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Rapid in vitro mass multiplication of orchids Aerides maculosa Lindl. and
Rhynchostylis retusa (L.) Bl. from immature seeds
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The callus embryoid plant regeneration was developed using immature seeds of Aerides maculosa Lindl. and
Rhynchostylis retusa (L.) Bl. Immature capsules of 5-10 wk after pollination (A. maculosa) and 10-20 wk after pollination
(R. retusa) were used for callus induction. In both the species, best response of callus induction was observed on Vacin and
Went (VW) medium supplemented with 15% coconut water (CW, v/v). In A. maculosa, maximum number of protocorm-
like bodies (PLBs; 13.93 per callus) was noted on VW medium supplemented with BA (1 mg L'H+NAA (1 mg LY +15%
CW. While in R. retusa, maximum number of PLBs (15.83 per callus) was noted in Murashige and skoog (MS) medium
supplemented with BA (I mg L')+NAA (1 mg L™)+15% CW. In vitro regenerated plantlets of both the species were
acclimatized to green house conditions. The highest survival rate of plantlets (60%) was noted in the combination of

charcoal pieces, brick pieces (1:1) and coconut husk.
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Introduction

Orchids are one of the most pampered plants and
occupy top position among all the flowering plants for
cut-flower production and as potted ornamentals. In
spite of a very large number of seeds produced, only
0.2-0.3% germinate in nature'. Orchid species are
under major threat worldwide due to over exploitation
by collectors and enthusiasts’. The major threat to
orchid populations are human activities, such as, land
clearing for agriculture purposes, mining and urban
development, and collection of plants for medicinal,
horticulture and ethno botanical reasons”.

Plant regeneration from orchid culture usually
occurs via protocorm. In vitro propagation involving a
callus phase is considered rather difficult
morphogenetic pathway in orchids. So far success
with callus culture is restricted only to a few species*®.
Orchidaceae consist of high number of threatened
species’. Rare and threatened orchid species are
propagated by seeds rather than by vegetative
methods®. Regeneration from seeds via protocorm-
like bodies (PLBs) has become the
preferential method for the production of orchids’.
Mostly horticultural trade depends on wild orchid
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populations, which are not propagated commercially.
Hence, in vitro propagation techniques are needed for
the continuous survival of the wild populations'’. In
the present study, authors have developed and
standardized the protocol for rapid in vitro
regeneration and mass multiplication of Aerides
maculosa Lindl. and Rhynchostylis retusa (L.) Bl..

Materials and Methods

Callus Induction

Callus cultures were initiated using seeds of
immature capsules obtained from controlled
pollinated plants grown in shade net condition. In case
of A. maculosa, immature capsules of 5-10 wk after
pollination (AP) (Fig. 1a) and for R. retusa 10-20 wk
AP (Fig. 2a) were used for in vitro propagation.

Capsules were surface cleaned by soaking in
detergent Teepol (5% v/v) for 15 min, 70% ethanol
for 30 sec., and then by quick flaming. After surface
sterilization, the seeds were scooped out and placed
on different basal media, such as, Vacin and Went
(VW)"', Murashige and Skoog (MS)'* and Mitra et al
(MI)B. Callus induction was examined in the media
supplemented with 0.5 mg/L a-naphthaleneacetic
acid (NAA), indole-3-acetic acid (IAA) and
2,4-dichlorophenoxyacetic acid (2,4-D). The effect of
coconut water (CW) on callus induction was also
studied by adding O (control), 10, 15 and 20% (v/v) of
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Fig. 1 (a-i)—Micropropagation of A. maculosa: a. Immature capsules after 5 wk of pollination; b. Callus developed on VM medium
supplemented with 15% CW; c. Callus mass showing PLBs in early stage of development; d-f. Regeneration of PLBs into plantlets;
g. Well rooted plantlets; h. Plantlets on charcoal pieces for acclimatization; & i. Plantlets transferred into green house in portray.

CW. Sucrose (3%) was used as organic carbon
source. All the media were adjusted to
pH 56402 with 0.1 N HCl or NaOH before
autoclaving. Media were autoclaved at 121°C for 20
min. Cultures were maintained at 25°C+2 under cool
white fluorescent light at 40 umol m™ s for 16 h
photoperiod. Experiments were repeated thrice.

