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with 90% survival success.

ABSTRACT

Presently, an efficient protocol for micropropagation using the pseudobulb derived from in vivo plants of
Coelogyne cristata Lindl was developed. The regeneration competence of the pseudobulb segments was
markedly influenced by physiological age of the mother plant, position on donor axis and the nutrient
regime. Juvenility of the tissues emerged as the important factor in inducing cell proliferations, as the
explants from well developed pseudobulb remained recalcitrant to regeneration, whereas regeneration in
the freshly formed pseudobulbs was obligatory to the exogenous application of cytokinin in dose double
to auxin (10.25+0.25), which multiplied through budding. The pure-line stability of regenerants was confirmed
at chromosome level (2n=38 ). The well rooted regenerated plantlets were acclimatized successfully in the
potting mixture containing moss, pinebark, brick pieces(5-7mm size) and charcoal pieces (1:1:1:1) mixture
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Introduction

The flowering plants satisfy man’s requirements for
food, shelter, clothing and drugs, besides adding his
aesthetic values. Their latter utility accounts for a
highly lucrative international trade in floriculture.
Till very recently, the trade primarily revolved
around roses, lilies, carnations, chrysanthemums,
tulips, but the trend now, fast shifting in favour of
orchids for their exquisite and long lasting flowers
of myriad shapes, sizes, fragrances and colors. Or-
chids (Orchidaceae), represents a diverse group of
geologically young plants, comprising of 35000 spe-
cies in 700-800 genera, have outsmarted their coun-
terparts by evolving higher level of specialization in
their vegetative and reproductive traits

(Christenhusz and Byng, 2016; Zhang et al., 2018).
Heavy pressures of commercial collection which far
exceeds their natural regeneration and habit de-
struction have detrimentally affected the size and
frequency of orchids population and the family
orchidaceae figures prominently in the Red Data
Book prepared by International Union for Conser-
vation of Nature and Natural Resources (IUCN,
1991).

Tissue culture technique has added new dimen-
sions and opened new avenues in conservation and
clonal propagation of particularly out breeders like
orchids which generate a great deal of heterozygos-
ity in the progenies, a disadvantageous proposition
in pureline preferred cut flower industry. Morel
(1964) pioneered the utility of shoot meristem to
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raise virus free plants, but the technique was detri-
mental to the monopodial orchids, as it requires the
sacrifice of the entire growth, hence it was desirable
to develop an alternate and equally effective multi-
plication system by activating adventitious mer-
istems. Normally, orchids were propagated in vitro
by using different explants leaves, roots,
Infloresecence and pseudobulbs, but there were
fewer reports obtained on in vivo and in vitro culture
of pseudobulb (Goswami et al., 2015; Islam et al.,
2015; Singh et al., 2016; Bhowmik and Rahman,
2020) as compared to the other explants.

Coelogyne cristata (crested Coelogyne), an ethno-
medicinally important foliar herb endemic to Hima-
layan ranges from Garhwal eastwards to Arunachal
Pradesh (1700-2300 m), commonly known as
‘Jibanti’, mostly used in folk medicines for treatment
of fractured bones, epilepsy, nerve disorders, anti-
ageing and stress problems (Mohammad, 2011;
Pramanick, 2016; Tsering et al., 2017). The latter
property makes C.cristata, a good alternative of
health tonic and rejuvenator. Besides this, due to
unregulated commercial collections, the natural
population of C. cristata was getting alarmingly rare
with passage of time and genus included in Appen-
dix II of the Convention on International Trade in
Endangered species of Wild fauna and flora (CITES,
2017). The present study was a pioneer attempt
which aims to prepare reproducible and efficient
micropropagation blue prints using C. cristata
pseudobulb segments.

Materials and Methods

Plant Material

C. cristata plants are collected from Darjeeling, West
Bengal (26°31-27°13 N; 87°59 -88°53 E) and grown
under greenhouse conditions in the Post Graduate
Government College for Girls, Sector 11,
Chandigarh. About 2 cm long freshly sprouted
pseudo bulb (6 wk after emergence) from green
house grown plants were used as explants.

Sterilization Method

The explants were sequentially surface sterilized
with solutions of streptomycin (0.1%, 15 min), so-
dium hypochlorite (4%, 15 min) and ethanol (70%,
3sec). The explants were subsequently rinsed re-
peatedly thrice with double sterilized distilled wa-
ter after every treatment. The cut ends of the ex-
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plants exposed to sterilizing agents were sliced off
and the sterilized pseudo bulbs were cut horizon-
tally into distal and proximal segments and inocu-
lated on the media.

