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Abstract

An efficient and reproducible protocol for asymbiotic seed germination of an endangered and therapeutically important terrestrial orchid,
Herminium lanceum, commonly known as Jalya, has been established. lts leaves and stem are mainly used for curing fever, diabetes, and
urinal disorders. With a view to enlarging its population base, an attempt was presently made to culture its mature seeds procured from
dehisced capsules on modified Knudson C (KC, 1946) medium fortified with different concentrations of auxins (IAA, IBA, NAA; 1 mgl" each)
and cytokinins (KN, BAP; 1mgl" each) in different combinations. The aim of present investigation was to study the effect of different
combinations of growth regulators on seed germination and their subsequent development into seedlings. Seeds showed initial signs of
germination within 29+0.88 days of inoculation. The first visible sign of germination was the swelling of embryos followed by apical rupturing
of seed coat so as to release the spherules. Within 95+3.05 days of inoculation, the spherules developed into oval, green protocorms with
absorbing hair. The complete seedlings were obtained within 149+1.15 days of inoculation. The highest germination percentage (83.02%)

and early development of healthy seedlings were observed on medium augmented with combination of IBA and KN.

Introduction

THE ORCHIDS belong to the family Orchidaceae which
is an assemblage of superlatives having the most
varied, utmost beautiful, and highly exotic flowers; there
are reports of 28,237 accepted species spanning 736
genera (Christenhusz and Byng, 2016; Willis, 2017). In
India, orchids are represented by 1256 species which
belong to 155 genera (Singh et al., 2019). The orchids
stand distinct from other flowering plants in having
spectacular array of adaptations that are linked to
several innovative features including zygomorphic
flowers with well-developed gynostegium, elaborated
perianth and resupinated ovary, presence of pollinia,
specialized pollination mechanisms, production of
microscopic and non-endospermic seeds with
undifferentiated embryos, symbiotic association with
mycorrhizal fungi, colonization of epiphytic habitats,
velamenous roots, and crassulacean acid metabolism
(Givnish et al., 2015; Kaushik, 2019; Manoharachary,
2019; Pal et al., 2019; Pathak et al., 2001; Silvera et
al., 2009; Vij, 1995). Though most orchids have a long
juvenile period, slow growth rate, and low photosynthetic
capacity, yet they are of great value in ornamental,
medical, conservation, and evolutionary research
(Janakiram and Baskaran, 2018; Kumar et al., 2018;
Pathak et al., 2010; Prakash and Pathak, 2019;
Prakash et al., 2018; Zhang et al., 2018). Their survival
in nature is ensured by a complex symbiotic association
with soil mycorrhizal fungi, which are of particular

importance during seed germination and early plant
development (Manoharachary, 2019). Orchidaceae is
one of the most threatened of any plant families due to
over exploitation of orchids from the wild, habitat
destruction, large scale deforestation, and more recently
the threat of climate change (Backhouse, 2007; Barua
et al., 2019; Bhandari et al., 2018; Devi et al., 2018;
Kumar et al., 2017; Ninawe and Sapna, 2017; Prakash
and Pathak, 2019; Seaton et al., 2010; Sharma et al.,
2017; Singh et al., 2019). The entire family has been
placed in the Appendix-Il of CITES (Convention on
International Trade in Endangered Species of Wild
Fauna and Flora), while a number of selected species
have been placed in its Appendix-lI and are totally
banned for any international trade (CITES, 2017). The
technique of asymbiotically culture orchid seeds in vitro,
serves both functions to increase the availability of the
plants to meet the increasing demand, and to serve as
reservoirs for restocking the wild populations which are
declining due to habitat destruction, fragmentation, and
over harvesting (Anderson, 1990; Anuprabha et al.,
2017; Arora et al., 2016; Bhatti ef al., 2017; Kaur et al.,
2017; Pathak et al., 2017; Sibin and Gangaprasad,
2016; Singh et al., 2006).