Regeneration

To evaluate plant regeneration ability of induced
calli, they were cultured on VW and MS medium
containing sucrose 3% (w/v) and supplemented with
6-benzyleadenine (BA; 1-5 mg/L) in combination
with NAA (1-5 mg/L) and kinetin (KIN; 1-5 mg/L) in
conjunction with 15% (v/v) CW.

Ex Vitro Establishment

The regenerated plantlets were transferred to
conical flasks containing sterilized charcoal pieces
with 10 mL of 1/10" diluted VW medium. The flasks
were plugged with cotton and placed in a culture

room for 3 wks. Later on, cotton plugs were removed
and plantlets were maintained in the culture room for
1 more wk. Then plantlets were treated with bavistin
(fungicide) solution at 0.1% concentration for 5 min
and transferred to perforated plastic pots. The plastic
pots were filled with a mixture of charcoal and brick
pieces (1:1) along with coconut husk. Plastic pots
containing potting media were again treated with 0.1%
solution of bavistin. After transplanting, the plants
were sprayed with coconut water 3 times a day for
2 wk. After 2 wk, it was sprayed with 1/10" diluted
VW medium once a day up to 1 month. Later, plants
were watered regularly twice a day. Care was taken so
that roots of the seedling should pass through the space
in between charcoal and brick pieces. To prevent
fungal and bacterial infections, 0.1% bavistin and
2 ppm of ceftriaxone (antibiotic) were sprayed once in
15 d. The potted plants were kept in a greenhouse
(25% light) and mist irrigated. The observation on the
establishment of the seedlings was recorded at 2™ wk.



290 INDIAN J BIOTECHNOL, JULY 2012

Results
Callus Induction

In A. maculosa, callus induction was observed in all
the three media supplemented with CW. The callus
was friable, opaque and creamish to light yellow in
colour. The calli varied in size and were classified into
small, medium and large. VW medium was produced
higher frequency of callus induction (77-81.8%)
compared to MS and MI of media. The callus induction
varied from 57.8-60.6% in case of MS medium and
49.4-53.6% in MI medium. It was observed that the
VW medium supplemented with 15% CW was found
to be the most effective (Table 1; Fig. 1b). The time
taken for callus initiation varied amongst the three
media tested. In case of VW medium, callus initiation
was observed after 27 to 32 d of inoculation, while in
MS medium appeared after 33 to 37 d. In MI medium,
callus formation was initiated after 38 to 41 d. Thus,
earliest callus initiation was noticed on VW medium
supplemented with CW (15%) after 27 d of
inoculation. However, on MS and MI media callus
induction delayed under identical conditions (Table 1).

In R. retusa, callus induction was noticed in all the
concentrations of CW (10 to 20%). The callus was
friable, opaque, creamish to light yellow in colour and
varied in size. Among the basal media tried, VW
medium was more effective than MS and MI media.
In VW medium, 72-80% of callus induction was
noted, while considerably lower percentage of callus
induction was observed in the case of MS (59-61.4%)

Table 1—Effect of coconut water (CW) on callus induction
of immature seeds of A. maculosa on Vacin and Went (VW),
Murashige and Skoog (MS) and Mitra et al (MI) media

Responses of immature seeds in culture

Medium Morphogenesis* % callus No. of
supplemented induction®**  days

with CW taken
VW (Control) - - -
VW + CW 10% ++ 77 £0.55 30
VW +CW 15% +++ 81.8+0.82 27
VW + CW 20% + 78.6 +0.54 32
MS (Control) - - -
MS + CW 10% ++ 57.8 +0.92 33
MS + CW 15% + 60.6 +0.61 35
MS + CW 20% ++ 584 +0.62 37
MI (Control) - - -
MI + CW 10% + 494 +0.54 40
MI + CW 15% + 53.6+£0.25 38
MI + CW 20% + 50.8 £0.64 41
*- = No response; + = Small quantity; ++ = Moderate

quantity; +++ = Large quantity of calli
**Data showing the mean of 10 replicateststandard error
(SE)

and MI (49.6-53.4%) medium. Among the different
media tested, VW medium supplemented with CW
(15%) was found to be most effective for callus
induction (Table 2; Fig. 2b). Early callus initiation
was noticed in VW media, i.e., 30 to 35 d after
inoculation. In comparison to VW medium, slightly
more time was taken for callus initiation in MS
medium (34-37 d) and MI medium (34-39 d).
Compared to all other concentrations, 15% CW was
found to be very effective in early initiation of callus
in VW medium (30 d).

