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1.1. INTRODUCTION

Orchids have been very closely associated with human beings since ancient times.
The ancient Greeks were the first to take note of these strange plants. The word ‘Orchid’
has been originated from the Greek word ‘Orchis’ meaning testicles (Bedford, 1969;
George, 1999; Rittershausen et al., 2002). The Greek Philosopher Theophrastus (370 —
285 B.C.) gave the name to a group of bizarre plants having paired, underground
testiculate tubers in his book ‘Enquiry into Plants’ (Hort, 1990; Singh et al., 2001). In the
Indian Vedic scripture there is a group of plants mentioned under the name Vanda, which
has been adapted as a generic name for one of the most beautiful orchid group (Jalal et
al., 2008).

Orchids are considered to be the highly evolved of all flowering plants (Waller,
2016). Technically, orchids are the set of flowering plant that exhibits a unique
reproductive strategy i.e. ‘column’ in which both the male and female reproductive
structures fused into a single structure (Arditti et al., 1968; Meisel et al., 2014). Some
special floral characteristics comprised of a highly modified petal called ‘labellum’, a
landing pad for pollinators. These structures are easy to observe in orchids; but in some
orchid flowers due to their miniature size it is difficult to observe the characteristic
features; in that case, expert’s assistance is necessary (MacKinnon, 1996; Tibbs, 2008).
They are universally admired for their beautiful flowers of myriad shapes, sizes and

colors.

The Orchidaceae is one of the largest families of plant kingdom and biologically
it is one of the most complex groups of plants. The family comprises about 28,484 species
representing 736 genera showing pantropic distribution (Christenhusz and Byng, 2016;
Govaerts et al., 2018). Orchids are inhabitant of tropical countries explicating its greatest
diversity, which includes tropical forest of South and Central America, Mexico, India,
Ceylon, Burma, South China, Thailand, Malaysia, Philippines, New Guinea and
Australia (lrawati, 2013). The largest genera among the family are Bulbophyllum
Thouars (2000 species), Epidendrum L. (1500 species), Dendrobium Sw. (1400 species)
and Pleurothallis R. Br. (1000 species) (Whitten et al., 2007).

Hybridization is a most common mechanism of new species formation within the

Orchidaceae (Hollick et al., 2005) and newly emerged species were maintained by
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explicit pollinator as orchids have an exclusive relationship with their pollinators
(Christenson, 2003). More than 1,20,000 natural and manmade hybrids are created and
these include several multi-generic hybrids. The natural diversity within and among
orchids has often confused taxonomists, resulting in trouble in describing natural groups
with the explanation that the family is still actively evolving (Garay, 1960). This is one
of the reasons for increasing number of new species of orchids and simultaneously many

orchid species are becoming extinct day by day.

1.2. ORIGIN OF ORCHIDACEAE

The family Orchidaceae is considered to have originated between 26 to 110
million years ago (Bremer, 2000; Wikstrom et al., 2001; Janssen and Bremer, 2004;
Ramirez et al., 2007). Various taxonomists have proposed conflicting remarks regarding
the origin of this family. According to Bentham and Hooker (1883) and Engler and Prantl
(1897), it is derived from Burmaniaceae. Hallier (1912) proposed its origin from
Scitamineae whereas as per Lawrence (1951) and Cronquist (1988) it arose from
Amaryllidaceae. Hutchinson (1969) affirmed Apostasiaceae as the precursor of
Orchidaceae. According to Vermeulen (1966) the family was derived from
Commelinaceae. Takhtadzhian (1969) found its origin from the genus Curculigo of
family Hypoxidaceae. Garay (1960, 1972) predicted a polyphyletic origin for this family.
Rasmussen (1985) included Apostasiaceae, Cypripediaceae and Orchidaceae together in
Orchidales as a monophyletic group, distinct from all other orders in the reduction of the

number of stamens and possession of microscopic, non-endospermic seeds.

1.3. FAMILY ORCHIDACEAE

1.3.1. General Morphology

Orchids are annual or perennial herbs that lack any permanent woody structure
(Randhawa and Mukhopadhyay, 1986). Depending on the mode of habit they can be
terrestrial (growing on the ground) epiphytic (growing on trees), lithophytic (growing on

rocks) or mycoheterotrophic (growing on the dead and decaying matter).

