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1. INTRODUCTION

Orchidaceae, which is one of the largest and most highly evolved families among
monocotyledons with about 900 genera and 30,000-35,000 species, is distributed worldwide (Seeja
and Sreekumar, 2022). Orchids are perennial plants with the most diverse, fascinating, varied, and
beautiful flowers. They have outnumbered other families of flowering plants by evolving higher
levels of specialisation in their vegetative and reproductive traits. It can grow in a variety of habitats
and is a model plant for plant breeders because over 1,000,000 hybrids have already been released:;
no other crop has produced this many hybrids to date. Orchids are commercially traded as
ornamentals, medicinal products, and food (Hinsley et al., 2018). However, it ranks in the top
position among the floricultural crops in the global market. The global orchid trade value was
$51521 million in 2020 and is expected to grow at a compound annual growth rate (CAGR) of
4.6% from 2021 to 2027. The North American orchid industry is expected to be valued at US $
1617.3 million in 2020 (https://www.alltheresearch.com/report/735/orchid-market). India has a

rich diversity of native orchid species with commercial value and is blessed with a wide range of
agroclimatic conditions, but its contribution to the global market is meagre, and 80% of the orchids

sold in Indian markets are imported from Thailand.

Vanda is the third most important orchid genus in terms of global market share. It is a
monopodial and mostly epiphytic orchid that is widely cultivated in Southeast Asia and the Indian
subcontinent (Islam et al., 2014). The genus Vanda consists of about 87 species, the majority of
which are commercially used as cut flowers, potted plants, herbal products in cosmetics and
medicine, and some of which are used as food additives. Most Indian species of Vanda have been
recognised in breeding programs, especially to produce primary hybrids, due to their inherent
attractiveness coupled with their ability to transmit these characters to hybrids. They are cross
compatible with other genera like Ascocentrum, Aerides, Rhynchostylis, Neofinetia, Renanthera,
and Phalaenopsis (De et al., 2014).

Vanda tessellata (Roxb.) Hook. ex G. Don. commonly known as ‘rasna’ (Sanskrit) and
‘Grey orchid" or "checkered Vanda" (English), is distributed in certain regions of India and Indo-

China since it requires specific agro-climatic conditions. It is a monopodial epiphytic orchid with
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a wide array of medicinal and ornamental values. It has attractive and fragrant flowers all year and
is diverse in the wild, with nearly 50 different colours of tessellate markings on the petal. It was
one of the parents of the Vanda ‘Mimi Palmer’, an international award-winning orchid for its strong
sweet fragrance (Osman, 2008), and several other commercially leading orchid hybrids have been
developed from this wild species. Its population in its natural habitat is rapidly diminishing due to
overexploitation and habitat destruction, and it has become an endangered species in India. The
International Union for Conservation of Nature (IUCN) ranked this species as a conservation
priority and recommended it for ex situ conservation (Khela and Chadburn, 2014). Its multifaceted
uses and scarcity necessitate the development of appropriate techniques for large-scale
multiplication, as seed germination in orchids is generally very low (2-5%). Hence, an alternative

propagation method is a pre-requisite for sustainable utilisation and conservation of this species.

Plant tissue culture is an established method for effective propagation, offers the ability for
large-scale production, and ensures clonal stability, irrespective of season and weather (Singh and
Duggal, 2009; Silva et al., 2015). Orchids’ seeds are microscopic and unpretentious (Dressler,
1993). They differ from those of most angiosperms and resemble the so-called ‘dust seeds’ of other
plants (Fleischer, 1929; 1930; Ziegenspeck, 1936; Rauh et al., 1975; Rasmussen, 1995). The orchid
seeds generally lack a well-defined endosperm and contain a globular-shaped embryo covered by
thin layers of seed coats (Arditti, 1992). Although the macroscopic appearances of various orchid
seeds are similar, they are highly diverse owing to their seed coat embellishment (Clements and
Molvray, 1999). Micro-morphological seed traits are species-specific, reflect various modes of
seed dispersal, and can be used to prioritise species for conservation and select appropriate in situ

and ex situ conservation strategies.

Generally, an orchid capsule consists of enumerable numbers of non-endospermic seeds
that require symbiotic association with certain fungi for germination. Hence, in natural conditions,
the percentage of seed germination is very low. In vitro seed germination is the best option to
overcome this problem. Seed propagation and multiplication response mainly depend on the seed
traits. Hence, seed characterization is inevitable for the development of an efficient propagation
technique. Moreover, understanding morphological, morphometric, and reproductive characteristic
features is inevitable for practical conservation and sustainable utilisation of any crops, particularly

endangered species like Vanda tessellata.



In these backdrops the present investigation was aimed at studying the morphological and
morphometrical seed characterization and standardisation of the in vitro seed germination protocol

for Vanda tessellata.
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2. REVIEW OF LITERATURE
Vanda tessellata (Roxb.) Hook. ex G. Don.

The taxonomic description of the accepted plant name Vanda tessellata was first made by
W. Roxburgh (1795), who coined the name Epidendrum tessellatum. W.J. Hooker proposed the
current name V. tessellata, and George Don proposed the same name following the International
Code of Botanical Nomenclature in 1830 (Roxb.) Hook. ex. Done 1830. Many flora include
descriptions of the plant (Gamble, 1928). It is a monopodial epiphytic orchid, also known as the
grey orchid, that can reach a height of 60 cm and has a leafy stem. The leaves are thickly coriaceous,
recurved, plicate, obtuse, and keeled (https://en.wikipedia.org/wiki/Vanda tessellata; Singh and

Duggal, 2009). Kirankumar et al. (2021) reviewed the taxonomic and medicinal properties of this
species. According to Bhattacharjee and Islam (2014), the demand for this orchid is increasing day
by day due to its medicinal and floricultural importance. The whole plant body is used in Ayurvedic
medicines. Fever is treated with a leaf paste. It is an ingredient in ‘Rasna Panchaka Quatha," the
Ayurvedic formulation used in the treatment of arthritis and rheumatism (Singh and Duggal, 2009).
A novel aphrodisiac compound was also isolated from the flower of V. tessellata which activates
neuronal (nNOS) and endothelial nitric oxide synthase (eNOS) and influences the levels of nitric
oxide (NO) in tissue and blood (Subramonium et al., 2013).

2.1. EVALUATION OF FLORAL CHARACTERS
2.1.1. Floral characters (qualitative)
2.1.1.1. Number of inflorescences per plant/year

The number of inflorescences produced per year in orchids is a crucial characteristic feature

for determining whether it will be profitable to use as a cut flower or a pot plant (Garay, 1972).


https://en.wikipedia.org/wiki/Vanda_tessellata

2.1.1.2. Length of inflorescence

Inflorescence length has been identified as being one of the significant characters in any
orchid breeding programme (McDonald, 1991). It is one of the biometric characteristics that
determines the size and shape of the inflorescence. Variation in spike length among varieties is a
genetic characteristic (Thomas, 2008). In V. tessellata, the inflorescence is a raceme (Sahu and
Chaudhary, 2021). The average length of inflorescence was 19.02 cm (Seeja, 2018). The

inflorescence of V. tessellata is short (<15 cm) (De et al., 2015).
2.1.1.3. Number of flowers per inflorescence

In orchid breeding, the number of flowers per inflorescence is one of the important traits
(McConnel and Kamemoto, 1983; McDonald, 1991). According to Islam et al. (2016), V. tessellata
has peduncles that are 15-20 cm long, with 6-10 flowering racemes and 6-10 blooms per
inflorescence (Sahu and Chaudhary, 2021).

2.1.1.4. Flower inter-nodal length (cm)

The internodal length of the inflorescence should be ideal for better display of the
inflorescence; more clearance results in an ungainly, prominent exposure of the inflorescence axis,
while sufficient clearance is necessary to avoid blossom overcrowding (Thomas, 2008). Flower
internodal length in V. tessellata was reported to be 2.02 cm (Seeja, 2018), which is an ideal

distance to expose the flower.
2.1.1.5. Length of the pedicel (cm)

Pedicel size differed significantly among orchid species, and ranged from 1.2 to 10.3 cm
(Anand et al., 2013). The length of the pedicel is a highly heritable trait. To increase yield in
orchids, direct selection for pedicel length would be useful. Pedicel length ranges from a minimum

of 3.50 cm to a maximum of 54.67 cm in orchids (Vanlalruati et al., 2016).



2.1.1.6. Flower colour and pattern of tessellate marking

Schiestl et al. (1997) reported that after pollination, flower colour and aroma decreased.
The sepals and petals are brownish green with darker tessellation, and the lip is indigo blue (De,
2021). Flowers have yellow sepals, tessellated with brown lines and white margins. Petals are
yellow with brown lines and white margins (Islam et al., 2016). Flowers are greenish yellow with
brown in the lip's midlobe and purple caruncles (Singh and Duggal, 2009).

2.1.1.7. Flower longevity (days)

Generally, Vanda blooms once every month, and flowers last for two to three weeks (Garay,
1972). Pollen removal from stamens and pollination reduce floral longevity (Evanhoe and
Galloway, 2002), and floral scent and colour diminish after pollination (Schiestl et al., 1997; Theis
and Raguso, 2005). The longevity of an individual flower in V. tessellata is around one month
(Sahu and Chaudhary, 2021).

2.1.1.8. Nature of flowering—free or seasonal

Monopodial orchids bloom all year or only occasionally. Since seasonal flowering is
confined to specific months or seasons, it is not as desirable as free-flowering. The demand for
flowers is related to their constant availability on the market, which is possible in the case of free-
flowering commercial hybrid varieties (Thomas, 2008). The nature of flowering in V. tessellata is
noted as "free" (Seeja, 2018).

2.1.1.9. Season of flowering

The rate of flower opening and the number of flowers produced per inflorescence determine
the flowering time of a species (Thomas, 2008). In India, its flowering has been reported in various
climatic seasons from January to December (Matthew, 1995; Seidenfaden, 1999; Seeja, 2018). The
grey orchid has a wide tolerance for temperature (26—-31°C) and low relative humidity (31%—-44%)

(Jayaweera, 1981).



2.1.1.10. Anthesis.

In orchids, anthesis is a genetically controlled trait. (Sanford, 1971). Anthesis in V.

tessellata is reported to be from 6 a.m. to 6 p.m. (Seeja, 2018).

2.1.1.11. Time of stigma receptivity

The receptivity of the stigma decreases with flower aging. (Dongarwar and Thakur, 2014).
Pollinating young, fully open flowers is recommended in cases of artificial pollination in orchids
in general since pollen and stigma are most receptive 1-8 days after flowers are open (Proctor,
1998; Shiau et al., 2002). Stigma receptivity remained throughout the day after anthesis and up to

six days after anthesis in V. tessellata (Seeja, 2018).

