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Abstract

An efficient protocol for rapid clonal propagation from different explants of Aerides odorata Lour.- an endemic orchid of Manipur
has been established. Leaf base explants showed significant response in % strengeh Murashige and Skoog medium supplemented with
thidiazuron (TDZ) and 6-benzylaminopurine (BAP). Callus were initiated only from leaf base explants after 60 days of culture while
other parts of leaves failed to response in all the treatments. Medium supplemented with 1.0 mg/L TDZ produced protocorm like
bodies (PLBs) ac the leaf base. Shoot tip explants of A. odorata showed different morphogenetic responses in different phytohormone
treatments. Calli were initiated only in the medium containing e-naphthalene acetic acid (NAA). Highest calli frequency was observed
in the medium containing 2 mg/L (NAA) (85.71£0.21) which indicates the importance of exogenous auxin in embryonic callus
proliferation. Direct shoot regeneration on the other hand was observed in all the treatments. Highest number of shoot was obtained
in higher concentration of NAA (2 mg/L) and BAP (4 mg/L) (4.80+0.18), showing combined effect of BAP and NAA, which may be
due to the synergistic effect of cytokinin and auxin. Among the different rooting phytohormones, addition of NAA (0.5 mg/L) in %
MS medium shows highest frequency of root induction. More than 95% # vitro plants survived during acclimatization under ex vitro
conditions. This phytohormones and explants based micropropagation system can open up the route for 7z vitro clonal multiplication of

this commercially important Aerides species.
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Abbreviations: PLBs- protocorm like bodies; NAA- a-naphthalene acetic acid; TDZ- thidiazuron; BAP- 6-benzylaminopurine; HgCl -
mercuric chloride; MS- Murashige and Skoog’s; IAA- Indole-3-acetic acid; IBA- Indole-3-butyric acid

Introduction

Aerides as described by de Loureiro (1790) consists of
approximately 21 Southeast Asian species ranging from In-
dia to Papua New Guinea (Kocyan ez 4/., 2008). Plants are
medium to large sized epi- or lithophytes, mostly pinkish
coloured with heavily scented flowers. Their fragrance has
made them a valuable source for the scent extraction and
production of numerous artificial hybrids and cultivars.
As a result, they are highly valued in flori-trade as species
or hybrids for pot plant or cut flower and holds enormous
promise (Kishor ez 4l.,2006). In north-east India, Manipur
is rich in orchid biodiversity and occupies the fourth posi-
tion in orchid diversity (Medhi and Chakrabarti, 2009).
Among 251 wild orchid species found in Manipur, Aerides
is an endemic and commercially one of the prospective or-
chids with great medicinal significance. “Meitei maiba- a
traditional healer” used ground fruit mainly for healing of
wounds while juice of its fleshy leaves is used for the heal-
ing of boils in ear and nose. Presence of phenanthropyran
derivative and antibacterial effect were also documented by
Anuradha and Prakasa (1998) and Ghanaksh and Kaushik
(1999) respectively. The grim possibility of extinction un-

der intense biotic pressures like forest fires, indiscriminate
wild collection and illegal trade by local people of Ma-
nipur bring about loss of this native orchid. Traditional
knowledge in conservation of orchids in natural habitat by
“Meite;” community in sacred groves (Khumbongmayum
et al., 2004) can clutch only limited number of orchid gen-
era. However, highly threatened species such as Aerides en-
tail immediate 77 sizu as well as ex sitzu conservation. More-
over, the propagation of this species through sexual means
is a very slow process as its seeds lack endosperm and need
fungal stimulant for germination in nature; the fungus is
believed to augment the carbohydrate, auxin and vitamin
transport in the orchid (Arditti ez 4/, 1982). The loss of
diversity in Aerides population however, required to take
initiative for the mass propagation and establish in its na-
ture. Thus, tissue culture technique is a potential alterna-
tive method for large scale production and conservation of
rare, endangered and threatened orchid.