Regeneration

The regeneration ability of induced callus in
A. maculosa was evaluated by sub-culturing them on
VW medium, while in case of R. retusa, it was
evaluated on MS medium. The maximum number of
PLBs (13.93 per callus) in A. maculosa was noted on
VW medium supplemented with BA (1 mg L™)+NAA
(1 mg L™)+15% CW (Fig. 1c). Among the cytokinin
combinations, BA (1 mg L)+KIN (1 mg L')+15%
CW produced maximum number of PLBs (11.17 per
callus). However, the produced PLBs converted into
plantlets after 8 to 10 wk of culture in only those
cases regenerated on auxin and cytokinin
combinations (Fig. 1d-g). The best response of
conversion of PLBs into plantets was observed in case
of BA (1 mg LH+NAA (Img LH+15% CW
(Table 3), while PLBs formed on VW medium with
different combinations of cytokinin alone became
brown and necrotic upon sub-culturing.

Table 2—Effect of coconut water (CW) on callus induction of
immature seeds of R. refusa on Vacin and Went (VW),
Murashige and Skoog (MS) and Mitra et al (MI) media

Responses of immature seeds in culture

Media Morphogenesis* % callus No. of
supplemented induction®**  days
with CW taken
VW (Control) - - -
VW + CW 10% ++ 72+0.84 35
VW + CW 15% +++ 80 +1.00 30
VW + CW 20% + 74 +0.55 32
MS (Control) - - -
MS + CW 10% ++ 59 +0.81 37
MS + CW 15% + 61.4+0.43 34
MS + CW 20% ++ 60.6 £1.32 35
MI (Control) - - -
MI + CW 10% + 49.6 +0.59 39
MI + CW 15% + 534 +0.38 36
MI + CW 20% + 50+0.98 34

*- = No response; + = Small quantity; ++ = Moderate quantity;
+++ = Large quantity of calli
**Data showing the mean of 10 replicates+standard error (SE)
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Fig. 2 (a-h)—Micropropagation of R. retusa: a. Immature capsules of 10 wk after pollination; b. Callus developed on VW medium
supplemented with 15% CW; c. Early stage of PLB formation from the callus; d & e. Conversion of PLBs into plantlets; f. Well rooted
plantlets; g. Plantlets on charcoal pieces for acclimatization; & h. Plantlets transferred to greenhouse in portray.

Table 3—Influence of growth regulators (PGRs) on development of protocorm-like bodies (PLBs) from immature seed callus of
A. maculosa on Vacin and Went (VW) medium supplemented with 15% coconut water (CW)

PGR treatments No. of PLBs from each callus* Type of response Development of shoot buds from
(mgL™") PLBs
VW (Control) - - -
BA (5) + NAA (5) - - -
BA (5) + NAA (2) - - -
BA (2) + NAA (2) 4.7 £0.36 Greenish PLBs formed -
BA (2) + NAA (1) 5.33+£0.96 Green PLBs formed Shoot buds & plantlets formation
(approx. 2-3 cm)
BA (1) + NAA (1) 13.93 £+ 0.64 Healthy and green PLBs Shoot buds & plantlets formation
formed (approx. 2-3 cm)
BA (5) + KIN (5) - - -
BA (5) + KIN (2) 5.17 £0.31 Green PLBs formed -
BA (2) + KIN (2) 93+£2.72 Green PLBs formed -
BA (2) + KIN (1) 10.77 £0.92 Green PLBs formed -
BA (1) + KIN (1) 11.17 £1.32 Few green PLBs formed -
*Mean number of PLBs per 0.01 g fresh wt of callus; Data showing mean of 15 replicateststandard error (SE); - = No response;

-- = No further growth
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Table 4—Influence of growth regulators (PGRs) on development of protocorm-like (PCBs) bodies from immature seed callus of
R. retusa on MS medium supplemented with 15% coconut water (CW)

