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INTRODUCTION

Orchids, belonging to the most evolved monocotyledonous family
Orchidaceae, consist of more than 800 genera and ~30,000 species. It is
distributed all over the world except in a few isolated islands and Antarctica. Its’
population is rigorous along the riverine and in moist forests since such habitats
are suitable for their growth and regeneration. It is considered as an ancient family
of angiosperm showing immense ecological and morphological diversity with the
highest rate of speciation and species extinction (Gravendeel er al., 2004; Swarts
and Dixon, 2009) mainly due to the destruction of natural ecosystem. As part of
evolutionary process they showed immense diversity in habits with variously
modified vegetative and floral characters, which made each orchid species as
unique and distinctive. Based on the growth habit they can be categorized as
monopodial and sympodial and based on the growing habitats they can be

grouped as terrestrials, epiphytes, lithophytes and saprophytes.

India, one of the 12 mega biodiversity countries in the world, is blessed with
varied agro-climatic conditions and has suitable habitats for the luxurious growth
of orchids. Although orchids are distributed throughout the country. its diversity
and distribution is peak in the Eastern India and the Western Ghats (Jalal, 2012).
The other orchid diversity rich regions in the country are North-Eastern and the
Western Himalayas and Andaman and Nicobar Islands. In India ~1331 species
belonging to 186 genera of orchids were recorded, of these ~ 856 species were
from Northeast region. It is also believed that orchids are evolved in the
Northeast India (Kumaria and Tandon, 2007). However, more number of
endemic species is found from the Western Ghats (Jalal and Jayanthi, 2012). Out
of 130 endemic orchid species under 38 genera in peninsular India, the Western

Ghats, Deccan Plateau, and Eastern Ghats have 123, 29, 22 species respectively.

Orchids are popular all over the world since they produce the long lasting
and most beautiful flowers with amazing unique characteristic features. .The

extraordinary beauty of flowers naturally makes them as a multimillion- dollar



industry. In addition to aesthetic value many orchids are used as medicine,
cosmetics and spices. They also have pivotal role to balance the forest ecosystem.
Orchids are also important biological indicators of environmental degradations

because of their niche specificity.

The unprecedented elegancy and diversity of orchid flowers is contributed
by the unique floral modification such as morphology of sepals similar to petals
which aid in the attraction of pollinators; modification of petal opposite to the
sepals into an attractive and beautifully coloured labellum for attracting the
pollinators; presence of gynostegium; presence of pollinia-structure formed due
to the aggregation of pollen grains to form a consolidated mass and presence of

minute dust like seeds without endosperm.

In the global floriculture market orchids rank top most position among the
cut flowers and potted plants and it account for 10% of the total floriculture
market. The major contributors of orchids in global market are Netherlands
(58%) and Columbia (14%). Today >200000 orchid hybrids are available and the
top ranked hybrids in the market are Cymbidium, Dendrobium, Phalaenopsis,
Cattleya, Paphiopedilum, etc. Most of these hybrids have been evolved from wild
germplasm. The potential indigenous wild orchids used for hybridization in India
are Aerides multiflorum, Aerides odoratum, Arundina graminifolia, Arachnis,
Bulbophyllum, Calanthe masuca, Coelogyne elata, C. flavida C. corymbosa;
Cymbidium aloifolium, C. lowianum, C. devonianum, C. hookerianum, C.
lancifolium, Dendrobium aphyllum, D. nobile, D. chrysanthum, D. Sfarmeri, D.
chrysanthum, D. densiflorum, D. moschatum, D. fimbriatum, D. Jenkinsii,
Paphiopedilum venustum, P. spicerianum, P. hirsutissimum, P. insigne,
Phaiuswallichii, Pleione praecox, Renantheraim schootiana, Rhyncostylis retusa,

Vanda cristata, Vanda coerulea, Vanda tessellata, Paphiopedilum druryi, etc.

Even though India has rich diversity of orchid germplasm, in the
commercial hybrid production scenario its contribution is scanty and it is striking

to note that many commercial hybrids have been produced abroad by using Indian



wild orchids. One major obstacle in Indian orchid industry is the scarcity of
quality planting materials. Considering its economic value, development of elite
hybrids using indigenous/wild orchid species and its commercial multiplication

through biotechnological intervention has become the need of the hour.

In South India, the Western Ghats harbours richest diversity of orchids and
many of the commercially important species are endemic to the Southern Western
Ghats. The Queen of Orchids Paphiopedilum druryi is the best example. The
agro-climatic condition of Kerala is well suited for the commercial cultivation of
orchids. About 77 genera and 230 species of orchids including wild types have
been reported in Kerala. When compared to other crops orchid cultivation is most
economical, gives maximum return per unit area, ensures financial security and

employment opportunity.

Distant hybridization is the most effective conventional breeding technique
to transfer valuable genes from distantly related individuals. In orchids many
interspecific and intergeneric hybrids have evolved under natural conditions.
Occurrence of prolific natural hybridization in orchids signifies the rapid
evolutionary process in the Orchidaceae family. Lenz and Wimbler (1959) have
pointed out that hybridization leads to the transfer of block of genes from one
species to another. Therefore, there is no restriction in wide crosses in orchids.
Main difficulties encountered in distant hybridization are hybrid sterility due to
genetic imbalance, lack of compatibility either between parental genome or
between embryo and mother tissue. Orchids can successfully overcome these
obstacles by the production of large number of embryos without the presence of
endosperm, rapid evolution and speciation through natural hybridization and the

production of large number of minute ‘dust seeds’.

All the wild orchids are a potent source to create genetic variability and

among these some genera/species may or may not be compatible in hybridization.

Hence in a systematic breeding programme, it is necessary to study the

compatibility between the parents of hybridization. The orchid seeds are minute,



non endospermic and germination is erratic. /n vitro embryo culture is the best
option to rescue the embryos obtained after crossing. Producing hybrids of tried
and untried combinations and raising the seedlings in flask by the asymbiotic

method have become popular all over the world.

A hybrid progeny will take 1-4 years for attaining its reproductive stage.
Hence to assess the genetic variability of hybrid progeny rapidly and accurately,
molecular marker analysis is essential. Morphological markers are still
important as a technique applied to measure a genetic diversity in the plants.
However, plant morphology, physical characteristics and plant growth
characteristics could be influenced by environmental conditions. Morphological
characteristics are also an important method used to distinguish a species or
variety in granting plant breeders® right. Morphological characteristics alone
are not sufficient and sometimes difficult to distinguish the variability
between and within species. Due to this limitation, it has become a problem for
taxonomists and breeders to differentiate between two or more species or
varieties. However, the problem could be solved and supported through molecular

technologies.

In Kerala, R & D focussing on genetic improvement of orchids seldom uses
the wild potential genes of the endangered species. Expression of different plant
characters is controlled by genetic and environmental factors. It is often difficult
to know the proportion of heritable and environmental variation. The
progress of breeding is conditioned by the magnitude, nature and interaction
of genotypic and environmental variations in the plant characters. So, study
of genetic parameters is necessary for a successful breeding program. This
will provide valuable information on the mode of inheritance of different
characters which would be useful in selecting plants with desirable characters and
to estimate correlation of genetic relatedness with the known pedigree to develop
strategies for the evolution of new improved varieties with high genetic potential
in future. In the light of these, the present investigation entitled “Distant

hybridization and compatibility studies in wild orchids > was aimed to carry out

=



distant hybridization among the selected wild orchid species to determine the
cross compatibility by conventional method as well as assessment of genetic

variability of seedlings using morphological and molecular markers.

Therefore, the broad objective of this experiment was to study the cross
compatibility through distant hybridization in wild orchids and molecular

characterization of hybrid seedlings using RAPD/ISSR — markers.
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2. REVIEW OF LITERATURE

Orchid family of the plant kingdom is unique and represents peak in the
evolution of monocots and it is the most successful one among flowering plants
rendering wonders of nature’s creations with the flower of wealth and nobility.
Large number of genera and species exists as wild in the forest ecosystem. These
wild orchids are valuable genetic resources having genes determining various
qualitative and quantitative traits. But they are experiencing a steady diminution
in number with the passage of time. As far as South Indian orchids are concerned,
destruction of natural forests is the major threat to their existence. This has been
true particularly in Kerala which necessitates the conservation of valuable genetic
resources for breeding. Both interspecific and intergeneric hybrids have evolved
naturally in orchids. This clearly assures that there is no restriction even in wide

crosses in the orchid family.

Considering these favourable opportunities, an attempt was made to
investigate the possibility of distant hybridization among wild orchids indigenous
to South India. Important aspects of the present investigation hitherto are
estimation of components of variance of quantitative traits, heritability, genetic
advance, correlation, cross compatibility study, development of hybrid seedlings
through in vitro seed culture and evaluation of hybrid seedlings through

morphological and molecular characterisation.

Literature available pertaining to these particular aspects of the wild types
selected for the present investigation was meagre and therefore, relevant
information of some other genera and species were collected and reviewed and

presented hereunder.
2.1. WILD ORCHIDS AND ITS IMPORTANCE

World average 5.98% of orchid flora and 6.8% of flowering plants is
present in India with Himalayas and Western Ghats as their natural habitats (Jain,

1980). Orchids are lovely creatures of nature among flowering plants dwelling in



the forest ecosystem of all continents except Antartica. India is the centre of
origin of many orchid species. Wild orchids are puzzling and very peculiar since
it possess large showy and fragrant flowers (Vij, 1995). It is estimated that
25,000 species of orchids are present in the world and of these about 1350 species

belonging to 186 genera are present in India (Gupta et.al., 1997).

In monocots, it is one of the most important evolutionary lines and still in
active state of speciation (Vij, 1995). But species richness is decreasing at an
alarming rate day by day due to habitat destruction by over collection, shifting
cultivation, deforestation and other development activities. So habitat destruction
is the biggest threat to wild orchids present in the forest ecosystem. At present, it
is impossible to tell exactly how many species of wild orchids are still alive in
their natural habitats. Wild orchids play a good role for balancing the forest

ecosystem and hence to be conserved (Mollah, 2001).

Orchids are unique group of flowering plants and really gifts of nature
owing to their peculiar floral complexities such as fascinating beautiful flowers,
presence of various flower shapes for attracting pollinators and efficiency in
holding their flowering phase for a long time unlike any other cut flowers
available at present. Besides, orchids have entered in the competition of flowering
plants as popular cut flowers, potted plants and hanging baskets. So these flowers
of rare beauty have become increasingly important in the 21% century (Dipika

et.al.,2017).

Orchids are grown commercially as micro plants, seedlings, cut flowers, pot
plants, hanging baskets etc. Apart from these ornamental value, some are found to
be medicinal due to the presence of alkaloids, phytoalexins, anthocyanins etc., and
have antimicrobial, antimalarial, antituberculosis, antiviral and anticancerous
activities and these all reviewed by many authors (Singh, ez al., 2012; Pant, 2013).
Rare species are used for domestication by botanists and hobbyists worldwide.
Wild species without genetic deterioration are used as parents for breeding

programme. It is also used as spice, in the preparation of confectionary and
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perfumery items and as foods in all continents by many people of different
cultures and tribes. Gregarious and distinctive blooming nature was led to

describe the orchid species as “living jewels” (Doyle, 1995).

Due to gradual decrease of forest cover, orchid rich countries are taking
some steps for germplasm conservation. Many of the precious wild species in
pure form are used as parents for breeding programme and are carefully
maintaining without alteration in their original genotype by ex-situ conservation.
Many of the Indian orchids like Vanda, Cymbidium and Paphiopedilum have
already proved to be as important parent materials contributed to the production of

several outstanding hybrids in the world (Dipika et al., 2017).

Important wild orchids with sources of potential genes for different
valuable traits available in South India used for the present investigation are

briefly described hereunder.
Vanda tessellata (Roxb.) Rehb.f. (Vanda roxburghii)

Vanda tessellata is epiphytic in nature and grows up to a height of 30-60 cm
possessing leafy stem. The leaves are obtuse, keeled, plicate, recurved and
coriaceous type. The inflorescence is an axillary zigzag racemose type with an
average of 7-8 flowers. The flowers are greenish yellow with brownish
tessellations, mid lobe of lip is mottled brown with purple caruncles. Petals are
yellow with brown lines and margins are white coloured. Petals are shorter than
sepals. The lip is 16 mm long, bluish and dotted with purple colour. The capsules
are long 7.5-9.0 cm with clavate-oblong acute ribs. Flowering period is from
March to May and from September to December (Abraham and Vatsala, 1981). It
is a therapeutically important orchid used by traditional healers in India. Paste of
its leaves is used to treat fevers (Suresh er al, 2000) whereas the juice of its leaves
is used in the treatment of otitis media. Root is used as antidote against scorpion
sting, snakebites, bronchitis, arthritis and rheumatism (Chauhan, 1999; Shrestha,

2000; Baral and Kurmi, 2006). It is popularly used in ayurvedic medicines since

22



ancient period of Charak and Sushruta. At present it is sold as strong aphrodisiac

in ayurvedic medical shops.
Vanda spathulata (L.) Spreng.

It is popularly known as spoon leaf Vanda. 1t is the first Vanda species ever
described in the “Hortus Indicus Malabaricus’ in 1703 as Ponnampou-maravara
and later in 1753, Linnaeus named it as Epidendrum spathulatumin and did not
get its present name until 1826. Taprobanea spathulata (L.) Christenson is
commonly known as Svarna-pushpa bandaa or baandaa or mara vazha (means
tree-top plantain). It is a perennial herbaceous species endemic to peninsular
India including Kerala, Karnataka, Tamil Nadu, Maharashtra and Sri Lanka. It is
rare in Madukkarai hills, Coimbatore (Jayanthi er al., 2011) but it is an
endangered species (Basha er al., 2012) and its distribution is restricted to narrow

pocket due to anthropogenic activity (Miria et al., 2012).

It is epiphytic in nature and blooms during March - September. It possess
scandent stem and attains to height of about 120 cm. The leaves are flat, oblong,
obtuse or sub-acute apex, entire or emarginated with 10 cm long and 3 cm width.
The inflorescence is ~45 cm long raceme with few to many 4-5 cm large golden
yellow flowers. Sepals and petals spathulately oblong, flat and lip clawed as long
as sepals (Abraham and Vatsala, 1981). It is the only ex-vanda with large golden

yellow flowers (Devi et al., 2015).

A therapeutically important orchid used by traditional healers in India
(Suresh er.al., 2000) where the crushed leaves and stems are used as ointment for
the skin diseases, powdered leaves are used for the treatment of asthma,

tuberculosis and epilepsy.
Rhynchostylis retusa (L.).Bl.