2.1.2. Pollen characters

2.1.2.1. Pollen morphology

Pollen forms different types of aggregated entities called pollen dispersal units, or PDUs
(Pacini, 1997). In angiosperms, Orchidaceae plants have the greatest number of PDU types, and
pollen is often packed in PDUs called pollinia (Pacini, 2009; Pacini and Hesse, 2002). In orchids,
pollen grains mostly existed as tetrads (Abraham and Vatsala, 1981; Das and Goshal, 1988;
Varghese, 1995; and Sobhana, 2000). Pollinium has two pollinia, which are waxy and globular
(Mulgaonkar, 2005). The Vandeae consistently exhibit tectate-granular and atectate wall types, no
footlayer, in-aperturate pollen, and compact pollinia, suggesting this is the most palynologically

derived group of the family (Zavada, 1990).
2.1.2.2. Pollen production per pollinium

Pollen production per flower per anther varied from variety to variety within an orchid
species (Nair et al., 1964). The numbers of pollen grains per pollen dispersal unit have both genetic
and ecological consequences. The most important is that the more grains per pollinia, the more
likely seeds in a pod will have the same male parent; the more pollen adhering to the stigma and

fertilising it, the more male competition inspiring greater female competition, leading to



reproductive fitness of the species in its ecology (Pacini and Franchi, 1999). Vanda tessellata,
produces an average of 900000 pollen grains per pollinium (Seeja, 2018).

2.1.2.3. Pollen fertility percentage

The carbohydrate and water content of pollen grains at the beginning of anthesis, the
environment during exposure and dispersal, and the location of pollen presentation (whether pollen
is exposed or protected)—all these factors together appear to affect pollen longevity (Pacini, 1997,
Dafni and Firmage, 2000; Nepi et al., 2001). Long-term viability requires a significant amount of
sucrose and cytoplasmic polysaccharides. Pollen that has a high water content (more than 30%),
along with a high percentage of sucrose and cytoplasmic polysaccharides, is more resistant to
desiccation than pollen with a lower carbohydrate content (Dafni and Firmage, 2000). Pollen
longevity is also influenced by environmental conditions such as temperature, light intensity, and
relative humidity (Pacini, 1997). The average pollen fertility percentage is 91.35 percent (Seeja,
2018). Pollen is most receptive in orchids, one to eight days after flowers open (Shiau et al., 2002).

Pollen longevity in orchids lasts from a few hours to several weeks (Endress, 1994).
2.1.2.4. Pollen germination percentage

The germination requirements of pollen vary appreciably from species to species. Apart
from moisture, they generally require a carbohydrate source, boron, and calcium for satisfactory
germination and tube growth (Patel and Mankad, 2014). In addition to serving as a pollen metabolic
substrate, externally provided sucrose maintains the osmotic pressure (Shivanna and Johri, 1989).
Evidence is abundant that sucrose in the medium is metabolised by germinating pollen (Linskens
and Stanley, 1974).

2.1.3. Capsule characters
2.1.3.1. Days taken for pod setting after anthesis

The duration between pollination and fertilisation is highly variable in the Orchidaceae
(Swamy, 1943), but it is usually short in terrestrial orchids (Swamy, 1949). In orchids, after the
completion of pollination, the development of capsules starts, and flowers start to senesce within
1-5 days. (Dongarwar and Thakur, 2014).
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2.1.3.2. Days to mature capsule harvest

The point of mass seed maturity achieved at the end of capsule maturation is associated
with a reduction in moisture content (Schwallier et al., 2011). The development of brownish and
yellowish colours on the capsule's surface was a sign of capsule maturity (Slater, 1991). During
the development stages of some orchids, capsules turned light green, yellow, or brown (Dongarwar
and Thakur, 2014). Vanda fruit capsules took 6-9 months or even up to 20 months to attain maturity
(PhytoTech Labs, 2019). The maturation of the capsule took three months in V. tessellata (Sahu
and Chaudhary, 2021).

2.1.3.3. Length of capsule (cm)

The size of the fruit also depends on the amount of pollen applied to the stigma (Rasmussen
and Johansen, 2006). Capsules are 7.5-9.0 cm long, narrowly clavate-oblong, and have acute ribs
(Seeja, 2018).

2.1.3.4. Width of capsule (cm)
Capsule width is approximately 1.5 cm (Thakur et al., 2012).
2.1.3.5. Percentage of filled seeds

There is no effect of pollen age on the percentage of non-embryonated seeds (Proctor,
1998). Female reproductive success in orchids can be highlighted by the proportion of seeds with
embryos (Lock and Profita, 1975; Nilsson, 1980; Patt, et al., 1989; Proctor and Harder, 1994).

2.1.3.6. Seed viability percentage

Seed viability tests, can be used to effectively solve conservation problems (Cooke et al.,
2013). A seed viability test is defined as any technique used to determine whether individual seeds
appear to be dead or alive within a sample, which enables the proportion of live seeds in a
population to be estimated (Gosling, 2003). In order to retain the seed viability in storage, it is
important to collect mature seeds of orchids, since orchid seed viability is highest at the time of

physiological maturity and gradually declines thereafter (Copeland and McDonald, 2001).
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Some chemical methods of seed viability testing rely on the presence or absence of
enzymatic activity connected to the live or dead status of a seed or the differential uptake of a stain
by living versus dead tissue, commonly known as enzymatic and nonenzymatic tests, respectively
(Copeland and McDonald, 2001; Wood et al., 2003). These staining tests are based on the premise
that viability is an inherent characteristic of a seed’s potential to germinate, hence, a resting seed
is a potential seedling. This pioneering view of characterizing a seed’s viability was developed by

Lakon (1949) through the establishment of the Tetrazolium test (TTC) for seeds.

The 2,3,5-triphenyl tetrazolium chloride changes from its oxidized, colourless form to the
reduced, red or pink 2,3,5-triphenyl formazan within hydrated living tissues containing respiratory
enzymes or dehydrogenases. The TTC test is one of the most commonly used seed viability tests

to date and has the advantage of being a rapid test (Copeland and McDonald, 2001).

The Evan’s blue test (EB) is a less commonly used nonenzymatic seed viability test (Hooi
et al., 2010; Pouzi et al., 2011). Instead of enzymatic activity within the cells, it relies on membrane
integrity, with non-viable seeds detected as having a damaged or leaky membrane, which allows
the Evan’s blue stain to penetrate the cytosol of the embryonic cells. The absence of a blue stain
within cells indicates that cell membrane pumps are active, and hence that seeds are potentially
viable. Therefore, seeds with completely unstained embryos are considered viable, and seeds with
embryos stained blue are considered non-viable. The EB test is fast and is considered more

accurate.
2.2. MORPHOLOGICAL AND MORPHOMETRIC CHARACTERIZATION OF SEEDS

The taxonomic importance of seed characteristics was first pointed out by Clifford and
Smith (1969).

2.2.1. Morphological characters

The morphological characteristics of the seeds not only serve as taxonomical markings but
also aid in deducing phylogenetic relationships (Barthlott, 1976). The seeds of orchids vary in size,
morphology, structure, colour, and other finer details. Molvray and Kores (1995) have brought to
light that the seeds vary in shape from filiform to fusiform, clavate to ellipsoidal, and sometimes

12



prominently winged. In some cases, the seed is covered by a hard coat, but in most cases, the seed
coat is papery in texture and loosely surrounds the embryo. The walls of the testa can be smoother

or reticulated. If reticulation is present, the patterns may be diverse.

The fusiform testa and prolate-spheroid embryo are the most common shapes in the
Orchidaceae family (Diantina et al., 2020).

Fresh orchid seeds appear in many different colours. Most often, it is whitish, brownish, or
dark brown, but it can also be beige, yellow, reddish, orange, greenish, yellowish brown, or black.

The colour is determined by the testa and embryo (Barthlott et al., 2014).
2.1.2. Morphometric characters

The morphometric characteristics of seeds are constantly challenging to taxonomic and
phylogenetic issues, which would be extremely beneficial in both academic and applied ventures
(Rani et al., 1993; Augustine et al., 2001).

The seed size varies from 150 to 6000 um and in the majority of taxa, the range is from 300
to 800 um (Molvray and Kores, 1995).

Seeds were categorised by size (seed length) as follows: very small (100-200 pum), small
(200-500 pm), medium (500-900 pm), large (900-2000 um), and very large (2000-6000 pm).
Seed pods were classified according to size as follows: very small (10-20 mm), small (20-30 mm),
medium (30—40 mm), large (40-50 mm), and very large (>50 mm) (Barthlott et al., 2014).

According to Arditti et al. (1980) and Augustine et al. (2001) length/width ratio provides
some very important data on the relative degree of truncation of the seeds in orchids. Elongated
seeds have a SL/SW ratio greater than 5, whereas truncated seeds have a SL/SW ratio less than 5
(Diantina et al., 2020).

EL/EW ratios above 1 show that they have prolate-spheroid shaped embryos. (Diantina et
al., 2020). According to Arditti et al. (1979), the seed volume in orchids is a reflection of the size

of the seeds.
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The volume of the embryo changes during the development of the seed. Young seeds have
small, undifferentiated embryos, whereas the mature seeds from the dehisced capsules have

embryos of a larger volume (Swamy et al., 2004).

There is evidence that larger embryo volume is positively correlated with seed weight
(Dangat and Guray, 2016), influencing the seed's ability to float in air and its distribution (Arditti
and Ghani, 2000).

The orchid seeds are small in weight; they are adapted for wind dispersal and belong to the
category of fliers. They consist of an undifferentiated embryo contained within a loose testa and an
air-filled space between the testa. Consequently, seeds with a higher ratio of seed volume/embryo
volume are expected to be more buoyant than those with a lower ratio of seed volume/embryo
volume. The fact that the seed volume to embryo ratio is greater than two indicates that they are a
widely distributed species. While orchid taxa whose ratio of seed volume/embryo volume is less

than two shows that they are restricted or localised in distribution.

Similarly, the percentage of air space has an impact on the phytogeographical distribution
of the taxa. Very light and buoyant seeds with a greater percentage of air space may get dispersed
over wide geographical areas more quickly than the seeds with minimum air space (Augustine et
al., 2001). Therefore, if such species become endangered, conservational measures become more
difficult.

According to Verma et al. (2014), terrestrial species have bigger air-spaces because of their
larger seed volumes, resulting in a bigger SV/EV ratio than epiphytic species. Moreover, seeds
with SV/EV ratios above 2.2 were suggested to be more buoyant than those with lower ratios, thus
enabling wider plant distribution ranges. Plant adaptations to specific or limited geographic
distribution ranges stimulate the evolution of a wide variety of morphological characters, including

seed dispersal mechanisms.
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2.3. IN VITRO SEED GERMINATION STANDARDIZATION

There are difficulties in propagating orchids through conventional methods as it possess
very complex and unique characteristics in their flowers, which slow the rate of successful

pollination by natural means (Mukhopadhyay and Roy, 1994).

Pierik (1987) reported that an orchid plant produces 1,300 to 4 million seeds per capsule
and only 0.2-0.3 percent germinate in nature (Singh, 1992) due to the lack of endosperm or very
small endosperm, which is inefficient for seed germination. Seeds require a symbiotic association
with some species-specific mycorrhiza (a kind of symbiotic fungus) for nutrient supply, successful
germination, and establishment of the plant at an early stage of development. Therefore, the
presence of species-specific mycorrhiza is an important factor for the distribution of orchids in
nature (Bhadra, 1999; Bhadra and Hossain, 2003). Only 2-5 percent of orchid seeds germinate in
nature with mycorrhizal associations. out of which very few survive in nature. It also needs a
microclimate of favourable temperature, humidity, etc. Few seeds germinate but do not develop

into mature plants.