Terrestrial orchids generally grow under the dense shade of forest floor e.g.
Habenaria Willd., Peristylus Blume (Plate 1.1). The epiphytic orchids usually grow on
tree trunks and do not harm the host plant, being dependent upon them for support and

forms commensalism type of symbiotic relationship with the host e.g. Rhynchostylis
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Blume, Vanda R.Br. (Plate 1.1). Lithophytic orchids grow on rocks and absorb nutrients
from rain water and nearby decaying plants material e.g. some species of genus
Paphiopedilum Pfitzer. Mycoheterotrophic orchids grows in association with
mycorrhizal fungi e.g. Didymoplexis pallens Griff., Aphyllorchis montana Rchb.f. No
mycoheterotrophic orchids have yet been recorded from Gujarat.

The vegetative features in orchids are very diverse, but in general, their common
components are root, stem, leaf, flower and fruit.

s - —
€))

Plate 1.1: Habit of Orchids found in Gujarat (a) Epiphyte; (b) Terrestrial
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1.3.2. Root

The roots are adventitious in family Orchidaceae. Terrestrial orchids possess
underground tubers, bulbs and corms. The epiphytic and lithophytic orchids possess
similar root systems which are highly evolved. The utmost adaptation of the epiphytic
orchid to its aerial existence is the development of exclusive tissue in the roots called as
‘Velamen’. The roots of epiphytes serve the double purpose i.e. anchoring and
absorption. The velamen tissue reaches its maximum development in epiphytic orchid
producing multi layers of cells to prevent collapse. These tissues have cells filled with
air in the dry condition, which gives characteristic grey color (Groom, 1893; Engard,
1944; Dycus and Knudson, 1957; Zotz and Winkler, 2013). Mycoheterotrophic orchids
possesses bunch of coralloid roots and they derive nutrition from the dead and decaying

organic materials with the mycorrhizal association with fungus.

1.3.3. Stem

The orchid stems are quite as variable as roots. They may be thin, wiry, tough and
rigid to soft and succulent. The foliage shoot often has a main stem with a uniform axis
and a single growing point. The aerial shoot emerges from underground modified stem
in terrestrial orchids. The underground stem lies in the dormant stage and under
favourable condition, they give rise aerial shoots annually. These types of stems have a
heavy deposit of reserve food. The modified underground stem often is in the form of a
corm e.g. Eulophia R.Br. and Geodorum Andrews. Genera like Liparis Rich. and
Crepidium Blume has pseudobulb. Pseudobulb stores water and food. More the amount
of food and water stored leads to enlargement of pseudobulb as well as an increase in its

fleshy content.

The stem morphology of epiphytic orchids is more variable than terrestrial
orchids. Based on the morphology of stem, epiphytic orchids are divided into two groups
either sympodial or monopodial (Fitch, 2004; Hew and Yong, 2004; Squire, 2005).

e Sympodial (many footed) have stems with determinate growth. The creeping
rhizome produces pseudobulb each year, it grows to a certain size, bloom, then stop
growing and replaced by the new pseudobulb from the sides of the older one next

year. e.g. Dendrobium Sw. (Plate 1.2).
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Monopodial (one footed): have stem with indeterminate growth and new shoots
grow upwards from a single stem which originates at the end of the old shoots. It then
produces leaves and flowers along the stem. The stem of these orchids can reach a
length of several meters as in the genera Vanda R.Br., Rhynchostylis Blume (Plate
1.2).

In case of mycoheterotrophic orchids stems are slender and colorless (Leake, 1994).

Plate 1.2: Growth forms of Epiphytic Orchids (a) Sympodial; (b) Monopodial
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1.3.4. Leaves

The leaves are usually same as that of other monocotyledons, although some
Vanilloideae have a reticulate venation. Leaves are alternate, rarely opposite or whorled,
simple, often distichous and sometimes closely imbricate, occasionally reduced to scales,
membranous, coriaceous or succulent, sheathing basally with the sheath generally closed
and enveloping the stem (Jakubska-Busse et al., 2017).

In terrestrial species, leaves are long and plicate or short, elliptic, oblong or linear,
ovate, but always with sheathing bases. As an exception, leaves are orbicular in Nervilia
Comm. ex Gaudich. (Jalal et al., 2009). Some orchid species possess velvety leaves with
silver golden veins providing beautiful ornamentation (e.g. Anoectochilus Blume,
Haemaria Lindl.) (McDonald, 1999; Singh, 2015).