Media and culture conditions

The pseudo bulb segments (0.5-1cm), were inocu-
lated on BM medium (Mitra et al., 1976) with BAP(6-
Benzyl amino urine; 1-10 mg/L), KN (Kinetin;1-10
mg/L) alone and in combination with NAA (a-
Naphthalene acetic acid; 1-10 mg/L). The pre-inocu-
lation medium pH was adjusted at 5.6. In parallel
set of experiments 0.2% activated charcoal (AC) was
used in the medium. Sixteen replicates for each
treatment and the experiments were repeated four
times. All experimental manipulations were done
under aseptic conditions and the cultures incubated
at 25+2 °C under 12 hr photoperiod of 3500 Ix light
intensity, were regularly observed

Data recording

The cultures were observed fortnightly and their
response to different chemical regime was recorded.
In order to study the effect of chemical stimulus on
regeneration, the different parameters observed
were: regeneration frequency, number of prolifera-
tive loci/explants and plantlet formation.

Acclimatization of the Plantlet

The plantlets (3 cm tall) were subjected to semi-solid
medium with half concentration macro and micro
salts of BM (Mitra ef al., 1976 medium) and after a
week time, macro, micro nutrients, sucrose and vi-
tamins were eliminated sequentially. The plantlets
were kept in nutrient and carbohydrate bereft me-
dium till they are 4-5 cm tall. Finally the plantlets
were taken out and rinsed with warm water before
transferring to moss, pine bark, brick and charcoal
pieces (1:1:1:1) mixture in poly bags under green-
house conditions. The humidity level was main-
tained by increasing the number of holes in poly
bags with passage of time. The poly bags were re-
moved after 4 weeks and the acclimatized plants
were fortnightly sprayed with Bavistin (1%) with
90% survival rate. Figure 5 shows an acclimatized
plantlet

Results and Discussion

The regeneration competence of the pseudo bulbs
was markedly influenced by physiological age of
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Table 1. Regeneration response to PGRs in C.cristata pseudobulb explants :

PGRs in BM PGRs Quantity Regeneration No. of plantlet Regeneration
medium (mgL?) (%) obtained /explant Pathway
BA 1 - - -

5 - - -

10 - - -
Kn 1 - -

5 - - i,

10 - - -
BAP+NAA 1:1 35.94+1.56 3 Callus
BAP+NAA* 11 35.94+1.56 3 Callus
BAP+NAA 5:5 51.56+1.56 5 Callus
BAP+NAA* 5:5 45.31+1.56 5 Callus
BAP+NAA 10:5 60.94+1.56 10.25+0.25 Callus
BAP+NAA* 10:5 59.38+1.56 9.5+0.25 Callus
KN+NAA 11 35.94+1.56 3 PLBs
KN+NAA* 1:1 35.94+1.56 3 PLBs
KN+NAA 5:5 51.56+1.56 1.75+0.25 PLBs
KN+NAA* 5:5 45.31+1.56 1.50+0.25 Shoot Primordia
KN+NAA 10:5 51.56+1.56 2.75+0.25 PLBs
KN +NAA* 10:5 45.31+1.56 1.75+0.25 Shoot Primodia

*Medium supplemented with activated charcoal (0.2%)

the mother plant, position on donor axis and me-
dium composition. Juvenility of the tissues emerged
as the important factor in inducing regeneration and
cell proliferations since the explants from well de-
veloped pseudo bulbs (>3 cm long) remained recal-
citrant to regeneration and those from freshly
formed pseudo bulbs (<3 cm long) reacted posi-
tively, where the lower part of pseudo bulb seg-
ments showed better response than upper part
(Fig.1),in compliance with earlier studies in
Bulbophyllum careyanum, Malaxis acuminata,
Coelogyne flaccida, Coelogyne ovalis ,Coelogyne stricta,
Dendrobum nobile, due to the fact that the younger
tissues with less rigid cell walls were physiologi-
cally and biochemically more active and show bet-
ter morphogenetic potential in harmony to earlier
reports (Sharma and Vij, 1997; Basker and Bai, 2006;
Sungkumlong and Deb, 2009; Sunita Bala and
Kishor, 2009; Kaur and Bhutani, 2010; 2013; Deb and
Arenmongla, 2014; Ghosh et al.,2014; Islam et al.,
2015; Singh et al., 2016; Sharma, 2017; Bhowmik and
Rahman, 2020). The perusal of literature reveals that
the positive results prominently restricted to the in
vitro sourced explants, however, presently, the re-
generation was successfully achieved in the in vivo
procured explants.

