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Abstract Coelogyne nervosa is an epiphytic orchid endem-
ic to Western Ghats, South India. The mature seeds of C.
nervosa were cultured on 2 MS (Murashige and Skoog),
MS, Kn (Knudson) and VW (Vacin and Went) media to
evaluate the seed germination response. Of the four basal
media used, MS medium supported maximum seed germi-
nation. Further experiments to enhance seed germination
were done on MS medium supplemented with various con-
centrations (10, 20, 30 and 40 %) of coconut water (CW).
Thirty percent CW gave the highest response in terms of
percent seed germination (96), fresh weight (7.2 mg/seed-
ling) and protocorm length (15.2 mm). Since CW containing
medium did not support further seedling growth, each seed-
ling was isolated and cultured on MS medium supplemented
with either BA (6-benzylaminopurine) or Kin (kinetin)
alone (1.0—4.0 mg/1 each) or in combination with NAA (1-
naphthaleneacetic acid; 0.2—1.0 mg/l). Maximum growth
was observed on MS medium supplemented with BA
(3.0 mg/l) and NAA (0.5 mg/l). On this medium, the seed-
lings reached an average length of 3.6 cm with 2.8 well
expanded green leaves per seedling. Similarly, optimum,
healthy, white root induction (3.3 roots/seedlings) was also
observed on the same medium. The rooted seedlings were
successfully transplanted to pots with 91 % success.

J. Augustine - T. D. Thomas (D<)

Post Graduate and Research Department of Botany,
St. Thomas College, Palai,

Arunapuram (PO), PIN-686574, Kottayam (DT),
Kottayam, Kerala, India

e-mail: den_thuruthiyil@yahoo.com

S. Abraham

Department of Botany, Bharathiar University,
Coimbatore-46,

Coimbatore, Tamilnadu, India
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Abbreviations

BA 6-benzylaminopurine

CW  Coconut water

KN  Knudson medium

Kin  Kinetin

MS Murashige and Skoog medium

NAA l-naphthalene acetic acid
PGR  Plant growth regulator
VW  Vacin and Went medium
Introduction

Orchidaceae is one of the largest and most diverse families
of the flowering plants, consisting of about 35,000 species
under 800 genera (Singh et al. 2007). Nearly 1,300 species
are estimated to occur in India (Kumar and Sasidharan
1985). The orchids constitute an advanced and taxonomi-
cally complex group of plants, highly specialized in many
ways. They are well known for their exquisite and perpetual
flowers which made them doyen among ornamentals.
Recently, there is an increase in world floriculture trade
and orchids constitute the second most popular cut flowers
as well as potted floriculture crop with wholesale prices
estimated at $126 million (Anonymous 2008). Majority of
orchids have become an object of concern to conservation-
ists due to its high sensitivity to alterations in its environ-
ment (Rasmussen 1995). Since orchids are horticulturally
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important, it is collected indiscriminately from nature cou-
pled with continuous habitat destruction for land reclama-
tion, unauthorized trade and collection of orchids by orchid
lovers, majority of rare and precious orchid species in nature
are disappearing at an alarming rate.

As orchid seeds do not possess endosperm, their natural
germination is limited and need a symbiotic association with
specific mycorrhizal fungus. Orchids also propagate vege-
tatively. But the conventional methods of propagation of
orchids are very slow and laborious. For these reasons the
price of orchids is very high.

To save the diverse orchid species from extinction, in
vitro mass propagation technique is being utilized to raise
plants by growing them in nurseries (Hey and Hey 1966).
Ever since the development of a protocol for asymbiotic
seed germination of orchids by Knudson (1922), asymbiotic
seed germination has become an important and favored
method for orchid propagation and this method has been
routinely used by many researchers for developing individ-
ual nutrient formulations for seed germination and mass
propagation of different terrestrial as well as epiphytic or-
chid species (Yamazaki and Miyoshi 2006; Stewart and
Kane 2006). The use of exogenous growth hormones stim-
ulates the zygotic embryo to initiate protocorms that develop
into plantlets (Pant and Gurung 2005). Furthermore, high
demand from commercial sector has undoubtedly led to an
increased emphasis on in vitro mass propagation and con-
servation of important orchid species (Stenberg and Kane
1998). Major problems associated with micropropagation of
economically valuable orchids for commercial purposes
include the lack of effective and reliable protocols for seed
germination, obligate mycorrhizal association for natural
seed germination and high mortality rate of seedlings during
the early stages of culture.