In the present study reliable cloning methodology has
been established for this orchid and investigation was un-
dertaken to develop an efficient protocol for iz vitro shoot
multiplication of Aerides odorata Lour. The results of these
experiments provide for the first time a standardized pro-
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tocol for plant regeneration through direct and indirect
organogenesis in A. odorata through leaf and shoot tip
explants. Iz vitro raised plants were used to conserve the
genetic stocks of this valuable plant.

Material and methods

Plant material

Plants of Aerides odorata Lour. collected from its natu-
ral habitat were planted in pots and grown under shade
house (50%) conditions at Institute of Bioresources and
Sustainable Development, Imphal, India. During the
flowering season, several flowers were hand pollinated on
the 2" day of anthesis and bagged with butter paper for
a week. Several pods were harvested after 120 days and
brought to the laboratory for iz vitro germination.

In vitro establishment of shoot cultures of immature

embryos

The harvested pods were surface decontaminated se-
quentially with detergent solution (Labolene, Qualigens,
India) for 10 min, 0.1% streptomycin (20 s), 70% (v/v)
ethanol (50 s) and 0.1% (w/v) mercuric chloride (HgCL,)
(2 min), and thoroughly rinsed with sterilized distilled wa-
ter. Green capsules were dissected longitudinally with ster-
ile surgical blade. The immature seeds were scooped out
of the sterilized capsules and small mass (5 mm x 5 mm)
of the aggregated seeds were germinated in 25 mm x 150
mm test tube, each containing half strength MS medium

(Murashige and Skoog, 1962).

In vitro response of explants types in different

phytohormones

Half strength MS medium supplemented with 3.0%
sucrose and 0.8% agar (HiMedia, Mumbai, India) was
used as a basal medium for i% vitro response of A. odorata
in different explants, unless otherwise noted.

In vitro derived leaves and shoot tips from 38 weeks
old axenic cultures harvested from mother plants were
used as a source of explants for series of experiments. For
investigating the 77 vitro response of leaf explants to dif-
ferent plant growth regulators, iz vitro leaves adjacent
to youngest leaves were selected and cut into 5.0-10 mm
segments under aseptic condition (the segments included
leaf tip, middle and basal portions). The explants were
than culture in % MS medium supplemented with various
concentration of Thidiazuron (0.1- 4.0 mg/L TDZ) and
6-Benzylaminopurine (0.5-8.0 mg/L BAP) (Sigma, USA).
For second experimental series, 77 vitro shoot tip explants
of 0.3-0.5 mm were cultured in % MS medium supple-
mented with various concentrations and combinations
of a-naphthalene acetic acid (0.5-2.0 mg/L NAA), TDZ
(1.0-4.0 mg/L) and BAP (0.5-4.0 mg/L) (Sigma, USA).

Each of the individual explant was inoculated per 100
ml conical flask (Borosil, India) containing 50 ml of the
medium. 20 vessels were taken per treatment and the ex-

periment was repeated three times. The pH of medium
was adjusted to 5.7 and autoclaved at 121°C at a pressure
of 1.06 kg/cm? for 15 min. Cultures were incubated at 25
+ 2°C under 12 hr photoperiod of 3,500 lux light inten-
sity (Fluorescent tubes -40W; Philips India Ltd., Mumbai,
India). The observations were made regularly and data
were recorded accordingly.

Rooting of regenerated shoots

For the induction of roots, the regenerated multiple
shoots of A. odorata were excised and single shoots lon-
ger than 2 cm were transferred to %2 MS medium supple-
mented with various rooting hormones viz. NAA, TAA
(Indole-3-acetic acid), IBA (Indole-3-butyric acid) (0.5
mg/L). The cultures were maintained in the culture room
under the same condition as above experiment. Observa-
tion was recorded at regular intervals of 10-15 days upto
120 days and the obtained root number and their length
were recorded.

Acclimatization

In vitro derived plantlets with well developed root sys-
tem were subjected for ex vitro establishment in soil. Plant-
lets were washed thoroughly with sterile distilled water to
remove any trace of medium and were planted in plastic
pot of size 10 X 12 cm containing potting mixture of brick
chip and charcoal pieces in 1:1ratio. The acclimatized
plants were maintained in a plant growth chamber at 95%
relative humidity with 16 h photoperiod (30-45 pmol
m?s?). The survival efficiency was determined 4 weeks af-
ter initial establishment (Number of plant survived after 4
wecks / Total number of plant subjected for acclimatiza-
tion).