The explants showed small projections initially at
cut ends after 8 days of culture and subsequently

along the entire surface and within 4 weeks of cul-
ture, the swollen area was proliferated eventually
into plbs. The morphogenetic response and regen-
eration pathway was markedly influenced with
type of cytokinins and auxin used in the nutrient
pool and showed variation in initiating the mer-
istematic activity of the explants. It was observed
that the lower part of pseudo bulb yielded better
result over the segments (Fig. 3). The conversion fre-
quency in BAP (10 mg/L) + NAA (5 mg/L) was
through indirect somatic embryogenesis (callus) in
60.94+1.56 pseudo bulb segments producing
10.25+0.25 plantlets in 8 wks (Figs.1-2). However,
when BAP (10 mg/L) was substituted with KN
(10mg/L) in the latter medium, the 51.56+1.56
pseudo bulb segments showed direct shoot devel-
opment with plbs formed at base producing
2.75+0.25 plantlets (Fig. 4). Presently, synergistic
organogenesis responses were observed in seg-
ments when BAP is used in dose double than that of
NAA in compliance to earlier reports in Coelogyne
flaccid, Coelogyne stricta,Coelogyne ovalis, Changnienia
amoena, Cymbidium aloifolium, Cymbidium
finlaysoniacum, Cymbidium giganteum, Dendrobium
fimbriatum, D.palpebrae , Dendrobium transparens,
Eulophia andamanensis, Lycaste aromatic, Taenia latifolia
(Basker and Narmatha, 2006; Sunitibala and Kishor,
2009; Mota-Rosas et al., 2010; Jiang et al., 2011;
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Figs. 1-2. Direct Somatic embryogenesis in both distal and proximal segments in BM+BAP (10 mg/L )+NAA (5 mg/L);
Fig. 3. Direct Shoot primordia in distal segment in BM+KN (5 mg/L) +NAA (5 mg/L)+AC; Fig. 4. Multipli-
cation of Plbs through budding in BM+BAP (10 mg/L)+NAA (5 mg/L); Fig. 5. Callusing at the base of plantlet
in BM+BAP (10 mg/L)+NAA (5 mg/L) (5 mg/L); Figs. 6-7. Direct Shoot primordial in both proximal and
distal segment in BM+KN (5 mg/L) +NAA (5 mg/L)+AC; Fig. 8. Cytological study of C. cristata (2n=38).

Hossain, 2014; Deband Arenmongla, 2014; Ghosh et
al., 2014; Islam et al., 2015; Singh et al., 2016; Regmi
et al., 2017; Sharma, 2017; Ramesh et al., 2019;
Bhowmik and Rahman, 2020. Addition use of acti-
vated charcoal (0.2%), hampered the regeneration
response and favoured direct shoot primordial for-
mation (present study; Sunitibal and Kishor, 2009).
This differential response was attributed to
adsorbing quality of activated charcoal (AC), which
markedly influenced the morphogenesis by alterna-
tion in the endogenous level of auxin/cytokinin ra-
tio (Philip and Nainar,1988; Taji et al., 2002). The sig-
nificance of acclimatization in survival of in vitro
raised plantlets observed presently was in accord
with the earlier findings (Paudel and Pant, 2013;
Shibu et al., 2014; Islam et al., 2015).

Conclusion

The present study aimed to develop reproducible
micropropagation blue print in C. cristata
pseudobulb segments for mass clonal production of
viable, cytologically stable and healthy plants with
maximum survival. The studies reveals that the re-
generation reponse was influenced with juvenility,
source of explants and the nutrient environment.
The regeneration in BAP enriched combinations in

invariably indirect somatic embryogenesis medi-
ated. The efficacy of this cytokinins (BAP) was
obligatory to use of NAA and was more pro-
nounced at dose double than that of NAA in lower
part of pseudobulb segments. However, substitu-
tion of BAP with KN in the latter medium favoured
direct shoot devolopment. The protocol will facili-
tate conservation of endangered orchid from emi-
nent extinction.
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