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Abstract The genus Cypripedium, known as lady's slipper
orchid, has been considered to have a considerable marketability
as a potted and garden plant with beautiful flowers; however,
this species is becoming endangered and, in some places
extinct, due to habitat destruction and illegal collections. As
such, an optimized artificial propagation system is necessary
for its conservation and horticultural cultivation. For the
establishment of the in vitro proliferation of the endangered
Cypripedium macranthos Sw., native to Korea, the effects of
medium strength and sucrose concentrations on germination,
protocorm formation and seedling growth were investigated
through asymbiotic seed culture. The highest germination
rate and protocorm formation rate were obtained with a 1/4
MS medium; higher MS medium strengths did not generate
the favorable conditions required for germination and
protocorm growth. The overall growth characteristics of
roots and buds developed from protocorms were best in
cultures of 1/4 MS medium. On this medium containing 10 g·L-1
sucrose, both the germination rate and protocorm formation
rate increased significantly. The general growth properties
of seedlings developed on the medium with 10 g·L-1 sucrose
were best, showing the highest bud formation rate and root
number. Our results demonstrate that the 1/4 MS medium,
supplemented with 10 g·L-1 sucrose, could improve in vitro
germination, and facilitate the growth of seedlings developed
from the protocorms of C. macranthos Sw.
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Introduction
The genus Cypripedium belongs to the subfamily Cypripedioideae within the family Orchidaceae. Their members are
commonly called lady’s slippers because of the slipper-like
appearance of their flowers. This genus comprises 58 species
and four varieties (Cribb 1997; Wu et al. 2009). It is classified
as the terrestrial and temperate orchid, and commonly distributed
throughout the Northern Hemisphere. Unfortunately Cypripedium
species is becoming extinct due to the destruction of native
habitats, ecological disturbance and illegal collection for
horticultural and medicinal purposes (Cribb and Sandison
1998). C. macranthos Sw. is widely found from Eastern Russia,
Northern China, Japan, Korea and Taiwan, but its population
and abundance have been also recently reduced in Korea. It
has been officially recorded in over 50 localities on the
Korean peninsula, however, the numbers of individuals and
subpopulations have decreased extremely as a result of
over-collection and less than ten extant subpopulations are
known in South Korea (Lee and Choi 2006).
In vitro seed germination is a powerful method to preserve
native, rare and overcollected orchid species, producing and
maintaining a large number of its population (Texeira da Silva
2013). Particularly, asymbiotic germination has been usefully
applied for commercial propagation of orchids. But the
orchids of temperate terrestrial origin have been still difficult
to propagate in vitro (Arditti and Ernst 1992; Rasmussen
1995) and the poor germination or plantlet death have occurred
frequently (Malmgren 1988). Of the subfamily Cypridedioideae,
four genera (Cypripedium, Paphiopedilum, Phragmipedium
and Selenipedium) are considered to be more difficult to
culture in vitro, as compared to the epiphytic orchids, and
Cypripedium species is known to have the most intricate
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culture conditions (Arditii and Ernst 1984; Arditti 2009;
Rasmussen 1995). Many studies have recommended that the
most effective propagation method of Cypripedium species is
in vitro seed germination (Arditti 1967; Arditii and Ernst
1992). However, its germination depends on many factors
including seed collection time, habitat location, season and
growth stage (Arditti 1967; Ballard 1987; Harvais 1982).
Many in vitro cultural conditions including physical and
nutritional parameters can also affect the germination of
Cypripedium. In particular, medium types, plant growth
regulators, carbohydrates, organic amendments, vitamins and
other components have been tested for the improvement of
Cypripedium seed germination and its protocorm development
(Deng et al. 2012; De Pauw et al. 1993, 1995; Harvais 1982;
Piao et al. 2011; Rasmussen 1995; Yan et al. 2006).
In this study, we tried to investigate the effects of medium
strength and sucrose concentration on in vitro germination,
protocorm formation and seedling growth, and refine the in
vitro culture medium composition for the successful proliferation
of C. macranthos Sw.

