100% humidity (boxes with
a low cover, 47 x 20 x 10 c¢m); then, the humid-
ity was reduced in exchange for high covers with a
vent (47 x 20 x 20 cm, Fig. 1H). After four weeks in
the boxes, the plants were replanted in larger pots
(Teku® 8.0-cm diameter) with a peat substrate Re-
mix-D (Rékyva, Siauliai, Lithuania) and transferred
to a greenhouse at 18/15°C (day/night). The plants
were fertilised with 0.05% Kristalon® Blue every
week. After six weeks in the greenhouse, the plants
were replanted again in larger pots (Teku® 11.0 cm
diameter) with the peat substrate and transferred
to a cold frame. The plants were shadowed for two
weeks and then exposed to the sun. Survival per-
centages of plantlets were recorded 10 weeks after
the transfer from in vitro conditions.

Statistical analysis. A randomized complete
block design was used for all experiments. Data
were compared using multiple-factor analy-
sis of variance (ANOVA). Mean comparisons
among treatments were made using Duncan’s test
(P < 0.05). Additionally, the interaction between
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the factors for both shoot regeneration (genotype
and PGRs) and root formation (genotype, PGRs
and AC) was evaluated using Tukey’s non-addi-
tivity test (TUKEY 1949). Data were analysed using
GLM in R (a language and environment for statisti-
cal computing; R Core Team 2015).

RESULTS AND DISCUSSION
Shoot multiplication

The effect of different cytokinins (BA, kinetin and
zeatin) and PGR-free medium on shoot multiplica-
tion was examined. Shoot induction was observed
on all media. The multiplication rate depended on
the presence and the type of the cytokinin in the me-
dium (Fig. 1B and D; Table 1). The AS4 clone pro-
duced significantly more new shoots on MS medium
supplemented with a cytokinin compared to PGR-
free medium. The highest number of shoots/explant
was achieved on kinetin (3.6 shoots/explant) and the
lowest number on PGR-free medium (2.5 shoots/ex-
plant). There were moderate differences in shoot in-
duction among cytokinins (3.2—-3.6 shoots/explant).
In contrast, the AS2 clone formed the most shoots/
explant on the PGR-free medium (3.6). Elongation
of shoots in the AS2 clone was significantly support-
ed by the addition of cytokinin to the medium. Ze-
atin was found to be the most effective cytokinin in
promoting shoot elongation in both genotypes; the
shoot length in the AS2 clone reached 26.2 mm and
in the AS4 clone reached 22.9 mm.

The number of developed shoots was signifi-
cantly dependent on the interaction of the geno-
type and PGRs (F = 6.14, P = 0.001). Additionally,
the shoot length was also significantly dependent

Table 1. Effect of cytokinins (BA, kinetin and zeatin) on adventitious shoot regeneration of two snowdrop anemone

clones (AS2 and AS4) after three weeks in culture

BA Kinetin Zeatin AS2 clone AS4 clone
No. shoots/ Shoot length No. shoots/  Shoot length
Plant growth regulator (uM) explant (mm) Callus explant (mm) Callus
0 0 0 3.6+ 0.2 19.6 + 0.7° N 2.5+ 0.2 18.2 + 0.6 N
1 0 0 3.2 +0.2° 22,9 +0.7° N 3.4 +0.3° 19.0 £ 0.5 C
0 0 1 2.6 +0.2° 26.2 + 0.9° C 3.2 +0.2° 22.9 + 0.7 C
0 1 0 3.0 £ 0.22 223+ 0.8 N 3.6 +0.2" 18.3 + 0.52 N

values are means + standard error; significantly different treatment means are indicated using different letters within a
column according to Duncan’s test, at P < 0.05; N — no callus production; C — callus only formed at the base of shoot explant
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Table 2. Effect of different factors (genotype and medium composition) on shoot regeneration of snowdrop anemone

No. shoots/explant

Shoot length (mm)

Source of variation df sl(;/f;irc}s r df Sg/i;izs r

Genotype 1 0.711 0.33 ns 1 2,839.2 45.94 HE
PGRs 3 4.256 1.99 ns 3 1,388.8 22.47 o
Genotype x PGRs 3 13.148 6.14 3 98.8 1.60 ns
Error 352 2.142 1122 61.8

& k% wE%

, ¥, *** ns — F-test significant at P = 0.05, P = 0.01, P = 0.001 or not significant; PGR — plant growth regulator

on the genotype (F = 45.94, P = 0.001) and PGRs
(F=22.47,P=0.001) (Table 2) but not on the inter-
action of these variables.