The genus Herminium L. was established in 1758 by
Linnaeus in his Opera Veria. The genus is represented
by 49 species, predominantly terrestrial in the subtribe
Orchidinae and is widely distributed in Europe through
most of continental Asia to Japan, the Malay
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Archipelago and New Guinea (Raskoti et al., 2017;
Yonzone et al.,, 2012). Herminium lanceum
(Thunb. ex Sw.) Vuijk, commonly known as Jalya, Kath
Jhakri (Gairola et al., 2010; Malla et al., 2015), is
characterized by having a globose or ellipsoid tuber,
linear lanceolate leaves, and small greenish-white
flowers. The orchid is found commonly in shaded, wet
forests and rock shelters in montane, and alpine
Himalayas within an altitudinal range of 1100-4200 m
amsl. Flowering and fruiting takes place during the
months of July and October. The whole plant is
harvested in summer or autumn and used to treat
diabetes, cold, fever, rheumatism, hernia, sores,
eczema, snake bites, and reduce swelling and pain.
The extract of the plant is also given to cure suppressed
urination (Joshi et al., 2009; Malla et al., 2015; Pant,
2013). Consequently, its natural populations are
succumbing to commercial collection pressures. The
situation is further compounded by the destruction of
its natural habitats due to rapid urbanization,
deforestation, and increase of agricultural land. Since
the species has become endangered in nature,
conservation measures need to be taken up to work
out suitable strategies for its propagation and to protect
its survival in natural habitats. The aim of present work
was to study the asymbiotic germination potential of
its mature seeds procured from dehisced capsules with
a view to developing an efficient mass propagation
protocol for its conservation.

Material and Methods
Experimental Site

During the present investigation, experiments were
carried out in the Orchid laboratory, Department of
Botany, Panjab University, Chandigarh.

Sample Collection

Mature seeds from dehisced capsules (‘pods’) of
Herminium lanceum (Fig. 1A) were collected from Tara
Devi Hills (Shimla, Himachal Pradesh), during last wk
of August, 2017.

Seed Viability Test

Seed viability was determined by the ability to reduce
2,3,5-triphenyltetrazolium chloride (TTC) to the red
coloured formazon (Brewer, 1949). In this experiment,
the orchid embryo either turned red or stayed colourless
after TTC staining. Therefore, seeds with TTC reduction
ability (red coloured) were scored as viable.

Culture Media and Culture Conditions

The seeds were collected on sterilized filter paper and

62

(DECEMBER 30,

surface sterilized with 4% Sodium Hypochlorite solution
with Teepol as the wetting agent for 10-15 min and then,
thoroughly and repeatedly rinsed with autoclaved
distilled water under a sterile laminar hood. Sterilized
seeds were sown on modified Knudson C (KC, 1946)
medium with 20 gl'sucrose and 8 gl agar in test tubes,
each containing 25 ml of medium. The pH of nutrient
medium was adjusted to 5.6 prior to autoclaving at
121°C with 15 psi pressure for 20 min. The growth
regulators [auxins (IAA, IBA, NAA) and cytokinins (KN,
BAP)]in various combinations and concentrations were
also used (Table 1). The cultures were maintained under
a 12 hr photoperiod of 3500 lux light intensity and a
temperature of 25+2°C, and observed regularly. The
problem of phenolic exudates was overcome by frequent
subculturing on fresh nutrient medium.

Acclimatization

Healthy plantlets with 2-3 well grown leaves and 1-2
roots were gradually hardened in vitro, by sequential
elimination of growth additives, vitamins, sucrose, and
minor salts from the nutrient medium at 15 days
interval. The well rooted plantlets were taken out from
culture vessel and thoroughly washed under running
tap water for removal of agar attached to root surface
and transferred to pots containing a potting mixture of
sand, vermiculite, and bark in 1:1:1 ratio.

Statistical Analysis

The experiments were designed following complete
randomize block design (CRD). The statistical analysis
to determine the effects of auxin and cytokinin
concentrations on germination percentage and
seedlings development, experiments were performed
using factorial analysis, with significant difference being
accepted at the p<0.05 level. All the experimental
manipulations were carried out under aseptic conditions
and for each experiment, at least four replicates were
used. The data was analyzed statistically using one-
way analysis of variance (SPSS, 16.0 version), and
the data meanszstandard error of the experiments were
compared using Tukey’s test.