PGR treatments No. of PLBs from

(mgL™ each callus *
MS (Control) -
BA (5) + NAA (5) -
BA (5) + NAA (2) -
BA (2) + NAA (2) 5.33+0.96
BA (2) + NAA (1) 104 £1.08
BA (1) + NAA (1) 15.83 £0.81
BA (5) + KIN (5) 4.53 £0.65
BA (5) + KIN (2) 10.4 £079
BA (2) + KIN (2) 11.6 £0.46
BA (2) + KIN (1) 10.8 £1.32
BA (1) + KIN (1) 8.13 £1.66

Healthy and green PLBs formed

Type of response Development of shoot buds

from PLBs

Greenish PLBs formed --

Green PLBs formed Shoot buds and plantlets
formation (approx. 2-3 cm)
Shoot buds and plantlets
formation (approx. 2-3cm)

Few green PLBs formed --
Green PLBs formed --
Green PLBs formed --
Green PLBs formed --

Few green PLBs formed --

*Mean number of PLBs per 0.01 g fresh wt of callus; Data showing the mean of 15 replicates+standard error (SE);

- = No response; -- = No further growth

Similarly, in case of R. retusa, the maximum
number of PLBs (15.83 per callus) was noted on MS
medium supplemented with BA (1 mg L)+NAA
(1 mg LH+CW  (15%). Among the cytokinin
combinations, the maximum PLBs (11.6 per callus)
were observed in the presence of BA (2 mg L™)+KIN
(2 mg LYH+15% CW (Fig. 2c). However, the better
response of the conversion of PLBs into plantlets was
achieved in auxin and cytokinin combinations
(Fig. 2d-f). And combination of BA (1 mg LH+NAA
(1 mg LH+CW (15%) gave the best results (Table 4).
On the contrary, conversion of PLBs into plantlet was
not observed in BA and KIN combinations.

Ex Vitro Establishment

For acclimatization, in vitro regenerated plantlets
of both the species were transferred into conical flasks
containing sterilized charcoal pieces with 10 mL of
1/10"™ diluted VW medium and subjected to green
house conditions (Figs 1h & 2g). Later, acclimatized
plants were transplanted into perforated plastic pots
containing a combination of charcoal pieces, brick
pieces (1:1) and coconut husk (Figs 1i & 2h). About
60% of the plants survived in the pots.

Discussion

Several workers have reported the advantages of
using immature seeds from green capsules for
micropropagation'*'”. These advantages of immature
seeds include no loss of seeds by sudden natural
dehiscence, easy to surface sterilize, increased rate of
seed germination, early start by immature seeds and

immature seed culture helps in getting seedlings from
wide crosses where embryos in mature seeds often get
aborted. Immature seeds (16-18 wk after pollination)
of Arachnis labrosa, an epiphytic orchid, were used to
develop protocol for regeneration and mass
multiplication'®. Other workers have also established
protocols for mass multiplication of different orchids
using immature seeds'*'"'®,

Plant regeneration wusing different explants
(leaf'® and immature seeds'®) has been established in
R. retusa, while it was only made possible using leaf
segments® in A. maculosa. It has also been reported
that regeneration of plantlets in orchids through callus
usually occurred through PLB formation, involving
somatic embryogenesis’. In the present study, calli
were induced using immature seeds of two orchids,
A. maculosa and R. retusa, and standard protocols
were established for in vifro regeneration and mass
multiplication via PLB formation.

In the present study, CW was found effective in
callus induction in both A. maculosa and R. retusa
(Tables 1 & 2). Callus formation was observed in all
the three basal media in the presence of CW, whereas
better response was noted in VW medium. Percentage
callus induction in VW media ranged from 77 to 81%
(A. maculosa) and 72 to 80% (R. retusa), which was
much higher as compared to other media tested.
Among the CW treatments, VW medium
supplemented with CW of 15% (v/v) was found to be
most effective for callus induction in both the species
(Tables 1 & 2). Large quantities of soft, friable and
yellowish green calli were produced on VW medium
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supplemented with 15% CW. Similar observations
were made in case of Phalaenopsis when cultured on
VW medium supplemented with 20% CW?.
Moreover, callus induction in absence of plant growth
regulators has also been reported in Dendrobium
fimbriatum® and D. chrysotoxum™.