Most species require supplementation of the medi-
um with PGRs to induce shoot organogenesis. How-
ever, plant species in a few genera, such as Populus
(DouGLAs 1984) and Brunsvigia (RICE et al. 2011),
can form adventitious shoots on PGR-free medium.
Growth regulator requirements can vary among spe-
cies and even cultivars, but most species require a
cytokinin, auxin, or both (DUrkOVIC et al. 2012). Dif-
ferences in the in vitro response between genotypes
may be related to differences in endogenous plant
growth regulator content (SEDIVA et al. 2013a).

Supplementation with growth regulators is re-
quired by many members of the family Ranuncu-
laceae; BA is the most common PGR added dur-
ing the multiplication phase, often in combination
with other growth regulators (BERUTO, DEBERGH
2004; SEDIVA, KUBISTOVA 2008; NAUMOVSKI et
al. 2009). However, a different demand for growth

regulators was demonstrated in the present multi-
plication experiments in the snowdrop anemone.
The quality of the snowdrop anemone shoots was
determined by the type of cytokinin and the geno-
type. Shoots from media supplemented with BA
were inferior to those supplemented with zeatin
and kinetin. Hyperhydricity and malformed leaves
were observed in the AS4 clone, although BA was
applied at a relatively low level (1 uM) (Fig. 1C).
Moreover, red leaves (under stress conditions) were
observed in this clone when it was grown in PGR-
free medium (Fig. 1B). Cytokinins have been shown
to induce hyperhydricity in many species, usually
in a concentration-dependent manner when other
conditions in the culture system are not optimised
(IvANovA, VAN STADEN 2008). The aromatic cy-
tokinin BA remains the most widely used cytoki-
nin in commercial micropropagation worldwide,
but it may have several side effects, such as diffi-
culty in rooting, toxicity, hyperhydricity, stunted
shoots and callus formation (MAGYAR-TABORI et

Table 3. Effect of different factors (genotype and medium composition) on root regeneration of snowdrop anemone

shoots

Rooting (%) No. of roots per shoot Mean root length (mm)
Source of variation

df Mean F df Mean df Mean

squares squares squares

Genotype 1 62.3 56.64 ok 1 147.41 75.98 ok 1 76.4 4.13 *
PGRs 5 88.4 80.36 ok 5 74.77 38.54 ok 5 135.9 7.35 ok
AC 1 425.3 386.64 ** 1 151.88 78.29 ok 1 2493.1 134.76 ***
Genotype x PGRs 5 4.6 4.18 e 5 8.75 4.51 ok 5 41.2 2.23 *
PGRs x AC 5 81.4 74.0 . 5 65.94 33.99 ok 5 186.4 10.08 ok
Genotype x AC 1 3.1 2.82 ns 1 3.45 1.78 ns 1 11.7 0.63 ns
Genotype xPGRs xAC 5 4.6 4.18 o 5 18.95 9.77 e 5 5.5 0.30 ns
Error 48 1.1 1056 1.94 1708 18.5
¥, %%, ¥ ns — F-test significant at P = 0.05, P = 0.01, P = 0.001 or not significant; PGR — plant growth regulator;

AC - aclivated charcoal
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Table 4. Effect of growth regulators (IBA, NAA and BA) and AC on root formation in shoots of snowdrop anemone

(AS2 and AS4 clones) after three weeks in culture

IBA NAA BA AC (0 g/l) AC (1 g/l)
. No. of Mean root
Plant gro(w;l/ll)regulator Ro((z/t;ng roots/ RO(()rtnlrer?gth Callus  Rooting (%) Noérosf;(())(())tts length Callus
H ? shoot P (mm)
AS2 clone
0 0 0 100 £ 0.0¢ 3.0 £ 0.2°¢ 7.4 +0.4¢ N 91.1+7.6° 31+0.3> 81+042 N
3 0 99.6 +22¢ 37+04° 43+02®° N 91.1+7.6° 26+0.2° 85+0.52 N
0 3 244 +22° 16+02° 28+0.3° C 73.3£10.2*° 1.8+0.2% 7.3 +0.6° N
3 0 0.2 40.0+3.8" 22+03*» 37+0.2 N 88.9+0.0° 3.0+0.3" 7.4+042 N
0 3 0.2 244+22° 15+0.3* 3.0+0.2° C 88.9+6.7° 33+02° 84+04° N
0 0 02  622+44° 20+0.3% 55+04° N 91.1+22* 26+0.3" 7.7+04° N
AS 4 clone
0 0 933+ 0.0% 33+03> 82z+05° N 82.2+22 20+02* 82+07%* N
3 0 77.8 +4.4° 22+0.3® 47+03® N 77.8 +4.4% 27+02> 87+05° N
0 3 6.7+0.0° 1.3+03* 2.8+05° C 88.9+22° 20+02* 73+0.6® N
3 0 02 356+00" 1.3+01* 45+05® N 733+67% 1.9+02* 81:06® N
0 3 0.2 89+22° 15+0.3° 3.7+04° C 60.0+3.8 17+02* 6.6+0.5 N
0 0 02 289+67" 12+01* 4.8+07®* N 84.4+59 20+02* 7.4+04® N