Results and Discussion

Orchids produce seeds in large quantity with tiny
globular embryos with no functional endosperm. For
the seed sample evaluated presently, the seed viability
was determined by TTC (2,3,5-triphenyl tetrazolium
chloride) test as the seeds have their ability to reduce
TTC to red coloured formazon (Fig. 1B). Seeds were
found to be viable, as determined by positive formazon
staining, and morphologically most seeds appeared
normal with viable embryos. Plant growth regulators
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(PGRs) play important role in all aspects of plant growth
and development. Auxins and cytokinins are the most
frequently used growth regulators in the nutrient medium
to initiate, increase, and regulate mitotic activities
during germination of seeds (Emery and Atkin, 2006;
Novak et al., 2014). The percentage of seed germination
in Herminium lanceum varied with different
concentrations and combinations of auxins and
cytokinins. The first sign of seed germination i.e.,
swelling of embryo started after 29+0.88 days of
inoculation (Fig. 1C). Swelling of embryos was followed

by apical rupturing of seed coats (spherule stage; Fig.
1D). The protocorms formed after rupturing of seed
coats are considered as unique structures with the
primary goal to form shoot apical meristems. Cells at
the apical end of protocorms divide rapidly, while those
at the basal end enlarge and increase their ploidy level
during asymbiotic germination (Chen et al., 2009). The
early events in protocorm development are likely
regulated by the pre-programmed long-lived mRNAs
formed during seed maturation as indirectly
demonstrated by Raghavan and Goh (1994). The
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Fig. 1. A-l. In vitro asymbiotic seed germination and seedling development in Herminium lanceum on modified Knudson medium (KC): A,
Part of the inflorescence with capsules; B, Seed viability testing by TTC method; C, Swelling of embryo; D-E, Spherules emerging out by

rupturing of seed coats; F, Protocorm multiplication; G, Profuse growth of absorbing hair at the base of seedling; H, Tuberous leafy shoots;
I, Luxuriant shoot growth.
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Table 1. In vitro asymbiotic seed germination and seedling development in Herminium lanceum on modified Knudson medium (KC, 1946).

Time taken in days for

Growth Germination Onset of Spherule Protocorms 1st leaf 1st Root Seedlings Remarks

additives frequency (%) germination primordium primordium

Control 82.88% 32.66+0.88% 54.66+1.20° 105.00+3.78> 127.00+3.48° 143.66+2.72°> 160.00+1.76° Healthy seedlings

IAA + KN, 75% 37.00+1.52> 59.33+0.88° 120.00+2.08¢ 141.00+0.88° 148.66+1.20° 163.66+1.20° Healthy seedlings

IBA, + KN, 83.02% 29.00+0.882 37.33+0.88% 95.00+3.05° 112.00+1.45% 123.00+1.15% 149.00+1.152 Protocorm
multiplication;
early seedling
development

NAA,+ BAP, 38.35% 41.00+0.88¢° 00 0+0 00 00 0+0 No further growth
after swelling of
embryos

IAA +BAP,  62.94% 41.00+1.15¢ 58.33+1.20* 130.66+2.02¢ 146.00+2.96° 161.00+1.85° 171.00+1.55¢ Healthy seedlings

IBA, + BAP,  69.32% 38.00+1.73> 61.00+1.15° 124.66+2.332 138.00+2.96° 158.00+1.45° 178.00+1.85°¢ Healthy seedlings

Entries in column numbers 3 to 8 are Mean+S.E.; same alphabetical letter in the superscript denotes that the corresponding means are

in the same group using Tukey test at 5%.

protocorms became oval, green in colour with presence
of marked absorbing hair (Fig. 1E-F) and in most of
protocorms, shoot primordia developed within 112+1.45
days of inoculation. Observations as made during the
present study have also been reported earlier by some
workers (Decruse and Gangaprasad, 2018; Devi et al.,
2006; Pant et al., 2008; Pathak, 1989; Pathak et al.,
1992) who reported that cytokinin alone or in combination
with auxin, stimulated germination in orchid seeds.
Species specific media for seed germination have been
reported in orchids (cf. Arditti and Ernst, 1984; Pathak
et al., 2001). Establishment of shoot apical meristem
indicates end of protocorm stage and the beginning of
seedling stage (Fig. 1G-H). The complete seedlings
were obtained after 149+1.15 days of inoculation (Fig.
11). Maximum seed germination (83.02%) and early
seedling development (123+1.15 days) was observed
on KC medium augmented with IBA (1 mgl") in
combination with KN (1 mgl"). This treatment was
followed by control and IAA (1 mgl”) in combination
with KN (1 mgl"). IBA (1 mgl') when used in
combination with BAP (1 mgl") induced germination in
38+1.73 days and plantlets were developed within
178+1.85 days. On the contrary, when the KC medium
was supplemented with NAA and BAP (1 mgl” each)
in combination, the germinating entities failed to grow
further (Table 1). The above results indicated that the
difficulty in germinating Herminium lanceum seeds can
be overcome partly by treatment of PGRs. The limited
effect of some of combinations of hormones suggested
the involvement of complex mechanism in seed
germination and existence of great heterogeneity in
seeds. Although orchid embryos are minute in size,