In epiphytic and lithophytic species, leaves are thick and coriaceous to reduce the
transpiration rate. In many species they perform the function of storage as in terete leaves
of Vanda Jones ex R. Br., Rhynchostylis Blume, Aerides Lour., Acampe Lindl., etc
(Baruah, 1978; Averyanov et al., 2014). In some species leaves are long, linear and
ensiform, often reaching up to a length of half meter e.g. Cymbidium Sw. (Loudon, 1829).
The leaves of Oberonia Lindl. are laterally compressed and succulent (Teoh, 2016). In
some species, leaves are much reduced and deciduous and the stem is also much reduced
with spreading succulent leaves which perform the function of photosynthesis
(Chiloschista Lindl. and Taeniophyllum Blume.) (Stern et al., 2014; Gray, 2015).

In  mycoheterotrophic orchids leaves are reduced to widely spaced
achlorophyllous scales on the inflorescence axis. In spite of preparing food from
photosynthesis, they get nourished from a mutual relationship between fungi and plants
root (Leake, 1994).

1.3.5. Inflorescence

Inflorescences are usually terminal or lateral raceme, varies from one to many
flowered in almost all the habits of orchids. Usually, the inflorescences are produced
from a leafy shoot but in few genera like Bulbophyllum Thouars, Dendrobium Sw. leaves

are shed before flowering (Pellegrino et al., 2010; Ferry, 2013).
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1.3.6. Flower

Orchid flowers exhibit a wide range of variations. There is an immense disparity
in size of orchid flowers, which ranges from the minute flowers of Platystele cornejoi
Luer, Central America, which are no more than 2 mm across, to the large ones in
Grammatophyllum speciosum Blume, New Guinea, which may be greater than 25 cm
across. The most unusual is an Australian genus Rhizanthella R. S. Rogers (3 species),

which lives and flowers completely underground (George, 1981).

Resupination is the typical phenomenon observed in most of the orchid flowers.
In the majority of the species labellum is on the upper side in flower buds but it becomes
lowermost when the bud blooms. This reversion in the position of labellum takes place
as a result of a phenomenon called resupination (Hill, 1939; Arditti, 2003). In most
species, the buds turn at 180° to place the labellum lowermost. Non resupinate flowers
with labellum on the uppermost position either do not undergo for resupination at all (e.g.
Calopogon R.Br.) (Ames, 2005; Fowler, 2005) or twist at 360° ending up as they started
(e.g. Crepidium Blume) (Kull and Arditti, 2013). In all cases labellum plays a key role

in pollination process and serves as a landing pad for pollinators.

Flowers are usually bisexual and/or rarely unisexual e.g. Catasetum Rich. ex
Kunth (Oliveira et al., 2010; Franken et al., 2016), Cycnoches Lindl. (Cullina, 2004;
Meisel et al., 2014), Mormodes Lindl. (Stern and Judd, 2001; Salazar et al., 2016),
zygomorphic, bracteate, sessile or pedicelled, bilateral, mostly resupinated; Perianth
encompass Six segments in two series exhibiting trimerous pattern. The outer series
comprises three sepals, two lateral sepals slightly differ from the dorsal one and
sometimes connate in a short or long sac or spur like base (mentum). The inner series
comprises three petals, among them two lateral petals resemble the dorsal sepal and the
dorsal petal is usually larger and extraordinarily different, called as labellum (or lip).
The labellum is greatly modified with or without spur. The major evolutionary trait in
orchids is fusion of male and female organs called as column or Gynostemium. At the
top of column is anther which contains discrete mass of pollen called pollinia (single
pollinium), which are covered by a pollinial cap. The pollinia are attached to a sticky
mass called a viscidium. They are attached to viscidium either directly or by a stalk
called stipe in epiphytic orchids and caudicle in terrestrial ones. Ovary tricarpellary,

syncarpous, inferior, usually unilocular with parietal placentation rarely trilocular with
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axile placentation e.g. Neuwiedia Blume, Selenipedium Rchb.f., Apostasia Blume; ovules
many, minute. Just beneath the anther is Rostellum which is a result of modification of
one of the stigma. It separates the anther from functional stigma and commonly prevents
self-fertilization (Woltering and Harren, 1989; Darwin, 1899). Beneath the rostellum is
a hollow cavity which is the functional stigma of the flower. It is covered by the sticky
substance which helps to hold the pollinia during the process of pollination (Plate 1.3)
(Johnson and Edwards, 2000; Rudall and Bateman, 2002; Simpson, 2006).