CW contains considerable amount of auxins and
cytokinins®* and is required for the maintenance of
callus®?. Therefore, logical explanation for induction
of callus in CW treatments could be presence of
auxins and cytokinins. It has been reported that
necrosis is a major problem faced during the callus
culture of orchids and absence of essentially required
plant growth regulators during callus phase usually
leads to necrosis™?>%. However, in case of
D. fimbriatum, complete absence of necrosis was
reported’. Similarly, in the present study, absence of
necrosis was observed in all the treatments used for
callus induction.

In orchids, plant regeneration from callus culture via
PLB formation, which is an intermediary somatic
embryo phase, has been reported®*>***’. It has been
observed that differentiation of PLBs from callus in
orchids occur in two different ways. In some orchid
species, PLB formation requires exogenous plant
growth hormones®?®; while in others, growth hormones
are not required*”. It is believed that cytokinin and
auxin ratio plays a vital role in the differentiation of
callus into PLBs®. In the present study also, callus
differentiation into PLBs was found dependent on
concentration of cytokinins and auxins used and the
best response was observed in the combinations of BA
and NAA in both the species. It was observed that
PLBs obtained on medium containing BA and NAA
combinations developed into well rooted plantlets after
8-10 wk in the same media for both the species.
Requirement of auxins and cytokinins for callus
differentiation into PLBs and then plantlet formation
has also been reported in other orchids***",

The present study shows that the calli of
A. maculosa and R. retusa can be induced from
immature seeds on media containing CW. PLB
formation from the calli needs the combination of BA
and NAA and presence of CW. Further, plantlet
developed from PLB on the same medium. Thus, the
present protocols provide efficient in vitro
multiplication method for A. maculousm and R. retusa
from immature seeds. The callus-embryoid-plant
regeneration system opens up new avenue for in vitro
clonal mass multiplication of these potential

ornamental orchid species. The development of
in vitro propagation methods would also contribute to
the conservation and commercialization of orchids.

Acknowledgement

Authors thank the Western Ghat Secretariat,
Planning Commission, New Delhi, and Special
Assistance Programme (SAP) of University Grant
Commission, New Delhi, for financial support to
carry out the present research work.

References

1 Singh F, In vitro propagation of orchids ‘state of art’,
J Orchid Soc India, 6 (1992) 11-14.

2 TUCN, IUCN guidelines for the prevention of biodiversity
loss due to biological invasion, Species, 31-32 (1999) 28-42.

3 Coates D J & Dixon K W, Current perspectives in plant
conservation biology, Aust J Bot, 55 (2007) 187-193.

4 RoyJ & Banerjee N, Induction of callus and plant regeneration
from shoot-tip explants of Dendrobium firmbriatum Lindl. var
oculatum Hk. £., Sci Hortic, 97 (2003) 333-340.

5 Lu M C, High frequency plant regeneration from callus
cultures of Pleione formosana Hayata, Plant Cell Tissue
Organ Cult, 78 (2004) 93-96.

6 Zhao P, Wu F, Sheng F F & Jun W W, Protocorm-like body
(PLB) formation and plant regeneration from the callus
cultures of Dendrobium candidum Wall ex Lindl., In Vitro
Cell Dev Biol-Plant, 44 (2008) 178-185.

7 Swarts N D & Dixon K W, Terrestrial orchid conservation in
the age of extinction, Ann Bot, 104 (2009) 543-556.

8 Dutra D, Kane M E & Richardson L, Asymbiotic seed
germination and in vitro seedling development of
Cyrtopodium punctatum: A propagation protocol for an
endangered Florida native orchid, Plant Cell Tissue Organ
Cult, 96 (2009) 235-243.

9 Das M C, Kumaria S & Tandon P, Protocorm regeneration
multiple shoot induction and ex vitro establishment of Cymbidium
devonianum Paxt, Asian J Plant Sci, 6 (2007) 349-353.

10 Kalimuthu K, Sentilkumar R & Vijayakumar S, In vitro
micropropagation of orchid Oncidium sp. (Dancing Dolls),
Afr J Biotechnol, 6 (2007) 1171-1174.