64

these have been carefully used in developmental
programmes ensuring successful asymbiotic seed
germination. Some protocols are available which will
aid to maintain and propagate important orchid species
for further conservation purposes (Anuprabha and
Pathak, 2019; Buyun et al., 2004; Chen et al., 2015;
Gurudeva, 2019; Hernandez et al., 2005; Kim et al.,
2019; Lekshmi and Decruse, 2018; Lin et al., 2020;
Madhavi and Shankar, 2019; Mohanty and Salam, 2017;
Santos et al., 2016; Vasudevan and Van Staden, 2010;
Vasundhra et al., 2019; Yamazaki and Miyoshi, 2006).

During the present investigation, in vitroraised seedlings
were gradually hardened by sequentially removing the
growth additives, vitamins, sucrose, and minor salts
from the nutrient medium at regular intervals. After
hardening in vitro, these plantlets were gently removed
from the culture vessels with the help of a long forceps,
washed thoroughly with lukewarm water in order to
remove agar. The plants were then potted in 1:1:1 mix
of sand, vermiculite, and bark pieces. The older the
seedlings, the broader the tolerance range for various
atmospheric conditions. The plantlets, thus raised have
been reintroduced into the natural habitats and showed
60% survival rate.

Conclusion

Orchids hold an unexplored reserve of various bioactive
molecules which might prove beneficial to cure various
disorders like Alzheimer’s, asthma, diabetes, eczema,
gastritis, gonorrhea, HIV/AIDS efc. (Bhattacharya and
Staden, 2016; Malla et al., 2015). There is not much
work done on seed germination and micropropagation
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of Herminium lanceum (Singh and Babbar, 2016;
Verma, 2016) which is presently categorized as
Endangered by IUCN. An efficient and reproducible
protocol for asymbiotic seed germination of an
endangered and therapeutically important terrestrial
orchid, has been successfully established in H.
lanceum. The present findings underline the stimulatory
role played by combination of auxins and cytokinins in
germination of its non-endospermic seeds on nutrient
medium. The study also exhibits profuse multiplication
of protocorms when the medium augmented with IBA
in combination with KN (1 mgl' each) which supports
that in vitro propagation technique may help in mass
propagation and conservation of this endangered
species. A broad strategic approach which integrates
biochemical analysis, metabolomics along with in vitro
propagation will enable the scientific community to
realize the tremendous medicinal potential within H.
lanceurn and will open new frontiers for the promulgation
of sustainable conservation strategies for this
therapeutically important orchid from NorthWestern
Himalayas.

Acknowledgement

Authors are grateful to Department of Science and
Technology, Government of India for partial financial
support under Promotion of University Research and
Scientific Excellence (PURSE) grant scheme, during
the present investigation. Financial assistance from
Panjab University, Chandigarh is also gratefully
acknowledged.

References

Anderson, A. B. 1990. Asymbiotic germination of seeds of some
North American orchids. In: North American Native
Terrestrial Orchid Propagation and Production (ed. C. E.
Sawyers) pp. 75-80. Brandywine Conservancy, Chadds
Ford, Pennsylvania, U.S.A.

Anuprabha and Promila Pathak. 2019. In vitro asymbiotic seed
germination and seedling development in Coelogyne
fimbriata Lindl. J. Orchid Soc. India, 33: 83-89.

Anuprabha, Promila Pathak, Ankush Prakash, and Jitender Kumar.
2017. Regeneration competence of Dendrobium nobile Lindl.
through pseudobulb segments: A study in vitro. J. Orchid
Soc. India, 31: 71-75.