It is designated as “Queen of Orchids” by Myanmar flower lovers and

cultivators considering the beautiful and attractive flowers. It is popularly known

X



as ‘Fox tail” orchid due to the nature of inflorescence. This is epiphytic and
monopodial in growth habit with large stem and thick leaves. The inflorescence is
racemose and pendulous in architecture. The flowers are white with purple spots
and patches. It is an important parent for developing interspecific and
intergeneric hybrids. Whole plant, leaves and root extract are used for treating the
rheumatism, emollient, menstrual disorder and epilepsy. Root juice is applied as a
wounds healer (Dressler, 1993; Shrestha, 2000: Joshi and Joshi, 2000:;
Manandhar, 2002; Subedi, 201 1; Thammasiri, 2016).

Aerides ringens (Lindl.) C.E.C.Fisch.

It is an epiphytic monopodial orchid, with beautiful small white flushed
with pink tinged flowers in axillary raceme. Fleshy mid lobe of the lip possess
spur which is almost equal in length of the lip. It grows well in open sunlight and
flowering during the months of June-August. This species is popular among the

hobbyists and used for breeding programme (Thammasiri, 2016).
Arundina graminifolia (D.Don) Hochr.

Orchid is native to Asia. Found in China, India, Malaysia, Myanmar, the
Philippines and Sri Lanka (Arditti, 2008). Popularly known as bamboo orchids
and it is a terrestrial type with attractive beautiful flowers mainly sold as cut
flowers for decoration and potted flowers. Possess erect long stem able to reach
up to a height of 2 m with long and narrow leaves end with a terminal raceme.
Flowers are pinkish - white to deep pink, blooms in summer and autumn with

many flowers or year round in Malaysia.

[t is a valuable plant in medicinal industry also. The root is used to get
relief from body pain (Manandhar, 2002) and has detoxification, anti-arthritis
activities. It contains phenolic compounds exhibiting potential cytotoxicity and
hence used to study the cytotoxicity against the human tumour cell lines. Mainly

grows along road sides, rocky sites or open grassy areas.
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Spathoglottis spp.

This perennial terrestrial genus is being used as a model for orchid studies
since its year round flowering with lateral racemose inflorescence of 25-130 cm
long (Kheawwongjun and Thammasiri, 2008). It possesses 4-8 lanceolate leaves
each up to 35 cm long and 2-6 cm wide with prominent veins abaxially. Each
inflorescence bears many successive and loosely spaced violet, pink, white or

yellow flowers.

It is a therapeutically important orchid. Plant decoction is used for treating
rheumatism and juice is used for drinking. Seeds are used to prepare ointment
and applied to cure skin diseases. This genus is suitable for landscaping. Mainly
they are used as parents for developing hybrids with many other colourful orchids
(Thammasiri, 2016).

2.2 QUALITATIVE AND QUANTITATIVE TRAITS
2.2.1. Plant Height

Orchid is a crop which expresses a high magnitude of diversity in height and
responds very well to the environment (Abraham and Vatsala, 1981). Wide
variation was reported in different varieties of Dendrobium mainly due to genetic
nature, growing conditions and environmental conditions (Roychowdhury ef al.,

2004; Sugapriya et al., 2012).

Plant height is an inherent genetic character influenced by growing
conditions. Height difference was mainly due to differences in internodal length
in orchids. Wide variation for this trait was reported among different varieties and

hybrids of Vanda (Minnu, 2015).
2.2.2. Plant Spread

It is determined as the area required for the growth and density of plants in a

particular area. In non-branching types it was largely determined by length,
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orientation and arrangement of leaves. Wide variation was reported in different

varieties and hybrids of Vanda for this trait (Minnu, 2015).
2.2.3. Shoot Girth

It is an indication of strength of the plant and protects the plants from
lodging. Wide variability of this trait was reported in different varieties of
Dendrobium (Sugapriya et al., 2012) and in different varieties and hybrids of
Vanda (Minnu, 2015).

2.2.4. Number of Leaves Plant !

Number of leaves plant™is an indication of leaf yield of a plant. Significant
variation was exhibited among different varieties in Dendrobium (Sugapriya et al,
2012) and among different varieties and hybrids of Vanda (Minnu, 2015). This

trait directly contributes to the photosynthetic efficiency of plants.
2.2.5. Leaf Length

Wide variation was reported in different cultivars of orchids (Bose er al.,
1999; Bhattacharjee et al., 2002; Kaveriamma, 2007). Varieties with more leaf
length had less breadth and vice versa. Leaves with more length and less breadth
drooped and reduced its surface area for photosynthesis in Dendrobium
(Roychowdhury et al., 2004; Sugapriya et al., 2012) and in Cymbidium (Barman
et al., 2007). Significant variation was exhibited for leaf length among different
varieties and hybrids of Vanda (Minnu, 2015) which contributed largely to the

leaf area thereby influencing photosynthetic ability.
2.2.6. Leaf Width

Wide variability was reported for width of leaves in different cultivars of

orchids (Bose ef al., 1999: Bhattacharjee et al., 2002; Kaveriamma, 2007).
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Leaves with more breadth and less length exposed more surface area for
photosynthesis in Dendrobium (Roychowdhury et al., 2004; Sugapriya et al.,
2012) and in Cymbidium (Barman et al., 2007).

Among different varieties and hybrids of Vanda significant variation was
exhibited for width of leaves as reported by Minnu (2015). It contributed largely

to the leaf area and influenced photosynthetic ability.
2.2.7. Inflorescence

Orchid inflorescence is normally raceme or indeterminate (Goh, 1977).
Flowering nature decides how plants are the best grown. Duration of flowering in

orchids is a genetically determined trait (Goh and Arditti, 1985).

Plants with single and upright stems are grown in pots and arching stems are

ideal for planting towards the edge of a shelf (Squire, 2005).
2.2.8. Season of Flowering

Most hybrid orchids growing in tropical lowlands are probably day neutral
plants and uninfluenced by day length (Soon, 1980). In the tropics seasonality in

flowering was mainly due to variation in rainfall (Dressler, 1981).

Tropical lowland orchid species are free flowering and flowering peaked
from June to October and February to March. May and November received
maximum rainfall and showed a steep decline in flowering and it is a genetic trait
(Goh, 1984). Flowering season of orchids is a genetically determined trait (Goh

and Arditti, 1985).

Among epiphytic orchids flowering peaked during dry season and in early
rainy season and decreased with increase in rainfall. Declined flowering from

November to January was attributed to shorter day lengths (Gordinez, 1996).

Inflorescence continually flowered for several months in Spathoglottis

plicata (Freudenstein and Rasmussen, 1996).
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Factors determining the flowering in plants with respect to ontogeny and
season are juvenility, photoperiodism and vernalisation (Yong and Hew, 2004).
Plants respond to changes in photoperiod and temperature and thus flower
naturally when the environmental conditions are favourable for flowering and

reproduction (Lopez and Runkle, 2004).

Both free and seasonal flowering natures were observed among different
varieties of Dendrobium (Sobhana, 2000; Nath, 2003; Sugapriya et al., 2012).
Free flowering nature is beneficial as far as market demand is considered

(Sugapriya et al., 2012).

Different Vanda orchids showed considerable variation in flowering nature.
Peak flowering was observed in February- June with two blooming periods, three

or single blooming period in a year (Minnu, 2015).
2.2.9. Days Taken for First Flowering

Some varieties take one year to show symptom of flower bud initiation due

to its genetic constitution (Sanford, 1971).

Significant variation was observed among different varieties of Dendrobium
for this trait. In some varieties when mature cuttings reached at flowering stage
were used for planting, the number of days taken for visible flower bud initiation

was less (Das and Bhattacharjee, 2004; Sugapriya et al., 2012).
2.2.10. Number of Spikes Plant' Annum’

Vital trait for evaluating orchid plant based on economic feasibility as cut
flower and pot plant is number of spikes produced by the plant annually (Garay,
1972).

The number of spikes produced in each plant varies significantly among the
different varieties, which directly determines the number of flowers in a plant.

The increased flower yield might be due to increased production of more number
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of shoots which in turn increased number of spikes plant’ with bigger sized
flowers in Cymbidium (Barman et al., 2007) and in Dendrobium (Sugapriya et al.,
2012).

Among different Vanda species and hybrids evaluated, hybrid V.
pranermpri * V. tessellata and species V. pathum Gold produced maximum
number of spikes plant”’ year' and the interval between spike productions was

less (Minnu, 2015).
2.2.11. Length of Inflorescence

Environmental condition such as temperature has little or no effect in the

expression of this trait in orchids (Robinson, 2002).

Length of inflorescence is very important in the cut flower trade and pot
plants. Significant differences were seen for this trait among different Vanda

species and hybrids evaluated (Minnu, 2015).
2.2.12. Number of Flowers Spike"

Minnu (2015) reported that significant differences were seen for number of

flowers spike” among different species of Vanda and hybrids.
2.2.13. Internodal Length

Internodal length imparts compact appearance in the spike. When different
Vanda species and hybrids were evaluated (Minnu, 2015) significant differences

were exhibited for internodal length between florets.
2.2.14. Flower Size

Among 746 Indian orchids analysed, orchids with large showy flowers and
good floret size attracted attention and were vulnerable for commercial
exploitation.  Floret size was determined by the length and width of petals

(Lokesha and Vasudeva, 1994).
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2.2.15. Flower Colour and Scent

Flower colour and scent were found to reduce after pollination (Schiestl et

al., 1997).

Florets displayed a wide range of colour pattern such as uniform, spotted,
tessellated and blotched and shades such as white, yellow, red, purple, violet,
blue, pink, magenta, brown, lavender and rose. Among these, blue colour is rare

in orchid plants and hence it is highly sought in breeding (Griesbach, 2005).
2.2.16. Days for Inflorescence Emergence to First Flower Opening

Flower bud initiation begins after the spike had grown to a certain length

under suitable environmental conditions (Lee and Lin, 1984).

Once the flower bud has initiated blooming time depends upon genotype

and environmental conditions (Lopez and Runkle, 2005).

Significant variation was seen among different varieties of Dendrobium for
this trait. It was mainly determined by the growth rate and length of spike (Rani,
2002; Nath, 2003; Sugapriya et al., 2012).

Significant variation was seen among different varieties and hybrids in
Vanda for duration from spike emergence to opening of first floret as reported by
Minnu (2015).

2.2.17. Days to Last Flower Opening from First Flower Opening

It varied significantly among different varieties of Dendrobium. This trait
mainly depends on the number of flowers per spike as well as number of days

taken for blooming of each flower (Sugapriya et al., 2012).
2.2.18. Spike Longevity

Vanda mostly blooms every month and the flowers retain for two to three

weeks. Vital trait for evaluating orchid plant based on economic feasibility as cut
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flower and pot plant is single spike longevity (Garay, 1972). It is a major trait for
increasing the commercial value of orchids which depends mainly on genetic
factors and environmental conditions. After pollination flowers start senescence

within 1-5 days. Pollination and pollen removal reduced floral longevity.
2.2.19. Anthesis
Anthesis in some orchids is a genetically controlled trait (Sanford, 1971).

Flower opening time was morning and required 1-2 days for the full

blooming of each flower in Stelis argentia (Christensen, 1992).

Peak time of anthesis in Dendrobium varieties was between 9 and 10 am
and also between 3 and 4 pm and the flowers retained its freshness for 45-50 days

on the spike (Varghese, 1995).

The flowers at the basal portion of spike matures and opens first and
gradually it proceeded to the upper portion of the spike and anthesis occurs in the

day time with a peak between 9 and 11am in Dendrobium (Sobhana, 2000).

Significant variation was seen among different Vanda species and hybrids

evaluated for this trait (Minnu, 2015).
2.2.20. Stigma Receptivity

Stigma receptivity remained throughout the day after anthesis and up to five
days after anthesis in Dendrobium amoenum, up to three days after anthesis in
Spathoglottis plicata, and up to four days after anthesis in Aerides odoratum and
up to 11 days after anthesis in Phaius tankervilleae although the flowers retained
freshness for a longer period. Receptivity period was longer in orchids than other
cross pollinated crops. Generally, in orchids it was found maximum between
second and fifth day after anthesis but in New Pink (hybrid orchid) it was found
from the day of anthesis to the tenth day (Devi and Deka, 1992).
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In Dendrobium stigma receptivity period was the maximum between 4 and
6 days after anthesis although the stigma remained receptive from the first day to

9" day of anthesis (Varghese, 1995).

Stigma receptivity was maximum one week from flower opening in

Spathoglottis plicata (Proctor, 1998; Shiau er al., 2002; Lo et al., 2004).

Stigma receptivity remained throughout the day after anthesis and duration

of it varied in different hybrids of Dendrobium (Sobhana, 2000).

Pollination was effective when selected parents with flowers retained
maximum stigma receptivity (1-10 days after blooming) and as the age of stigma
receptivity increased, the success of pollination has considerably reduced in

Dendrobium (Shiau et al., 2002).

In Rhynchostylis retusa stigma remained more receptive from the second
day of anthesis to 4" day and morning hours. Therefore, pollination was more

successful in morning hours (Nitin and Uma, 2014).
2.2.21. Pollen Morphology

In the family orchidaceae the pollen grains are present as agglutinated

masses called pollinium.

In Dendrobium species pollinium is yellow coloured, ovoid in shape and
tightly compressed to form two pairs (Sheehan and Sheehan, 1979; Sobhana,
2000) and pollen grains existed as tetrads (Abraham and Vatsala, 1981; Das and
Ghoshal, 1988; Varghese, 1995; Sobhana, 2000) and pollen grains are held
together by elastic threads of tapetal origin (Abraham and Vatsala, 1981).

In Spathoglottis plicata pollinium was clavate, mature pollen grains were
irregular or polygonal in shape and appeared in tetrads and the exine was

perforated (Freudenstein and Rasmussen, 1996).
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Seeds were dust like and fusiform shaped. Seeds were brown and an
aperture was present in the posterior. Seed length was about 100-200um and

width was 50-100um (Freudenstein and Rasmussen, 1996).

In Dendrobium hybrids smaller pollen grains were observed (Varghese er
al., 1997).

The wild species of Dendrobium had small sized pollen (Sobhana, 2000).
2.2.22. Pollen Production

Pollen production flower” anther” varied from variety to variety within an

orchid species (Nair et al., 1964).