Statistical analysis

Statistical significance of each experimental treatment
on in vitro response of various explant types to different
phytohormones were analysed using one way analysis of
variance and Tukey’s test in SPSS 16.0 (SPSS Inc., Chi-
cago, IL, USA) using at p<0.05 level of significance.

Results and discussion

In vitro response of leaf segment culture

The morphogenetic response of leaf explants of Aerides
odorata cultured in % MS medium containing varying
concentrations of BAP and TDZ is shown in Tab. 1.

In the present investigation 100% of the leaf base ex-
plants successfully produced yellowish and soft calli pro-
liferated from the basal portion within 8 weeks of culture
(Fig. 1a), while other leaf explants like leaf tip and middle
portion failed to response in all the treatments. This dif-
ferential response of the juvenile leaves hints at the pos-
sibility of the influence of the genotype or the intrinsic
factors of the mother plant upon regeneration potential.
The study also determined the probability of control of
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Tab. 1. Effect of different concentration of TDZ and BAP on
in vitro leaf explants culture of Aerides odorata Lour.

Plant growth

r‘gﬁluglji(;r Responding explants (%) + S.E.*
TDZ NAA
0.1 16.6+£0.22%
0.5 25.0+0.12%0
1.0 25.0+0.14%>
2.0 16.0+0.11*
4.0 16.6+0.08 =
0.5 16.6£0.21%
1.0 25.0+0.09
2.0 41.6£0.10%<
4.0 25.0+0.13%0

*S.E.: Standard error; Means followed by same letters are not significantly
different at the p < 0.05 level of significance, according to Turkey’s comparison test

meristematic potential by some factors emerging from the
leaf base tissues. So far induction of well-defined calli from
leaf explants has not been documented from A. odorata in
vitro. Percentage of responding explants varies from 16.0-
41.6%, where, medium containing higher BAP concentra-
tion (4.0 mg/L) showed highest significant response (p <
0.05) after 60 days of culture (Tab. 1). Whereas, medium
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containing higher than 2.0 mg/L TDZ showed reduc-
tion in percentage explants responds. However, Chen
and Chang (2006) and Chen ez 4. (1999) also reported
direct somatic embryogenesis from leaf explants of orchid
species in medium containing TDZ. Although calli were
developed in all the leaf base explants, the percentage of
responding explants varies according to hormonal concen-
tration (Data not shown). In support to the present find-
ing, Mathews and Rao (1985) reported that isolated leaf
base cultures are most amenable region for callus prolifera-
tion in orchid. Similarly, the leaf base exhibited a greater
proliferative potential than leaf tips in many species such
as, Ascocenda and Vanda (Fu, 1978), Coelogyne, Dendro-
bium, Oncidium and Phalaenopsis (Abdul and Hairani,
1990), Renanthera (Seeni and Latha, 1992), and Acampe
(Nayak ez al., 1997). In contrary, Churchill ez a/. (1973)
observed that among the different parts of the leaf culture,
only leaf tips responded by callus formation in Laeliocatt-
leya cv. Portia ‘Mayflower” and iz vitro grown Epidendrum
cv. O’Brienianum.

Among the different treatments, somatic embryogen-
esis at the leaf bases subsequently turned into protocorm
like bodies (PLBs) within 60 days in % MS medium sup-
plemented with 1.0 mg/L TDZ (Fig. 1b and ¢). Other
cytokinin treatment such as BAP does not show any re-
sponse in PLBs formation. Similar result showing induc-