This necessitates the application of in vitro seed propagation techniques for orchid
conservation. As a result, in vitro cultural techniques are now being used for rapid propagation of
commercially important orchid species in order to develop rapid propagation of economically
important and critically endangered orchids for proper conservation (Singh, 1992; Bhattacharjee et
al., 2015 a, b).

Tissue culture, an established method for effective propagation, offers the ability for large-
scale production and ensures clonal stability, irrespective of season and weather (Singh and
Duggal, 2009; Silva et al., 2015). The ambient in vitro culture environment allows plants to grow
in aseptic conditions with reduced light intensity, higher humidity, and rich carbohydrates,

nutrients, and growth regulators (Hazarika, 2003; Teixeira da Silva et al., 2015).

Seed culture is probably the most effective technique so far to get lots of new seedlings,
despite the long maturity time of VVanda capsules that could reach 6-9 months or even up to 20
months (PhytoTech Labs, 2019).
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Orchids do not need symbiotic associations for in vitro culture. Therefore, asymbiotic
germination of orchid seeds could be a perfect system to ensure maximum germination because
the heterotrophic in vitro conditions provide the required nutrient supply for seed germination
(Otero Ospina and Bayman, 2009; Valadares et al., 2012).

Seeds could provide large quantities of explants where adult orchid plants are limited. Seeds
could evenly germinate using basal medium without the addition of hormones or complex organic

matter. Seeds will grow into protocorms and become seedlings later (Yildiz, 2012).

In orchids, seeds directly produce single, vigorous seedlings after about 3-5 months in
culture. Yet, once they reach the protocorm stage (3-6 weeks), there is an indirect production of

multiple shoots with structures resembling protocorm-like bodies (PLBs) (Rubluo et al., 1989).

Protocorms have the flexibility to induce shoots, roots, and/or secondary protocorms
(PLBs) (Sujjaritthurakarn and Kanchanapoom, 2011; Setiaji et al., 2018). The protocorm phase
usually begins when the bipolar structure cannot be distinguished between basal and apical (Setiari
et al., 2016). By definition, protocorms are produced by seeds, whereas protocorm like bodies
(PLBs) are produced by explants. PLBs are important in orchid micropropagation and outwardly

resemble somatic embryos in form and development (Lee et al., 2013).

Knudson (1946) developed a protocol for asymbiotic in vitro orchid seed germination on a
medium containing minerals, nutrients, and sugar. The first experiments on Vanda in vitro culture
were carried out at the University of Singapore with calluses derived from seedlings in an
undefined medium containing tomato juice and 2,4-dichlorophenoxy acetic acid (2,4-D) (Rao,
1963; Rao, 1967).

In general, the most commonly used basal medium for VVanda cultures is MS (35.7%) and
VW (Vacin and Went, 1949) (21.4%). MS medium is widely used in a variety of plants, including
orchids. This medium contains high concentrations of ammonia, potassium, and nitrates; and is

relatively cheaper compared to other media such as the White medium (Stewart Jr, 2016).
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Bindiya et al. (2012) found that MS medium without hormones was best for seed
germination and protocorm formation in comparison to Knudson C (1946), Vacin and Went (1949),

and Raghvan and Torrey (1964) media in V. tessellata.

MS medium with pH 5.5 is the best for seed germination of V. tessellata in comparison to
the pH adjusted at 3.5, 4.5, 5.5, and 6.5 (Bindiya et al., 2012).

Seeds of V. tessellata germinated in absence of any exogenous plant growth regulators.
This might be due to the presence of adequate amounts of endogenous growth regulators in the
seed tissue, which are needed at the initial stage of germination (Hajong et al., 2010; Islam et al.,
2014).

The ideal formulation for seed germination may not always be the same as that required for

protocorm development and plantlet formation (Kauth et al., 2008; Koene et al., 2019).

Bhattacharjee and Islam (2014) investigated the effects of PGR(s) on V. tessellata multiple
shoot induction in four culture media: PM, MS, 12 MS, and B5. The MS medium fortified with 1
mgLINAA and 1.0 mgL™* BAP was the most effective for multiple shoot development and

elongation.

According to Bhattacharjee et al. (2015b), MS medium is the best for seed germination and
protocorm formation. Similarly, MS supplemented with BAP (1.0 mgL™) and NAA (1.5 mgL™)
was found to be the most suitable for PLBs development and plantlet formation. On the other hand,

the combined effect of BAP and IAA was a suitable hormonal combination for root development.

Dwiyani et al. (2015) studied in vitro germination and the subsequent growth of V.
tessellata in NP medium supplemented with CW and tomato juice. They concluded that NP
medium supplemented with tomato juice (100 gLt and 200 gL!) showed better growth than NP

medium supplemented with CW.

Sachin (2015) studied the impact of temperature and pH variation on the in vitro protocorm
formation of V. tessellata in MS without various combinations of growth hormones. Among
cultures maintained at different temperatures (15 °C, 20 °C, 25 °C, and 30 °C) and pH (4.5, 5.5,
6.5, and 7.5), temperature 20°C with pH 5.5 produced the most protocorms.
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The pH set for Vanda culture varies from 4.7-5.9. The better preference was at pH 5.8
(16.3%), followed by 5.6 and 5.2 (Setiaji et al., 2021).

Madhavi and Shankar (2019) reported that the highest response of seed germination (96%)
in V. tessellata was achieved in half strength MS medium supplemented with coconut water (15%
v/v) + banana powder (1%) + tomato powder (1%). Among the combinations of auxins (IAA and
NAA) used along with cytokinins (BAP, Kn, and TDZ) and coconut water (15% v/v) in half
strength MS medium, the best response of seed germination (46.6+1.2) was observed in half
strength MS medium with IAA (0.1 mgL™?), Kn (1.0 mgL™?), and coconut water (15% v/v).

Aditya et al. (2020) recommended that in general, MS +VIT (vitamin), MKC (Modified
Knudson C) + VIT, MKC + 0.1% P (peptone), VW + VIT and VW + VIT media could be used to
produce maximum number of healthy seedlings in V. tessellata instead of a single medium.
However, of all these, MS + VIT medium might be the optimal one since all the developmental

stages were recorded in this particular treatment.

Plant growth regulators (PGRs) can be used simultaneously to match VVanda growth stages.
The most commonly used PGRs in VVanda cultures, either in combination or as a single dose, are
the cytokinins 6-benzylaminopurine (BAP), kinetin (Kin), N6-isopentenyladenine (2-iP), and
thidiazuron (TDZ); and auxin (indole-3-acetic acid (IAA)), indole-3-butyric acid (IBA), 2,4-
Dichlorophenoxyacetic acid (2,4-D), and a-naphthaleneacetic acid (NAA). In combination,
15.47% used higher concentrations of cytokinins such as BAP (4.44-66.6 uM), while 10.71% used
a higher concentration of auxin such as NAA (0.27-8.06 uM). Single auxin (15.47%) is generally
used to induce roots or germination, with optimum concentrations ranging at 0.54-22.80 uM for
NAA, while single cytokinin (10.71%) is generally used to induce shoots, with optimum
concentrations ranging at 0.91-11.35 uM for TDZ. The rest, 41.66% do not use any PGRs, and
generally prefer to add complex organic materials for germination or seedling maintenance (Setiaji
etal., 2021).

The combination of 1.5 mgL™* NAA and 1.0 mgL* BAP was proved to be the best medium
formulation for multiple shoot formation as well as maximum shoot elongation. The single shoots

were isolated from the multiple shoots and subcultured in MS medium having NAA and IBA
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individually and in combinations for root induction. Maximum root induction was obtained in MS
agarified medium having 0.5 mgL* NAA and 1.0 mgL* IBA (Rahman et al., 2009).

The maximum frequency of seed germination (100%) was achieved on MS medium
fortified with 1.5 mgL? indole-3 butyric acid (IBA). After the fourth subculture, the protocorm
seedlings were used for further proliferation and the development of multiple shoots on MS
medium supplemented with 0.5 mgL™ each of 6-benzylaminopurine (BAP) and indole-3-acetic
acid (IAA) + 100 mgL™* activated charcoal (AC). The optimal rooting of individual shoots was
achieved on MS medium with 1.0 mgL IBA (ManokKari et al., 2021).

The germination of V. tessellata seeds cultured on KC (72.1%), VW (70.7%), and ¥2MS
media (70.4%) did not show a significant difference (Roy and Banerjee, 2002).

Seeds cultured on full strength MS medium containing 2.0 mgL™ 6-benzylaminopurine
(BAP) had the highest frequency of asymbiotic seed germination (94%) as compared to half- and
one-fourth strength MS media supplemented with various concentrations and combinations of 6-
furfurylaminopurine (kinetin) and BAP. The PLBs gained dedifferentiation and proliferated into
embryogenic calli on MS medium containing 2.0 mgL* BAP and 0.5 mgL? indole-3 acetic acid
(IAA). Somatic embryos (SEs) were differentiated from the callus when cultured on MS medium
in combination with 1.0 mgL™ BAP and 0.5 mgL"* IAA (ManokKari et al., 2020).
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3. MATERIALS AND METHODS

The experiment entitled “Seed characterization and standardization of in vitro germination
protocol in Vanda tessellata (Roxb.) Hook. ex G. Don.” was conducted at College of Agriculture,
Vellayani and Saraswathy Thangavelu Extension Centre of Jawaharlal Nehru Tropical Botanic
Garden and Research Institute (STEC-JNTBGRI), Puthenthope, Thiruvananthapuram during the
period 2021-2022.

3.1. Materials

Vanda tessellata plants maintained in the Orchid Germplasm Conservatory at Saraswathy
Thangavelu Extension Centre of Jawaharlal Nehru Tropical Botanic Garden and Research Institute
(STEC-IJNTBGRI), Puthenthope, Thiruvananthapuram were used for the experiment (Plate 1).

3.2. EXPERIMENT I - EVALUATION OF FLORAL CHARACTERS

Observations with respect to various floral characters as detailed below were taken from
fifteen plants in three replications and its average was calculated.

Statistical analysis were done using the software GRAPES of KAU.
3.2.1. Floral characters (qualitative)
3.2.1.1. Number of inflorescences per plant/year

Total number of inflorescences produced per plant per year was counted from 15 plants and

mean was worked out.
3.2.1.2. Length of inflorescence (cm)

Length of spike from the base of inflorescence to its tip was measured from 15 plants and

average was worked out.
3.2.1.3. Number of flowers per inflorescence

Total number of flowers present in a spike was counted from 15 plants and mean was

worked out.
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Plate 1. Vanda tessellata — A flowering plant on its natural habitat
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3.2.1.4. Flower inter-nodal length (cm)

Distance between two adjacent flowering nodes from the base to tip of a spike was

measured from fifteen plants and mean was worked out.
3.2.1.5. Length of the pedicel (cm)

Distance between the points of attachment of the pedicel from the stem to the base of the

flower was measured from different flowers and mean was worked out.
3.2.1.6. Flower colour and pattern of tessellate marking

Flower colour was visually observed and compared with the report in the reference book
entitled “Introduction to Orchids” (Abraham and Vatsala,1981).