The Dendrobium hybrids had a low rate of pollen production pollinium”

(Varghese et al, 1997).

Pollen production exhibited significant variation ranged from 38282 to
193750 (Varghese, 1995) and 2720 to 13120 (Sobhana, 2000) pollinium™ among
different hybrids of Dendrobium. The wild species of Dendrobium had low
pollen count pollinium™ (Sobhana, 2000).

2.2.23. Pollen Fertility

In Paphiopedilum the pollinia at anthesis were collected and stained with
1% aceto-carmine solution and pollen with positive staining was taken as viable

one (MacFarlane ef al., 1989).

In Dendrobium high pollen fertility was observed among varieties and low
pollen fertility among species with small sized pollens. While in hybrids, a direct
relationship between the size and fertility of pollen (Varghese, 1995) and low
pollen fertility (Varghese et al., 1997) was reported. Pollen fertility variation was
seen in different varieties but the wild species showed low fertility (Sobhana,
2000).
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In orchids pollen longevity lasts from few hours to several weeks (Endress,
1994). Environmental conditions such as temperature, light intensity and relative
humidity influenced pollen longevity (Pacini et al., 1997) Factors determining
pollen longevity are carbohydrate and water content at the time of anthesis, the
environment during exposure and dispersal and the site where pollen presentation
occurs, i.e., whether the pollen is exposed or protected (Dafni and Firmage, 2000,
Nepi et al., 2001). If pollen has high water content (>30%), high sucrose percent
and high cytoplasmic polysaccharides then it could resist desiccation (Dafni and
Firmage, 2000). Pollen longevity was 8-11 days in Calypso bulbosa (Dafni and
Firmage, 2000; Luit and Johnson, 2001) and the maximum on 1-8 days after
flower opening in Spathoglottis plicata (Proctor, 1998; Shiau er al.. 2002; Lo et
al., 2004).

Pollination was effective when selected parents with flowers retained the
maximum pollen viability (1-10 days after blooming) and as the age of pollinium
increased, the success of pollination considerably reduced (Shiau ez al., 2002).
Pollinium of 1-4 day old was more viable for effecting pollination in

Rhynchostylis retusa (Nitin and Uma, 2014).
2.2.24. Pollen Germination

Sucrose and agar play significant role in pollen germination. The beneficial
effect of sucrose on pollen germination might be attributed to nutrition and
osmotic phenomenon (Johri and Vasil, 1961) and agar attributed to supply of
moisture, carbohydrate and other nutrients to the medium (Stanley and Linskens,
1974).  Suitable medium for Dendrobium pollen grain germination was 2%
sucrose and 1% agar (Varghese, 1995). Pollinia germinated 5-6 hours after
incubation and proceeded up to 30-36 hours in Spathoglottis plicata and 14 hours
after incubation and proceeded up to 12 hours in Cymbidium ensifolium in

Brewbaker medium with 10% sucrose (Latha and Namboodiri, 1999).
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In Dendrobium pollen grain germination was the maximum when the pollen
grains were treated with 2% sucrose and 1% agar and followed by 2% sucrose and

2% agar, however, variation was observed in different varieties (Sobhana, 2000).
2.3. COMPONENTS OF VARIANCE

Presence of genetic variability followed by subsequent selection of desirable
types determines success of any crop improvement programme. Limited attempt
has been made for genetic variability and genetic improvement studies in wild

orchids.

In crop improvement an important factor guiding the breeder is only the

genetic component of variation (Johnson er al., 1955).

Genetic analysis of various traits in orchids grown in the plains of Bengal
revealed high amount of genotypic variance for length of inflorescence (506.07)

and number of flowers inflorescence™ (178.78) (Rehman er al., 1993).

In the genetic variability evaluation of Dendrobium, the phenotypic
coefficient of variation was slightly higher than the genotypic coefficient of
variation for all the characters. Both phenotypic coefficient of variation and
genotypic coefficient of variation were the highest for number of flowers
inflorescence™’ followed by days for opening of all florets and number of shoots

and the lowest for length of leaf (Sobhana, 2000).

Genetic variability evaluation among 20 native Dendrobium orchids
revealed highly significant variation for all the traits. Wide variation was
observed for all the traits and phenotypic coefficient of variation (PCV) was
higher than the genotypic coefficient of variation (GCV) for all the characters
indicating the influence of environment. The range of variation was high for
spike length (2.0-29), flower durability (8.0-31) and plant height (13-71).
Difference between phenotypic coefficient of variation and genotypic coefficient

of variation was low for spike length, rachis length, plant height, floret number
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and flower durability. Environmental influence plays less role in the expression

of all these traits in orchids (Moniruzzaman et al., 2012).

Presence of high heritability leads to the improvement of a character. Spike
length, rachis length, plant height, floret number and flower durability expressed
high heritability out of fifteen traits evaluated. The effectiveness in the selection
of genotypes based on the phenotypic appearance is determined by the magnitude
of heritability in the hybrids of orchids (Johnson er al., 1955). Heritability is the
ratio of genotypic variance to the total variance and it is a good index of the

transmission of characters from parents to their offspring (Falconer, 1960).

Heritability estimation of various traits in orchids grown in the plains of
Bengal revealed high values for length of inflorescence (78.94%), number of
flowers inflorescence (95%) and flower size (85.15%) and suggested that
consideration should be given for all these three traits for the selection of

genotypes or lines for improvement in future (Rehman er al., 1993).

In Dendrobium orchids the estimation of heritability exhibited moderate to
high values for all the traits. Heritability was high for breadth and length of flower

and breadth of leaf and low for number of shoots (Sobhana, 2000).

Estimation of heritability in orchids revealed high values for spike length
(94%), rachis length (95.34%) and flower durability indicating the possibility of
transfer of traits to the offspring from the parents thereby increasing the
possibility of improvement of these traits through selection. If the heritability of a
trait is high (80% or more), selection is very effective due to close correspondence
between genotypic and phenotypic variances. This is because relatively low
contribution of environment to the phenotype. Similarly, if the heritability of a
trait is low (40% or less), selection may be ineffective or virtually impractical due

to masking effect of environment in the genotypic effects (Faroque, 2003).

Heritability (broad sense) estimation among 20 native Dendrobium orchids

indicated high values for spike length (94%)., flower durability (94%) and floret
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number (70.5%). All other floral characters expressed moderate values. High
heritability revealed the presence of additive gene action and possibility in the

improvement of these three traits through selection (Moniruzzaman et al., 2012).

The effectiveness in the selection of genotypes based on the phenotypic
appearance is determined by the magnitude of expected genetic advance also

(Johnson et al., 1955).

In gladiolus certain traits expressed moderate heritability with low genetic
advance (Negi et al., 1982). In orchids estimation of heritability exhibited high
values for plant height (87%) and pod size (74%) and genetic advance exhibited
low values for plant height (40.99) and pod size (48.51). The existence of high
heritability coupled with low genetic advance indicating the presence of non-

additive gene action such as epistasis and dominance (Faroque, 2003).

Estimation of genetic advance in orchids revealed high values for spike
length (98.29), rachis length (93.85) and flower durability indicating the
possibility of transfer of traits to the offspring from the parents thereby increasing

the possibility of improvement of these traits through selection (Faroque, 2003).

Estimation of genetic advance among 20 native Dendrobium orchids
indicated high values for spike length (98.29), flower durability (89) and floret
number (65.47). All other floral characters expressed low values. High genetic
advance reveals the presence of additive gene action and possibility in the

improvement of these three traits through selection (Moniruzzaman et al., 2012).

2.4. CORRELATION

Genotypic correlation coefficients were higher than phenotypic correlation
coefficients for all the traits and it indicating the suppressing effects of
environment, which modified phenotypic expression of traits by reducing

phenotypic coefficients in gerbera (Anuradha and Gowdha, 1994) and in orchids.
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Positive correlation between length of stem and length of leaf, length of leaf
and number of leaves, length of leaf and number of flowers, length and breadth of
leaf and stem diameter, number of leaves and number of flowers was reported in

Habenaria radiata (Nagayoshi et al., 1996).

In Dendrobium flowers spike™ exhibited significant correlation with height
of shoots, number of leaves, length of inflorescence, days for opening of all florets
and inter nodal length between first two flowers. Days for opening of all florets
registered the highest positive correlation and breadth of leaf registered the lowest
positive correlation. Negative correlation was exhibited between vase life up to
wilting of first flower and inter nodal length between first two flowers. Highest
positive genotypic and phenotypic correlation was exhibited between length and
breadth of flowers. Number of shoots had highest positive correlation with
breadth of flowers. Days from spike emergence to first flower opening was
positively correlated with breadth of leaf and number of shoots. Length of flower
was positively correlated with breadth of flower. Breadth of flowers was
positively correlated with number of shoots. Length of inflorescence was
positively correlated with days for opening of all florets and number of leaves.
Vase life up to wilting of first flower was positively correlated with breadth of

flower (Sobhana, 2000).

Estimation of correlation between various traits in Rhynchostylis gigantia
revealed strong positive association between shoot and leaf number and leaf area.
Highly significant correlation of physiological parameters existed with plant

height, length of inflorescence and number of florets spike“I (Zotz et al., 2001).

Estimation of correlation between various traits among 20 native
Dendrobium orchids revealed highly significant association for the number of
florets spike” with  flower durability and spike length, significant positive
correlation for flower durability with flower size and spike length at both
genotypic and phenotypic levels indicating that selection of parents should be

based on the traits number of florets spike™, flower durability, spike length and
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flower size and it would be useful in a breeding programme (Moniruzzaman et al.,
2012).

In gladiolus (Lal er al., 1985; Singh and Singh, 1990) and in orchids
reported that flower durability positively correlated with rachis length, flower size
and spike length indicating that flower durability increased with increase in the
rachis length, flower size and spike length. Therefore, select parents, based on

floret number, rachis length and flower durability for improvement.

Length of leaves had positive correlation with number of flowers, flower
size, flower durability and rachis length and negative correlation with breadth of
leaf, number of pseudobulb and spike length. Breadth of leaf negatively correlated
with leaf number and number of spikes and positively correlated with other traits.
Number of spikes negatively correlated with number of flowers spike'indicating
that number of flowers will be decreased with increase in the number of spikes
plant”. Number of spikes positively correlated with flower size, flower durability,
rachis length and spike length. Number of flowers spike” positively correlated
with flower durability, rachis length and spike length and negatively correlated

with flower size in many orchids (Faroque, 2003; Sultana, 2003).

Cane length was correlated with leaf number, cane diameter, spike length,
floret number and vase life; cane diameter was correlated with leaf number, cane
length, spike length, floret number and vase life; spike length was correlated with
leaf number, cane diameter, cane length, floret number and vase life; floret
number was correlated with cane diameter, spike length, cane length and vase life
and vase life was correlated with cane diameter, spike length, floret number and
cane length in orchids (Nair and Tung, 1983; Nolte, 1985; Kamemoto, 1987; Nair
and Fong, 1987; Islam er al., 2013).

Significant positive correlation was noticed between plant height and
inflorescence size and inflorescence length and inflorescence size in Dendrobium

sambucina, number of flowers and number of fruits in Dendrobium sambucina,
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Dendrobium majalis and Dendrobium bifolia. Due to fitness of individuals larger

ones can produce larger inflorescences (Anna et al., 2015).
2.4. DISTANT HYBRIDIZATION

The first authentic record of a distant hybridization is the production of a
hybrid between carnation (Dianthus caryophyllus) and sweetwilliam (Dianthus
barbatus) by Thomas Fairchild in 1717. In agricultural crops most of the
interspecific hybrids were of academic interest only and were of no agricultural
value but in ornamental crops, served as commercial varieties. At present distant
hybridization has a definite role to play in crop improvement programmes:
improvement of a few crop species is primarily based on distant hybridization,
e.g., sugarcane, brassica, tomato, potato etc.. But in most of the cases it is used
for the transfer of a few desirable genes, particularly those for disease resistance.
In many crop species, the genes for disease resistance transferred from the wild
species were extremely useful. According to Harlan (1976), there are several crop
species in which genes from wild relatives stand between man and starvation or

economic ruin. A glaring example is the potato famine in Europe.

Distant hybridization is an effective breeding tool to capture hybrid vigour
as well as to combine traits that do not occur within a single species (Volker and

Orme, 1988).

To introduce valuable economic traits such as disease resistance, flower
shape and colour, from wild species into the cultivar assortment, it is essential to
overcome interspecific crossing barriers. Several techniques hitherto, as the cut
style method, the grafted-style method and the in vitro isolated ovule pollination
technique, have been developed to overcome pre-fertilisation barriers (Van Tuyl
etal., 1991).

Tomar and Singh (1998) reported that hybrid plants will response
differently based on the type of alleles that present in the locus of a gene that

controlling a particular trait mainly complementary lethal genes and this
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phenomena ultimately will leads to the failure of seedling development in distant

hybridization.

The environmental conditions such as high temperature, specific protein and
exudates (Martin, 1970), hormone treatment (Ascher, 1973), and lipids (Wolters-

Arts et al., 1998) also can be applied to overcome these barriers.

In vitro pollination brings pollen grains in direct contact with the ovules is a

more effective method (Willemse et al., 1995).

In Lilium various combinations of in vitro pollination (cut-style and grafted-
style method) and embryo rescue (ovary, ovule and embryo culture, placental
pollination) were applied to control the whole fertilisation process (Van Tuyl et

al., 1991; Janson, 1993; Chi, 2000).

The introduction of ovule culture and embryo-rescue methods has greatly
facilitated wide hybridisation followed by backcrossing in a wide variety of plant
species (Hadley and Openshaw, 1980; Van Tuyl er al., 1990; Buitendijk ez al.,
1995: De Jeu and Jacobsen, 1995; Van Tuyl and De Jeu, 1997). Based on the
results of cross combinations, suitable rescue method can be applied (Van Tuyl ez

al., 2002).

Amphidiploidy has been used to create male and female fertility (Arisumi,
1975; Pasutti, 1977) to overcome sterility problems. Naturally occurring pollen
fertility has been found sporadically among interspecific hybrids without the use
of amphidiploidy (Weigle and Pasutti, 1976; Pasutti, 1977; Pasutti and Weigle,

1980) in certain crops.

Acetocarmine or Aceto orcein and FDA (Fluoro diacetate) have been used
for the staining of fertile pollen in many crops. Especially pollen from
interspecific or intergeneric hybrids can be checked for their fertility (Arisumi,

1974; Merlin and Grant, 1986). Methods for estimating pollen fertility include
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counting unstained, normal-looking pollen grains (Arisumi, 1975) or pollen grains

stained with acetocarmine solution (Singh, 2007).