Arditti, J. and R. Ernst. 1984. Physiology of germination of orchid
seeds. In: Orchid Biology: Reviews, and Perspectives Vol.
Il (ed. J. Arditti) pp. 1177-1222. Cornell University Press,
Ithaca, New York, U.S.A.

Arora, S. K., Promila Pathak, Shivani Verma, Ankush Prakash,
Kriti Dhiman, and K. C. Mahant. 2016. Mass propagation of
Dendrobium amoenum Wall ex Lindl. through stem nodal
explants: A study in vitro. J. Orchid Soc. India, 30: 51-55.

Backhouse, G. N. 2007. Are our orchids safe down under? A

65

THAKUR AND PATHAK- IN VITRO PROPAGATION

national assessment of threatened orchids in Australia.
Lankesteriana, 7: 28-43.

Barua, K. N., B. Bora, and A. Borah. 2019. Diversity and ex situ
conservation of orchid species in Lekhapani Reserve Forest
under Makum Coal Field, Assam. J. Orchid Soc. India, 33:
113-19.

Bhandari, P. K., Julie Thakur, Sachin Sharma, and P. L. Uniyal.
2018. Orchid diversity in Basukedar region (Rudraprayag
District) of Uttarakhand. J. Orchid Soc. India, 32: 73-79.

Bhattacharyya, P. and J. V. Staden. 2016. Ansellia Africans
(Leopard orchid): A medicinal orchid species with untapped
reserves of important biomolecules- A mini review. S. Afr.
J. Bot., 106: 181-85.

Bhatti, S. K., Jagdeep Verma, Jaspreet K. Sembi, and Promila
Pathak. 2017. Symbiotic seed germination of Aerides
multiflora Roxb.- A study in vitro. J. Orchid Soc. India, 31:
85-91.

Brewer, H. E. 1949. Tetrazolium chloride as a test for damage in
artificially cured peanuts. Science, 110: 451-52.

Buyun, L., A. Lavrentyeva, L. Kovalska, and R. lvannikov. 2004.
In vitro germination of seeds of some rare tropical orchids.
Acta Univ. Latv., 676: 159-62.

Chen, W. H., C. Y. Tang, and Y. L. Kao. 2009. Ploidy doubling by
in vitro culture of excised protocorms or protocorm-like
bodies in Phalaenopsis species. Plant Cell Tiss. Organ Cult.,
98: 229-38.

Chen, Y., U. M. Goodale, X. L. Fan, and J. Y. Gao. 2015.
Asymbiotic seed germination and in vitro seedling
development of Paphiopedilum spicerianum: An orchid with
an extremely small population in China. Glob. Ecol.
Conserv., 3: 367-78.

Christenhusz, M. J. M. and J. W. Byng. 2016. The number of
known plant species in the world and its annual increase.
Phytotaxa, 261: 201-17.

CITES. 2017. Numbers of species listed in the CITES Appendices
as of October 2017. The Convention on the International
Trade in Endangered Species of Wild Fauna and Flora.
https://www.cites.org/eng/app/appendices.php.

Decruse, S. W. and A. Gangaprasad. 2018. Restoration of
Smithsonia maculata (Dalz.) Saldanha, An endemic and
vulnerable orchid of Western Ghats through in vitro
propagation. J. Orchid. Soc. India, 32: 25-32.

Devi, C. G., M. Damayanti, and G. J. Sharma. 2006. In vitro
culture of Vanda amesiana Reichb. F. J. Orchid. Soc. India,
20(1-2): 7-10.

Devi, Kaushalya, S. S. Samant, Sunil Puri, and S. Dutt. 2018.
Diversity, distribution pattern and indigenous uses of
Orchids in Kanawar Wildlife Sanctuary of Himachal Pradesh,
NorthWestern Himalaya. J. Orchid Soc. India, 32: 17-23.

Emery, R. J. N. and C. A. Atkins. 2006. Cytokinins and seed
development. In: Seed Science and Technology: Trends
and Advances (ed. A. S. Basra). Haworth Press Inc.,
Binghamton, New York, U.S.A.