3.2.1.7. Flower longevity (days)

Total number of days of flower retentiveness in a spike was counted.
3.2.1.8. Nature of flowering — free or seasonal

Appearance of inflorescence and flowering time in a year was observed and recorded.
3.2.1.9. Season of flowering

Season of inflorescence emergence and flowering was observed and recorded.
3.2.1.10. Time of anthesis

Time of opening of the flowers in an inflorescence was perceived.
3.2.1.11. Time of stigma receptivity

Total number of days of the stigma receptivity for operative pollination in a flower was

taken.
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3.2.2. Pollen characters
3.2.2.1. Pollen morphology

Pollinium was collected from freshly opened flowers and was put in a slide holding
acetocarmine stain and crushed well with a needle base. Nature of pollen grains were observed

under microscope for shape, ornamentation etc.
3.2.2.2. Pollen production per pollinium

The pollen production per pollinium was estimated using haemocytometer. Pollinium was
collected in an Eppendorf tube and crushed well. The prepared pollen suspension was gently filled
into the two chambers underneath the coverslip of the haemocytometer and the pollen grains were
observed under microscope and counted in four sets of sixteen corner squares and centre square of

25 sub squares and calculated the average number of pollen grains present in a pollinium.
3.2.2.3. Pollen fertility percentage

Pollen fertility was estimated using acetocarmine staining technique. Pollinia were crushed
with needle and pollen grains liberated were transferred into acetocarmine stain for one minute.
Later the pollen grains were observed under the microscope. Counted stained pollen grains were
viable and unstained ones were non-viable. The viable pollen grains were counted randomly from

five different microscopic fields and mean was worked out and expressed it in percentage.

Pollen fertili ) _ Number of stained pollen grains < 100
oflen tertiity percentage = Total number of pollen grains

3.2.2.4. Pollen germination percentage

Pollen grains were kept for germination in sucrose solution and observed under microscope
to count the total number of germinated pollen grains from the total number of pollen grains in the

microscopic field and percentage was calculated using the formula:

L Number of germinated pollen grains
Pollen germination percentage = - x 100
Total number of pollen grains
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3.2.3. Capsule characters
3.2.3.1. Days taken for pod setting after anthesis

Number of days taken from the day of pollination to greening and swelling of gynostegium

(mainly ovary) present between the pedicel and sepals was logged.
3.2.3.2. Days to mature capsule harvest

Number of days from pollination to harvesting of green indehiscent mature capsule was

recorded.
3.2.3.3. Length of capsule (cm)

Distance from the base of pedicel to the base of calyx of the capsule from fifteen plants was

measured with a ruler and mean was calculated.
3.2.3.4. Width of capsule (cm)

Diameter of capsule was measured from fifteen plants using a ruler and mean was worked

out.
3.2.3.5. Percentage of filled seeds

Seeds were scooped out from mature capsules and mixed with water. Samples were taken
on a slide and from each sample five microscopic fields were observed for seeds with well filled

embryo inside seed coat and calculated percentage of filled seeds.

i Number of well filled embryo inside seed coat
Percentage of filled seeds = x 100
Total number ofseeds
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3.3. EXPERIMENT Il - MORPHOLOGICAL AND MORPHOMETRIC CHARACTERIZATION
OF SEEDS

3.3.1. Morphological characters
3.3.1.1. Seed colour

The colour of seed mass inside capsule was observed after opening the capsule. Seed colour
was visually assessed, recorded and compared based on the general orchid seed colour proposed

by Barthlott et al. (2014). The colour of embryo was observed under light compound microscope.
3.3.1.2. Seed shape

Seed shape was visually assessed under a light compound microscope and recorded and

compared based on the general orchid seed shape proposed by Barthlott et al. (2014).
3.3.1.3. Seed testa ornamentation

Seed testa ornamentation was visually assessed under a light compound microscope and
recorded.

3.3.2. Morphometric characters
3.3.2.1. Seed length (um)

Seed length was measured under light compound microscope using LAS EZ software and
mean was calculated. Length was measured at the longest axis of the seed and average was

expressed in um.
3.3.2.2. Seed width (um)

Seed width was measured under light compound microscope using LAS EZ software and
the mean was calculated. Width was measured at the widest axis of the seed and average was

expressed in um.
3.3.2.3. Seed length/width ratio

From the observed seed length and seed width measurements, seed length/width ratio was
calculated.
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3.3.2.4. Seed volume (um®)

Based on seed length and width measurements seed volume was calculated following

Prasongsom et al. (2017) as below:
SV=4.19 (SL/2) (SW/2)?, where SV is seed volume, SL is seed length, SW is seed width.
3.3.2.5. Embryo volume (um?)

Based on embryo length and width measurements embryo volume was calculated for

prolate spheroid embryos following Prasongsom et al. (2017) as below:

EV=4.19 (EL/2) (EW/2)? , where EV is embryo volume, EL is embryo length, EW is embryo
width.

3.3.2.6. Percentage of air space between seed testa and embryo

From seed volume and embryo volume percentage of air space is calculated as

. SV—-EV
Percentage air space = SV x 100

Where SV is seed volume, EV is embryo volume.
3.3.2.7. Seed viability percentage

Seeds were extracted from mature capsules and were dipped in 1% tetrazolium solution for
24 hours. Seeds were mounted on slides and observed through microscope. Counted total number
of seeds, total number of seeds stained and total number of seeds unstained present in each
microscopic fields and its average was worked out. From this estimated seed viability percentage

by the following formula.

Total number of stained seeds

bili _ % 1
Seed viability percentage Total number of seods 00

3.4. EXPERIMENT III - PREPARATION OF IN VITRO SEED GERMINATION MEDIA

Four different basal nutrient media (solid and liquid) supplemented with various additives

were prepared for asymbiotic seed germination
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Full-strength MS medium (Murashige and Skoog,1962) - solid
Full-strength MS medium - liquid

Half-strength MS medium - solid

Half-strength MS medium - liquid

Knudson C medium (Knudson, 1946) - solid

Knudson C medium - liquid

Mitra medium (Mitra et al., 1976) - solid

Mitra medium - liquid

Growth regulators prepared and added were BAP (6 - bezylaminopurine), IAA (Indole-3-
acetic acid) and NAA (1-naphthelene acetic acid) at concentrations ranged from 0.1 to 2 mgL™*

pH of the medium was adjusted to 5.8 with either 1.0 N sodium hydroxide (NaOH) or 1.0 N
hydrochloric acid (HCI) before being solidified with 8 gL agar in case of solid media. Thereafter,

10 ml /50 ml of the medium was dispensed into culture tubes/ bottles and autoclaved.
3.5. EXPERIMENT IV - STANDARDISATION OF IN VITRO SEED GERMINATION

Mature capsules/pods were collected from the plants after 4-4.5 months of pollination. They
were soaked in aqueous solution of detergent for 10 minutes, followed by rinsing with running tap
water. Capsules were then surface sterilized using 0.1% (w/v) mercuric chloride solution for 5 min.
and washed systematically for 4-5 times with sterile distilled water under laminar airflow cabinet.
Then the pod was dipped in absolute ethanol and the alcohol is burnt off. This was to burn off any
bacteria or fungi on its surface. Pod was then placed on a sterilized surface and was cut opened
longitudinally using a sterile surgical blade and the seeds were scooped out of the capsules using
sterilized spatula and small mass of the aggregated seeds was inoculated on different culture media
for in vitro asymbiotic seed germination. Observations were made by using five replicates for each

medium.
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3.5.1. Number of days taken for seed with chlorophyll embryo in different media after

inoculation

Number of days taken for seed greening from the day of seed inoculation was observed and

average was worked out in days.
3.5.2. Number of days taken for protocorm development

Number of days taken for protocorm development from the day of seed inoculation was

observed and average was worked out in days.
3.5.3. Number of days taken for first leaf

Number of days taken for formation of first leaf from the day of seed inoculation was

observed and average was worked out in days.
3.5.4. Number of days taken for root initiation

Number of days taken for root initiation from the day of seed inoculation was observed and

average was worked out in days.
3.5.5. Number of seeds with chlorophyll embryo

Number of seeds with chlorophyll embryo was counted from different media and average

was worked out.
3.5.6. Number of protocorm with shoot apex

Number of protocorm with shoot apex was counted from different media and average was

worked out.
3.5.7. Number of protocorm with 1-2 leaves

Number of protocorm with 1-2 leaves was counted from different media and average was

worked out.
3.5.8. Number of protocorm with two or more leaves and root (seedling)

The number of protocorm with two or more leaves and root was counted from different

media and the average was worked out.
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4. RESULTS
4.1. EXPERIMENT I - EVALUATION OF FLORAL CHARACTERS

4.1.1. Floral characters (qualitative)
The mean performance of different traits was observed and depicted in Table 1.

The average number of inflorescences produced per plant per year was 4.6, with a mean
length of 22.3 cm (Plate 2B). The average number of flowers produced per inflorescence was 7.25

with an inter-nodal length of 1.77 cm and a green pedicel length of 3.97 cm.

Vanda tessellata flowered throughout the year (from January to December). Flowers are
bilaterally symmetric (zygomorphic) and resupinate. Calyx consists of three sepals, one dorsal and
two laterals. The inside of the sepals is whitish at the base, greyish brown at the apex, and greenish
white along the margins. Outside, the sepals are greenish-white at the base and apex and grey-
brown along the margin. Corolla consists of three petals, with one of the petals modified into a
labellum. Petals are white inside the base, grey brown at the apex, and greenish white along the
margin, while outside the base, apex, and margin; they are greenish white and greyish brown. The
sepals and petals were dark brown tessellated, the labellum was white speckled with a violet tinge
inside, and the mid-lobe was lilac-blue (Plate 2D, E); they lasted about 22 days.

The anthesis period lasted from 6 a.m. to 6 p.m. Since artificial pollination was successful
from morning to evening in these days, stigma receptivity remained throughout the day after
anthesis and continued until the withering of the flower. The correlation analysis of the floral
characters is depicted in Table 2. None of the floral characters showed significant positive or

negative correlation.
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Table 1: Floral characters of Vanda tessellata

Sl
Traits Description
No.
1. | Number of inflorescences per plant/year 4.6
2. | Length of inflorescence (cm) 22.3
3. | Number of flowers per inflorescence 7.25
4. | Flower inter-nodal length (cm) 1.768
5. | Length of the pedicel (cm) 3.971
) Green pedicel, greyish green
Flower colour and pattern of tessellate marking calyx and corolla with dark
6. brown tessellation, labellum
white speckled with violet
tinge inside and mid lobe
lilac- blue.
7. | Flower longevity (days) Around 22 days
8. | Nature of flowering- free or seasonal Free
9. | Season of flowering January - December
10. | Time of anthesis 6am - 6pm
11. | Time of stigma receptivity Remain receptive till

withering of flower.
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Table 2: Correlation analysis of floral characters

S| No. of Length of No. of Flower Length of
N' Characters Inflorescence | inflorescence flowers/ internodal e dicgel (cm)
0. / plant/year (cm) inflorescence | length (cm) P
1 Inflorescence/plant/ 1 -0.296 -0.372 -0.184 0.565
year
Length of
2. | inflorescence (cm) 1 0.813 0.869 0.411
No. of flowers/
3. | inflorescence 1 0.519 0.006
Flower internodal
4. | length (cm) 1 0.393
Length of pedicel
5. | (cm) 1

** Correlation is significant at 0.01 level.

* Correlation is significant at 0.05 level.