There is occurrence of 2n-gametes in hybrids of Orchidaceae through

interspecific hybridization.

Intraspecific, intrageneric and intergeneric hybrids are produced in orchids
and a large number of crosses involving two genera (bi-generic), three genera (tri-
generic), four genera (tetra- generic), five genera (penta- generic) hybrids have
been developed and registered. Intergeneric hybrids are very common in orchids.
Bigeneric hybrids are Aredovanda (Aerides x Vanda), Rhynchovanda
(Rhynchostylis x Vanda) etc. and total number of hybrids reported in this group is
approximately 6,000 (CITES Identification Manual, 1973).

2.5. CROSS COMPATIBILITY

Cross compatibility is the successful development of hybrid progenies upon
cross pollination and fertilization under natural or artificial means between two

parent plants.

But in some orchids parthenocarpic development of ovary was brought

about by the high auxin content of the pollinia (Laibach and Maschmann, 1933).

Self-incompatible orchids have either homomorphic, gametophytic or
polyallelic incompatibility with stigmatic inhibition of pollen germination
(Duncan and Curtis, 1943).

The duration between pollination and fertilization is highly variable in the
orchidaceae (Swamy, 1943) but it is usually short in terrestrial orchids (Swamy,
1949).

In Vanda hybrids within each group exhibited close homology of
chromosomes and fertile hybrid produced but between the groups, hybrids

exhibited low fertility due to lack of chromosomes homology (Storey, 1955). Seed

28

o)



set failure in reciprocal crosses was due to either physical barriers, antagonism
between maternal cytoplasm and sperm nucleus or sensitivity of one of the plants
to its environment so that it would block the development or function of gametes
and self-incompatibility and cross sterility encountered in Vanda hybrids could be

either due to hybrid sterility or polyploidy (Lenz and Wimbler, 1959).

But in intergeneric hybrids, between strap leaved Vanda and strap leaved
Ascocentrum exhibited stronger chromosomes homology than hybrids between

strap leaved and terete —leaved Vanda (Shindo and Kamemoto, 1962).

Percentage of fruit set in interspecific crosses varied from 0 to 100 and in
intergeneric crosses from 0 to 75. By the introduction of foreign pollen effective
fertilization leading to embryo formation did not take place and only the ovary
was developed parthenocarpically and formed capsules. Out of thirteen hybrid
capsules formed, seeds of only three crosses were germinated (Bose and

Bhattacharjee, 1980).

Triploidy is common in orchids and it is one of the most frequent causes of
sterility. Infertility attributed in polyploids was due to pairing abnormalities
during meiosis i.e., an addition of one or more complete or incomplete

chromosome sets (Abraham and Vatsala, 1981).

After pollination ovule formed 43 to 45 days in Cymbidium goeringii and 58
to 60 days in Paphiopedilum insigne var. Sanderae. Embryo maturation was 115
to 120 days in Cymbidium goeringii and 195 to 200 days in Paphiopedilum
insigne var. Sanderae. Seeds germinated in 80 and 165 days in forgoing orchids.
Seed germination was the highest when the capsules were harvested with the

embryos almost mature (Nagashima, 1982).

Abundant ethylene production after emasculation and pollination led to the

senescence of floral organs (Chadwick er al., 1986).
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Direct crosses were successful in Dendrobium primulinum x Dendrobium
crepidatum and Dendrobium transparens x Dendrobium pierardii. Unsuccessful
crosses in some Dendrobium species was due to unequal chromosome numbers

(Das and Ghoshal, 1988).

In hybridization lack of seed setting was due to the absence of anthers and
or pollen, pollen sterility, non-viability or genotype specificity (Dadlani er al.,
1988).

Sign of capsule maturity was development of brownish and yellowish
colour on the surface of the capsule. Post pollination changes include closure of
stigma, increase in fresh and dry weight of ovaries and gynostemia, hormone
production, synthesis or destruction of pigments, new biochemical pathways,
cessation of scent evolution, swelling of the column and cell divisions in the
ovary, breaking apart of pollinia due to tetrad dissociation, dehydration of pollen
grains and germination of pollens from outside of pollinium to inside. Loss of
water from the upper layer of petal cells caused wilting of flowers and led to

upward folding of petals (Bose and Yadav, 1989; Slater, 1991).

Auxin content of the pollinia stimulated ethylene production and initiated

incompatibility of parents (Johansen, 1990).

Unilateral incompatibility was observed between species of the genus
Dendrobium and between species of the different genera viz., Dendrobium,
Spathoglottis, Phaius, Coelogyne and Rhynchostylis. Intergeneric and
interspecific crosses incompatibility may be due to genetic imbalance. The
unsuccessful hybrid pods turned yellow and burst at immature stage or abscised.
The ovaries swelled parthenocarpically due to pollination stimulus by the
introduction of foreign pollen but fertilization eludes the ovules probably due to

incompatibility of parents (Devi and Deka, 1992).

In an attempt to determine compatibility between different species and

genera for production of hybrids through embryo culture, 29 interspecific and 47
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intergeneric hybridization was made and in many crosses ovary swelled but did
not develop pods. Reciprocal crosses were achieved between Dendrobium
crepidatum and Dendrobium transparens and between Dendrobium crepidatum x
Dendrobium pierardii (Devi and Deka, 1994). Emma white was observed as a
good female parent since of the different hybrids it had the maximum compatible
crosses. Of the six species tried as male parents, Dendrobium jimbriatum gave
maximum cross compatibility and some reciprocal crosses were not successful.
In some crosses capsule development was not seen but the ovaries were swelled
due to pollination stimulus and it might have due to post fertilization barriers or
the stimulatory parthenocarpy led to the formation of swelled ovaries (Varghese,
1995).

Hybridization between Dendrobium species as female parent and wild
species as male parent provided varied results. These were the development of
small pods, the swelled ovary found to fallen after 30 days before reaching
maturity, flower remained intact, retained freshness of flower, faded flowers and
abscised flowers 2-3 days after pollination. But in successful crosses ovary
remained as part of the spike and gradually enlarged to form the pod with the
withered petals and sepals. Time taken for pod maturity varied from 90 to 135
days and more days for culturing ranged from 120 to 135 in crosses involving
wild species as male parent. Embryo did not turn green even after 3 months when
cultured 60 days old pod. When seeds of different hybrids were cultured, some
seeds were not germinated and some germinated seeds were not developed into

seedlings (Varghese, 1995).

Seed viability percentage was estimated by staining the seeds extracted from
fresh capsules in 1% (w/v) 2,3,5-triphenyl tetrazolium chloride one day in
darkness and then observed under light microscope. Presence of red coloured

embryo indicated viable seed (Vellupillai et al., 1997).

The duration between pollination and fertilization is highly variable in the

orchidaceae. In Spathoglottis plicata it was 15 days (Narasak ez al., 2015).
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2.6. IN VITRO CULTURE OF SEEDS

Orchids are the first successful commercially mass micropropagated
floriculture crop. With the advancement of germination of the orchid seeds in
artificial condition using different culture media, the tissue culture technique has
been variously modified and utilized for different species (Knudson, 1922, 1925).
Asymbiotic seed culture is germinating seeds and growing seedlings under aseptic
conditions in an agar medium supplemented with nutrients required by the plants.
It was developed in 1921 by Knudson and now became standard procedure for

seed germination.

Commonly used orchid culture media are Knudson C medium (Knudson,
1922, 1925, 1927, 1946), MS medium (Murashige and Skoog, 1962) and Vacin
and Went medium (Vacin and Went, 1949).

Asymbiotic seed germination was a major technological advance
contributed to modern biotechnology (Johnson et al., 2007). First in vitro
propagation procedure was asymbiotic seed germination method in orchid
developed by Knudson (Yam er al., 2009). Rate of in vitro seed germination
might be affected by the time of harvesting the capsules (Knudson, 1922:
Rajkarnikar, 2014).

In orchids natural seed germination is very poor, only 2-5% (Rao, 1977;
Vij, 2002).

In the orchid multiplication and conservation programme, in vitro
germination of seeds is an important tool since the millions of tiny seeds present

in the capsule have the ability to develop into complete seedlings without any
fungal aid (Arditti, 1967).

In orchids green pod culture has enhanced the germination and reduced the
flowering time. Seeds can be collected before dehiscence of capsules with no

seed loss (Tsuchiya, 1954; Rao, 1974; Arditti et al., 1981: Henrich er al., 1981).
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Optimum growth and morphogenesis of tissues may vary for different plants
as per nutritional requirements and different plant parts have different

requirements for good growth (Murashige and Skoog, 1962).

MS medium rich in vitamins and micronutrients gave better results for
tropical orchids® seed culture (Reddy, 1992). Half MS medium results rapid
protocorm production in orchids, since MS medium contains high ionic

concentration of nutrients (Zhang et al., 1992).

Sucrose is the commonly used carbon source supporting initial germination
and subsequent growth and its effects depends upon concentration. Organogenesis
is promoted at sub optimal concentrations and protocorm proliferation is enhanced
at supra optimal concentrations (Arditti, 1979; Singh, 1994). Sucrose acts as
morphogenetic trigger in the formation of auxiliary buds and branching of

adventitious roots (Vinterhalter and Vinterhalter, 1997).

Vitamins are essential for normal growth and development, act as catalysts
in metabolic processes and limiting factors for cell growth and differentiation.
Amino acids used for enhancement of cell growth in culture media included
glycine, glutamine, asparagine, L-arginine, cysteine and L-tyrosine (Torres,
1989).

Plant growth regulators promote stem elongation, tropism and apical
dominance. They are auxins, cytokinins, gibberellins and abscisic acid. Proportion
of auxins to cytokinins determines type and extent of organogenesis in plant cell
cultures. Cytokinins generally induce shoots and auxins induce roots. Auxins also

stimulate callus production and cell elongation (Skoog and Miller, 1957).

Benzyl amino purine (BAP) is a common plant growth regulator enhancing
and promoting shoot regeneration, somatic induction, cell division and axillary
bud growth. Medium supplemented with appropriate concentration of BAP has
increased the rate of shoot proliferation (Talukder er al., 2003) earlier flower

induction and protocorm regeneration and plantlet formation (Khatun er al., 2010)
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~in Dendrobium. 1t is a first-generation synthetic cytokinin applied along with

auxin in the medium (Habiba et al., 2014).

BAP has enhanced the asymbiotic seed germination at lower concentrations
(0.1, 0.5, 1 mgl™) in combination with Naphthalein Acetic Acid (NAA) (0.5, 1
mgl™) in Spathoglottis plicata (Uma and Nitin, 2012).

Orchid seeds prefer slightly acidic medium of pH between 4.5-6.5 and it
greatly influenced plant growth (Knudson, 1951). MS medium at pH 5.5 is the
best for seed germination and protocorm formation in Vanda tessellata and
suggested that nutritional requirement is species and genera specific (Prakash er
al., 1996; Bindiya et al., 2013).

Multiple shoots are produced in medium containing BAP and NAA (Nhat
and Dung, 2006; Rahman ez al., 2009; Long e al., 2010; Pant and Shrestha, 2011:
Bakul and Shahinul, 2014).

NAA induced root formation in Vanda tessellata (Rahman et al., 2009).

Coconut water contains cytokinin in a balanced composition which
promotes seed germination and differentiation of roots and shoots. Coconut water
is a source of sugar, vitamins and inorganic ions required for cell growth
(Dhamankar, 1992; Zahed, 2000). Coconut water enhanced seed germination and

seedling development in Vanda.

Activated charcoal stimulated growth and differentiation in orchids and
caused sucrose hydrolysis and acidification in the culture medium (Wang er al.,
1976; Druart and Wulf, 1993).

Agar is a polysaccharide obtained from seaweeds and universal gelling
agent for preparing semi solid and solid plant tissue culture media. It contains Ca,
Mg and trace elements (Pierik, 1997). Hardness of culture medium influenced

growth of cultured tissues (Prakash er al., 2002).

34

N



Faster and higher percentage of seed germination was occurred in liquid
medium as compared to semi solid Vacin and Went medium (Vacin and Went,

1949).

Contamination can be eliminated by treating the explants in sterilization
agents at specific time (Yildiz and Er, 2002). Contamination of media could be
controlled by adding antimicrobial agents, acidification or by filtration through

microporous filters (Levin and Tanny, 2002).

Seed germination occurred in both Knudson’s C (Knudson, 1946) and Vacin
and Went (Vacin and Went, 1949) media, with or without coconut water (CW),
tomato juice or banana extract on Arundina bambusifolia (Kanjilal et al., 1998).
In vitro raised seedlings exhibited aneuploid variation with 2n=36 and 2n=38

along with the normal one 2n=40.

In vitro seed / embryo germination requirements are influenced by the
capsule maturity, genetic potential and specificity of the species. Seeds isolated
from undehisced capsules germinate better and earlier than the dehisced one

(Arditti et al., 1981; Sharma, 1998).

Germination, protocorm development and seedling growth were better in
MS medium in Coelogyne mossiae, Eria reticosa and Aerides ringens. The effect
of TAA was low in promoting seedling growth in Aerides ringens, Coelogyne
mossiae and Eria reticosa, Cattleya (Withner, 1959), Vanda (Rao and Avadhani,
1964) and Spathoglottis plicata. But early germination and protocorm formation

resulted in Cymbidium macrorhizon with IAA/NAA (Vij and Pathak, 1988).

A combined treatment of Kinetin, activated charcoal (AC) and coconut
water (CW) favoured the development of healthier seedlings in Aerides ringens,

Eria reticosa, Spathoglottis, Cymbidium aloifolium (Bopaiaha and Jorapur, 1986).

Seed maturation stage influenced rate of in vitro germination (Linden,

1980). The highest germination was occurred when cultured seeds containing
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fully matured embryo from the pods of age 70 days to 150 days (Varghese, 1995).
Seeds germinated readily from green pods attained maturity after 8-12 weeks of
anthesis in a large number of wild species. Matured seeds were hard to germinate
due to dormancy (Mitra, 1986). Seed germination was poor and took longer time
when the embryos were at pre-tetrad or intermediary stages in culture
(Nagashima, 1993). Seeds isolated and cultured from bursted capsules exhibited
poor germination compared to the unbursted capsules in Vanda (Sharma, 1998).
Embryo culture stage varied with the genus, species, hybrid and local conditions
and pod maturity time varied with the habit of the species crossed (Arditti, 1982:
Hegde, 1984).