C. nervosa is a threatened endemic orchid from Southern
India which grows as an epiphyte and is important for its
beautiful flowers (Khasim and Ramudu 2011). The plant has
a pseudobulb and the terminal inflorescence originates from
the top of it. The inflorescence droops with weight of the
flowers and flowers are 3 cm across. Flower lip is white
outside and marked with veins of mustard colour inside
(Abraham and Vatsala 1981). There is no previous report
on the micropropagation of C. nervosa. However, micro-
propagation of two related species C. cristata and C. mos-
siae was reported (Naing et al. 2011; Sebastianraj et al.
2006). The uncontrolled collection of this orchid from wild
and habitat destruction made this plant to disappear from
natural habitat. Therefore, it is necessary to develop a micro-
propagation protocol for this commercially valuable orchid.
Hence, the present study was undertaken with a view to
establish an efficient protocol for mass propagation, study
the effects of various media, coconut water and plant growth
regulators (PGRs) on seed germination and growth of
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seedlings in Coelogyne nervosa, a floriculturally important
endemic orchid.

Materials and methods
Plant material and sterilization

C. nervosa is an epiphytic orchid bearing large white flow-
ers which is endemic to South India. The plant flowers in
August and September. The mature green capsules (about
210 days-old) post pollination have a size of about 3.5-5 cm
long and 0.5 cm width. Such capsules collected from
healthy individual plant were used for seed culture experi-
ments. After collection, the fruits were stored in a small
bottle containing silica gel and immediately brought to lab
for in vitro culture experiments. The capsules were washed
in tap water and then dipped in sodium hypochlorite
(NaOCl, 0.6 %w/v) solution for 10 min. The capsules were
then submerged in 95 % ecthanol and flamed rapidly for few
seconds followed by washing in autoclaved distilled water.

Culture initiation and media

Half strength MS (Murashige and Skoog 1962), MS, KC
(Knudson 1922) and VW (Vacin and Went 1949) media
were used for preliminary experiment to evaluate suitable
medium for seed germination. After preliminary experi-
ment, MS medium was found most suitable and was used
for all further experiments. The surface sterilized capsules
were then splitted longitudinally with a sterile scalpel and
the seeds were scooped out from sterilized capsules and
placed as a thin layer over the surface of the culture medium
in glass test tubes with the help of a sterilized forceps. For
getting maximum seed germination, MS medium was sup-
plemented with four different concentrations (10, 20, 30 and
40 %) of coconut water (CW). The seedling elongation and
further growth was obtained on MS medium supplemented
with various concentrations (1.0-4.0 mg/l) of BA (6-
benzylaminopurine) or Kin (kinetin) alone or in combination
with NAA (1-naphthaleneacetic acid; 0.2—1.0 mg/1).

Culture conditions

The pH of all media was adjusted to 5.8 with 0.1 N NaOH or
HCI before autoclaving at 120 °C and 105 kPa for 15 min.
The culture tubes were capped with cotton plugs before
autoclaving. The average number of green healthy seed-
lings, fresh weight of seedling (in mg), and average number
of green and white protocorm-like bodies (PLB) developed
per treatment were scored at appropriate culture period at 25
+2 °C under cool white fluorescent light at 40 umol m > s ™"
with a 16-h photoperiod per day. Each treatment consisted
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of at least 12 cultures and all experiments were repeated
three times. Analysis of variance and Duncan’s multiple
range test were used for comparison among treatment means
(Duncan 1955).

Transplantation

Well rooted fully developed plantlets were removed from cul-
ture tubes, washed thoroughly in running tap water to remove
agar, and transplanted to pots (15 cm diameter) containing sand,
brick and soil (4:4:2) as substrates. The pots were initially
covered with a plastic bag to maintain high humidity for about
20 days. The pots were incubated at 25+2 °C under cool white
fluorescent light (35 pmol m 2 s ') with a 16-h photoperiod.
Pots were maintained under 30-40 % natural light for 3 months,
sprayed with water twice a day. Plant survival was determined
by growth and development of normal seedlings into plants,
which were transplanted to greenhouse. The acclimatized plants
were eventually transferred to their natural habitat.