values are means * standard error; significantly different treatment means are indicated using different letters within a
column according to Duncan’s test, at P < 0.05. N — no callus production; C — callus production

al. 2010). Reducing or overcoming hyperhydricity
can be achieved by either a change of the cytoki-
nin type (Sharma, MoHAN 2006), or the cytokinin
concentration (IVANOvA, VAN STADEN 2008) or
the addition of auxin to the medium (SEDIVA et
al. 2013b). Callus induction was observed in both
clones grown on the medium supplemented with
zeatin and in the AS4 clone grown on the medium
supplemented with BA (Table 1). However, callus
formation was low and only observed at the base
of the shoot.

Rooting and acclimatisation

All individual factors (genotype, PGRs and AC)
had significant effects on all growth characteristics
of root regeneration: rooting, number of roots per
shoot and root length at different significance lev-
els (Table 3). The effect of the interaction between
two factors was found to be significant for geno-
type x PGRs and PGRs x AC for all growth char-
acteristics. The effect of the interaction among all
factors was found to be significant for rooting and
the number of roots per shoot.

Root formation occurred in all experiments re-
gardless of the presence of growth regulators in
the WPM medium but varying rooting efficien-
cies were observed (Table 4). Rhizogenesis was ob-
served even in the presence of cytokinin alone. The
highest rooting percentage was achieved on PGR-
free medium for both genotypes (100% for the AS2
clone and 93.3% for the AS4 clone) (Fig. 1E). Good
root induction was also achieved with IBA (99.6%
for the AS2 clone and 77.8% for the AS4 clone). In
the AS4 clone, the highest root number and root
length were recorded on the PGR-free medium
(3.3 roots/shoot, 8.2 mm). In the AS2 clone, the
highest root length was observed on the PGR-free
medium (7.4 mm), but the highest root number
was reached on the medium supplemented with
IBA (3.7 roots).

For the two examined auxins, IBA promoted sig-
nificantly more root induction relative to NAA.
Supplementation of the medium with the cytokinin
BA alone had a significantly more favourable ef-
fect on root induction (62.2% in the AS2 clone and
28.9% in the AS4 clone) compared to NAA (24.4%
in the AS2 clone and 6.7% in the AS4 clone) or a
combination of BA + NAA (24.4% in the AS2 clone
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and 8.9% in the AS4 clone). Overall, NAA alone
or in combination with BA induced rooting at the
lowest frequency and resulted in an increase of cal-
luses (Fig. 1F; Table 4). Generally, the inclusion of
PGRs (auxin, cytokinin or both) significantly re-
duced root induction, except on medium supple-
mented with IBA for the AS2 clone.

Most plants require the presence of auxins for
efficient root regeneration (P1ERIK 1989). The in
vitro rooting process is difficult in many species
of the family Ranunculaceae, and the addition of
auxin is necessary for in vitro root formation, e.g.,
in Pulsatilla vernalis (SEDIVA 2012), P pratensis
(NAumMoOVsKI et al. 2009) and Ranunculus asiati-
cus (BERuTO, DEBERGH 2004), or for auxin-im-
proved rooting efficiency e.g. in Helleborus niger
(SEYRING 2002) and Pulsatilla koreana (LIN et al.
2010). The choice of auxin depends on the Ranun-
culaceae species. For example, a high rooting ra-
tio was achieved on medium supplemented with
IBA in H. niger (SEYRING 2002) and in P. vernalis
(SEDIVA 2012), and with NAA in P. koreana (LIN et
al. 2010). The presence of NAA in the rooting me-
dium of A. sylvestris had a negative impact, which
is in accordance with the finding of NAUMOVSKI et
al. (2009) in P, pratensis, where a very low percent-
age of rooting was observed on full-strength MS
media supplemented with NAA regardless of the
concentration. The synthetic auxin NAA is often
converted to conjugates (mainly glucosyl esters)
after uptake into plant tissues. This reversible con-
jugation may regulate the levels of the free active
substance (MACHACKOVA et al. 2008). In contrast
to NAA, IBA can be deactivated up to a point by
oxidation (DE KLERK al. 1999).