Materials and Methods
Plant materials
C. macranthos Sw. have been cultivated in field and
greenhouse at Chungcheongbuk-do Agricultural Research
and Extension Services. During blooming season (from April
to June), the flowers were cross-pollinated manually by
transferring pollinia onto the stigma of the other flower. Seed
capsules were harvested at 75 days after cross-pollination.
They were brought to the laboratory and prepared for
inoculation onto medium on the same day. In a laminar flow
hood, whole seed capsules which were not injured by insects
such as leaf-miners were surface-sterilized in 3% (v/v) sodium
hypochlorite solution for 15 min and rinsed three times in
sterile distilled water. Capsules were cut and their seeds were
scooped out with forceps onto the culture medium. The seeds
were incubated in darkness at 23 ± 2°C during 5 months.
Effect of basal medium strength on in vitro germination,
protocorm formation and seedling growth of C. macranthos Sw.
The seeds from surface-sterilized capsules were sown on each
Murashige and Skoog (MS) medium (Murashige and Skoog,
1962) with different strengths (2, 1, 1/2, 1/4 and 1/8). This
-1
basal medium was supplemented with 10 g·L sucrose, 100
ml·L-1 coconut water and 7 g·L-1 agar. The pH was adjusted to
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5.8 before autoclaving. 100 ml of medium was poured onto
each plant culture dish (Φ100 x h40 mm). This experiment
was designed randomly. Each treatment had ten replicates and
was conducted three times. Ten seed capsules were collected,
and the seeds from each capsule were equally distributed into
each replicate of five MS medium with different strengths.
After sowing, the seeds were incubated in darkness at 23 ± 2°C
during 5 months. After 2 months of culture, the germination
rate (the percentage of the number of seeds germinated among
the total countered number of seeds) was calculated. Germination
indicated the emergence of the full embryo from the testa.
After 3 months of culture, the protocorm formation rate was
also calculated as the percentage of the number of young
protocorms with promeristem among the total germinated
seeds. After 5 months of culture, the growth characteristics of
young seedlings developed from protocorms were measured.
Effect of medium sucrose concentration on in vitro germination,
protocorm formation and seedling growth of C. macranthos Sw.
The seeds from surface-sterilized capsules were sown on the
each MS medium with different sucrose concentrations (0, 10,
20, 30 and 40 g·L-1). This basal medium was the quarter-1
strength MS medium with 100 ml·L coconut water and 7
-1
g·L agar. The pH was adjusted to 5.8 before autoclaving (at
121°C and 1.2 kgf·cm-2 pressure for 15 min). 100 ml of
medium was poured onto each plant culture dish (Φ100 x h40
mm). This experiment was designed randomly. Each treatment
had ten replicates and was conducted three times. Ten seed
capsules were collected, and the seeds from each capsule were
equally distributed into each replicate of basal MS medium
with 5 different concentrations of sucrose. After sowing, the
seeds were incubated in darkness at 23 ± 2°C during 5 months.
The germination and protocorm formation rate as well as the
growth characteristics of young seedlings were measured as
mentioned above.
Statistical analysis
Data from each experiment were subjected to Duncan`s
multiple range test using SAS program (Version 6.21, SAS
Institute Inc., Cary, NC, USA).

Results and Discussion
Effect of basal medium strength on in vitro germination,
protocorm formation and seedling growth of C. macranthos Sw.
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development of C. macranthos Sw. after in vitro seed
inoculation. After 2 months of culture, seed embryos were swollen
and seed coats were ruptured. And they were transformed into
the young protocorms and the meristematic dome (promeristems)
were formed at the basal parts by 3 months. After then, the
young protocorms were elongated, presumably owing to the
cell division of the newly organized shoot and root apical
meristem. Zeng et al. (2014) also reported that this meristematic tissue of protocorm led to the generation of a scale and
apex of seedlings. When the embryo of Orchidaceae is transformed into a protocorm, its cells are arranged along a
longitudinal axis according to size and the meristematic tissue
is developed at the anterior pole. During these developmental
processes, the apical shoot and root meristems are newly
differentiated from these meristematic tissues (Rasmussen
1995).
Table 1 showed that the highest germination rate (68.1%)
and protocorm formation rate (70.1%) were obtained from 1/4
MS medium. Higher MS medium strength could not make the
favorable condition for germination and protocorm growth of
C. macranthos Sw. When the seeds were cultured on MS and
2 MS medium, both germination and protocorm formation
rate decreased by 40~65% and 38~48% respectively, as
compared with 1/4 MS medium.
Table 2 and Figure 2 also showed that the overall growth
characteristics of seedlings developed from protocorms were
best in culture of 1/4 MS medium. The fresh weight and dry
weight of seedling were shown to be doubled in 1/4 MS
medium. Roots were almost formed from young protocorms
in all treatments, but their number and length increased
respectively by 1.6~2.2 times and 1.25~1.7 times in 1/4 MS
medium, as compared with other MS medium with higher
strength. The formation rate of buds and their length also
increased respectively by 11~32% and 25~45% in comparison
with MS and 2 MS medium. 1/8 MS medium, which has the
severely diluted macroelements, could not promote the
germination, protocorm and seedling growth, resulting from

Fig. 1 Seed germination and protocorm development of C.
macranthos Sw. after in vitro seed inoculation. (A) Seed embryos
were swollen and seed coats were ruptured after 2 months of
culture. (B) Young protocorms were developed from embryos
and the promeristems (arrows) were formed at the basal parts
after 3 months. Scale bar = 1 mm
Table 1 Effect of MS medium strength on in vitro seed germination
and protocorm formation of C. macranthos Sw. after 2 and 3
months of culture
MS medium
strength

Germination
(%)

1/8

57.5 b

Protocorm formation
(%)

z

58.0 b

1/4

68.1 a

70.1 a

1/2

59.4 b

60.5 b

1

41.5 c

43.3 bc

2

23.7 d

36.6 c

z

Mean separation determined by Duncan’s multiple range test at
P ≤ 0.05.

