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ABSTRACT

Orchids, owing to the exquisite beauty of flowers, are highly valued in the cut flower trade and as potted
plants. Apart from their diversity in colour, foliage and fragrance, orchids are immensely used in folk
medicines as they are endowed with phytoconstituents significant in healthcare. Given to the topographical
features and climatic suitability, Uttarakhand harbours several medicinally important orchids. Rhynchostylis
retusa, a monopodial, epiphytic orchid native to this region, is used in the treatment of rheumatic disorders,
asthma, malarial fever and blood dysentery. Due to its high commercial value but slow rate of conventional
propagation coupled with loss of habitat, tissue culture technology can be effectively used as an alternative
to furnish the demand. In the present study different growth additives (coconut water, yeast extract, and
peptone) and plant growth regulators (BA and NAA) and were screened for seed germination, proliferation
and plantlet development. Optimum germination rate and PLB formation was recorded in full strength MS
basal medium. Further PLB multiplication was best studied in MS medium supplemented with coconut
water (10%) and highest number of leaves (4.33) and roots (4.33) per PLB were observed in MS medium
with the combination of BAP and peptone. The plantlets so developed were successfully transplanted to
field conditions.
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Introduction

Orchidaceae is the most evolved family of monocots
with ~ 25,000-30,000 species (Chugh et al., 2009). Or-
chids are prized in the floriculture industry due to
beautiful foliage, and long lasting flowers
(Khuraijam et al., 2017). Orchids are also widely
used in the traditional medicine system
(Brinkmann, 2014, Leon and Lin, 2017). Being cos-
mopolitan; orchids are distributed in the
Indomalayan realm and the Eastern Himalayan re-
gion. India, a biodiversity hotspot, harbours a di-
verse variety of orchids. Uttarakhand (500- 2500

msal), due to its well suited agro-climatic conditions
and topographical features is a natural home to
~250 species of orchids (Joshi et al., 2009). Richness
in diversity of orchid species is observed between
1500- 2000 msal and due to high humidity in this
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zone most of the species are epiphytic. But anthro-
pogenic activities coupled with natural calamities
pose a major threat to the epiphytic orchids of the
region. According to the reports of Government of
India (MoEF) a major part (44,868 ha) of the forest
cover in Uttarakhand has been commercialized for
human needs due to which the forest cover has de-
creased. The escalating demand and slow rate of
propagation of orchids necessitates the develop-
ment of orchid conservation strategies and in vitro
propagation is the best suited alternative for orchid
production in this scenario.

Rhynchostylis retusa (L.) Blume. (Vern. – Banda,
Rasna), Foxtail Orchid, is a monopodial, epiphytic
orchid with fleshy leaves. The plants produce 3-5
unbranched racemes consisting of ~100-150 flow-
ers/ inflorescence in the months of April – June. R.
retusa finds mention in the Charaka Samhita and is
extensively used in the indigenous medicine system
for the treatment of blood dysentery, asthma, rheu-
matism, tuberculosis, menstrual disorders and
wounds (Deorani and Sharma, 2007, Das et al.,
2008). It also possess leishmanicidal (Bhatnagar et
al., 2017), antibacterial and antifungal activities
(Bhattacharjee & Islam, 2015).

With the aim of conserving R. retusa, commer-
cially and medicinally important orchid species of
Uttarakhand, the present work is focussed on
screening the optimal nutrient medium combination
for plantlet regeneration under controlled condi-
tions.

Materials and Methods

Immature green capsules of Rhynchostylis retusa
were collected from Dehradun, Uttarakhand.
Undehisced capsules were rinsed with detergent
(teepol). Further, under aseptic conditions, the intact
capsules were dipped in a solution of sterilant (0.1%
HgCl2) with constant stirring. After 5 minutes, the
capsules were thoroughly washed with sterilized
water (3 times). Finally the surface sterilized cap-
sules were dipped in dilute ethanol (70%), flamed
for 20 seconds, and cut lengthwise to discharge the
miniscule seeds which were uniformly inoculated
onto modified MS medium (Murashige & Skoog,
1962) medium. To assess the efficacy of salt concen-
tration and growth supplement during seed germi-
nation, full and half strength MS medium, with or
without CW (10-30%) was used.