The duration of the inductive phase can vary.
Seyring (2002) achieved the highest rooting per-
centage for the continuous cultivation of H. niger
on rooting medium supplemented with 4.9 uM IBA
compared to exposure of the shoots to a high level
of IBA (75 uM) in the medium for 10 days, followed
by transfer to PGR-free medium where the root-
ing was significant lower. SEDIVA (2012) reported
optimum rooting for incised shoots of P vernalis
grown on induction half-strength woody plant per-
lite medium with 20 mg/1 IBA for three weeks, fol-
lowed by transfer to an expressive medium.

However, the nature of the interaction between
exogenous and endogenous PGRs remains un-
clear (RUFFONI, SAVONA 2013). Root formation in
microcuttings is induced in medium with a high
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auxin-to-cytokinin concentration ratio or no cy-
tokinins (HARTMANN et al. 2011). Nevertheless,
cytokinins can sometimes induce or promote root
growth, e.g., in Fraxinus excelsior (SCHOENWEISS,
MEIER-DINKEL 2005). In snowdrop anemones, the
frequency of root formation was higher in the pres-
ence of the cytokinin BA alone compared to some
auxin treatments (Table 4).

When AC was added to the root medium, the
rooting percentage ranged from 73.3% to 91.1%
in the AS2 clone and 60-88.9% in the AS4 clone.
In the AS2 clone, this same highest rooting per-
centage (91.1%) was achieved on PGR-free medi-
um or on PGR media supplemented with IBA or
BA. In the AS4 clone, the highest rooting percent-
age was recorded on medium supplemented with
NAA (88.9%). Generally, the interaction of AC with
PGRs mostly increased root formation, root num-
ber and root length compared to PGR treatments
only. Furthermore, differences among treatments
were smaller (Table 4). Supplementation of the me-
dium with AC suppressed callusing of the shoots
(Fig. 1G; Table 4). The main effects of AC are the
adsorption of undesirable/inhibitory substances,
growth regulators and other organic compounds
and the release of growth promoting substances
present in or adsorbed by AC. Its addition to culture
medium may promote or inhibit in vitro growth de-
pending on the species and tissues used (PAN, VAN
STADEN 1998). The effect of AC on growth regula-
tor uptake is still unclear (THomAs 2008).

Acclimatised snowdrop anemone plants (AS2 and
AS4 clones) in the controlled environment room
(Fig. 1H) showed 100% survival and normal growth
and development after transfer to the greenhouse
(Table 5) and the cold frame (Fig. 1I). Plants ex-
hibited a 100% survival rate regardless of the treat-
ment during the in vitro root stage. We acclimatised
snowdrop anemone plantlets from treatments (0 or
3.0 uM IBA and 0 or 1.0 g/l AC for a total of 300
plants per clone) that resulted in a high percentage
of rooting and high-quality roots. For easier transfer
from in vitro to ex vitro conditions, the aluminium
foil caps of the culture vessels containing the in vitro
rooted plantlets were perforated. DE KLERK (2002)
reported that the conditions during the in vitro root-
ing treatment may have a tremendous effect on per-
formance after ex vitro transfer.

In conclusion, a successful in vitro adventitious
shoot regeneration, rooting, and plant acclimati-
sation protocol for Anemone sylvestris was devel-



Hort. Sci. (Prague)

Vol. 44, 2017 (4): 186-194

doi: 10.17221/266/2015-HORTSCI

Table 5. Acclimatisation of plantlets of two snowdrop anemone clones (AS2 and AS4) subjected to various in vitro

rooting conditions after 10 weeks in cultivation

Plant growth regulator (uM) AS2 clone AS4 clone

IBA AC (0 g/1) AC (1 g/l) AC (0 g/1) AC (1 g/l)
Survival rate (%)

0 100 + 0.0° 100 + 0.07 100 + 0.07 100 + 0.0*
3 100 + 0.0* 100 + 0.0° 100 + 0.0° 100 + 0.0*

means * standard error; significantly different treatment means are indicated using different letters within a column

according to Duncan’s test, at P < 0.05

oped. The results showed that snowdrop anemo-
nes required no PGRs during root induction. The
ploidy level affected the multiplication and rooting
processes. This protocol will be used in future stud-
ies to evaluate the impact of ploidy on aesthetics,
production features and secondary metabolite con-
tent, which are characteristics that are important
for floriculture and pharmaceutical uses. Thus,
based on the total acclimatisation of all plants, we
can conclude that the micropropagation protocol
described here was successful.
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