11 Vacin E F & Went F W, Some pH changes in nutrient
solutions, Bot Gaz, 110 (1949) 605-617.

12 Murashige T & Skoog F, A revised medium for rapid growth and
bioassays with tobacco cultures, Physiol Plant, 15 (1962) 473-497.

13 Mitra, G C, Prasad R N & Roychowdhury A, Inorganic salts
and differentiation of protocorms in seed callus of an orchid
and correlated changes in its free amino acid content, Indian
J Exp Biology, 11 (1976) 350-351.

14 Yam T W & Weatherhead M A, Germination and seedling
development of some Hong Kong orchids, Lindleyana, 3
(1988) 156-160.

15 De K K, Majumdar S, Sharma R & Sharma B, Green pod
culture and rapid micropropagation of Dendrobium
chrysanthum. Wall—A horticultural and medicinal orchid,
Folia Hortic, 18 (2006) 81-90.

16 Temjensangba & Deb C R, Regeneration and mass
multiplication of Arachnis labrosa (Lindl. ex Part.) Reichb:
A rare and threatened orchid, Curr Sci, 88 (2005)1966-1969.



294

17

18

19

20

21

22

23

INDIAN J BIOTECHNOL, JULY 2012

Chen Y, Liu X & Liu Y, In vitro plant regeneration from the
immatured seeds of Cymbidium faberi, Plant Cell Tissue
Organ Cult, 81 (2005) 247-251.

Thomas T D & Michael A, High-frequency plantlet
regeneration and multiple shoot induction from cultured
immature seeds of Rhynchostylis retusa Blume., an exquisite
orchid, Plant Biotechnol Rep, 1 (2007) 243-249.

Vij S P, Sood A & Plaha K K, Propagation of Rhynchostylis
retusa Bl. (Orchidaceae) by direct organogenesis from leaf
segments cultures, Bot Gaz, 145 (1984) 210-214.

Murthy H N & Pyati A N, Micropropagation of Aerides
maculosum Lindl. (Orchidaceae), In Vitro Cell Dev
Biol-Plant, 37 (2001) 223-226.

Begum A A, Tamaki M, Tahara M & Kato S, Somatic
embryogenesis in Cymbidium through in vitro culture of
inner tissue of protocorm-like bodies, J Jpn Soc Hortic Sci,
63 (1994) 419-427.

Ishii Y, Takamura T, Goi M & Tanaka M, Callus induction
and somatic embryogenesis of Phalaenopsis, Plant Cell Rep,
17 (1998) 446-450.

Roy J, Naha S, Majumdar M & Banerjee N, Direct and
callus-mediated protocorm like body induction from
shoot-tips of Dendrobium chrysotoxum Lindl. (Orchidaceae),
Plant Cell Tissue Organ Cult, 90 (2007) 31-39.

24

25

26

27

28

29

30

31

Arditti J] & Ernst R, Micropropagation of orchids (Wiley and
Sons, New York, USA) 1993.

Huan L V T, Takamura T & Tanaka M, Callus formation and
plant regeneration from callus through somatic embryo structures
in Cymbidium orchid, Plant Sci, 166 (2004) 1443-1449.

Wu F, Chen J & Chang W, Effect of auxin and cytokinins on
embryo formation from root derived callus of Oncidium
‘Gower Ramsey’, Plant Cell Tissue Organ Cult, 77 (2004)
107-109.

Vij S P & Kaur P, Regeneration potential of floral peels
Rhynchostylis retusa, J Orchid Soc India, 8 (1992) 71-74.
Anjum S, Zia M & Fayyaz C M, Investigation of
different strategies for high frequency regeneration of
Dendrobium malones ‘Victory’, Afr J Biotechnol, 5
(2006) 1738-1743.

Janarthanam B & Seshadri S, Plantlet regeneration from leaf
derived callus of Vanilla planifolia Andr., In Vitro Cell Dev
Biol-Plant, 44 (2008) 84-89.

Seeni S & Latha P G, In vitro multiplication and
ecorehabilitation of the endangered blue Vanda, Plant Cell
Tissue Organ Cult, 61 (2000) 1-8.

Sharma R, De K K, Sharma B & Majumdar S,
Micropropagation of Dendrobium fimbriatum Hook. by
green pod culture, J Plant Biol, 48 (2005) 253-257.