Gairola, S., C. M. Sharma, C. S. Rana, S. K. Ghildiyal, and S.
Suyal. 2010. Phytodiversity (Angiosperms and



J. ORCHID SOC. INDIA

Gymnosperms) in Mandal-Chopta forest of Garhwal
Himalaya, Uttarakhand, India. Nat. Sci., 8: 1-17.

Givnish, T. J., D. Spalink, M. Ames, S. P. Lyon, S. J. Hunter, A.
Zuluaga, W. J. D. lles, M. A. Clements, M. T. K. Arroyo, J.
Mack, L. Endara, R. Kriebel, K. M. Neubig, W. M. Whitten,
N. H. Williams, and K. M. Cameron. 2015. Orchid
phylogenomics and multiple drivers of their extraordinary
diversification. Proc. R. Soc. B, 282(1814): 1-10.

Gurudeva, M. R. 2019. In vitro seed germination and
developmental morphology of seedlings in Dendrobium
ovatum (L.) Kraenzl. J. Orchid Soc. India, 33: 31-41.

Hernandez, L., M. Martinez-Garcia, J. E. Campos, and E. Aguirre-
Leon. 2005. /n vitro propagation of Laelia albida
(Orchidaceae) for conservation and ornamental purposes
in Mexico. Hort. Sci., 40: 439-42.

Janakiram, T. and V. Baskaran. 2018. Commercialisation and
conservation aspects of orchids. J. Orchid Soc. India, 32:
55-61.

Joshi, G. C., L. M. Tewari, N. Lohani, K. Upreti, J. S. Jalal, and G.
Tewari. 2009. Diversity of Orchids in Uttarakhand and their
conservation strategy with special reference to their
medicinal importance. Rep. Opinion, 1(3): 47-52.

Kaur, S., Promila Pathak, Ankush Prakash, Anamika, and
Aakanksha Sharma. 2017. Ex situ conservation of
floriculturally and medicinally important endangered orchid,
Coelogyne cristata Lindl. J. Orchid Soc. India, 31: 15-22.

Kaushik, P. 2019. Antibacterial potential of the Himalayan Orchids.
J. Orchid Soc. India, 33: 11-22.

Kim, D. H., K. W. Kang, G. Enkhtaivan, U. Jan, and |. Sivanesan.
2019. Impact of activated charcoal, culture medium strength
and thidiazuron on non-symbiotic in vitro seed germination
of Pecteilis radiata (Thunb.) Raf. S. Afr. J. Bot., 112: 215-
24,

Knudson, L. 1946. A new nutrient solution for germination of orchid
seed. Am. Orchid Soc. Bull., 15: 214-17.

Koene, F. M., E. Amano, and L. L. F. Ribas. 2019. Asymbiotic
seed germination and in vitro seedling development
of Acianthera prolifera (Orchidaceae). Afr. J. Bot., 121: 83-
91.

Kumar, A., S. S. Samant, L. M. Tiwari, and S. Paul. 2018. Diversity,
distribution, indigenous uses, and status of orchids in
Kalatop-Khajjiar Wildlife Sanctuary, Chamba district,
Himachal Pradesh. J. Orchid Soc. India, 32: 93-98.

Kumar, V., O. Prakash, A. Singh, M. Lal, S. Marpa, S. S. Samant,
and M. Bodh. 2017. Status, distribution and conservation of
orchids in Great Himalayan National Park of Himachal
Pradesh, NorthWestern Himalaya. J. Orchid Soc. India,
31: 1-8.

Lekshmi, S. and S. W. Decruse. 2018. In vitro symbiotic seed
germination of Vanda spathulata (L.) Spreng., a vulnerable
orchid of Western Ghats. J. Orchid Soc. India, 32: 113-19.

Lin, W, J. Wang, X. Xu, Y. Wu, D. Qiu, B. He, S. Saraiya, X. Ma,
and J. Chen. 2020. Rapid propagation in vitro and
accumulation of active substances of endangered
Dendrobium cariniferum Rchb. f. Bioengineered, 11(1): 389-
96.

66

(DECEMBER 30,

Madhavi, M. and P. C. Shankar. 2019. Effects of different growth
additives on seed germination of Vanda tessellata (Roxb.)
Hook. ex. G. Don- A medicinal orchid. J. Orchid Soc. India,
33: 105-12.