After germination, the PLBs were further multi-

plied and developed (1-2 leaf and root stage) onto
MS medium fortified with growth additives like
CW (10-20 %), YE (0.1-0.2 %) and PE (0.1-0.2%); and
plant growth regulators in varying concentration
(2.22-4.44µM) of BA (6- benzylaminopurine) either
alone or in combination with NAA (1-
naphthaleneacetic acid; 2.69-5.38µM). The seedlings
were further multiplied in the medium showing
best results for induction. Observations on mean
shoot number/ length, and mean root number/
length were recorded at periodic intervals. In all the
experiments, MS medium was supplemented with
2% sucrose and was gelled with 0.60% (w/v) agar.
The pH of medium was adjusted to 5.8 either with
0.1 N NaOH or HCl prior to autoclaving at 121 oC
and 105 kPa for 15 minutes. Cultures were asepti-
cally incubated at 25 ± 2 oC and 75 % relative hu-
midity with 16/8 hr (light/dark) photoperiod with
a light intensity of 40µmol m-2s-1 by white fluores-
cent light. MS medium lacking growth supplement
served as control.

Well rooted plantlets (~3-5 cm) with 3-4 fully
developed leaves and 2-3 roots were selected for in
vitro hardening and transferred to ½X basal MS
medium without agar for 2 weeks. Plantlets were
further hardened on ½X and ¼X basal MS medium
without sucrose and agar for 2 weeks respectively.
Well hardened plantlets were transferred to green-
house (temperature range 22–30 oC and RH 60–
70%). Peat moss, bark shavings, charcoal and brick
pieces were mixed in varying ratio (Table 1) to for-
mulate the potting mix. All these potting mix mate-
rials were pre-processed by thorough washing, air
drying and followed by autoclaving at 105 kPa pres-
sure and 121 oC for one hour before placing into the
hyco-trays were used. The plantlets were main-
tained in the hyco trays for 4 weeks before shifting
into bigger pots with the same potting mix. The pot-

Table 1. Different combinations of potting mix

Combination Potting Mix Combinations
Number Peat Charcoal Bark

Moss Shavings

C1 1 1 1
C2 1 1 2
C3 1 2 2
C4 2 1 1
C5 2 2 1
C6 1 2 2
C7 2 1 2
C8 2 2 2
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ted plants were covered with polythene bags and
maintained in a shaded place. The polythene bags
were removed for 2-3 hours every day and plantlets
were watered at regular intervals. Plant growth and
survival was monitored after 60 days.

Data of all the experiments was collected in the
Completely Randomized Design (CRD) and was
analyzed using Microsoft Excel ver. 2007 ©

Microsoft Technologies, USA. Each treatment was
triplicated with ten culture vessels per replication.
The average number and length of shoots and roots
were statistically analyzed using one-way Analysis
of Variance (ANOVA). Degree of variation was
shown by Standard Error (SE), Critical Difference
(CD) at 5%. The significance level was determined
at 5% (p < = 0.05). The significance of the data as
ascertained by F-test and the CD values computed
were used for comparing differences in means of
various treatments.

Results and Discussion

Orchid seeds are minute in structure with undiffer-
entiated embryo devoid of any food reserve
(Arditti, 1984; Leroux et al., 1997). Therefore, seed
germination and early stage seedling development
of orchids is mycobiont mediated (Rasmussen et al.,
2015). This limitation can be compensated, in vitro,
by providing an exogenous supply of carbon and
other minerals as furnished by the fungal partner in
natural conditions. Asymbiotic germination has
been well established in several orchid species

(Hossain et al., 2009; Pathak et al., 2011). Many at-
tempts have been made for propagating R. retusa
using different plant parts (Kumar et al., 2002; Parab
and Krishnan, 2012; Sinha and Jahan, 2012;
Bhattacharjee and Islam, 2015; Sunithabala and
Neelashree, 2018), and additional work is required
to identify the vital growth factors.