Results and discussion

In the present study, we used four media (/2 MS, MS, KC
and VW) to evaluate the seed germination capacity. Of the
four media, full strength MS medium was found most ef-
fective for seed germination as compared to other media
(Table 1). On MS basal medium, an average number of 49
seeds germinated as compared to 34, 31 and 36 on 2 MS,
KC and VW basal media respectively. Similarly, days taken
for seed germination, protocorm formation and plantlet de-
velopment were also evaluated. On MS medium, an average
number of 67, 44, 75 days were taken for seed germination,
protocorm formation and plantlet development respectively.
Whereas in KC to medium, 67, 68, 98 days were taken for
seed germination, protocorm formation and plantlet devel-
opment respectively (Table 1). Based on data, it was clear
that full strength MS medium produced optimum response
in C. nervosa as compared to 2 MS, Kn and VW media
hence, MS medium was employed for all further

experiments. Several researchers investigated the effect of
various media on orchid seed germination. Based on previ-
ous reports it is clear that various orchid systems responded
variously to different media. In Vanda teres, of the three
media tried for seed germination, optimum response was
observed on VW medium followed by MS and KN medium
(Sinha and Roy 2004). In Geodorum densiflorum, MS and
Phytamax (PM) media were tried for seed germination and
MS medium produced optimum response as compared to PM
medium. The authors concluded that the difference in re-
sponse of MS and PM media was mainly due to the difference
in the nutrient content (Bhadra and Hossain 2003). In
Cymbidium findlaysonianum, of the three media (MS, 2 MS
and VW) used for protocorm induction from seeds, MS me-
dium produced optimum protocorm induction when used
individually. However, a combination of MS and VW medi-
um produced highest response (Tawaro et al. 2008).
Although optimum seed germination was observed on
MS basal medium in the present study (Table 1), the percent
seed germination was poor (Table 2). Hence various con-
centrations of coconut water (CW) was added to MS medi-
um (10, 20, 30 and 40 %) to improve the response further.
The addition of CW further enhanced the response both in
terms of percent seed germination and days taken for devel-
opment. The observations were taken in two stages i.e.
60 days and 100 days after seed culture. On MS basal
medium only about 35% and 41 % seeds germinated 60
and 100 days after culture re-spectively, Whereas it was
enhanced to 92% and 96 % in 30 % CW after 60 and 100
days of culture respectively (Table 2). The same medium
supported highest average fresh weight (2.8 and 7.2 mg, 60
and 100 days after culture respectively) per protocorm and
optimum proto- corm length of 4.5 mm and 15.2 mm after 60
and 100 days of culture respectively (Table 2). The same
medium supported highest average fresh weight (2.8 and
7.2 mg, 60 and 100 days after culture respectively) per a single
protocorm and optimum protocorm length of 4.5 mm and
15.2 mm after 60 and 100 days of culture respectively
(Table 2). In orchid seed germination depends not only on
the type of medium employed but also on the natural additives

Table 1 Effect of various culture media on seed germination in C. nervosa

Media Average number of green Days taken for
seedlings per tube®
Seed germination® Protocorm formation® Plantlet development®
Y2 MS 34+4.3b 78+2.5a 62+6.5a 82+4.9b
MS 4943.2a 67+4.3b 44+7.8b 75+6.2¢
KC 31+5.3b 71+6.7a 68+6.7a 98+6.9a
VW 36+6.4b 79+5.9a 66+7.1a 92+7.3a

#The values represent the means (+SE) of three independent experiments. At least 12 cultures were raised for each experiment. Mean values within
a column followed by the same letter are not significantly different by Duncan’s multiple range test (P>0.05)
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Table 2 Influence of different concentrations of coconut water on development of protocorm like bodies (PLBs) from seed cultures of C. nervosa

60 days and 100 days after culture. Medium: MS

CW Concentration (%) % seed germination

Fresh weight of protocorm (mg)

Protocorm length (mm)