4.1.2. Pollen characters

Pollen grains are packed together in a pollinium (Plate 2F, G). It was smooth and ovate to
obovoid; the exine was smooth and thick; and the intine was not as prominent or absent. Pollen
grains are mostly in the tetrad stage (Plate 21, J). Average pollen production per pollinium was
7,30,000. The mean pollen fertility percentage and pollen germination percentage (Plate 2K) were

98.85% and 78.2%, respectively. The pollen characters were depicted in Table 3.
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Table 3: Pollen characters

Sl.

No. Trait Description
ollen morohol Ovate to circular, smooth, granular, exine
1 p qy thick and intine thin and inconspicuous,
mostly tetrad form.
5 Pollen production per pollinium 7,30,000
3. Pollen production per pollinium 98.85%
4 Pollen germination percentage 78.2%
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Plate 2. Floral characters: (A, B &C) - Different stages of flower opening and selfing, (D) - Single
flower, (E) - A dissected out flower parts, (F) - Anther cap with pollinia, (G) - Pollinia, (H) —

Gynostemium, (I) — Pollen grain in tetrad stage, (J) — Pollen size, (K) — Pollen germination.
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4.1.3. Capsule characters

After pollination, flowers started to wilt, greening and swelling of the ovary occurred, and
it took one week for pods to set. (Plate 3 A-F) The fertilised ovary developed into a capsule. The
ripening of a capsule took 120-130 days (4—4.5 months) (Plate 3H). Capsules turned green, yellow,
and brown in accordance with maturity. A mature capsule had an average length and width of 10.39
cm and 1.48 cm, respectively, with a maximum diameter towards the distal end. 76% of the seeds
in the capsule have fully filled embryos. All pods were dehisced after attaining maturity, and
mature seeds were dispersed. The capsule characters were shown in Table 4. The correlation
analysis of capsule and pollen characters revealed that none of these characters showed significant
positive or negative correlation (Table 5).

Table 4: Capsule characters

S:).. Trait Description
1. | Days taken for pod setting after anthesis 7 days

2. | Days to mature capsule harvest 120 - 135 days
3. | Length of capsule (cm) 10.396

4. | Width of capsule (cm) 1.4798

5. | Percentage of filled seeds 76%
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Table 5: Correlation analysis of capsule and pollen characters

Length of . Percentage Pollen Pollen
Sl.
Characters capsule Width of of filled fertility | germination
No. capsule(cm)
(cm) seeds percentage | percentage
1. | Lengthof 1 0.605 -0.257 -0.478 0.186
capsule(cm)
o | Widthof 1 0.358 10.007 0.105
capsule(cm)
Percentage of
3. filled seeds 1 0.834 0.639
Pollen
4. fertility 1 0.719
Percentage
Pollen
5. germination 1
Percentage

** Correlation is significant at 0.01 level.

* Correlation is significant at 0.05 level.
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Plate 3. Capsule characters: (A- F) Fertilisation and stages of pod development, G — Plants with
mature capsules, H — A mature capsule, | — An immature capsule of 60 days old, J — Yellow seed

mass in a mature capsule.
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4.2. EXPERIMENT Il - MORPHOLOGICAL AND MORPHOMETRIC CHARACTERIZATION
OF SEEDS

Mean performance of different traits was recorded in Table 6.
4.2.1. Morphological characters

Capsules, when split open, had a seed mass that appeared yellow (Plate 3J) and had a light
violet embryo when seen under a compound microscope. A unique characteristic of seeds is that
instead of an endosperm, there is an air space surrounding a small globular embryo within a
membranous seed testa. Seeds were spathulate in shape, containing a prolate-spheroid embryo
covered by a reticulated testa, giving them a characteristic rope-like appearance (Plate 4A, B).

4.2.2. Morphometric characters

The morphometric characters of seeds were depicted in Table 6. The average seed length,
seed width, seed length/width ratio, embryo length, embryo width, and embryo length/width ratio
of V. tessellata were 192.28 um, 52.66 pum, 3.75, 126.24 um, 38.98 um and 3.32 pum respectively.

Seed volume was 167930.56 um, embryo volume was 112066.344 pm, seed

volume/embryo volume ratio was 1.5 with a percentage of air space 31.69%.

Seed viability was tested using 1% (w/v) 2,3,5-triphenyl tetrazolium chloride (TTC)
solution and Evan’s blue staining technique. Under the TTC test, seeds were scored as viable if the
embryo was stained golden yellow and as non-viable if the embryo was unstained (Plate 5A). Under
Evan’s blue test, seeds with unstained embryos were considered viable, and those with embryos
stained blue were considered non-viable (Plate 5B). The seed viability percentage observed was
70.6%.
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Table 6: Morphological and morphometric characterization of seeds

SI.

No Morphological characters Description
Mature seeds have yellow
1. | 1. Seed colour
colour
Spathulate seed with prolate
2. | 2. Seed shape )
spheroid embryo
3. | 3. Seed testa ornamentation Reticulated testa

Morphometric characters

4. | 4. Seed length um 192.28
5. | 5. Seed width pm 52.66

6. | 6. Embryo length um 126.24
7. | 7. Embryo width pm 38.98
8. | 8. Seed length/width ratio 3.75

9. | 9. Embryo length/width ratio 3.32
10. | 10. Seed volume pm 167930.56
11. | 11. Embryo volume pum?® 112066.34
12. | 12. Seed volume/embryo volume ratio 1.5

13. | 13. Percentage of air space 31.69%
14. | 14. Seed viability percentage 70.6%
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Plate 4. (A,B) Microscopic view of Vanda tessellata mature seeds showing reticulate testa and

light violet coloured viable embryo.

Plate 5. Seed viability staining tests, (A) - 2,3,5-triphenyl tetrazolium chloride, (B)- Evan’s blue
staining
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Table 7: Correlation analysis of seed characters

Seed Seed Embryo Embryo Seed Embryo :
length width length width /S\?v?gt:me?zitig volume volume s;)Aalcre
(um) (um) (Hm) (Hm) (Hm°) (Hm°)
Seed length 1
(Hm)
Seed width 0.831 1
(Hm)
Embryo length 0.134 0.285 1
(nm)
Embryo width 0753 0.914* -0.077 1
(nm)
Seedlength | 4467 | 0861 | -0.065 0.867 1
/width ratio
Seed V03|Ume 0906* 0953* 0144 094* -0735 1
(Hm’)
Embryo 3 0.879* 0.922* 0.052 0.957* -0.726 0.993%** 1
volume (Um?)
Alir space 0.944* 0.699 0.341 0.514 -0.27 0.757 0.702 1

*** Correlation is significant at 0.001 level.
** Correlation is significant at 0.01 level.

* Correlation is significant at 0.05 level.

Embryo width shows a positive and significant correlation with seed width. Seed volume
shows a positive and significant correlation with seed length, seed width, and embryo width.
Embryo volume has a strong positive and significant relationship with seed length, seed width, and
embryo width, as well as a very strong positive and significant relationship with seed volume. The

percentage of airspace has a positive and significant correlation with seed length.
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Fig. 1. Diagrammatic representation showing correlation of seed characters
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4.3. EXPERIMENT I1I - PREPARATION OF IN VITRO SEED GERMINATION MEDIA

Four different basal nutrient media, viz., full-strength MS, half-strength MS, Knudson C,
and Mitra media (solid and liquid), supplemented with various growth regulators (BAP, IAA, and
NAA), were prepared for asymbiotic seed germination. In the case of solid media, the pH of the
medium was adjusted to 5.8 with either 1.0 N sodium hydroxide (NaOH) or 1.0 N hydrochloric
acid (HCI) before solidification with 8 g agar. Thereafter, 10 ml /50 ml of the medium was
dispensed into culture tubes/ bottles and autoclaved.

4.4. EXPERIMENT IV - STANDARDISATION OF IN VITRO SEED GERMINATION

Flow chart showing different stages of seed germination and plantlet formation in in vitro
is depicted in Plate 8.

4.4.1. Number of days taken for seeds with chlorophyll embryo

The seeds in the mature capsule were minute, spathulately shaped, and embryonate but non-
endospermic. The seeds were enlarged in size within two weeks in all the media tested, but their
further development was dependent on the media composition and supplemented hormonal
concentrations. In the basal media, most of the enlarged embryos became browned and
disintegrated after 6-7 weeks, and no further growth was observed even after 10 weeks of
inoculation. Among the solid and liquid media tested, initial embryonic development was more
prominent in the liquid medium. However, it was discovered that keeping developing embryos in
liquid medium had a negative impact on their future growth. Most of those embryos were browned
and died when they were kept in the same medium for a prolonged period, i.e., more than one
month. Among the basal media tested seed germination was noticed in Knudson C, Mitra, and MS
while in % MS sign of seed germination was not observed even after two months. Among the
different media supplemented with various concentrations of BAP (0.1 to 1.0 mgL™), half MS and
full strength MS showed better performance than others. The cultures were kept under alternate
12-hour light and 12-hour dark and 24-hour dark conditions, but only the 12-hour alternate light
and dark conditions resulted in embryonic development and greening. The embryo's development
with greening was observed after 45 days of inoculation in MS liquid medium supplemented with
0.5 mgLt BAP, while in the same medium without BAP the same observation was noticed only
after 50 days. In half MS both liquid and solid medium supplemented with 0.5 mgL BAP embryo
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development and greening was noticed after 60 days. All other media, both liquid and solid, didn’t
show any significant seed germination. The number of days required for the development of green

embryos in different nutrient media is depicted in Table 8.

Microscopic observation of the germinating embryos at different period of germination in
progress revealed that after 15 days the embryo were enlarged in size (Plate 6 A-C). After a month
a beak-like structure was formed at terminal region of the embryo and subsequently the seed coat
ruptured and exposed the beak-like projection (Plate 6 D,E). After two months of inoculation these
embryos were completely emerged out of the seed coat forming into a protocorm which appeared
more or less round (Plate 6F). Subsequently, after 3 months of inoculation, an apical notch was
formed on the protocorms which was later developed in to small leaf primordium at the apex. Apart
from apical leaf primordia, root primodia was also evoked at the basal region (Plate 6 G-J). Then,
leaf primordia expanded to develop leafy shoots (Plate 6 K, L) which was followed by root
induction at the basal region of the protocorm to form complete plantlet and it take place for a
period of 6-7 month of inoculation of seeds into the medium for germination. Apart from these,
during the developmental stages, from embryos multiple protocorms were emerged (Plate 6M)

which on subculturing produced multiple shoots (Plate 7 1).
4.4.2. Number of days taken for protocorm formation

In MS basal liquid and MS liquid supplemented with 0.5 mgL* BAP, protocorm formation
was noticed after 75 days. While in half-strength MS liquid and solid media supplemented with
with 0.5 mgL BAP the foregoing observation was only noticed after 90 days (Plate 7C). There
was no protocorm development in Knudson C media and Mitra media after seed greening (Table
8), as germinated embryos turned brown and disintegrated into these media.

4.4.3. Number of days taken for first leaf

The germinated embryos with a mass of multiple shoots (20-30) within 120 days.
Subculture of these shoots on fresh agar gelled medium resulted to the emergence of first leaves
(Plate 7 D, E) and these leaves were more prominent after 150 days of culture. In half-strength MS

medium supplemented with 0.5 mgL™ BAP required 180 days for the same observation.