First visible sign of seed germination was the swelling of embryo by
imbibing of water followed by greening and emergence out of the seed coat and
later developed into protocorm and differentiated into shoot meristem and rhizoids
in opposite directions. Leaves are produced from green protocorm and become
autotropic in nature. Two leaf stage, protocorm and rhizoid lose the nutritive

function and real roots are formed endogenously (Singh, 1993).

Among all the media tried, Knudson medium was found to be the best for
seed germination. After inoculation 76-100% germination was found within 35
days in Cymbidium longifolium and within 14 days in Dendrobium aphyllum and
Rhynchostylis retusa. Shoot initiation period ranged from 70 - 105 days after seed
inoculation.  Knudson and Burgeff media combined with coconut water and
banana extract was reduced shoot initiation period i.e., 70-98 days after seed
inoculation. Root initiation period ranged from 105-126 days after seed
inoculation in Knudson and Burgeff basal media. But Knudson and Burgeff media
combined with coconut water and banana extract was reduced root initiation
period from 98 tol119 days. Complete plantlets were obtained 170-180 days after

seed inoculation (Das er al., 2008).

Protocorm Like Bodies (PLB) are multiplied indefinitely and grow into a

complete plantlet. PLB is a spherical tissue mass that resembles the early stage of

36



embryo developed from initial explants. They can proliferate and regenerate to
give large number of individual plantlets within a short period under suitable

media and proper growth conditions (Arditti, 2008).

Seed germination was faster in the KC medium (19.5 days) compared to MS
medium (24 days) and Vacin and Went medium (50days). A lower concentration
of growth regulators enhanced seed germination but higher level of growth
regulators promoted subsequent seedling growth in Spathoglottis plicata

(Sangama and Singh, 1994).

Lipids and proteins stored in the seed are utilized for protocorm
development and accumulated starch is utilized for organogenesis in Spathoglottis

plicata (Krishnan et al., 1993).

Embryos of two intergeneric hybrids namely Spathoglottis plicata  x
Dendrobium densiflorum and Dendrobium muschatum x Arundina bambusifolia
germinated with very high frequency to form protocorms in Nitsch medium
(Talukdar er al., 2002).

Seed germination, protocorm development and seedling growth of Arundina
graminifolia, Cymbidium aloifolium, Cymbidium pendulum, Dendrobium
moschatum X Arundina graminifolia, Dendrobium infundibulum x Arundina
graminifolia were the best in modified Nitsch medium but in Rhynchostylis retusa
and Spathoglottis plicata modified Knudson’s C medium was the best. Similarly,
Seed germination of Rhynchostylis albiflora, Vanda parshii, Phalenopsis manii
were better in modified Knudson’s C medium while Calanthe masuca,
Dendrobium liuiflorum, Spathoglottis plicata x Dendrobium densiflorum Nitsch
medium was better. The standardised media composition of various orchids seed

and tissue culture were well reviewed (Jaime, 2013).

MS medium was the best for culture establishment, multiple shoot
production and rooting. Maximum rooting was occurred in 2 MS medium

supplemented with IBA and NAA in Dendrobium osterholt (Raju et al., 2003).
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White’s and Vacin and Went media were equally effective for seed
germination in Spathoglottis plicata. Seed germination stimulated in Vacin and
Went medium supplemented with banana extract, ripe tomato extract and yogurt

water in Spathoglottis plicata (Roy and Biswas, 2005).

Seed germination and protocorm development varied with different media

and photoperiods among three Vanda hybrids (Johnson and Kane, 2007).

Mitra medium supplemented with activated charcoal and Dimethyl
sulfoxide (DMSO) enhanced germination and seedling development in
Rhynchostylis retusa (Vij and Jalota, 1995). Mitra medium supplemented with
various organic supplements and plant growth regulators promoted regeneration
of plantlets from root segments of Rhynchostylis retusa seedlings. Type of
regenerants (protocorm or shoot bud) produced from explants depend on growth
regulator composition of the medium. Regeneration of protocorm was optimum
in the presence of kinetin, peptone and NAA in the medium. Replacement of
NAA with IAA promoted shoot bud formation (Sood and Vij, 1986). Seedling
growth was the best on MS medium supplemented with BAP, NAA and AC.
Regeneration of multiple shoot occurred in medium containing kinetin with or

without AC in Rhynchostylis retusa (Thomas and Michael, 2007).

Both NAA and TAA were effective in inducing better root system and
seedling development and NAA at lower concentration produced seedlings in

Vanda spathulata (Mitra et al., 1976; Chung and Chun, 1983).

Growth of protocorm did not enhance with the application of GA in Vanda
(Vieitez and Vieitez, 1980). The initial size of explants and media were

determined the growth of protocorm in Vanda (Mathews and Rao, 1985).

MS medium was efficient for protocorm development and medium
supplemented with yeast extract, peptone and NAA enhanced growth and

differentiation of protocorms in three interspecific hybrids of Vanda (Helena et al.,
1980).
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In vitro seed culture led to the development of protocorm and seedlings
obtained through interspecific hybridization of Vanda thwaitesii x Vanda
spathulata (JNTBGRI, 2014).

MS medium at 1/4" strength, Vacin and Went and Knudson-C media
supplemented with kinetin, BAP, NAA and IBA enhanced the growth characters
like height, leaf length, leaf number, root length and root number of Dendrobium

New Pink x Emma white hybrid seedlings (Sobhana and Rajeevan, 2002).

MS medium fortified with BAP and NAA significantly increased number of
shoot initials explant”, height and new protocorm explant” after 60 days of
culture and number of leaves shoot™ after 60 and 120 days of subculture. MS
medium fortified with kinetin and NAA significantly increased shoot height after
60 and 120 days of subculture, in interspecific hybrid of Cymbidium aloifolium x
Cymbidium bicolour (Krishna, 2015).

Half MS medium fortified with NAA significantly increased the plant
height, root number and root length in interspecific hybrid of Cymbidium
aloifolium x Cymbidium bicolour (Krishna, 2015). 1AA or IBA oxidation caused

by nonspecific peroxidise led to the rooting response.

Seeds of all the selected rare species were germinated after three months of
culture, plantlets were vigorous and well acclimatized in green house conditions.
Seeds of Vanda Motes Primrose x Ascocenda Tavivat showed higher germination
than V. Paki x (V.tessellata x V.cristata ) and (V. Joan Warne x V. Paki Paki) x V.
Loke cross on Knudson C and %2 MS media (Luan et al., 2006).

Under in vitro conditions plantlets are heterotrophs and these are gradually
turned to autotrophs through the pre-hardening and  hardening processes and

adapt them to sustain natural conditions (George, 1996).

39



Success of in vitro propagation is mainly depends on the sustainable ex vitro
establishment under natural conditions (Saxena and Dhawan, 1999; Deb and
Imchen, 2010).

For ex vitro establishment, vermiculite was effective in Vanda spathulata

and Satyrium nepalense (Mahendran and Narmatha Bai, 2009; Devi et al., 2015).

Hardening medium comprising of brick: charcoal: tree fern: bark pieces:
leaf mould: dry sphagnum moss in the 1:1:1:1:1:2 ratio was suitable for survival
of Dendrobium and Chrysanthemum seedlings (Sharma and Chauhan, 1995).
Brick pieces: bark pieces: moss: charcoal pieces in the 1:1:1:1 ratio for rooted
plantlets of Sonia-17 (Pathania er al., 1998). Charcoal: brick: cocopeat in the 1:1:1
ratio was suitable for Dendrobium hybrid Sonia-17 (Indhumati ez al., 2003). Brick
pieces: charcoal: cocopeat: sphagnum moss: decayed wood in the 1:1:1:1:Iratio

for Dendrobium hybrid Sonia-17 (Sahoo, 2012).

Rooted plantlets attained 6-7 cm height when planted in hardening medium
containing brick pieces, charcoal, coco peat, moss, bark, coco husk and coco chip
inthe 1:1:1:1:1:1:1 ratio. It significantly increased the height, leaf number, length,
width, root number plant'and percentage of survival after 60 and 120 days of

hardening in Cymbidium aloifolium x Cymbidium bicolour interspecific hybrids
(Krishna, 2015).

High humidity of about 90% was essential for hardening of orchid plantlets

for two weeks after planting (Puchooa, 2004).

Survival of plantlets at the time of plant out depends on the vigorous growth
of the newly produced leaves and number of leaves present initially (Sutter ef al.,
1985).

Success of acclimatization depends on both pre and post transfer growth
conditions. Peatmoss was the best for good stem diameter and height and perlite

for more root number (Lim ez al., 1993).
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The plants were poorly adapted to resist low relative humidity, higher light
levels and variable temperature outside and the survival percentage varied in
different hybrids (Wainwright, 1988). The medium brick and charcoal pieces
selected were successful for good growth. Use of charcoal pieces as a good
medium was confirmed in orchids (Seeni and Latha, 1990; Kumar, 1992; Singh,
1993).

Hybrids performed differently for the vegetative traits like height, length of

leaf and number of leaves in the field evaluation (Sobhana, 2000).

Vanda hybrids exhibited wide variation in root traits such as number, length
and girth of roots (Minnu, 2015). The roots have velamen tissues and it help in

easy absorption of water and nutrients through entire length.

Species specific medium composition is required for optimum germination

and seedling growth (Olivia and Arditti, 1984).

Twenty four weeks after in vitro seed culture protocorm development
initiated on seeds cultured on P723 medium and seedling growth initiated 7 weeks
after corm formation. Seedling survival was high in all potting media and leaf
production and root length were similar in all potting media. Shoot regeneration

started 8 weeks after plant out under greenhouse conditions (Philip e/ al., 2006).

In vitro cultures of mature or immature embryo are applied to recover plants
that do not produce fertile seeds obtained from intergeneric crosses (Ahmadi er
al.,2010).

Many native orchids were flowered 2-8 years after seed culture and required
4 or 5 years after seed germination. Standardization of seed culture could be
provided efficiency in production of large quantities of faster flowering vigorous
plants (Stoutamire, 1974). Therefore, it is necessary to develop appropriate in

vitro seed culture protocol for every species.
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2.7. MOLECULAR CHARACTERIZATION

Morphological markers have limitations due to the influence of
developmental stage of the plant and environmental factors on its expression.
Therefore, molecular markers based on DNA polymorphism are more
informative, independent of environmental conditions and unlimited in number

(Agarwal et al., 2008).

In plant species molecular marker based genetic variability analysis is an

important tool for breeding and conservation (Nybom and Bartish, 2000).

Genetic analysis by molecular data leads to an invaluable knowledge useful
for identification, conservation, sustainable uses, breeding etc. (Thammasiri,
2016).

Generally to establish genetic stability or genetic variability in various plant
species RAPD or ISSR or both of the markers have been successfully applied
(Arnau et al., 2003).

ISSR is simple quick technique which permits detection of polymorphism in
inter-micro satellite loci using a primer designed from dinucleotide or
trinucleotide simple sequence repeats (12-13). Based on PCR (Polymerase chain
reaction) one of fingerprinting techniques is ISSR and defined as a variant of PCR
using sequence primers to amplify simple and repetitive regions between target

sequences (Zietkiewicz et al., 1994).

ISSR assess the abundance and random distribution of simple sequence
repeats (SSRs) in genomes of different organisms, amplify DNA sequences
contained between these SSRs and useful in population analyses (Reddy et al.,

2002; Zhang et al., 2013 Pinheiro et al., 2010).

Complementary use of molecular markers along with conventional breeding
methods will allow breeders to target more specific characteristic changes and

thereby can cut short breeding time. PCR—based techniques used to analyse the

42



DNA of variant clones found polymorphic fragments and that can be developed as

molecular markers (Basiran and Ariffin, 2001).

Evaluation of genetic variability using ISSR molecular markers yielded 40-
80% of polymorphism across all the samples in Rhynchostylis retusa (Parab and
Krishnan, 2008).

ISSR molecular markers are effective in assessing interspecific variation

among hybrid populations (Allendorf and Luikart, 2007).

High level of polymorphism was exhibited in molecular analysis using
RAPD and ISSR markers in the Cymbidium labiata (Pinheiro et al., 2012) and it
is an endangered species and suffers from extractivism and habitat loss from

deforestation.

Genetic diversity of nine species of Vanilla was analysed using eleven ISSR
primers and found 108 loci of which 93 were polymorphic (86.11%) (Verma et al.,
2009).

Genetic diversity and phylogenetic relationships evaluation among 31
Dendrobium species were analysed with 17 ISSR primers and found 278 loci with
100% polymorphism (Wang et al., 2009b).

ISSR markers were sufficient for quantifying genetic diversity and
identifying polymorphism between individuals in populations of different orchid
species namely Cymbidium bicolour, Cymbidium granulosa, Cymbidium labiata
and Cymbidium schofieldiana. Also found that to estimate genetic relationships

among and within species, 50 -100 bands were sufficient (Colombo et al., 2000).

Measurement of genetic variation and assessment of phylogenetic
inferences of five Laeliinae species from the Atlantic forest of Brazil was the first
use of the ISSR genotyping technique and majority of grouping was with the use

of plastid markers and nuclear ITS rDNA (van den Berg et al., 2000, 2009).
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Evaluation of natural populations of Cymbidium labiata and ten species of
the genus was based on RAPD and ISSR markers and high level of polymorphism
was observed and it helped to gain knowledge of genetic structure of species used

for the breeding programme (Pinheiro er al., 2012).

ISSR are valuable for studying closely related taxa, due to difficulty in

finding DNA regions that are variable in different taxa (Archibald et al., 2006).

Dominant ISSR markers are potentially useful for phylogenetic
reconstruction of closely related species (Joshi et al., 2000; Hao er al., 2002:

Sudupak, 2004).

ISSR technique can generate large number of multi-locus markers and

applied to evaluate any organism (Arcade et al., 2000).

ISSR technique used to verify the genetic stability of tissue culture derived
micropropagated plantlets in Vanda stangeana (Kishor and Devi, 2009). It was
used to characterize genetic diversity in several orchids viz Anoectochilus
Jormosanus , Balanophora fungosa, Cymbidium goeringii and Vanilla species
(Verma et al., 2009; Wang et al., 2009a; Hsiao et al., 2010; Zhang et al., 2010).
Useful for informing genetic conservation and sustainable use strategies in
Cymbidium ensifolium (Wang et al., 2011). ISSR technique used for genetic
analysis in endemic South American orchids are rare (Borba et al., 2001; Avila-

Diaz and Oyama, 2007).