Malla, Birendra, Dhruv P. Gauchan, and Ran B. Chhetri. 2015. An
ethnobotanical study of medicinal plants used by ethnic
people in Parbat district of western Nepal. J.
Ethnopharmacol., 165: 103-17.

Manoharachary, C. 2019. Orchids- Mycorrhizae. J. Orchid Soc.
India, 33: 23-29.

Mohanty, C. R. and P. Salam. 2017. In vitro seed culture studies
in Dendrobium orchid cv. Banyat Pink. J. Orchid. Soc. India,
31: 93-96.

Ninawe, A. S. and T. S. Sapna. 2017. Orchid diversity of Northeast
India- Traditional knowledge and strategic plan for
conservation. J. Orchid Soc. India, 31: 41-56.

Novak, S. D., L. J. Luna, and R. N. Gamage. 2014. Role of auxin
in orchid development. Plant Signal Behav., 9(10):
€972277. https://doi.org/10.4161/psb.32169.

Pal, Ram, D. R. Singh, and Promila Pathak. 2019. Pollination biology
of orchids: An unexplored area of research in India. J.
Orchid Soc. India, 33: 79-82.

Pant, B. 2013. Medicinal orchids and their uses: Tissue culture a
potential alternative for conservation. Afr. J. Plant Sci., 7(10):
448-67.

Pant, B., S. Swar, and A. Karanjeet. 2008. Micropropagation of
Coelogyne cristata Lindl. J. Orchid. Soc. India, 22(1-2): 44-
48.

Pathak, Promila. 1989. Asymbiotic Germination and Clonal
Propagation of Some Commercially Important and
Endangered Orchids of India using Tissue Culture
Techniques. Ph.D. Thesis, Panjab University, Chandigarh,
India.

Pathak, Promila, K. C. Mahant, and A. Gupta. 2001. In vitro
propagation as an aid to conservation and commercialization
of Indian orchids: Seed culture. In: Orchids: Science and
Commerce (eds. Promila Pathak, R. N. Sehgal, N. Shekhar,
M. Sharma, and A. Sood) pp. 319-62. Bishen Singh
Mahendra Pal Singh, Dehradun, India.

Pathak, Promila, S. P. Vij, and K. C. Mahant. 1992. Ovule culture
in Goodyera biflora (Lindl.) Hk. f.: A study in vitro. J. Orchid
Soc. India, 6: 49-53.

Pathak, Promila, Shivani Verma, Ankush Prakash, and K. C.
Mahant. 2017. Regeneration competence of an
ornamentally important epiphytic orchid, Rhynchostylis
gigantea (Lindl.) Ridl. through leaf segments: A study in
vitro. J. Orchid Soc. India, 31: 97-101.

Pathak, Promila, Sanjeev K. Arora, Shivani Verma, Kriti Dhiman,
K. C. Mahant, and Raja Jeet. 2016. Mass propagation of a
floriculturally and medicinally important epiphytic orchid
Dendrobium amoenum Wall ex. Lindl. through asymbiotic
seed culture: A study in vitro. Pb. Univ. Res. J. (Sci.), 66:
39-45.

Pathak, Promila, A. Bhattacharya, S. P. Vij, K. C. Mahant, Mandeep
K. Dhillon, and H. Piri. 2010. An update on the medicinal
orchids of Himachal Pradesh with brief notes on their habit,



2020)

distribution, and flowering period. J. Non Timber Forest
Products, 17(3): 365-72.

Prakash, Ankush and Promila Pathak. 2019. Orchids of Water
Catchment Wildlife Sanctuary, Shimla (Himachal Pradesh),
NorthWestern Himalayas: Their diversity, status,
indigenous uses, and conservation status. J. Orchid Soc.
India, 33(1-2): 65-77.

Prakash, Om, S. S. Samant, A. K. Yadava, V. Kumar, and S. Dutt.
2018. Orchid diversity at Pangi Valley of Himachal Pradesh,
NorthWestern Himalaya. J. Orchid Soc. India, 32: 45-54.

Raghavan, V. and C. J. Goh. 1994. DNA synthesis and mRNA
accumulation during germination of embryos of the
orchid Spathoglottis plicata. Protoplasma, 183: 137-47.