60 days 100 days 60 days® 100 days® 60 days® 100 days®
0.0 35 41 0.9+0.3¢c 4.3+£0.8¢c 1.9+0.5¢ 9.2%1.1c
10 48 53 1.3+£0.4¢ 5.4+0.7b 3.1+£0.4b 10.9+£0.9b
20 67 69 1.6+0.5¢ 5.8+£0.9b 3.440.6b 12.3+1.4b
30 92 96 2.8+0.4a 7.2+0.7a 4.5+0.5a 15.2+1.0a
40 78 81 1.9+0.5b 5.9+0.8b 3.8+0.6b 13.4+1.6b

?The values represent the means (=SE) of three independent experiments. At least 12 cultures were raised for each experiment. Mean values within

a column followed by the same letter are not significantly different by Duncan’s multiple range test (P>0.05)

like CW, banana extract, pineapple juice and boiled potato
present in the medium. CW has also been reported to play a
critical role in seed germination in Rhynchostylis retusa. Of
the 4 different concentrations (5, 10, 15 and 20 %) used, 15 %
gave optimum response with 93 % seed germination (Thomas
and Michael 2007). Similarly, CW has been reported to induce
seed germination, protocorm and callus regeneration in sev-
eral orchid species (Kitsaki et al. 2004; Roy and Banerjee
2003; Sheelavanthmath et al. 2005).

The cultured seeds puffed up slowly during the initial
stages of development. Microscopic observation showed that
the seeds contained an oval shaped embryo inside it at the time
of culture and this shape was retained for about 1 week of
culture (Fig. 1a and b). After about 2 weeks the shape of the
embryo gradually changed to globose. This is followed by
enlargement of the embryo after absorbing nourishment from
medium which resulted in the rupturing of thin layer of seed

coat by the globular shaped embryo (Fig. 1c). A close obser-
vation on the upper side of the globular embryo showed cells
with rapid mitotic activity. Further, the protocorm elongated
and developed a papilla like projection at the upper side that
can be called as the first prophyll (Fig. 1d). After breaking the
seed coat the globular embryo enlarged and elongated further
in about 60 days. At this stage the embryo was visible to the
naked eye as small green propagule (Fig. 2a). In about 20 days,
the green seedlings elongated further and small leaves were
initiated from it (Fig. 2b). The further development of seed-
lings to a length of about 15.2 mm with elongated green leaves
was observed in another 20 days (Fig. 2c).

The seedlings developed on MS medium supplemented
with CW reached a length ranging from 9.2 mm to 15.2 mm
in 100 days (Table 2). However, further growth and root
initiation was not observed after prolonged incubation on
the same medium. Therefore, MS medium supplemented

Fig. 1 Initial stages of seed
germination in C. nervosa. a An
enlarged view of a seed at the
time of culture. A small sized
embryo is present in the seed. b
The seeds 1 week after culture
on MS medium supplemented
with 30 % CW. The embryo
inside the seed enlarged further.
¢ The seeds 3 weeks after
culture on MS medium
supplemented with 30 % CW.

The seed coat has ruptured and
the globular shaped embryo
came out of the seed. d The
elongated embryo 5 weeks after
culture. Scale bar=0.1 mm (a—
d)
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Fig. 2 Seedling development,
isolation and field transfer of C.
nervosa. a Small green globular
shaped propagules appeared

60 days after culture. Scale
bar=12 mm. b Green seedlings
with initiated leaves 80 days
after culture on MS medium
supplemented with 30 % CW.
Scale bar=18 mm. ¢ Same as in
Fig. 2b, 100 days after culture.

The seedlings have attained
more size. Scale bar=10 mm. d
An isolated single seedling on
MS medium supplemented with
BA (3 mg/l) and NAA, 0.5 mg/
1). Scale bar=0.8 cm. e An in
vitro seedling derived plant
about 2 years after field transfer.
The plant has two flowers on it.
Scale bar=4.0 cm

with either a cytokinin alone (BA or Kin in the range of 1—
4 mg/l) or in combination with 0.2—1.0 mg/l NAA was used
for further development of seedlings. Of the two cytokinins
used, BA was comparatively better than Kin in terms of
seedling length. However, the number of leaves did not

show any significant difference on both cytokinin contain-
ing media. Optimum growth was observed on MS medium
supplemented with 3 mg/l BA when used individually. Here
the seedlings reached an average height of 1.8 cm with 1.6
leaves in about 90 days (Table 3). Similarly Kin at 2.0 mg/