Fig. 1. (a) Induction of callus from base of leaf base segment explants; (b) Induction of pro-
tocorm like bodies (PLBs) formation in leaf segment culture of A. odoratum on %> MS me-
dium + 1.0 mg/L TDZ; (c) Magnified picture of the area forming PLBs in leaf segment
culture seen through a Stereo Zoom microscope; (d) Direct shoot regenerated from base of

leaf base segment explant
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tion of PLBs from callus was also reported previously by
many workers (Kerbauy, 1984; Ishii ¢z al., 1998; Tokuhara
and Mii, 2001; Roy and Banerjee, 2003). However, our
findings illustrate that TDZ strongly stimulated PLBs
(a unique type of somatic embryo in orchids) formation
from leaf base explant culture. Chang and Chang (1998),
Chen and Chang (2004) and Huan ez a/. (2004) also dem-
onstrated the response of TDZ in PLBs formation in Cym-
bidium ensifolium, Oncidium and Cymbidium sp. orchids
respectively. Apart from calli and PLBs formation in leaf
base explants culture, direct shoot organogenesis were also
observed in medium with both the hormones treatment.
Formation of direct adventives shoot buds was confined to
the leaf bases of the leaves (Fig. 1d) while the chlorophyl-
lous distal parts of the leaves did not show any response in
shoot regeneration (Data not shown).

Presently, positive response of foliar explants in suc-
cessful establishment and multiplication of A. odorata in
vitro is in support with the finding of Murthy and Pyati
(2001) in Aerides maculosum. This indicated the impor-
tance of leaf/foliar explants as an effective alternative to
shoot meristems for micropropagating orchids which is
being increasingly realized. Successful micropropagation
using leaf explants depends on many factors like medium
nutrient composition, the growth hormones, and most im-
portantly the part of leaf taken. The formation of embryos
directly from leaf cells may also provide an opportunity for
in vitro cloning, which has not been previously possible
because of tissue or callus culture-induced variability.

In vitro response of shoot tip culture
Shoot tip culture of Aerides odorata shows different
morphogenetic response in different phytohormones

(Tab. 2).

100% of the shoot tip explants successfully produced
yellowish and soft calli from the base of the shoot tip only
in medium supplemented with NAA (Tab. 2). Callus lines
were subculture frequently on the original media every 7-8
wecks interval and were maintained in the same culture
condition. After two to three subcultures, callus prolif-
eration was eventually inconsistent with different NAA
concentration (Tab. 2). The highest frequency of callus in-
duction was observed on the medium containing 2 mg/L
NAA (85.71 %) (Fig. 2a) while, medium with 1 mg/L and
4 mg/L NAA shows callus proliferation of 57 and 28.57%
respectively. However, callus proliferated was absent in
medium with 0.5 mg/L NAA on second subculture but
induced only roots. This is consistent with the fact that
exogenous auxin is the most important plant growth regu-
lator for induction of embryogenic callus in the majority
of angiosperms (Chang and Chang, 1998; Ingacimuthu ez
al., 1999Smith and Krikorian, 1990). Orchid callus there-
fore is considered to be difficult to induce and subculture
(Colli and Kerbauy, 1993; Begum ez al., 1994; Kerbauy,
1991). Furthermost, our observation in the present study
indicated that additional cytokinin were unessential for
callus proliferation in 4. odorata since calli were induced
in medium without cytokinin (‘Tab. 2). In contrary, Chang
and Chang (1998), Ishii ez a/. (1998) and Ingacimuthu ez
al. (1999) demonstrated the requisite of cytokinin for op-
timum response that could be related to the maintenance
of a proper balance between auxin and cytokinin, which
act synergistically to regulate cell division (Johri and Mi-
tra, 2001), a process essential for callus formation. In ad-
dition, Roy and Banerjee (2003) have also observed low
callus frequency in medium containing NAA alone and
suggested that addition of cytokinin was required for im-
proving callus response. Thus callus-embryoid-plant regen-
eration system developed during the present investigation

Tab. 2. Effect of different phytohormones in i% vitro callus induction and shoot multiplication of Aerides odorata Lour.