Plate 1.3: Details of an Orchid Flower

1.3.7. Fruit

In almost all the forms of orchid habits fruits are dehiscent capsule. In some basal
groups, the fruits are fleshy berries (e.g. Cyrtosia Blume, Neuwiedia Blume, Palmorchis
Barb. Rodr., Vanilla Plum. ex Mill.). Capsule dehisces by 3 — 6 hygroscopically sensitive
valves which remain connate apically (Ackerman and Montalvo, 1990; Rasmussen and
Johansen, 2006; Ariyarathne, 2014).
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1.3.8. Seed

Orchid capsule typically possesses millions of dusts like, minute, wind dispersed
seeds. The seed size varies from 0.1 — 6.0 mm. The fresh orchid seeds are white, brown
or dark brown in color but can also be beige, yellow, reddish, orange, greenish, yellowish
brown or black. The seeds are characterized by a thin balloon-like seed coat and lack of
endosperm (Barthlott et al., 2014). Orchid seeds when comes in contact with fungal host
then only it will germinate (Cribb and Bailes, 1989; Backhouse and Jeanes, 1995).

1.4. DISTINGUISHING FEATURES OF ORCHIDACEAE

e The presence of an odd petal called labellum with spur without spur.

e The presence of a column called as Gynostemium.

e Pollens are packed together into the pollinia or pollinium, a mass of waxy pollen.
e The seeds are minute, dust like and numerous.

e The seeds can only germinate in symbiosis with specialized fungi called as

mycorrhizae under natural circumstances.

1.5. SYSTEMATIC OF ORCHIDACEAE

The systematic of Orchidaceae began with the classification by Linnaeus (1753),
who recognized eight genera and placed them in “Classis XX Gynandria Diandria”.
Swartz (1805) provided the identification key for 25 genera and classified them on the
basis of the number of anthers, which formed the basis for sub-familial classification. On
the basis of Swartz’s classification, Lindley (1840), the father of orchid taxonomy,
classified 3000 species of orchids in seven tribes on the basis of the number of fertile
anthers and pollen structure. He was the first to classify the family into tribes. However,
Bentham (1881) reframed Lindley’s classification recognizing five tribes viz.
Epidendreae, Vandeae, Neottieae, Ophrydeae and Cypripedieae which were further
divided into 27 subtribes. Pfitzer (1887) criticized the classification of Bentham and laid
more emphasis on vegetative characters by recognizing 32 tribes and a number of
subtribes. Based on Pfitzer’s (1887) classification, Schlechter (1926) proposed the
classification considering both vegetative as well as floral characters. He recognized four
tribes and the remaining tribes and subtribes of Pfitzer’s classification were treated as
subtribes. The Schlechter’s system of classification was conflicting with the

nomenclature rules proposed at that time, therefore, Dressler and Dodson (1960) slightly
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changed the classification to bring it into compliance with the ICBN. They recognized
40 subtribes in two subfamilies i.e. Cypripedioideae (including Apostasia and
Neuwiedia) and Orchidoideae. Garay (1972) considered the additional characters i.e.
vasculature of flower, embryology, seeds etc. and divided the family into five
subfamilies, viz. Apostasioideae, Cypripedioideae, Orchidoideae, Neottioideae and
Epidendroideae. Dressler (1974) revised the classification of Orchidaceae formerly
projected by him along with Dodson (1960), by addition of the subfamily Apostasioideae,
as proposed by Garay (1972). Dressler (1981) again revised his earlier proposed
classification by recognizing six sub-families. The three newly added sub-families were
Epidendroideae, Spiranthoideae and VVandoideae by considering additional characters i.e.

column structure and subsidiary cell development.

The most accepted classification system of the family Orchidaceae was proposed
by Dressler (1993) based on the anther morphology. According to this classification,
Orchidaceae comprises 20,000 species under 850 genera, arranged in 70 sub-tribes, 22
tribes and five sub-families. The five sub-families were Apostasioideae,
Cypripedioideae, Orchidoideae, Spiranthoideae and Epidendroideae, the last being the
largest. The main drawback of Dressler’s classification (1993) was a narrow treatment of
Neottioid orchids, as they were kept within sub-family Epidendroideae (Dressler, 1993;
Chase, 2005). The other controversial group was Vanilloids, in which the columns are
like those of the Epidendroids, but vegetatively they are highly divergent (Cameron and
Dickison, 1998; Stern and Judd, 2001; Chase, 2005).