Table 3 Effect of various plant

growth regulators on seedling Plant growth regulators (mg/I) Seedling length (cm)® Leaf number® Root number®
development in C. nervosa.
Culture medium: MS, Culture BA Kn NAA
period: 90 days
0.0 0.0 0.0 0.7+0.2d 1.2+0.2b 0.0
1.0 — - 1.3+0.4¢ 1.4+0.4b 0.0
2.0 — - 1.6+0.5¢ 1.5+0.5b 0.0
3.0 — - 1.8+0.4¢ 1.6+0.3b 0.0
4.0 — - 1.5+0.6¢ 1.6+0.4b 0.0
1.0 - 0.8+0.4d 1.4+0.3b 0.0
2.0 - 1.0+0.3d 1.4+0.6b 0.0
3.0 - 1.3+0.4¢ 1.6+0.5b 0.0
“The values represent the means 4.0 B 1.60.5¢ 1.5+0.7b 0.0
(+SE) of three independent 3.0 0.2 2.3£0.5b 2.4+0.6a 1.9+0.6¢
experiments. At least 12 cultures 3.0 0.5 3.6+0.4a 2.8+0.5a 3.3+0.5a
were raised for each experiment. 5 1.0 22+03b 2.6+0.6a 2.1£0.6b
Mean values within a column
followed by the same letter are 2.0 0.2 1.4+0.5¢ 1.6+0.5b 1.1+£0.4¢
not significantly different by 2.0 0.5 1.7+0.4c 1.9£0.6b 1.2+0.6¢
Duncan’s multiple range test 2.0 1.0 1.8+0.6¢ 1.720.6b 1.6+0.5¢

(P>0.05)
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1 produced optimum response of 1.8 cm seedling height with
1.4 leaves. There was no root development when cytokinin
was used individually. The addition of NAA (0.2—-1.0 mg/l)
along with BA (3 mg/l) and Kin (2.0 mg/l) significantly
promoted the seedling growth and development. Highest
response was observed on MS medium supplemented with
3.0 mg/l BA and 0.5 mg/l NAA. On this medium, the seed-
lings showed prolific growth and developed to a size of
3.6 cm with 2.8 leaves per seedling in 90 days (Fig. 2d).
Moreover, the synergistic action of auxin-cytokinin combi-
nation induced roots which were not observed when cyto-
kinin alone was used. The optimum rooting response was
observed on MS medium supplemented with 3.0 mg/l BA
and 0.5 mg/l NAA. Here an average number of 3.3 roots
were observed per seedling (Table 3; Fig. 2d). Cytokinins
either alone or in combination with an auxin is routinely
employed for orchid propagation from various explants
(Chugh et al. 2009). For maximum seedling growth in
Rhynchostylis retusa, a combination of BA and NAA was
sufficient. The individual seedlings reached a size of about
2.3 cm in about 1 month on this medium (Thomas and
Michael 2007). The role of BA either alone or in combina-
tion with NAA in inducing seedling growth was reported in
several orchid species like Grammatophylum speciosum
(Khampa et al. 2010), Cymbidium elegans (Pradhan and
Pant 2009), Epidendrum ibaguense (Hossain 2008). The
prolifically growing seedlings with well developed long roots
when transplanted to pots containing sand, brick and soil
(4:4:2) acclimatized well. Of the 56 plants transplanted to
pots, 51 (91 %) survived. The two-year-old tissue culture

derived transplanted plants produced normal flowers (Fig. 2¢).

In conclusion, an efficient protocol for the micropropa-
gation of C. nervosa has been developed. The procedure
described here is relatively simple and reliable where the
seeds germinated and seedlings developed into normal and
healthy plants. Our results indicated that MS medium is best
for seed germination and CW plays a crucial role in pro-
moting seedling growth. Further synergistic action of BA
and NAA promoted individual seedling elongation and root
formation. Plant tissue culture technique described here is
an ideal tool for rapid mass propagation and conservation of
this rare and threatened orchid.
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