4.4.4. Number of days taken for root initiation.
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The first root appeared after the formation of the first leaf when it was subcultured onto MS
medium supplemented 0.5 mgL"* BAP and 0.5 mgL NAA (Plate 6 F,G). To reach this phase total

210 days culture period was required.

4.4.5. Number of seeds with chlorophyll embryo

The numbers of seeds with chlorophyll embryos obtained in each 250 ml culture bottle were
counted after 75 days of culture. The average number of developing embryos in MS liquid medium
was 9.5, 86.33 in Knudson C liquid, 72.5 in Mitra liquid, 36 in half MS liquid supplemented with
0.5 mgL* BAP, 2 in half MS solid supplemented with 0.5 mgL™? BAP, and 39.75 in MS liquid
supplemented with 0.5 mgL* BAP.

Analysis of variance revealed that Knudson C (liquid) was the best medium for the
formation of seeds with chlorophyll embryos. Mitra medium (liquid) was on par with Knudson C
medium for the formation of seeds with chlorophyll embryos (Table 8.).

4.4.6. Number of protocorm with shoot apex

The average number of protocorm with shoot apex in different media were observed as
follows: MS media liquid 7.5, Half MS liquid supplemented with 0.5 mgL-1BAP - 37, Half MS
solid with 0.5 mgL-1BAP — 2 and MS liquid with 0.5 mgL-1BAP - 41.75.

Analysis of variance revealed that the best medium for protocorm formation and
development was MS supplemented with 0.5 mgL-1BAP (liquid) followed by half MS medium
supplemented with 0.5 mgL-1BAP (liquid).

4.4.7. Number of protocorm with 1-2 leaves in different media
The average number of protocorm with leaves differentiation was as follows:

MS medium liquid - 7, half MS liquid augmented with 0.5 mgL™* BAP - 36.3, half MS solid
with 0.5 mgL BAP - 2 and MS liquid with 0.5 mgL BAP - 38.75 respectively.

Analysis of variance revealed that the best media for leaf formation was MS medium
supplemented with 0.5 mgL™ BAP (liquid) and half MS media with 0.5 mgL BAP (liquid).

From all these observations made, it is concluded that the best medium for seed germination
and greening was liquid medium of Knudson C followed by Mitra and MS supplemented with 0.5
mgL BAP. However, further growth was not significant in Knudson C medium. The best medium
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for further protocorm development and shoot initiation was MS supplemented with mgL™* BAP
(liquid). For leaf and root development the best medium was MS solid supplemented with 0.5 mgL"
! BAP and 0.5 mgL™' NAA. Some protocorms that were inoculated into MS medium (solid)
supplemented with 1 mgL* BAP and mgL* NAA produced multiple shoots. Therefore, the best
media for multiple shoot production was MS 1 mgL BAP + 1 mgL"t NAA (solid).

4.4.8. Number of protocorm with two or more leaves and root (seedling)

All the protocorms with 1-2 leaves differentiated were further developed into more number
of leaves.
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Plate 6. Microscopic view of different stages of embryo development in in vitro: (A -C) Bulging
of embryo after inoculation, (D,E) Embryo forming into a beak like structure, (F) Complete
rupturing of seed coat, (G-J) Formation of protocorm with leaf and root primordia, (K,L) Expansion

of shoot, (M) Multiple protocorms
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Plate 7. Stages of in vitro seed germination: Seed germination in (A) liquid medium, (B) solid
medium, (C) Protocorm formation, (H, J) Enlargement of protocorms with leaf and root primordia
(D, E) Leaf formation, (F, G) Leaf and root development (1) Multiple shoot formation
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Fig.2. Flow chart showing different stages of seed germination and plantlet formation in in vitro.
(@) Mature seed, (b) 15 days after inoculation, (c) 30 days after inoculation — embryo formation
into a beak like structure, (d) 45-60 days after inoculation — complete rupturing of seed coat, (¢) 3
months after inoculation — protocorm formation, (f) 4 months after inoculation — embryo with leaf
and root primordia, (g) Enlargement of shoot, (h) multiple protocorm, (i) 5 months after inoculation
— first leaf formation, (j) 7 month after inoculation — leaf and root development, (k) multiple shoot

formation.
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Table 8. Standardisation of in vitro seed germination

Sl
No ) Half MS | Half MS MS
' MS KC Mitra
(liquid) | (tiquid) | (liquid) 0.5BAP | 0.5BAP | 0.5BAP
iqui iqui iqui
] q a (liquid) (solid) | (liquid)
1. Number of days taken
for seed with
chlorophyll embryo in 52.5 45 45 60 60 45
different media after
inoculation
2.
Number of days taken
for protocorm 77.5 - - 90 90 75
development
3.
Number of days taken
) 150 - - 180 180 150
for first leaf
4,
Number of seeds with
9.5 86.3 725 36 2 39.75
chlorophyll embryo
5.
Number of protocorm
7.5 - - 37 2 41.75
with shoot apex
6.
Number of protocorm
7 - - 36.3 2 38.75

with 1-2 leaves
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Table 9. LSD test Matrix of CD values of number of seeds with chlorophyll embryo

HMS HMS MS
058AP (1) | 0.5BAPG) | KC( M (D) MS() | os8AP (1)
HMS 0
0.5BAP (I)
HMS 36.139 0
0.5BAP(s)
kc() | 36130 | 40405 0
M () 40405 | 33.805 | 36.139 0
MS() | 40405 | 40405 | 33805 | 40405 0
MS 40405 | 33805 | 44261 | 38331 | 38331 0
0.5BAP (I)

Table 10. LSD test Matrix of CD values of number of protocorm with shoot apex

HMS HMS MS
MS (1)
0.5BAP (I) | 0.5BAP(s) 0.5BAP (1)
HMS
0
0.5BAP (1)
HMS
23.828 0
0.5BAP(s)
MS (1) 26.640 22.289 0
MS
26.640 22.289 25.273 0
0.5BAP (1)
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Table 11. LSD test Matrix of CD values of number of protocorm with 1-2 leaves

HMS HMS MS
MS (1)
0.5BAP (1) | 0.5BAP(s) 0.5BAP (1)
HMS
0
0.5BAP (1)
HMS
21.462 0
0.5BAP(S)
MS (1) 23.995 20.076 0
MS
23.995 20.076 22.764 0
0.5BAP (1)

53




Discussion
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5. DISCUSSION

Vanda tessellata, one of the native orchids in India, is vulnerable to extinction because of the
unscrupulous overexploitation and destruction of its native habitat. This wild species has many
desirable characters for commercial exploitation in the floriculture industry, and the plant breeders
have already developed commercial hybrids using it as one of the parents. Furthermore, this species
has unique medicinal properties that have all been thoroughly researched. Given its population loss
and commercial utility in a variety of fields such as floriculture, medicine, and food formulation,
strategies and technologies for the conservation and sustainable use of this crop are critical. In order
to achieve the foregoing goal, an in-depth inquest on the morphological, morphometric, and
reproductive aspects of the species and its large-scale multiplication technique through the
application of biotechnological intervention is a prerequisite. In these circumstances, the present

study is the most relevant one.

5.1. EVALUATION OF FLORAL CHARACTERS

5.1.1. Floral characters

Monopodial orchids either have year-round flowering or seasonal blossoming. V. tessellata
is a monopodial orchid having year-round flowering from January to December, which is in
agreement with the findings of Matthew (1995), Seidenfaden (1999), and Seeja (2018). The plants
have a wide tolerance for temperature (26-31°C) and low relative humidity (31-44%) (Jayaweera,
1981). while some other Vanda species, like Vanda John Club, VVanda Popoe Diana, Vanda Ruby
Prince, and Vanda spathulata, have seasonal flowering (Thomas, 2008).

It is a free-flowering species; the average number of inflorescences produced per plant per
year was 4.6, as observed in Vanda spathulata. The inflorescence of V. tessellata lasts for 2—3
months, and generally, new inflorescence occurs after the complete wilting of the previous spike;
if pod set occurs, then new inflorescence emergence occurs only after the dehiscence of all the
capsules on the plant. Therefore, in natural conditions, a plant can produce an average of 4.6
inflorescences per year. As reported earlier (Seeja, 2018), the average inflorescence length was
22.3 cm, and the number of flowers produced per spike was 7.25, with a maximum of 8 flowers in

some inflorescences and a minimum of 5 flowers in others. These observations were in agreement
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with the findings of Islam et al. (2016) and Sahu and Chaudhary (2021). The reported floral
characters, such as a green pedicel, a greyish green calyx and corolla with dark brown tessellation,
a white speckled labellum with a violet tinge inside, and a lilac-blue mid-lobe, were corroborated
by the observation of De et al. (2021).

In most species of orchids, anthesis was observed from early morning to noon. But in V.
tessellata, anthesis was from morning to evening in a day (6 a.m. to 6 p.m.), and the same
observation was recorded by Seeja (2018). Stigma receptivity remained throughout the day after
anthesis and continued until the withering of the flower. However, Seeja (2018) has recorded

stigma receptivity up to 6 days only.

Under natural conditions, the longevity of an unfertilized flower was found to be around 22
days, and this observation is in agreement with the earlier reports of Garay (1972) and Sahu and
Chaudhary (2021). After pollen is removed from the stamens and stigmas, pollination-supporting
features such as flower scent and floral colour diminish, and the flower begins to enter senescence
and gradually withers within 4 days. The same findings were reported by Schiestl et al. (1997),
Evanhoe and Galloway (2002), and Theis and Raguso (2005).

In Aerides crispum and Cattleya sp., flower longevity was only six days (Anand et al.,
2013). The genetic makeup of the species determines the longevity of flowers on the plant (Sakai
et al., 1995; Nagare and Pal, 2008).

The mean pedicel length in this species was 3.97 cm, which is in agreement with the general

orchid pedicel length ranges reported by Vanlalruati et al. (2016) and Anand et al. (2013).

The average flower internodal length in V. tessellata was 1.76 cm. The flower intermodal

length may vary from species to species (Thomas, 2008).

5.1.2. Pollen characters

Pollen is ovate to obovoid and smooth; exine is smooth and thick; and intine is not so
prominent or absent. Microscopic observations showed that pollen grains mostly existed as tetrads.
This is in agreement with the reports of Abraham and Vatsala (1981); Das and Goshal (1988);
Varghese (1995); and Sobhana (2000).
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Pollen production per pollinium averages 7,30,000. Given the fact that there are millions of
ovules in an orchid flower, to obtain a sustainably good number of fertile seeds, sufficient pollen
loading has to be ensured. In orchids, pollen-to-ovule number ratios are several orders of magnitude
lower than in other angiosperms with powdery pollen due to the lack of wastage during transport

to the stigmatic surface (Lukasiewicz, 1999).

The mean pollen fertility percentage was observed by staining with acetocarmine. Almost
all the pollen grains were viable, with a pollen fertility percentage of 98.85%, the same observation

was made by Seeja (2018).

In vitro pollen germination showed a percentage of 78.2. The 100% success rate of
artificial pollination was also an indication of the ability of pollen grains to form well-developed
pollen tubes leading to the ovary.