Raskoti, B. B., A. Schuiteman, Wei-Tao Jin, and Xiao-Hua Jin.
2017. A taxonomic revision of Herminium L. (Orchidoideae,
Orchidaceae). PhytoKeys, 79: 1-74.

Santos, S. A. D., E. D. C. Smidt, A. A. Padial, and L. L. F. Ribas.
2016. Asymbiotic seed germination and in vitro propagation
of Brasiliorchis picta. Afr. J. Biotechnol., 15(6): 133-44.

Seaton, P. T., H. Hu, H. Perner, and H. W. Pritchard. 2010. Ex
situ conservation of orchids in a warming world. Bot. Rev.,
76: 193-203.

Sharma, A., S. S. Samant, Sakshi Bhandari, and J. S. Butola.
2017. Diversity, distribution, and conservation status of
orchids along an altitudinal gradient in Himachal Pradesh,
NorthWestern Himalaya. J. Orchid Soc. India, 31: 23-32.

Sibin, N. T. and A. Gangaprasad. 2016. Development of in vitro
propagation protocol for rapid and mass propagation of
Coelogyne nervosa A. Rich., An endemic orchid of Southern
Western Ghats using immature seeds. J. Orchid. Soc. India,
30: 37-41.

Silvera, Katia, Louis S. Santiago, John C. Cushman, and Klaus
Winter. 2009. Crassulacean acid metabolism and epiphytism
linked to adaptive radiation in the Orchidaceae. Plant
Physiol., 149: 1838-47.

Singh, D. K. and S. B. Babbar. 2016. In vitro propagation
and chemical profiling of Herminium lanceum (Thunb.
ex Sw.) Vuijk, a medicinally important orchid, for
therapeutically important phenolic acids. Plant Biotechnol.,
33: 153-60.

67

THAKUR AND PATHAK- IN VITRO PROPAGATION

Singh, K. N., S. K. Samanta, and A. K. Basu. 2006. Asymbiotic
seed germination of some orchids. J. Orchid. Soc. India,
20(1-2): 11-14.

Singh, Amit, S. S. Samant, S. Naithani, V. Kumar, and T. Barman.
2019. Ecological assessment of sub-alpine and alpine
orchids of Great Himalayan National Park in Himachal
Pradesh, NorthWestern Himalaya. J. Orchid Soc. India,
33: 1-9.

Singh, S. K., D. K. Agrawala, J. S. Jalal, S. S. Dash, A. A. Mao,
and Paramijit Singh. 2019. Orchids of India: A Pictorial Guide.
Botanical Survey of India, Kolkata, India.

Vasudevan, R. and J. Van Staden. 2010. /n vitro seed germination
and seedling growth of Ansellia africana Lindl. Sci. Hort.,
123: 496-504.

Vasundhra, Promila Pathak, and Ankush Prakash. 2019. In vitro
shoot induction and regeneration potential of floral buds in
Crepidium acuminatum (D.Don) Szlach., a medicinal
ayurvedic plant from NorthWestern Himalayas. J. Orchid
Soc. India, 33: 43-48.

Verma, Shivani. 2016. Influence of Different Growth Additives on
In Vitro Asymbiotic Seed Germination, Micropropagation
and Related Morphogenetic Stages in some Medicinally
Important Orchids. Ph.D. Thesis, Panjab University,
Chandigarh, India.

Vij, S. P. 1995. Orchid genetic diversity in India: Conservation
and commercialization. In: Proc. 5" Asia Pacific Orchid
Conference and Show. pp. 20-39. Nagoya, Japan.

Willis, K. J. 2017. State of the World’s Plants. Royal Botanic
Gardens, Kew, U.K.

Yamazaki, J. and K. Miyoshi. 2006. /n vitro asymbiotic germination
of immature seed and formation of protocorm
by Cephalanthera falcata (Orchidaceae). Ann. Bot., 98:
1197-1206.

Yonzone, Rajendra, D. Lama, R. B. Bhujel, Khyanjeet Gogoi, and
Samuel Rai. 2012. Diversity resources, distribution and
present ecological status of Herminium. Bio. Disc., 3(2):
236-39.

Zhang, S., Y. Yang, J. Li, J. Qin, W. Zhang, W. Huang, and H. Hu.
2018. Physiological diversity of orchids. Plant Divers., 40:
196-208.