Growth regulators

mg/L Callus formation (%) + S.E.* Mean number of auxillary shoots + S.E.x
NAA BAP TDZ

0.0 0.0 0.0 1.25+0.12¢
0.5 0.00* 3.29+0.118
1.0 57.00+0.17¢ 2.85+0.14f
2.0 85.71+0.21¢ 3.84+0.258
4.0 26.57+0.11° 2.89+0.15°
0.5 2.0+0.20f

1.0 22+0.31f

2.0 3.1+0.308

4.0 4740220

1.0 1.6+0.17¢

2.0 3.2+0.23¢

4.0 3.1+0.20¢

0.5 4.0 3.42+0.23¢
1.0 2.0 1.6+0.19¢
2.0 4.0 4.80+0.18"

*S.E.: Standard error; Means followed by same letters are not significantly different at the p < 0.05 level of significance, according to Turkey’s comparison test
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may provide a suitable system for attempts to transform
this Aerides species.

Practical protocols for mass propagation of Aerides
odorata Lour. were achieved during the present investiga-
tion. Statistical analysis on shoot multiplication in % MS
medium supplemented with various combination and
concentration of NAA, TDZ and BAP have shown sig-
nificantly (p < 0.5) different number of shoots produced
among the various treatments (Tab. 2). In this species,
shoot bud differentiation occurred directly from the iz

o
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vitro derived shoot within 10-12 days of culture on medi-
um treated with NAA alone or in combination with BAP.
Multiple shoot thus developed were observed without any
intervening callus and protocorm like bodies (PLBs) for-
mation. The shoot buds first appeared as small green pro-
tuberances which eventually developed into shoots. The
differentiation of shoot buds continued until the end of 5*
week. The frequency of the shoot regeneration and num-
ber of shoots per explants increased with increasing NAA
and BAP concentrations (Tab. 2). High frequency shoot

P).nl,;‘ﬁl,c.;_{ﬁ&:-

5, 4,6

Fig. 2. (a) Callus induction from shoot tip explants; (b) Shoot tip explants forming multiple

shoot in ¥2 MS medium containing 4 mg/L BAP; (c) Shoot tip explants forming multiple
shoot in % MS medium containing 2 mg/L NAA + 4 mg/L BAP; (d) Hardened and trans-
planted seedlings under shade house; (e) 2 vitro medium term conservation of A. odorata in
V3 strength MS semisolid medium supplemented with 1 mg/L NAA + 2 mg/L BAP
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regeneration (100%) coupled with maximal number of
shoots was recorded at medium with high concentration
of BAP (4 mg/L) treated alone (4.7+0.2) (Fig. 2b) or in
addition with 2 mg/L NAA (4.80+0.18) (Fig. 2¢) (Tab.
2). This is in support with the finding of Tripepi (1997)
and Huang ez 4/. (2000), showing combined effect of BAP
and NAA in shoot multiplication. In contrast Sunitibala
and Kishor (2009) have shown reduction in shoot multi-
plication in high NAA and BAP concentration in Dend-
robium transparens. However, the current study has shown
that these hormones promoted % vitro shoot multiplica-
tion from A. odorata shoot tip explant.

Further, addition of TDZ (1.0-4.0 mg/L) alone though
promotes shoot regeneration (1.6+0.17-3.2+0.23), which
however does not have significant differences with the
other treatment such as in NAA (2.85+0.14-3.84+0.84).
However, least number of shoot multiplication was ob-
served in low concentration (0.5-1.0 mg/L) of BAP
(2.040.2), NAA (2.85+0.14) and TDZ (1.6+0.17).
Hence, the number of shoot developed is markedly af-
fected by a three-way interaction between NAA, BAP and
TDZ concentrations. Thus, the above finding suggests
that of the two cytokinins tested, BAP shows significant
response for iz vitro shoot multiplication in A. odorata.
Although exogenous cytokinin is regarded as the most
crucial factor for shoot induction, in most of the previ-
ous studies additional presence of auxin, particularly at
a high cytokinin: auxin ratio, has proved more effective
than cytokinin alone (Pack and Yeung, 1991; Shimasaki
and Uemoto, 1990). Moreover, during the present study,
optimum response for shoot multiplication was observed
in the higher concentration of auxin and cytokinin (Tab.
2). Therefore, it could be pointed out that exogenous cy-
tokinin is not an absolute prerequisite for shoot induction
in orchids and that it simply improves the multiplication
rate (Roy and Banerjee, 2002).