5.1.3. Capsule characters

As reported by Dongarwar and Thakur (2014), after pollination, flowers started to wilt,
greening and swelling of the ovary occurred, and it took one week for pods to set. It is a general
observation in orchids that indicates the effectiveness of pollination and fertilization. The ripening
of a capsule took 4-4.5 months. This is not in agreement with the report of PhytoTech Labs (2019),
where it took 6-9 months or even up to 20 months to attain maturity.

According to Slater (1991), capsules matured to a yellowish green colour. A mature capsule
had an average length and width of about 10.39 cm and 1.48 cm, respectively, with a maximum
diameter towards the distal end.

The capsules dry and shrivel, and millions of seeds escape through the grooves running
longitudinally. The seeds are generally almost microscopic and very numerous—over a million per
capsule. 76% of these were filled seeds, meaning they had well-filled embryos within, and this may
be due to the production of an immense quantity of seeds in a capsule. Generally, orchids produce
innumerable viable seeds since the seeds are non endospermic and the chance of germination is

very low.
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Generally, orchids have dust-like seeds that are minute in size and weight; thus, they are
ideal resources for seed banking, enabling large volume storage without the need for large facilities
(Magrini et al., 2019). According to Kauth et al. (2008), epiphytic orchids commonly have dry
cracks in the seed testa and usually exhibit higher viability, especially with TTC. The high seed
viability percentage (70.6) was observed when staining with tetrazolium, which means it ensures
germination under appropriate conditions. The viability test aids in the reduction of errors in the
early stages of research, thus speeding up the research process, and improves the efficiency of

species conservation measures like seed banking (Pradhan et al., 2022).
5.2. MORPHOLOGICAL AND MORPHOMETRIC CHARACTERIZATION OF SEEDS
5.2.1. Morphological characters

According to Barthlott (1976), the colour of the seed is the colour of the testa, and here the

seed mass possessed a yellow and a light violet embryo.

Fusiform-shaped seeds and prolate-spheroid embryos are the most common shapes in the
Orchidaceae family (Diantina et al., 2020). V. tessellata seeds were spathulate in shape, containing
a prolate-spheroid embryo covered by a reticulated testa, giving them a characteristic rope-like

appearance. This may help with the dispersal of seeds.
5.2.2. Morphometric characters

Seeds are very small since the size was 192.28 um which is consistent with the result of
Molvray and Kores (1995), where the orchid seed size varies from 150 to 6000 pm.

According to Arditti et al. (1980) and Augustine et al. (2001), the length/width ratio
provides an idea of the relative degree of truncation of the seeds in orchids. In V. tessellata seeds
were truncated as they had a SL/SW ratio 5 (3.75). It has possessed a prolate spheroid embryo,
which is in agreement with the result of Diantina et al. (2020). They have also reported that seeds

with EL/EW ratios above 1 have prolate-spheroid-shaped embryos.

The volume of the embryo changes during the development of the seed. In an immature

capsule of rwo months' duration, seeds were in the developing stage, and embryos were
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undifferentiated. While 5-month-old mature capsules had fully developed seeds with fully filled
embryos of a larger volume, this was corroborated with the findings of Swamy et al. (2004).

According to Augustine et al. (2001), seeds with a greater percentage of air space may get
dispersed over wider geographical areas than the seeds with the minimum air space. Terrestrial
species have a bigger SV/EV ratio than epiphytic species. Thus they are more buoyant than those
with lower ratios, enabling wider plant distribution ranges (Verma et al., 2014). This statement was
supported by the findings of Diantina et al. (2020) in temperate terrestrial species D. cunninghamii,
G. cunninghamii, and P. banksii, compared to the tropical epiphyte orchid D. lineale. V. tessellata
seeds have a lower percentage of air space (31.69%), and their SV/EV ratio of 1.5 shows that they

are adapted to restricted or localised distribution.
5.3. STANDARDISATION OF IN VITRO SEED GERMINATION

The orchids produce an enumerable number of microscopic seeds, but they are non-
endospermous, and therefore mycorrhizal association is inevitable for their germination. In this
circumstance, the percentage of seed germination in orchids is very low. In order to overcome the
foregoing problem, in vitro seed germination is the best option, and this technique has been widely
used for the commercial multiplication of orchids. The nutrients and physical conditions required
for orchid seed germination differ between species. Hence, four different nutrient media, such as
MS, ¥%2MS, Knudson C, and Mitra were tried. For seed germination, both liquid and agar-gelled
media were tried by various authors, and the response depended on the orchid species. In certain
orchids, liquid medium enhanced the initial germination percentage, and subsequent transfer of the
germinated seeds into the agar gelled medium promoted shoot and root development (Seeja 2018).
Plant growth regulators play an important role in the development of shoots and roots. Although
many orchid seeds are germinated in hormone-free nutrient media, for the rapid, high-percentage
germination, the development of shoots and roots, and the eventual formation of multiple plants
from a single embryo, nutrient media supplemented with growth hormone are inevitable.

Therefore, both basal and hormone supplemented media were tried for seed germination.

As reported earlier (Paul et al., 2012), the seeds were enlarged within 1-2 weeks, but all
those enlarged seeds were not further developed into a plant, this indicated the requirement of
growth hormone for further development. It was noted that the seeds of V. tessellata germinated in
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the absence of any exogenous PGRs. This is in agreement with the findings of Aditya et al. (2020)
and Yildiz (2012). This might be due to the presence of adequate amounts of endogenous growth
regulators in the seed tissue, which are needed at the initial stage of germination (Hajong et al.,
2010; Islam et al.,, 2014). Specific endogenous growth-promoting and growth-inhibiting
compounds are directly involved in controlling seed development, dormancy, and seed germination
(Hartman et al., 1997). However, for the germinated embryos' further development, growth
hormone is found to be essential. Germination can be dependent on the choice of media due to their

differences in the balance and supply of organic and inorganic salts.

The greening of the embryo may be due to the formation of chlorophyll in the presence of
light. When compared to solid medium, the sign of seed germination was more prominent in liquid
medium, but solid medium favoured further embryonic development. It is a well-established fact
that the seeds were imbibed easily in the nutrient liquid medium that evoked the embryos'
germination, but in static liquid, proper gaseous exchange (supply of O2) will not take place, and
as a result, the germinating embryos will die and brown, subsequently disintegrating into the

medium.

The microscopic observations of the germinating embryos at different stages were in
agreement with the earlier report in Dendrobium (Gurudeva, 2019). The enlarged embryo then
emerged from the seed coat and developed into a protocorm, which appeared more or less round
as reported by Setiari et al. (2016) since the protocorm phase usually begins when the bipolar
structure that cannot be distinguished between rhizoids and shoots forms the apical portion.
Subsequently, those quickly turned green, and an apical notch was formed, which was later
developed into a small leaf primordium at the apex. Apart from apical leaf primordia, the
protocorms developed root primodia at the basal region. Later, leaf primordia expanded to develop
leafy shoots, which were followed by root induction at the basal region of the protocorm to form a
complete plantlet. These developmental stages are common for most of the orchid species,
especially epiphytic orchids (Gurudeva, 2019). Apart from these developmental stages, some seeds
developed into multiple protocorm-like bodies, which, on subculturing, produced multiple shoots
in MS medium (solid) supplemented with 1 mgL™ BAP and 1 mgL™ NAA. This is in agreement
with the findings of Bhattacharjee and Islam (2014) and Rahman et al. (2009).
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The frequency of seed germination was the highest in Knudson C (86.33), followed by
Mitra (72.5), and MS liquid with 0.5 mgL* BAP (39.75). This is in agreement with the report of
Roy and Banerjee (2002). And this finding is against the observation made by Bindiya et al. (2012)
and Bhattacharjee et al. (2015), who found MS basal medium to be the best medium for

germination.

Though seed germination frequency was the highest in Knudson C and Mitra media, the
rate of survival of the germinated seeds was remarkably low in these media. After germination, the
protocorms did not survive, which might be due to the lack of an adequate amount of nutrients

and/or essential growth-stimulating substances (Stoutamire, 1974).

Out of all the seed germination media, the highest survival rate and lowest necrosis were
noted in MS liquid with 0.5 mgL™ BAP, which could be due to the presence of an adequate amount
of nitrogen in the form of ammonium nitrate in the MS medium, whereas in Knudson C and Mitra,

nitrogen was present in the form of ammonium sulphate (Paul et al., 2012).

In MS (liquid) and MS liquid with 0.5 mgL™* BAP, protocorm formation took about 75
days. And for half MS liquid with 0.5 mgL™* BAP and half MS solid with 0.5 mgL™ BAP, it took
around 90 days. The maximum number of protocorms with shoot apex was observed in MS liquid
with 0.5 mgL* BAP (41.75), followed by half MS liquid with 0. 5 mgL* BAP (37), MS media
(7.5), and half MS solid supplemented with 0. 5 mgL™ BAP (2).

The first leaf appeared after approximately 150 days of inoculation in MS liquid with 0.5%
BAP followed by the same agar gelled medium, with the highest frequency of protocorms having

1-2 leaves.

The first root appeared after the formation of the first leaf in the seedling when it was
subcultured onto solid MS media with 0.5 mgL™* BAP and 0.5 mgL* NAA in about 7 months. This
indicates that the formation of the shoot and root required an equal amount of cytokinin and auxin.

The best medium for initiation of seed germination was not ideal for further seed
development. The best medium for seed germination was Knudson C, but for further development
of seedlings, MS medium supplemented with 0.5 mgL* BAP was the best. This observation is in
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agreement with the reports of Kauth et al. (2008) and Koene et al. (2019). NH** and NO* ions
(individually or in combination) have a pivotal role in the in vitro germination of orchid seeds as
well as the growth and development of the germinated propagules (Dohling et al., 2008; Poothong
and Reed, 2016; and Zhang et al., 2019). The enhanced protocorm development in MS medium
may be due to the presence of a rich source of macro- and microelements (Hossain et al., 2009;
Paul et al., 2012; and Bhowmik and Rahman, 2017). The addition of BAP to the basal medium
also stimulated the survival rate of germinated propagules and had an effect on the morphogenesis

of the protocorms.
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6. SUMMARY

Vanda tessellata (Roxb.) Hook. ex G. Don. is a monopodial epiphytic orchid with a wide
array of medicinal and ornamental values. Hence, the species has been overcollected from its
natural habitat, coupled with unscrupulous habitat destruction for urbanization, leading to the verge
of extinction of this species in the wild, and the IUCN has identified this species as a conservation
priority. Moreover, the unique characteristic features of this species, such as attractive flowers with
tessellate marking, fragrance, compatibility with intra- and inter-generic wild and commercial
hybrids, as well as medicinal properties, invited the breeders, who produced several commercial
hybrids using this species as one of the parents. The possibility of more elegant and superior-quality
hybrid production using this species is a rewarding one. It can be achieved only through the
formulation of pragmatic strategies for its conservation and the development of appropriate
technologies for its sustainable utilisation. To achieve the foregoing goals, in-depth analysis of
morphology, morphometry, reproductive biology, and the development of an in vitro seed
germination protocol are required. In these backdrops, the present investigation, entitled "Seed
characterization and standardisation of in vitro germination protocol in Vanda tessellata (Roxb.)
Hook. ex G. Don," was carried out for the standardisation of in vitro seed germination protocol in
V. tessellata along with morphological and morphometrical characterization of seeds.