Analysis of genetic diversity and phylogenetic relationships between
Cattleya granulosa, an endangered Brazilian orchid and four other native
Brazilian species exhibited 23.26% of molecular variance and proved the
effectiveness of ISSR genetic markers in detecting genetic differentiation among

orchid species (Cristiane er al., 2014).

The efficiency of introgression can be improved by the recently developed

highly valuable and potential molecular and cytogenetic tools. A combination of
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conventional hybridization and molecular markers are useful for monitoring
hybrids, back cross progenies for introgression, elucidating the modes of origin of
2n-gametes, to determine extent of genetic recombination and phylogeny of the

species and hybrid cultivars (Tuyl and Lim, 2003).

Availability and increase in ease of development of molecular markers
facilitated improvement through hybridization and introgression (Riesberg and
Ellstrand, 1993; Martinsen ez al., 2001; Moccia et al., 2007; Pinheiro et al., 2010,
2015; Pavarese et al., 2011).

Genetic diversity within and between populations was assessed at molecular

level by DNA analysis directly (Bansal ez al., 2014).

Genetic variation evaluation using ISSR molecular markers among the
Aerides maculosum showed 50-100% variation in polymorphism across all the

samples (Parab er al., 2008).

Assessment of genetic diversity and differentiation with ISSR molecular
markers detected high level of genetic differentiation based on analysis of
molecular variance on rare terrestrial orchids Calanthe tsoongiana endemic to

China (Wang et al., 2013).

Genetic diversity assessment with ISSR molecular markers revealed
significant variation among different accessions of Aerides multiflorum. 1SSR
molecular markers are codominant, simple and easy markers to detect by PCR
(Omika, 2014).

Molecular markers are used to monitor DNA sequence variation within
species, among species and cultivars. It is also useful for the determination of
genetic variation and organization of genetic diversity within Dendrobium plants.
Related knowledge of more species is prerequisite for exploiting Dendrobium

genetic resources (Wang ez al., 2009).
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ISSR techniques involve PCR to amplify DNA fragments between two
simple sequence repeats with inverse orientations using primers with a single SSR

motifs anchored at the 3- or 5-end by a few nucleotides (Zietkiewicz er al., 1994).

ISSR markers are present in both nuclear and organellar genome, highly
polymorphic in plant populations, providing a genotyping system with
consistency, reliability and codominancy (Peng er al., 2006). In traditional plant
systematics a few morphological traits were used as key traits and its variations
arising confusion in classification among taxonomists (Tsi et al., 1999; Chen and

Tsi, 2000).

ISSR technology is sensitive to low levels of genetic variation, useful tool to
study population genetics of different plant species, identifying species, cultivars
or population of same species (Zietkiewicz et al., 1994; Raina et al., 2001; Wang
et al., 2009).

ISSR analysis is a low-cost and high efficiency technique. It is the best
method for identification of morphologically similar species overlapped with
geographical distributions and exhibiting minute difference on certain traits (Tsi ez

al., 1999).

Thirty-one Dendrobium species were differentiated by using 17 ISSR
primers and two closest species Dendrobium hancockii and Dendrobium
hercoglossum showed 73% similarity and separated 31 species into six clusters
(Wang et al., 2009b). But ISSR derived genetic diversity did not match with

morphological differences among Dendrobium species (Wang et al., 2009).

ISSR analysis is a useful molecular tool for identifying Cymbidium cultivars
and determining relationship among Cymbidium goeringii cultivars (Wang et al.,
2009b).

Genetic variability is inherited in a dominant or codominant Mendelian

fashion (Gupta er al., 1994). ISSR results a multi-locus marker system useful for
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fingerprinting, diversity analysis and genome mapping and a large number of
polymorphic bands can be generated (Godwin er al., 1997; Wolfe et al., 1998). It
is interpreted as dominant markers and scored diallelically with presence or
absence of bands (Wolfe er al., 1998). The absence of band is interpreted as
sequence divergence at the site of primer binding and it occurs by loss of a locus
through the deletion of site or chromosomal rearrangement (Wolfe and Liston,

1998).
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3. MATERIALS AND METHODS

The experiment entitled “Distant hybridization and compatibility studies in
wild orchids™ was conducted at Saraswathy Thangavelu Extension Centre of
Jawaharlal Nehru Tropical Botanic Garden and Research Institute (STEC-
INTBGRI), Puthenthope. Thiruvananthapuram and at College of Agriculture,
Vellayani, Thiruvananthapuram during the period of 2015-2018.

31, EXPERIMENT | - SELECTION OF PARENT MATERIALS AND
HYBRIDIZATION TO EVALUATE CROSS COMPATIBILITY

The experiment was carried out in two parts namely evaluation of parents
and hybridisation. The materials used for the study included six different
genera/species of wild orchids available at the orchid conservatory of STEC-
JNTBGRI. Puthenthope. Thiruvananthapuram. These were evaluated for their

cross compatibility (Table T).

Table 1. Details of parent materials used

SI No Genus Species Remarks
1 l'unda ressellata Epiphytes
la Vanda * sp. Epiphytes
2 I'anda spathulata Epiphytes
3 Rhynchostylis retusa Epiphytes
4 Aerides ringens Epiphytes
5 Arundina graminifolia Terrestrial
6 Spathoglottis**

6a Spathoglottis albida Terrestrial
6b Spathoglottis unguiculata Terrestrial
6¢ Spathoglottis plicata Terrestrial
6d Spathoglottis gracilis Terrestrial

* To test the compatibility of wild species of orchids with a hybrid, the first
Vanda hybrid which was derived from the cross between the wild Vanda
species Vanda tessellara and Vanda cooperi was also used as a third parent in
the genus }anda for hybridization.

** |n the genus Sparhoglotis, four species were used as parents to test the
compatibility.
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. Vanda tessellata (Roxb.) Hook. ex G.Don

[t is an epiphytic valuable medicinal wild orchid exhibiting perennial
growth habit. It will flower throughout the year and produces long-lived fragrant
flowers. Flowers are with tessellated markings which is a constant distinguishing
feature. Exploitation of this orchid for using as traditional medicine has caused
significant decline in its population. Currently this orchid is under cultivation in
Gurukula Botanical Sanctuary, Wayanad and JNTBGRI, Thiruvananthapuram in
South India (Plate1A).

la. Vanda sp.

It is a first Vanda hybrid derived from the cross between wild Vanda sp.

Vanda tessellata and Vanda cooperi (Plate 1B).
2. Vanda spathulata (L.) Spreng.

It is popularly known as Spoon-Leaf Vanda. Its synonym is Taprobanea
spathulata (L.) Christenson. In the red listed category of plants, it is included
under the group vulnerable. A large endemic distribution is seen in Southern
India. It is a perennial epiphyte with golden yellow flowers, in which flowering
and fruiting occurs between September and January. The generation length is
fifteen years. It is maintained under ex siru cultivation at Gurukula Botanical
Sanctuary in Wayanad and JNTBGRI where it has been bred with several
Vandaceous orchids (Plate 1C).

3. Rhynchostylis retusa (L.) Blume

The inflorescence of this wild orchid is pendant consisting of more than 100
pink-spotted white flowers. It is an epiphytic, monopodial orchid and vegetatively
resembles closely with Aerides except for the shorter stems and thicker leaves.
Flowers are fragrant, small and typically white with light to deep magenta, red or
lavender-blue spots, spicy aroma is released in the evening. Due to bio-piracy, it is
on the verge of extinction in India. It is threatened in its habitat due to excessive

harvest (Plate 2A).
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Plate 1. Plant with flowers: (A) Vanda tessellata (B) Vanda sp.

(C) Vanda spathulata



4. Aerides ringens (Lindl.) C.E.C.Fisch.

It is a monopodial epiphyte with long-lasting, fragrant, waxy flowers, which
are often white with purple or pink edges. It possess erect to ascending, rarely
branched, densely many flowered inflorescence (Plate 2J). It is popular in
horticulture industry as cut flowers and potted plants. Hybrids come in a wide

range of colours due to the high degree of genetic diversity.
5. Arundina graminifolia (D.Don) Hochr.

This terrestrial perennial orchid forms into large clumps growing to a
height between 70 ecm and 2 m. It produces open clusters of showy terminal
flowers, ten at the most, rosy lilac and white disk with a purple lip. It is polypodial
in growth habit and possesses fragrant flowers and will flower one at a time,
which is short-lasting yet successive so the bloom time is extended. It is preferred
as a long-blooming orchid for garden areas. This plant attained the importance as
a good house plant because of its attractive lilac coloured flower and flower shape
(Plate 2I).

6. a. Spathoglottis albida Kraenzl

The garden terrestrial orchid possesses long spike of brightly coloured white

flowers that bloom almost continually throughout the growing season (Plate 3D).
b. Spathoglottis gracilis Rolfe ex Hook.f.

It is a tender dwarf perennial producing yellow coloured flowers throughout

its life span (Plate 3E).
c. Spathoglottis plicata Blume

Spathoglottis plicata is a fast-growing orchid with a wide environmental
tolerance. It has light purple flowers which are self-pollinating; each plant can

produce a large number of flowers, fruits and seeds (Plate 3F)
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Plate 2. Plant with flowers: (H) Rhynchostylis retusa (1) Arundina graminifolia

(J) Aerides ringens



Plate 3. Plant with flowers: (D) Spathoglottis albida (E) Spathoglottis gracilis

(F) Spathoglottis plicata (G) Spathoglottis unguiculata



d. Spathoglottis unguiculata (Labill.) Rehb.f.

It possess beautiful deep purple flowers with long lasting spikes producing
successive flowers over time and have a distinct fragrance of grape juice. They
bloom year round and flower stalk reach up to 100 cm, with 10-40 flowers (Plate
3G).

3.1.1. Evaluation of Parents

The parents used for studying compatibility were selected based on
variability in floral characteristics and evaluation for various qualitative and
quantitative characters. The experimental design used was Completely
Randomized Design (CRD) with six treatments each replicated five times with
five plants replication”. Observations with regard to various qualitative and

quantitative characters made among different parents were as follows.
A. Plant Characters
3.1.1.1. Plant Height (cm)

Vertical distance from the base of the plant to the tip of the terminal leaf

was measured from five plants and worked out mean.
3.1.1.2. Plant Spread (cm)

Spread is the horizontal width of the plant. Horizontal distance between tips
of two opposite leaves positioned at the middle portion of main stem was

measured from five plants and worked out average.
3.1.1.3. Shoot Girth (cm)

Diameter at collar region of shoot or base of the main stem was measured as

girth from five plants and mean was worked out.
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3.1.1.4 .Number of Leaves Plant’

Total number of fully opened leaves from five plants was counted and mean

was worked out.
3.1.1.5. Leaf Length (cm)

Length of the middle leaf starting from the base of petiole to apex of leaf

blade was measured from five plants and mean was worked out.
3.1.1.6. Leaf Width (cm)

Width of the middle leaf starting from left margin to right margin of leaf

blade was measured from five plants and mean was worked out.
B. Floral Characters
3.1.1.7. Nature of Flowering (free / seasonal)

Appearance of inflorescence and flowering time was observed and recorded

among different parents in a year.
3.1.1.8. Season of Flowering

Season of flowering among different parents was observed and recorded.
3.1.1.9. Days Taken for First Flowering

Number of days taken from planting to initiation of inflorescence and

opening of first flower in a spike was counted and mean was worked out.
3.1.1.10. Number of Spikes Produced Plant' Year”

Total number of spikes produced from five plants in a year was counted and

average was worked out.
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3.1.1.11. Length of Inflorescence (cm)

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

five plants and average was worked out.
3.1.1.12. Number of Flowers Inflorescence™

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

mean was worked out.
3.1.1.13. Internodal Length (¢cm)

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

spike was measured from five plants and mean was worked out.
3.1.1.14. Flower Size (Flower Length and Flower Width)

Flower length is the distance from the tip of sepal arranged opposite to the
labellum to the tip of labellum. It was measured from five plants and mean was

worked out.

Flower width is the distance between tip of two side petals of the flower. It

was measured from five plants and mean was calculated.
3.1.1.15.  Flower Colour

Flower colour was observed and compared with the report in the reference

book entitled “Introduction to Orchids™ (Abraham and Vatsala, 1981).

3.1.1.16. Days for Inflorescence Emergence to First Flower Opening

Total number of days taken from emergence of inflorescence to opening of

first flower in a spike was counted from five plants and mean was worked out.
3.1.1.17. Days to Last Flower Opening from First Flower Opening

Total number of days taken from first flower opening to last flower opening

in a spike was counted from five plants and mean was worked out.
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3.1.1.18. Spike Longevity on the Plant
Total number of days taken from emergence of inflorescence to drying of

spike tip was counted from five plants and mean was worked out.
3.1.1.19. Time of Anthesis

Time of opening of the flower in an inflorescence from five plants was

noticed and mean was worked out.
3.1.1.20. Time of Stigma Receptivity

Total number of days taken for the stigma to remain receptive for effecting

pollination in a flower was counted from five plants and mean was worked out.
3.1.1.21.  Pollen Morphology

Pollen grains were stained in acetocarmine and observed under microscope
for shape, exine and intine ornamentation and nature of pollen and these were

recorded.
3.1.1.22. Pollen Production Pollinium’

The pollen production pollinium™ was estimated using hemocytometer.
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 hemocytometer and the pollen grains were observed under
microscope and counted in four sets of sixteen corner squares and calculated the

average number of pollen grains present in pollinium.
3.1.1.23. Pollen Fertility

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. The pollen grains were observed under the
microscope. Stained pollen grains were viable and unstained colourless pollen

grains were non-viable. The viable and non-viable pollen grains were counted
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from five different microscopic fields at random and mean was expressed in

percentage.

Number of stained pollen grains

Pollen fertility percentage = x 100

Total number of pollen grains

3.1.1.24. Pollen Germination

Pollen grains were kept for germination in sucrose solution and observed
under microscope to count the total number of germinated and ungerminated
pollen grains and pollen germination percentage was calculated using the formula

as follows.

Number of germinated pollen grains

Pollen germination percentage = x 100

Total number of pollen grains
3.1.1.25.  Pest/Disease/Physiological Disorder, if any-
Insects and disease appeared in plants were noticed.