Rooting of in vitro derived shoots

For the rooting of shoots, 2 MS medium fortified with
0.5 mg/L of rooting hormone viz. IAA, IBA and NAA
were used (Tab. 3). Although, all the tested media posi-
tively responded to development of roots, different hor-
mones response different results in number of roots and
root length after 3 weeks of culture. Significant rooting
response was observed in %2 MS medium supplemented
with NAA (Tab. 3). Statistically, number of roots of A.
odorata was found to be highly significant at 5% level of

Tab. 3. In vitro rooting on half-strength MS medium with
different rooting hormones

Plant growth hormones Number of Root length
(0.5 mg/L) roots+ S.E.X (cm) + S.EX

NAA 7.5+0.18% 2.43+0.11~

IBA 4.0+0.21™ 1.01+0.44*

1AA 2.6+0.14™ 2.0+0.07*

*S.E.: Standard error

significance. Among different concentration of NAA
highest number of roots was observed in medium with 0.5
mg/L NAA with average value of 7.5 per explants. No sig-
nificant differences were observed in root length ranging
from 1.01-2.43 per explants, the highest root length was
observed in medium with 0.5 mg/L NAA (2.43+0.11).
However, in support with the present finding, superiority
of NAA in root induction was also reported by Sheela-
vantmath ez 2/. (2000). Thus, among the different rooting
hormones, NAA was found to be most effective for the
rooting of shoots of 4. odorata. This result is in contrary
with the previous findings of rooting in Aerides odorata
(Pant and Gurung, 2005) and Micropera pallida (Bhadra
and Hossain, 2004) showing positive response in medium
with TAA. Similarly, Pradhan (2007) and Asghar ez al.
(2011) observed maximum number of roots on medium
fortified with IBA than in NAA in orchid species.

A good growing medium having properties such as
maximum water-holding capacity, porosity, drainage and
proper environmental condition is essential for proper
growth and development of iz vitro raised plantlets of A.
odorata. Hardening of the plants in the greenhouse under
high humidity conditions was found to be highly benefi-
cial for successful acclimatization. Well developed i vitro
derived shoots along with roots were transfer into soil for
ex vitro establishment of 4. odorata. More than 95% sur-
vival rate were observed in plants hardened at 1:1 ratio

brick chips and charcoal pieces (Fig. 2 d).

In vitro medium term conservation of Aerides odorata

A simple and easy technique for medium term iz
vitro conservation of A. odorata has been developed (Fig.
2¢). Seedling of A. odorata can grow upto 12 months at
% strength MS semisolid medium supplemented with 1
mg/L NAA + 2 mg/L BAP in culture bottles with poly-
propylene caps. The cultures can be maintained for more
than 24 months by addition of liquid culture medium
having same nutrient composition without transferring
the seedlings from one culture vessel to another. However,
the development of successful storage methods enables the
establishment of extensive basal collections, with represen-
tative genetic diversity. Using this protocol, it is possible to
produce viable uniform and healthy plants with maximum
survival rate that can be used for large scale cultivation.
Furthermore, the protocol may facilitate conservation of
this fragrant, medicinal orchid from extinction in natural
population.

Conclusions

The data presented herein indicate that for rapid mul-
tiplication of 4. odorata using different plant growth hor-
mones could be effectively employed which otherwise
exhibits extremely slow growth. This is the first report de-
scribing the effect of varying phytohormones in different
explants type of 4. odorata and describes a rapid and simple
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protocol to obtain large numbers of plantlets within short
period of time. Interestingly, in conclusion, apart from
significant combination effect of NAA and BAP in shoot
multiplication, transition of flower 7 vitro were observed
in the medium with 1 mg/L NAA and 2 mg/L BAP. Initi-
ated flower was however incomplete and disappear after
the next subculture in the same medium. This may be due
to the presence of auxins, which may be involved with the
transition to the reproductive phase, which to a certain
degree are in accordance with the results of Ferreira ez al.
(2006) in Dendrobium. Further work to study the various
parameters that effect the growth and flowering and phy-
tochemical availability is still underway.
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