In the present study, full strength basal MS me-
dium was observed to be optimum for asymbiotic
seed germination. The process of germination
started with the swelling of embryos after 3 weeks
of inoculation of the immature yellowish seed. After
5 weeks spherules were observed which were sub-
sequently transformed to protocorm like bodies af-
ter 7 weeks. The PLBs were further proliferated to
reach to a 2-3 leaf primordia and 1-2 root stage.
Addition of 10 % coconut water to basal MS me-
dium recorded the maximum proliferation. This re-
sult was in accord with the study of Piri et al., 2013.
The beneficial effect of coconut water can be attrib-
uted to the fact that it is a vital source of calcium and
magnesium; and is also known to possess gibberel-
lic acid which aids in seed germination and devel-
opment (Peixe et al., 2007).

The PLBs at this stage were then used for further
to assess the efficacy of natural additives and PGRs
(alone and in combination) for plantlet develop-
ment. Natural and complex growth additives are
known to enhance in vitro plant morphogenesis.
Raghavan (1976) reported that nitrogenous and or-
ganic constituents of growth supplements promote
tissue development in vitro. In our study, significant

Table 2. Effect of natural growth additives & PGRs on plantlet development of R. retusa

MS medium Leaf Root
PGR ( µM) Additives Number Length Number Length

BA NAA (%)

- - - 3.00±0.00 0.62±0.04 1.67±0.33 0.63±0.02
2.22 - - 2.67±0.67 0.68±0.06 2.00±0.00 0.78±0.02
4.44 - - 3.00±0.33 1.90±0.06 3.00±0.33 1.47±0.03
4.44 2.69 - 1.33±0.67 0.85±0.04 2.00±0.00 1.50±0.02
4.44 5.38 - 2.00±0.00 1.90±0.06 1.50±0.00 1.92±0.04
- - CW (10) 3.33±0.33 1.35±0.09 2.67±0.33 0.55±0.05
- - CW (20) 2.33±0.33 0.68±0.06 1.67±0.33 0.40±0.03
- - YE (0.1) 3.33±0.33 1.20±0.14 2.33±0.33 0.48±0.03
- - YE (0.2) 3.33±0.33 1.38±0.06 2.33±0.33 0.97±0.09
- - PE (0.1) 3.67±0.33 1.25±0.05 3.00±0.00 0.83±0.06
- - PE (0.2) 4.00±0.00 1.87±0.04 3.33±0.33 0.98±0.02
4.44 - PE (0.2) 4.33±0.33 2.10±0.06 4.33±0.33 2.03±0.03

Significance *** *** *** ***
CD at 5% 0.60 0.47 0.77 0.40
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improvement in PLB morphogenesis into plantlets
was observed on supplementing the nutrient me-
dium with additives (coconut water, yeast extract
and peptone). MS medium with peptone (0.2%) re-
sulted in formation of an average number of 3.00
leaves and 3.00 roots per PLB as observed after 12
weeks of culture (Table 2). Same concentration of
peptone gave significantly better results (mean
number of 4.33 leaves and 4.33 roots/ PLB) when
added to MS medium having BAP (4.44µM). The
plantlets so developed were stout and healthy with
an average leaf and root length of 2.10±0.06 cm and
2.03±0.03 cm, respectively (Table 2). Growth pro-
moting nature of peptone in seed germination, and
PLB organogenesis has been accredited to its pep-
tides, amino acids, amides and vitamin content
(Bejoy et al. 2004; Pathak et al. 2011; Kaur and
Bhutani 2014).