From the preliminary studies we found that MS medium was
the good basal medium for germination and protocorm
growth of C. macranthos Sw. (Huh 2015). Therefore, the
accurate MS medium strength was tried to be found for
acquisition of well-defined in vitro medium composition in
this study. Figure 1 showed the seed germination and protocorm

Table 2 Effect of MS medium strength on the growth of seedlings developed from protocorms of C. macranthos Sw. after 5 months
of culture

z

Root

Bud

MS
medium
strength

Fresh
weight
(mg)

Dry
weight
(mg)

No.

Length
(cm)

Diameter
(mm)

Formation
(%)

Length
(cm)

Diameter
(mm)

1/8

184.7 bz

20.5 b

4.5 b

2.2 ab

1.0 a

71.6 b

5.5 b

1.6 a

z

1/4

254.3 a

29.5 a

6.5 a

2.5 a

1.0 a

80.5 a

7.1 a

1.9 a

1/2

152.6 bc

17.4 bc

4.1 b

2.0 b

0.9 a

72.3 b

5.7 b

1.8 a

1

112.2 c

12.0 c

3.2 c

1.5 c

0.8 a

68.2 bc

4.9 c

1.5 a

2

93.7 d

9.5 d

2.9 c

1.4 c

0.8 a

61.0 c

5.0 c

1.6 a

Mean separation by Duncan’s multiple range test at P ≤ 0.05. No.: Number
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Fig. 2 Morphology of seedlings developed from protocorms of C. macranthos Sw. depending on the MS medium strength after 5
months of culture
Table 4 Effect of sucrose concentration on the growth of seedling developed from protocorms of C. macranthos Sw. after 5 months
of culture
Sucrose
conc.
(g·L-1)
0

Fresh
weight
(mg)
63.1 dz

Dry
weight
(mg)

Root

Bud

No.

Length
(cm)

Diameter
(mm)

Formation
(%)

Length
(cm)

Diameter
(mm)

5.8 d

1.9 d

1.4 c

0.7 b

28.6 dz

3.5 c

1.2 b

10

266.9 a

29.5 a

6.4 a

2.7 a

1.0 a

80.7 a

7.9 a

1.7 a

20

157.1 b

17.4 b

5.6 ab

2.2 ab

1.0 a

74.4 ab

8.1 a

1.6 a

30

121.5 c

12.9 c

4.3 b

1.8 b

0.9 a

70.5 b

6.2 b

1.7 a

40

119.0 c

12.2 c

4.1 c

1.8 b

1.0 a

52.3 c

5.9 b

1.8 a

z

Mean separation by Duncan’s multiple range test at P ≤ 0.05. conc.: concentration. No.: Number

Fig. 3 Morphology of seedlings developed from protocorms of C. macranthos Sw. depending on the sucrose concentration after 5
months of culture

the depletion of nutrients during the long-term culture period.
The differentiation of buds which would develop into the new
shoots during ex vitro acclimatization is very critical for
seedling survival and growth of C. macranthos Sw. If the buds
were not formed from protocorms or did not grow vigorously,
the young seedlings could not maintain their growth and
develop into the adult plants. Therefore, it is very important to
find the optimum culture conditions to induce the generation
of buds from protocorms and keep their growth healthy during
in vitro culture period.
A number of medium compositions for temperate terrestrial
orchids have been developed through some modifications of
salt components, the mineral salt concentration has been
commonly reduced and organic compounds increased (Rännbäck

2007). Various studies also reported that the traditional tissue
culture media have been found to be too concentrated for
temperate orchids, therefore, should be diluted approximately
2 to 10 times (Harvais 1974; Rasmussen 1995; Van Waes
1984). Cypripedium species has been proved to prefer a low
salt medium (Piao et al. 2011; Van Waes and Debergh 1986).
Fast (1982) also recommended the use of growth media with
less than 0.25 to 1.0 g of inorganic salts. At 42 days after
pollination (DAP), the germination rate of three Cypripedium
species was highest and the protocorm development was
faster on 1/2 Norstog macroelements at all periods of collection
(De Pauw and Remphrey 1993). In the cases of other orchids
such as Dendrobium tosaense and Paphiopedilum armeniacum,
the optimum basal medium for seed germination and subsequent
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protocorm development was respectively half-strength and
eight-strength MS medium (Udomdee et al. 2014; Zhang et al.
2015). The actual germination might benefit from low osmolarity
and complete absence of mineral salts (Rasmussen 1995).
Therefore, it was suggested that the low level of inorganic
salts in diluted medium could efficiently improve the germination
and protocorm development, furthermore, induce the vigorous
seedling growth during asymbiotic seed culture of C. macranthos
Sw.
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concentration from 10 to 50 mM resulted in poor germination
and development of Bletia purpurea. Other researchers also
claimed that the addition with high concentration of sucrose in
the culture medium might have inhibitory effect on nutrient
uptake by lowering water potential of the medium (Shim et al.
2003), and induce the osmotic stress (Shohael et al. 2006).
Therefore, in this experiment, it could be conjectured that
-1
10 g·L sucrose might induce the optimal osmotic potential
that facilitates in vitro germination and seedling growth from
protocorm of C. macranthos Sw. during its culture period.

Effect of medium sucrose concentration on in vitro germination,
protocorm formation and seedling growth of C. macranthos Sw.
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