The classification of orchids based on the morphology of flower could never be
accurate as they are greatly susceptible to morphological plasticity due to pollinator
selection pressure, yet floral characters were used traditionally to classify the family
(Dressler and Dodson, 1960; Dressler, 1974, 1981, 1993). With the increasing
availability of DNA data and molecular phylogenetic studies, slight different
relationships among sub-families, tribes and sub-tribes have been revealed. The
pioneering DNA based studies of Cameron et al. (1999) and Chase (2005) had pointed
out different patterns of relationships within Orchidaceae as compared to the
morphological cladistics of Dressler (1993). Subsequent to these two initial reports,
numerous DNA based phylogenetic analysis have been published, at the level of family
(Cameron, 2004; Freudenstein et al., 2004), sub-families (Neyland and Urbatsch, 1995,
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1996; Cox et al., 1997; Freudenstein and Chase, 2001), tribes (Douzery et al., 1999;
Goldman et al., 2001; Kores et al., 2001) and sub-tribes (Yukawa et al., 1996; Cozzolino
et al., 1998; Pridgeon et al., 2001; Clements, 2003; Berg et al., 2005). Based on these
relationship patterns, as revealed by different DNA regions, a new classification of
Orchidaceae was proposed by Chase et al. (2003). The new classification based on both
morphological and molecular data divided the family Orchidaceae into five subfamilies
— Apostasioideae, Vanilloideae, Cypripedioideae, Epidendroideae and Orchidoideae. In
this classification, the members of the Neottioideae, were distributed in Epidendroideae
and Orchidoideae (Garay, 1972). The fifth family named as Vanilloideae was created by
assembling some members, which were earlier included in Epidendroideae and which
have distinct morphological characters, such as, reticulate venation and crustose seeds
(Chase et al., 2003). After the last classification of Chase et al., in 2003, he again revised
the classification by including a list of 736 newly recognized genera. The major changes
have occurred in subfamily Epidendroideae and Orchidoideae (Chase et al., 2015).

Recently, the APG IV system (Angiosperm Phylogeny Group Il system) has
been published according to which Orchidaceae belongs to group Asparagales, and is
further divided into 5 subfamilies - Apostasioideae, Vanilloideae, Cypripedioideae,
Orchidoideae and Epidendroideae (APG 1V, 2016) (Figure 1.1).

Orchidaceae

(736 genera)
Apostasioideae Vanilloideae Epidendroideae  Cypripedioideae Orchidoideae
(2 Genera) (14 Genera) (517 Genera) (5 Genera) (108 Genera)

Figure 1.1: Sub familial Classification of Orchidaceae (Chase et al., 2016)
1.6. THREATS TO ORCHIDS

Orchids are very sensitive toward habitat change which leads to a restricted
distribution of certain species. Orchid habitats are under risk globally due to fast
urbanization and industrialization. Many species are becoming threatened due to habitat
change, degradation, fragmentation and destruction. Various anthropogenic activities
such as land development activities, the building of dams, constructions of roads, mining,
hydroelectric power projects, wind mills and large scale agricultural expansion play a
chief role in the reduction of habitats (Kumar et al., 2006, 2007). Furthermore, the
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monoculture plantations, collection of the orchid bulbs for livelihood and medicinal
purposes, mass over-collection due to fascination, leads to exploitation of orchids.

The change in Global climatic conditions affects the local climate of the region
e.g. rainfall patterns. With commencing of rainy season number of terrestrial orchids start
their lifecycle i.e. Habenaria Willd., Peristylus Blume and Nervilia Comm. ex Gaudich.
and the change in rainfall pattern affects their life cycle. Impacts of invasive species also
pose threats to ground orchids. Many species of orchids were extinct which were
commonly available earlier in India. For instance, Paphiopedilum druryi Bedd. Stein.,
once found abundantly in Agastyamalai Hills (Jalal and Jayanthi, 2012) in Southern India
is now difficult to locate. In-situ and ex-situ conservation efforts are necessary to provide

sound conservation plans for threatened species in the wild (Cribb et al., 2003).

Plenty of orchid species were reported from all over India but still, there is no
detailed scientific documentation carried out in Gujarat. There is sporadic information
available on orchids of Gujarat state. No significant efforts have been made to study the
detailed taxonomic and distributional status of orchids in Gujarat. There is all probability
that there are more members of orchids in various parts of Gujarat. However, in-depth
study will reveal the status of the orchids. It is a forwarding step for surveying and
documenting the orchid wealth of the state for conserving the threatened and endangered
species of orchids and to make people aware about the importance of the orchids
aesthetically as well as medicinally that can reduce over exploitation of indicator species

of an ecosystem and endemic and threatened orchid taxa from the wild habitat.
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1.7. OBJECTIVES

The present study was planned to explore and document the orchid diversity in
Gujarat with following objectives:

Survey of orchids within the state.

Detailed taxonomic identification

Ex-situ conservation.

DNA barcoding for identification of orchids.
Leaf anatomy of orchids.

o a ~ w N E

Phytochemical analysis of some ethnobotanically important orchid species.
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