3.1.2. Statistical Analysis

The data collected were subjected to statistical analysis. Analysis of
variance was carried out in Completely Randomized Design (CRD) to test the
significance for various traits among different parents. Further estimation of
genetic components of variance such as phenotypic coefficient of variation,
genotypic coefficient of variation, environmental coefficient of variation,
heritability (in broad sense), genetic advance (percent of mean) and association

analysis (correlation coefficient) were worked out.
3.1.2.1. Analysis of Variance

The partitioning of the variation into different sources of variation depends

on the arrangement of the various treatments with regard to one another (Table 2).
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Table 2. ANOVA

SOURCE D.F.  S.S. M.S. F

Between treatments(Parents) V-1 VSS VMS VMS/EMS
Within the treatments(Error)  n-v ESS EMS

TOTAL n-1 TSS

Where V = number of treatment, n = total number of observation

Critical Difference
To compare the means of various treatments, the critical difference (C.D.)
was calculated by the following formula:
Critical Difference (C.D.) = S.E. x ‘t’
Where, S.E. is standard error of the difference of the treatment means to be

compared, and

VZMSE

r

S.E=

Where r is number of replication
3.1.2.2. Components of Variance

The mean sum of squares between varieties consisted of the variances

(i) Attributable to varietal differences (i.e., genotypic differences)

(ii) Due to environmental variation among individuals of each genotype.
Thus expected mean sum of squares would be as follows

Expected Mean Sum of Squares for Environment

E ( MS,) = MSe
From this estimated components of variance as suggested by Lush (1940)

Where,

MSv—-MSe
R

GV =

GV = Genotypic Variance
Phenotypic Variance (PV) = GV + E (MS,)

From this estimated Coefficient of Variation as suggested by Burton (1952).
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Phenotypic Coefficient of Variation (PCV) = PCV = — YV« 100

Grand mean

VGV

Grand mean

Genotypic coefficient of variation (GCV) = GCV = 100

Heritability is the ratio of genotypic variance to the phenotypic variance
(Lush, 1940).
PITIPOR .
Heritability = =
Genetic advance (GA)

As suggested by Johnson ez al. (1955), genetic advance was estimated as

follows.

_ GV
GA—EB x K

Where,
GV = Genotypic Variance
pSD = Phenotypic standard deviation

K= selection differential at 5% selection intensity

. GA
Genetic advance percent = —— x 100
Mean

3.1.2.3. Components of Covariance

The following factors were estimated under components of covariance (Table 3)

Table 3. ANCOVA

SOURCE D.F. S.P. M.P F
VARIETIES V-1 SPv MSPv MSPv/MSPe
ENVIRONMENT R-1 SPr MSPr MSPr/MSPe
ERROR (V-1)(R-1)  SPe MSPe

TOTAL VR-1 TSp

Expected Mean Sum of Product for Varieties E (MSP,) = MSPe + R x GC
Expected Mean Sum of Product for Error E (MSP,) = MSPe
Where,
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MSPv —MSPe

GC = =

GC is the Genotypic Covariance.
Phenotypic Covariance (PC) = GC + MSPe

Coheritability = <
PC
3.1.2.4. Correlation Coefficient

Simple correlation was calculated using the formula

Cov (x1x2)

r (x1x2) = N R s

Where,

r (XiXz) is the correlation between x; and x»

Cov (xix2) is the covariance between x; and x,

V(x,) is the variance of x,

V(x2) is the variance of x»

Simple Correlations are of three types.

3.1.2. 4.1. Genotypic Correlations
Estimated from genotypic covariance and variance
3.1.2. 4.2. Phenotypic Correlations
Estimated from phenotypic covariance and variance
3.1.2. 4.3. Environmental Correlations
Estimated from environmental covariance and variance

Based on this variability evaluation, parents were selected
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3.1.3. HYBRIDIZATION

Selected parents were crossed in all possible combinations on the basis of

synchronisation of flowering among parents.

Total seventy seven cross combinations was made among the parents as

indicated in Table 4.

Table 4. Plan of cross compatibility study

7] vt Vs Vsp | Rr Ar Ag Sa Sg Su Sp

g

Vit + X - X X X X X X X
Vs \ X X X X X X X X
Rr X X - + X X X X X X
Ar X X X X + X X X X X
Ag X X - X X + X X X X
Sa X X X X X X + X X X
Sg X X - X X X X + X X
Su X X X X X X X p + X
Sp X X X X X X X X X +

Vit-Vanda tessellata. Ns - Vanda spathulata, N'sp - Vanda sp., Rr - Rhynchostylis
retusa, Ar - Aerides ringens, Ag - Arundina graminifolia, Sa - Spathoglottis albida,
Sg - Spathoglotiis gracilis, Su - Spathoglottis unguiculata, Sp - Spathoglottis plicata,
(+) — selfing. (x) — crossing, (-) — not attempted

The following methods were adopted for the development of hybrids
3.1.3.1. Selection of Ideal Parent Plants for Crossing

Healthy. vigorous. pest and disease free plants were selected as female and

male parents for crossing to develop hybrid plants.
3.1.3.2. Crossing

Plants containing inflorescence axis with unopened flower buds were
selected as female parent. Similarly plants containing inflorescence axis with
unopened flower buds were selected as male parent for collecting pollinium
containing pollen grains for pollination. In the female parent plant mature flower
buds which would be opened on the next day were selected in the evening and

labelled. In male parent also mature flower buds which would be opened on the
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next day were selected in the evening and labelled. On the next day anthers
(pollinium) were removed from the opened and labelled flower with needle
carefully without rupturing anther wall from the female parent plant. Similarly
anthers (pollinium) were removed from the opened and labelled flower with
needle carefully without rupturing anther wall from the male parent plant. Pollinia
taken from the flower of female parent plant were placed over the stigmatic
surface of the flower of male parent plant and vice versa at the same time. After
pollination flowers of both parents were labelled. Pollination was carried out at
different time depending on anthesis and also to test stigma receptivity of different

species.
3.1.3.3. Harvesting of Mature Green Capsule

After pollination the mature undehisced green capsules or pods developed
were harvested.
3.2 EXPERIMENT II - CROSS COMPATIBILITY STUDIES OF SELECTED

SPECIES

Cross compatibility between the selected wild orchids was studied based on
successful capsule setting after hybridisation. The following observations on

capsules were recorded.
3.2.1. Days Taken for Pod Setting

Number of days taken from pollination to greening and swelling of
gynoecium present between pedicel and calyx from five plants was recorded and

mean was worked out in days.
3.2.2. Days to Green Capsule Harvest

Number of days taken from pollination to harvesting of green undehisced

mature capsule from five plants was recorded and mean was calculated.
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3.2.3. Length of Capsule (cm)

Distance from the base of pedicel to the base of calyx of the capsule from

five plants was measured and mean was calculated.
3.2.4. Width of Capsule (¢cm)

Diameter of capsule was measured from five plants and mean was worked out.
3.2.5. Percentage of Filled Seeds

Percentage of filled seeds was determined using staining technique.
Seeds were scooped out from capsule and transferred into one percent solution of
1,3-5 Triphenyl Tetrazolium Chloride (TTC) and kept for 24 hours in dark at
room temperature for staining. After that seeds were washed in distilled water and
transferred the seeds into 0.01% solution of malachite green stain for one day to
stain the seed coat. Observed the seeds under microscope and counted fully grown
seeds with well filled and good shaped green or brown coloured embryo from five
different microscopic fields at random and mean was worked out and converted it

into percentage (Gayatri and Kavyashree, 2015).

Number of stained seeds
Percentage of filled seeds = x 100
Total number of seeds

3.3. EXPERIMENT III- /N VITRO CULTURE OF RESULTANT DISTANT
HYBRIDS AND EVALUATION OF SEEDLINGS

The experiment was carried out in two parts.
3.3.1. Invitro Culture of Hybrid Seeds

Hybrid seeds were cultured for rapid germination under in vitro condition
and evaluated different stages of seed germination and morphology of seedlings at

regular intervals.

Mature and green capsules harvested were subjected to surface sterilization

using running tap water for one minute followed by rinsing in detergent solution
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for ten minutes. The capsules were again washed with running tap water for one
minute. Capsules were brought to the laminar air flow chamber and sterilized in
70% ethyl alcohol. After flaming, pods were cut longitudinally with sterilized
knife and split opened with sterilized forceps. Seeds were scooped out and
inoculated into the culture media. Different types of basal media were prepared
for seed germination such as Murashige and Skoog (MS) medium, Mithra
medium and half strength of MS medium. The pH of the medium was adjusted to
5.6 to 5.8. Inoculated explants were kept in the culture room for germination
which was maintained in 12 hours of photoperiod from cool, dry, light
fluorescent tubes and maintained proper light intensity (2000 lux) and
temperature (25 + 2°C). Protocorm developed were sub-cultured into different
media for regenerating shoots and roots. The different stages of in vitro seed

culture are summarized in figure 1.
The following observations were recorded frequently.
3.3.1.1. Days for Initiation of Germination (Greening)

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

average was worked out in days.
3.3.1.2. Days for Initiation of First Leaf

Number of days taken for initiation of first leaf from the day of seed

inoculation was observed and average was worked out in days.
3.3.1.3. Days for Initiation of Shoot

Number of days taken for initiation of shoot from the day of seed

inoculation was observed and average was worked out in days.
3.3.1.4. Days for Initiation of First Root

Number of days taken for initiation of first root from the day of seed

inoculation was observed and average was worked out in days.
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Capsule/pod harvesting

\

Surface sterilisation of pods

!

Inoculation of seeds into culture media

!

Seed germination
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Seedlings multiplication

N

Deflasking and acclimatisation
(Hardening)

Figure 1. Stages of in vitro seed culture
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3.3.1.5. Days for Deflasking

Number of days taken for deflasking from the day of seed inoculation was

observed and average was worked out in days.
3.3.2. Evaluation of Hybrid Seedlings

Variability for morphological characters of hybrid seedlings was evaluated
three times at monthly intervals i.e., one at deflasking, second at one month after
deflasking and third at two months after deflasking. The following observations

were recorded at monthly intervals.
3.3.2.1. Seedling Height (cm)

Length of seedlings from the base of shoot to tip of terminal leaf was

measured and average was calculated.
3.3.2.2. Number of Leaves

Total number of leaves present in seedlings was counted and worked out the

average.
3.3.2.3. Leaf Length (cm)

Length of leaf from the base of petiole to tip of largest leaf blade was

measured and worked out the average.
3.3.2.4. Leaf Width (cm)

Length of leaf blade from left margin to right margin was measured and

worked out average.
3.3.2.5. Number of Roots (at the time of planting out)

Total number of roots present in seedlings at deflasking time was counted

and average was worked out.
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3.3.2.6. Length of Root (cm) (at the time of planting out)

Length of root from the root emanating part to tip of all the roots was

measured and average was calculated.

3.4 EXPERIMENT IV- MOLECULAR CHARACTERIZATION OF HYBRIDS

Seven hybrids evolved through distant hybridization were subjected to

molecular characterization using ISSR markers.
3.4.1. Verification of F, Hybrids using ISSR Markers
3.4.1.1. DNA Isolation and Primer Selection

ISSR analysis was carried out in immature leaves of parents and three
randomly selected F; hybrids of each cross. The DNA was extracted as per the
procedure of Dellaporta et al. (1983). The concentration and purity of DNA were
determined using an Eppendorf biophotometer (Eppendorf, Germany) at A260
and A280. Twenty-five ISSR primers homologous to microsatellite repeats and
containing other selective anchor nucleotides developed at the University of
British Columbia were used. The selected primers were homologous to
microsatellite repeats (AC, AG, CA. GA. or TG) anchored at the 3'-end by 1 or2
nucleotides. After amplification with these twenty-five primers. ten primers

showed reproducible results. These ten primers were used for analysis.
3.4.1.2. ISSR Analysis

A total of 10 ISSR primers (UBC primers, University of British Columbia.
Vancouver, Canada) were chosen for analyses of genetic diversity based on band
reproducibility. The PCR reaction was carried out using a single primer at a time,
in 25uL of reaction mixture. Each 25-ul. PCR contained 50 ng genomic DNA
template, 1X buffer [75 mM Tris-HCL. pH 9.0, 50 mM KCI. 20 mM (NH4)2S04].
250 uM of each deoxyribonucleotide triphosphate. 3.5 mM MgCls. 0.4 uM of
each ISSR primer (807, 809, 810. 811, 824. 834, 841,842, 849, and 857). and 1 U

DNA  Polymerase (Finzymes, Thermo USA). The PCRs were subjected to
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amplifcation with an initial denaturation at 94°C for 5 min: 35 cycles of
denaturing at 94°C for I min. annealing at primer specific temperature for | min,
and extension at 72°C for 2 min, and a final extension at 72°C for 10 min in an
Eppendort  Thermal cycler (Eppendorf, Germany). PCR products were
clectrophoresed on 1.4% agarose gel [stained with ethidium bromide] at 110 V for
65 min. Molecular weights of the DNA bands were estimated with the use of 1 kb

Plus DNA Ladder (NEB, UK) as a standard.
3.4.1.3. Verification of F; Hybrids

To determine the similarities and differences between male and female
parents and between F| hybrids and their respective female parents in each cross
the pattern of DNA bands of the amplified primers were compared. The
experiment was repeated twice and only the DNA bands with consistent results
during repeated experiments were considered. The total number of scorable DNA
bands for both male and female parents in each cross was documented. Two
indices were used to estimate the efficiency of each marker for detecting DNA

polymorphism.

I. The percentage of polymorphism between male and female parents of
each hybrid, which was used to estimate the ability of each marker to

differentiate between male and female parents, was calculated as follows:

No. of polymorphic DNA bands between male and female parent
Total number of scorable DNA band

100

Il Similarly. the percentage of polymorphism between the F; hybrid and the
female parent, which reflected the efficiency of each marker to
distinguish the F; hybrid from self-pollinated progeny, was calculated as

follows:

No. of polymorphic DNA bands between F1 hybrid and female parent
X
Total number of scorable DNA band

100
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In vitro grown seedlings were deflasked and washed well in tap water to
remove media adhered to the seedlings and planted out in pots filled with potting
mixture and kept it in the growth chamber for hardening (/» vitro acclimatization)
for three months. Later seedlings were transferred into large pots filled with

potting mixture for the field establishment.