Well developed plantlets were hardened under
in vitro conditions. Plantlets (~ 3 cm) were then
hardened on MS basal medium (half strength) lack-

ing any gelling agent. After 2 weeks, the plantlets
were subcultured, sequentially, into ½ and ¼
strength MS basal medium lacking sucrose and
agar. The cultures were monitored for 4 weeks and
healthy plantlets were selected for ex vitro establish-
ment. Plantlets were placed in hyco- trays contain-
ing pre sterilized potting mix. Highest plantlet sur-
vival was observed in potting mix combination with
of peat moss, charcoal and mango bark shavings in
the ratio 2:1:2. After 4 weeks the plantlets were
shifted to clay pots with the same potting mix, cov-
ered with polybags (to avoid excessive dehydra-
tion), and kept in a cool place under shade. The
plants were carefully checked for any infestation
and watered regularly. The polybags were removed
for 4-5 hours every day, for first few weeks, and
then permanently removed. Potting mix materials
are of utmost importance in acclimatization of the in
vitro hardened plantlets by providing mechanical
support, and moisture (Zettler et al., 2007). The suc-
cess of the potting mix used in the present study can
be accredited to its composition. Almost 80% sur-
vival was observed under natural conditions of
Dehradun.

Conclusion

The present study provides a single stage, and rapid
micropropagation protocol for a medicinally impor-
tant orchid species, Rhyncostylis retusa. Considering
the rapid rate of decline in the natural habitat of the
epiphytic orchid, this method can be employed for
its ex vitro conservation and mass multiplication.
The study concludes that the seed germination and
plantlet development in orchids can be greatly en-
hanced by using natural growth additives.

Recommendation

Even though India is home to a large variety of or-
chid species (~1300), its contribution to the global
orchid trade is still in its infancy. Uttarakhand has a
rich orchid diversity due to the varied topography
(snow capped mountains to dusty plain lands), alti-
tudinal range (500-4500 m) and favourable climatic
condition (sub tropical to alpine with high precipi-
tation and humidity) which supports the growth of
orchids. Being highly prized ornamentals (~10%
global cut flower trade), and immensely revered in
the traditional medicine system, the escalating mar-
ket demand for orchids is leaving the species in du-

Fig. 1. A. Rhynchostylis retusa plant, B. PLB prolifera-
tion in MS medium supplemented with coconut
water, C. Complete plantlet regeneration on MS
medium with BAP and peptone, D. Ex vitro es-
tablishment of plantlet
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ress. The major threats to orchid survival in nature,
apart from its slow rate of vegetative propagation,
are the irrational collection from wild, loss of habi-
tat due to forest clearance for developmental activi-
ties and natural disasters, and climate change. To
overcome this limitation, tissue culture technology
plays a pivotal role in mass propagation of the or-
chid species to meet the commercial demand.

Unfortunately, the orchid wealth of Uttarakhand,
till date, is largely unexploited owing to lack of
awareness and prioritization. Despite the richness of
orchid diversity, most of the orchid species in the
domestic market are exported to meet the require-
ments and have a market value (approx.) of Rs. 150-
500 per stalk. A drawback to orchid cultivation is
lack of knowledge, quality planting material, and
infrastructure. In this scenario, establishment of tis-
sue culture units, green houses and orchid farms
can be a source of income generation. The floricul-
ture industry, being labour intensive, has a potential
for sustainable employment generation. The eco-
nomically satisfying and ever expanding floricul-
ture market at international level will lead to reten-
tion of rural and unemployed youth in agricultural
practices.

 The medicinal value of orchids is another aspect
to be explored. Their use in traditional medicines as
therapeutics and aphrodisiac is well stated. Due to
the phytoconstituents in orchids, they are routinely
harvested and used by the food processing and
pharmaceutical industries. Creating linkages be-
tween the producers and the industries can effec-
tively improve the business. Training and assistance
programmes can be organised for farmers to help
them cultivate and market their produce. According
to the State Horticulture Mission, Uttarakhand, a
huge emphasis has been on business facilitation by
creating an enabling environment for industries to
set up and start their operations. Thus, orchid culti-
vation and farming can be a developed as a lucra-
tive business model for revenue generation and can
revolutionise the Indian floriculture market if
proper impetus is given by the government agen-
cies.
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