The experiment was conducted at the Saraswathy Thangavelu Extension Centre of
Jawaharlal Nehru Tropical Botanic Garden and Research Institute, Puthenthope,
Thiruvananthapuram, and at the College of Agriculture, Vellayani, Thiruvananthapuram, during
2021-22. The V. tessellata germplasm repository maintained in STEC-JNTBGRI was utilised for
morphological characterization and in vitro seed germination studies. The present investigation
included four experiments: (i) evaluation of floral characters; (ii) morphological and morphometric
characterization of seeds; (iii) preparation of in vitro seed germination media; and (iv) in vitro seed

germination in culture media and evaluation.

Vanda tessellata is a monopodial epiphytic orchid that blooms from January to December.
Inflorescence is an axillary, erect, and simple raceme of medium length (22.7 cm) bearing an
average of seven flowers with an average internodal length of 1.77 cm. It takes around one month

from inflorescence emergence to first flower opening, and 4-5 days from first flower opening to
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last flower opening. Flowers are bilaterally symmetric (zygomorphic), resupinate, and have two
petals, one dorsal sepal, two lateral sepals, and a labellum. They had a green pedicel with a mean
length of 3.97 cm, a greyish green calyx and corolla with dark brown tessellation, a white speckled
labellum with a violet tinge inside, and a lilac-blue mid-lobe. The time of anthesis was from
morning to evening in a day (6 a.m. to 6 p.m.), and under natural conditions, the longevity of an
unfertilized flower was found to be around 22 days. But after pollen removal from the stamens and
pollination of the stigma, flower scent and colour reduce, and the flower starts to senesce and will
wither in about 4 days. Stigma receptivity remained throughout the day after anthesis and continued

until the withering of the flower.

The male and female reproductive parts are fused together and become the gynostemium,
or column. Pollen grains are packed together as a pollinium with two waxy, globular pollinia, with
an average of 7,30,000 pollen grains per pollinium. Pollen is ovate to obovoid and smooth; exine
Is smooth and thick; and pollinia are mostly in the tetrad stage. Intine is not so prominent or absent.
Almost all pollen grains are viable, with a fertility percentage of 98.85% and a pollen germination
rate of 78.2%.

After pollination, flowers started to wilt, greening and swelling of the ovary occurred, and
it took one week for pods to set. The ripening of a capsule can take 4-4.5 months. A mature capsule
can have an average length and width of about 10.39 cm and 1.48 cm, respectively, with a

maximum diameter towards the distal end.

The capsules dry and shrivel, and millions of seeds escape through the grooves running
longitudinally. The seeds are generally almost microscopic and very numerous—over a million per
capsule—where 76% of them have well-filled embryos and 70.6% of them are viable. After
ripening, they blow off like dust particles or spores. Mature seeds have a spathulate shape, and the
seed mass has a yellow colour with a prolate-spheroid, a light violet-colored embryo, and a
reticulated testa. The average seed length, width, embryo length, and width of V. tessellata are
192.28, 52.66, 126.24, and 38.98, respectively. Seed length/width ratio is 3.75, showing they are
truncated seeds. A unique characteristic of orchid seeds is that instead of an endosperm, there is an
"air pocket" surrounding a small globular embryo within a membranous testa. The airspace volume

in orchid seeds varies depending on the species. There is a relationship between seed size and
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embryo volume that determines the proportion of air space. Here, the seed volume is
167930.56pum?, the embryo volume is 112066.344 um?3, with a percentage of air space is 31.69.
The amount of trapped air influences seed dispersal by affecting floatability (in air and water) and
buoyancy, reflecting ecological adaptations to different distribution ranges (which is relevant to in
situ conservation). For these reasons, studies investigating the airspace within the seed and its
relation to taxonomy and living habitat are important to identify the best conservation strategy. V.
tessellata seeds had a lower percentage of air space (31.69), and their SV/EV ratio of 1.5 shows

that they are adapted to restricted or localised distribution.

Matured seeds were cultured on four different media, all solid or liquid, with or without
plant growth regulators: MS, half MS, Knudson C, and Mitra. The enlargement of the embryos was
the first sign of germination, and the embryos turned green because of the production of
chlorophyll. Except for half MS, all of the basal media responded in 45 days. MS and half-MS
supplemented with 0.5 mgL™* BAP showed seed greening and germination with 45 and 60 days of
inoculation, respectively. The only solid medium that showed germination was half MS with 0.5
mgL™ BAP after 60 days of inoculation. The frequency of seed germination was the highest in
Knudson C (86.33), followed by Mitra (72.5), and MS liquid with 0.5 mgL™* BAP (39.75). It was
noted that the seeds of V. tessellata germinated in the basal medium itself.

Though seed germination frequency was highest in Knudson C and Mitra media, the rate
of survival of the germinated seeds was remarkably low in these media. Out of all the seed
germination media, the maximum survival rate and lowest necrosis were noted in MS liquid with
0.5 mgL BAP, which could be due to the presence of an adequate amount of nitrogen in the form
of ammonium nitrate in the MS medium, whereas in Knudson C and Mitra, nitrogen was present

in the form of ammonium sulphate.

Germinated seeds later developed into protocorms and differentiated into shoot meristems
and rhizoids in opposite directions. Leaves were produced from green protocorm. Real roots were
formed later. In MS (liquid) basal and MS liquid fortified with 0.5 mgL* BAP, protocorm
formation was noticed within 75 days of inoculation of the seeds. For half-MS liquid augmented
with 0.5 mgL™ BAP and half-MS solid augmented with 0.5 mgL™ BAP, it took around 90 days.

The maximum number of protocorms with shoot apex was observed in MS liquid supplemented
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with 0.5 mgL* BAP (41.75), followed by half MS liquid supplemented with 0. 5 mgL™ BAP (37),
MS medium (7.5), and half MS solid supplemented with 0. 5 mgL™ BAP (3) respectively.

The first leaf appeared after 150 days of inoculation in MS liquid medium supplemented
with 0.5 mgL™ BAP, with the highest frequency of protocorms having 1-2 leaves. The first root
appeared after the formation of the first leaf in the seedling, and it took about 7 months in MS solid
supplemented with 0.5 mgL* BAP and 0.5 mgL™t NAA.

Apart from these developmental stages, some seeds developed into multiple protocorm-like
bodies, which, on subculturing, produced multiple shoots in MS medium (solid) supplemented with
1 mgLtBAP and 1 mgLINAA.

The above study revealed that the best media for seed germination was Knudson C, for
further protocorm development and shoot initiation it was MS media supplemented with 0.5 mgL"
LBAP (liquid), for leaf and root development it was MS media supplemented with 0.5 mgL* BAP
and 0.5 mgL? NAA (solid), and the best media for multiple shoot production was MS
supplemented with 1 mgL™t BAP + 1 mgL ™t NAA (solid).

Vanda tessellata is an endangered and valuable wild orchid species, so its conservation and
utilisation for genetic improvement is worthwhile, and therefore it can be multiplied on a large

scale by adopting a proper in vitro propagation method.
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ABSTRACT

The present investigation entitled “Seed characterization and standardization of in vitro
germination protocol in Vanda tessellata (Roxb.) Hook. ex G. Don” was carried out with the
objective of standardization of in vitro seed germination protocol in Vanda tessellata along with
morphological and morphometrical characterization of seeds. The study was conducted at
Saraswathy Thangavelu Extension Centre of INTBGRI, Puthenthope, Thiruvananthapuram and at

College of Agriculture, Vellayani, Thiruvananthapuram during 2021-22.

The research work included four experiments. Experiment | - evaluation of floral
characters, experiment Il - morphological and morphometric characterization of seeds, experiment
Il - preparation of in vitro seed germination media and experiment IV - in vitro seed germination
in culture media and its evaluation. All experiments were carried out in five replicates and mean

was calculated.

For experiment |1 & II, V. tessellata germplasm repository maintained at Saraswathy
Thangavelu Extension Centre of JNTBGRI, Puthenthope was used for morphological
characterization. The study revealed that V. tessellata is an epiphytic, monopodial orchid with year-
round flowering. Inflorescence is axillary, erect, and simple raceme, bearing an average of seven
flowers. Flowers are bilaterally symmetric, resupinate, having green pedicel, greyish green calyx
and corolla with dark brown tessellation, labellum white speckled with violet tinge inside and mid
lobe lilac- blue. Time of anthesis was from morning to evening in a day (6am to 6pm) and under
natural conditions, longevity for an unfertilized flower was around 22 days. Stigma receptivity

remained throughout the day after anthesis and continue till the withering of flower.

The male and female reproductive parts are fused together and become the gynostemium
or column. Pollen grains are packed together as a pollinium with 2 waxy, globular pollinia with an
average 7,30,000 pollen production per pollinium. Pollen was ovate to obovoid, smooth, exine was
smooth and thick and pollinia were mostly in tetrad stage. Intine was not so prominent or absent.
Almost all pollen were viable with a fertility percentage of 98.85 and a pollen germination

percentage of 78.2.

After pollination, flowers started to senesce, greening and swelling of ovary occurred and

it took one week for pod setting. The ripening of a capsule took 120-135 days. The capsule
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contained millions of seeds, where 76% of them had well filled embryo and 70.6% among them
were viable. Mature seeds have spathulate shape and seed mass have yellow colour with a prolate-
spheroid, light violet coloured embryo and a reticulated testa. V. tessellata seeds had a lower
percentage of air space (31.69%) and SV/EV ratio of 1.5 shown that they are adapted to restricted
or localized distribution.

In experiment 11, four different basal nutrient media (solid and liquid) viz. MS, Half MS,
Knudson C and Mitra, supplemented with various growth regulators were examined for asymbiotic
seed germination. pH of the medium was adjusted to 5.8 with either 1.0 N sodium hydroxide
(NaOH) or 1.0 N hydrochloric acid (HCI) before being solidified with 8 gL™* agar in case of solid
media. Thereafter, 10 ml or 50 ml of the medium was dispensed into culture tubes/bottles and

autoclaved.

Under experiment 1V, matured seeds of 120-135 days old were cultured on four different
media viz. MS, Half MS, Knudson C and Mitra, both solid and liquid with and without plant growth
regulators. The enlargement of the embryo and rupturing of seed coat was the first sign of seed
germination followed by greening and emergence of embryo out of the seed coat and later
developed into protocorm and differentiated into shoot meristem and rhizoids in opposite
directions. Leaves were produced from green protocorm. Real roots were formed later. Apart from
these developmental stages, some seeds developed into multiple protocorm like bodies which on

sub-culturing produced multiple shoots with small leaves and roots.

From the present investigation it can be concluded that the best media for seed germination
was Knudson C (liquid) media followed by Mitra (liquid) media, for further protocorm
development and leaf formation was MS media with 0.5 mgL™ BAP (liquid), for leaf and root
development was MS media with 0.5 mgLBAP and 0.5 mgL"* NAA (solid) and for multiple shoot
production with leaves and roots was MS media 1 mgL™? BAP + 1 mgL™ NAA (solid).

Vanda tessellata is an endangered and valuable wild orchid species so its conservation and
utilization for genetic improvement is worthful and therefore it can be multiplied on large scale by

adopting proper in vitro propagation method
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