66



RESULTS



Plate 4. Field view of the experimental plants: (A) Spathoglottis albida (B)
Spathoglottis gracilis (C) Spathoglottis plicata (D) Spathoglottis unguiculata
(E) Vanda spathulata (F) Vanda sp. (G) Vanda tessellata (H) Rhynchostylis
retusa (1) Arundina graminifolia (1) Aerides ringens



4. RESULTS

4.1. EXPERIMENT I - SELECTION OF PARENT MATERIALS AND
HYBRIDIZATION TO EVALUATE CROSS COMPATIBILITY

4.1.1. Evaluation of Parents

Parents used in the cross compatibility studies were evaluated based on variability
in plant and floral characters at the time of flowering and the results obtained were

depicted below. The field view of the parents is shown in plate 4.
4.1.1.1. Mean Performance

Mean performance for different traits observed among the parents (Table 5)

were as follows.

Plant height was the maximum in Vanda spathulata (145.54 c¢cm) and

minimum in Aerides ringens (26.26 cm) and recorded a significant range of

variation among different parents.

Plant spread recorded significant range of variation among parents and was
the maximum in Spathoglottis spp. (104.46 ¢m) and minimum in Vanda

spathulata (14.3 cm).

Significant range of variation recorded for shoot girth among parents was
from 2.8 cm to 5.68 cm and the maximum was recorded in Rhynchostylis retusa

and the minimum in Vanda spathulata.

Number of leaves plant” exhibited significant variation and it ranged from

4.6 t0 36.6 in Spathoglottis spp. and Vanda spathulata respectively.

Among parents, the maximum leaf length was noticed in Spathoglottis spp.
and the minimum in Vanda spathulata and exhibited significant variation from

7.16 cm to 73.16 cm.
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Significant variation was noticed for leaf width and it ranged from 1.44 cm to

5.04 ecm in Spathoglottis spp. and Vanda spathulata respectively among parents.

Days taken for first flowering was more in Vanda spathulata and less in
Arundina graminifolia and Spathoglottis spp. Significant variation was noticed

among different parents, which ranged from 180 to 283 days.

Number of spikes produced plant’ year' was high (8.6) in Vanda
tessellata and low (1) in four parents namely Vanda spathulata, Spathoglottis

spp., Rhynchostylis retusa and Aerides ringens.

Length of inflorescence was the maximum in Spathoglottis spp. (52.6 cm)
and the minimum in Vanda tessellata (19.02 cm). Significant range of variation

was observed among different parents.

Maximum number of flowers inflorescence’ was produced by
Rhynchostylis retusa (77.2) and minimum by Vanda tessellata (6). Significant

variation was exhibited by different parents.

The highest internodal length was recorded in Arundina graminifolia and
the lowest was noticed in Spathoglottis spp. Significant range of variation was

recorded from 0.62 cm to 2.62 cm among different parents.

Significant variation was noticed for flower length and maximum was
recorded in Vanda tessellata and minimum in Aerides ringens. Flower length
varied from 2.28 to 5.54 cm. But the flower width was the maximum in Vanda

spathulata (5.1cm) and minimum in Aerides ringens (1.58cm).

Days for inflorescence emergence to first flower opening showed significant
variation (18.8 to 37.2 days) among parents and it was more in Rhynchostylis

retusa and less in Arundina graminifolia.

Days to last flower opening from first flower opening was less in Vanda
tessellata and more in Arundina graminifolia which ranged from 5 to 57.6 days

respectively.
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Maximum spike longevity was observed in  Aerides ringens and

minimum in Vanda tessellata. The values varied significantly from 30 to 103

days.

Table 5. Mean performance of parents
Traits Vt Vs Rr Ar Ag Ss Vsp
Plant height (cm) 95.84 | 145.54 | 65.72 26.26 | 100.9 | 80.42 90.22
Plant spread (cm) 37.8 14.3 64.34 54.9 49 104.46 | 42.6
Shoot girth (cm) 3.4 2.8 5.68 4.58 3.08 3.7 4.2
Number of leaves per plant 29 36.6 17 13 314 |46 26
Leaf length (cm) 22.76 | 7.16 62.64 31.92 | 28.82 | 73.16 26.5
Leaf width (cm) 2.4 1.44 2.78 2.12 1.7 5.04 1.6
Days taken for first flowering | 180.6 | 283 230 247 180 180 240
Number of spikes/plant 8.6 1 1 1 1.2 1 3
Length of inflorescence (cm) | 19.02 | 32.74 25.8 19.02 | 383 | 52.6 20
Number of flowers per 6 20.2 77.2 40.2 15 46 7
inflorescence
Internodal length (cm) 2.02 1.08 0.84 1.04 | 2.62 0.62 1.5
Flower length (cm) 554 |55 2.3 228 | 454 | 4364 8.0
Flower width (cm) 5.04 | 51 2.0 1.58 [ 4 4.7 8.3
Days for inflorescence 22.6 254 37.2 27.4 18.8 25.8 23
emergence to first flower
opening
Days to last flower opening 5 47 6.6 9.2 57.6 | 484 28
from first flower opening
Spike longevity (days) 30 96.4 60.8 103 61 61 60

Vt - Vanda tessellata, Vs - Vanda spathulata, Rr- Rhychostylis retusa, Ar- Aerides ringens, Ag -
Arundina graminifolia, Ss - Spathoglotis spp. , Vsp — Vanda sp.

4.1.1.2. Analysis of Variance (ANOVA)

Analysis of variance for different plant and floral biometrical characters was
carried out as a basis to find out the test of significance and estimated different

genetic components of variance.

The analysis of variance was carried out in Completely Randomised Design

(CRD) with five replications. The results pertaining to it are presented below.

Analysis of variance revealed highly significant differences for all polygenic
traits included in the evaluation of parents (Table 6). Therefore, proceeded for
the estimation of different components of variance such as phenotypic (czp).
genotypic (o°g) and environmental (c°¢) variance; phenotypic (PCV), genotypic

(GCV) and environmental (ECV) coefficient of variation, broad sense
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heritability (H), Co-heritability, genetic advance percent and association analysis

namely phenotypic (rp), genotypic (rg) and environmental correlation (re).

Table 6. ANOVA for biometrical traits among parents

Traits df MSE F CD
Plant height (cm) 24 511.108 15.4073 ** | 29.5]
Plant spread (cm) 24 58.9693 76.6052 ** | 10.0242
Shoot girth (cm) 24 0.6176 9.3884** | 1.0258
Number of leaves per plant 24 99.4 7.6383** | 13.0146
Leaf length (cm) 24 72.6393 43.3313*%* | 11.1256
Leaf width (cm) 24 0.1041 80.7321%* | 0.4211
Days taken for first flowering 24 1152.71 8.2306** | 44.3199
Number of spikes/plant 24 2.25 21.1822%* | 0.4128
Length of inflorescence (cm) 24 72.0736 11.6074** | 11.0822
Number of flowers per inflorescence 24 515.6 6.5633*%* | 29.6412
Internodal length (cm) 24 0.0856 35.2692** | 0.3819
Flower length (cm) 24 0.0287 | 264.7892%* | (.2211
Flower width (cm) 24 0.0158 | 659.2379*%* | 0.1640
Days for inflorescence emergence to first | 24 5 38.192%* | 2.9189
flower opening

Days to last flower opening from first 24 20.4333 146.2372*%* | 5.9007
flower opening

Spike longevity (days) 24 101 35.8659** | 13.1189
4.1.1.2.1. Components of Variance

Phenotypic, genotypic and environmental variances were estimated and the
results revealed that phenotypic variance was higher than the genotypic as well as
environmental variance for all polygenic traits. Moreover genotypic variance was

higher than the environmental variance (Table 7).
4.1.1.2.2. Coefficients of variation

Estimation of phenotypic, genotypic and environmental coefficients of
variation from the components of variance was performed for all biometrical
characters among different parents and the results obtained are presented as

follows (Table 7).

Genotypic coefficient of variation (GCV) values were higher than
environmental coefficient of variation (ECV) values but lower than phenotypic

coefficient of variation (PCV) values for all traits. GCV was the highest (128.52)
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for number of spikes plant . Out of the sixteen traits, GCV was high for the
following fifteen traits viz., plant height (45.13), plant spread (55.18) , shoot girth
(26.04), number of leaves plant "t (52.49), leaf length (65.73), leaf width (48.84),
length of inflorescence (39.35), number of flowers inflorescence” (70.13),
internodal length (54.81), flower length (28.24), flower width (37.73), days for
inflorescence emergence to first flower opening (23.29), days to last flower
opening from first flower opening (84.10) and spike longevity (37.68). But GCV

was moderate for days taken for first flowering (18.93).

ECV was lower than both PCV and GCV. ECV was the highest for number
of flowers inflorescence” (28.83). But moderate for two traits viz.. number of
leaves plant” (16.51) and number of spikes plant” (15.41). ECV was low for the
remaining thirteen traits viz., plant height (5.39), plant spread (1.67), shoot girth
(7.91), leaf length (3.64), leaf width (1.42), days taken for first flowering (5.25),
length of inflorescence (9.35), internodal length (3.86), flower length (0.3), flower
width (0.18), days for inflorescence emergence to first flower opening (1.43).
days to last flower opening from first flower opening (1.66) and spike longevity
(1.85).

PCV was higher than both GCV and ECV for all traits. The highest and the
lowest PCV were for number of spikes plant” (143.93) and days taken for first
flowering (24.18) respectively. PCV was high for all traits viz., plant height
(50.52), plant spread (56.85), shoot girth (33.95), number of leaves plant” (69.00),
leaf length (69.37), leaf width (50.26), length of inflorescence (48.70), number of
flowers inflorescence™ (98.96), internodal length (58.67), flower length (28.54),
flower width (37.91), days for inflorescence emergence to first flower opening
(24.72), days to last flower opening from first flower opening (85.76) and spike
longevity (39.53).

4.1.1.2.3. Heritability (Broad Sense)

Heritability was calculated from genotypic and phenotypic components of

variance and the results are presented as follows (Table 7).
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Heritability was the highest for flower width (99.06%) and the lowest for
number of flowers inflorescence(50.21%). It was moderate for three traits viz.,
shoot girth (58.83%), number of leaves plant” (57.86%) and number of flowers
inflorescence” (50.21%) and high for the remaining thirteen traits viz., plant
height (79.80%), plant spread (94.22%), leaf length (89.76%), leaf width
(94.40%), days taken for first flowering (61.30%), number of spikes plant’
(79.72%), length of inflorescence (65.29%), internodal length (87.29%), flower
length (97.91%), days for inflorescence emergence to first flower opening
(88.77%)., days to last flower opening from first flower opening (96.15%) and
spike longevity (90.84%).

4.1.1.2.4. Genetic Advance

Genetic advance was estimated as percentage of mean for various traits
(Table 7). Results revealed that the highest value was for number of spikes plant’
(239.80) and the lowest value was for days taken for first flowering (30.54). It
was high for sixteen traits among parents viz., plant height (83.06), plant spread
(110.36), shoot girth (41.18), number of leaves plant" (82.26), leaf length
(128.29), leaf width (98.64), length of inflorescence (65.50), number of flowers
inflorescence™’ (102.77), internodal length (106.27), flower length (57.75), flower
width (112.82), days for inflorescence emergence to first flower opening (45.21),
days to last flower opening from first flower opening (170.44) and spike longevity
(72.91).
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4.1.1.2.5. Co-heritability

Co-heritability was estimated from the genotypic and phenotypic
components of covariance and the results are presented in Table 8. Co-heritability
was the highest (9.13) between number of leaves plant” and days taken for first
flowering and closely followed by two related characters viz. length of
inflorescence and number of flowers inflorescence™ (4.18) and days taken for first
flowering and length of inflorescence (3.20). It was the lowest between plant
height and days taken for first flowering (-11.69) followed by plant height and
number of spikes plant™” (0.73).

4.1.1.2.6. Association Analysis

Association analysis was carried out at three levels as phenotypic (rp).
genotypic (rg) and environmental (re) correlation coefficient. The results are

presented below.

Genotypic correlation coefficient (rg) exhibited highly significant and
positive association between five related characters viz., plant spread and leaf
length (0.9435), plant spread and leaf width (0.9303), plant height and flower
length (0.9345), flower length and flower width (0.9545) and shoot girth and days
for inflorescence emergence to first flower opening (0.9359) and highly
significant and negative association between two related characters viz., plant
spread and number of leaves plant” (-0.9903) and number of leaves plant’ and
leaf length (-0.9506) (Table 9). Genotypic correlation coefficients of flower

length with the remaining traits are depicted in figure 2.

Environmental correlation coefficient (re) was positive and highly
significant between seven related characters such as plant height and number of
leaves plant” (0.5879). plant spread and leaf length (0.7112), shoot girth and leaf
length (0.5660), days taken for first flowering and length of inflorescence
(0.5159), flower length and flower width (0.5159), internodal length and days to
last flower opening from first flower opening (0.6270) and leaf width and spike
longevity (0.5668). But it was negative and highly significant for three other
related characters viz., plant height with days taken for first flowering (-0.5109),
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Figure 2. Diagrammatic representation of genotypic correlation of flower length
with other traits: 1. Plant height (cm), 2. Plant spread (cm), 3. Shoot girth (cm),
4. Number of leaves plant”, 5. Leaf length (cm). 6. Leaf width (cm), 7. Days taken
for first flowering, 8. Number of spikes/plant, 9. Length of inflorescence (cm),
10. Number of flowers per inflorescence, 11. Internodal length (cm). 12. Flower
width (cm), 13. Days for inflorescence emergence to first flower opening,
14. Days to last flower opening from first flower opening, 15. Spike longevity (days).
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Figure 3. Diagrammatic representation of environmental correlation of plant
spread with other traits: 1. Plant height (cm), 2. Shoot girth (cm), 3. Number of
leaves plant", 4. Leaf length (cm). 5. Leaf width (cm), 6. Days taken for first
flowering, 7. Number of spikes/plant, 8. Length of inflorescence (¢cm), 9. Number
of flowers per inflorescence, 10. Internodal length (cm). 11 Flower length (cm),
12. Flower width (cm), 13. Days for inflorescence emergence to first flower
opening, 14. Days to last flower opening from first flower opening, 15. Spike
longevity (days).
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Figure 4. Diagrammatic representation of phenotypic correlation of flower length
with other traits: 1. Plant height (cm), 2. Plant spread (cm), 3. Shoot girth (cm),
4. Number of leaves plant”, 5. Leaf length (cm). 6. Leaf width (cm), 7. Days taken
for first flowering, 8. Number of spikes/plant, 9. Length of inflorescence (cm),
10. Number of flowers per inflorescence, 11. Internodal length (cm). 12. Flower
width (cm), 13. Days for inflorescence emergence to first flower opening,
14. Days to last flower opening from first flower opening, 15. Spike longevity (days).
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number of spikes plant’ and flower width (-0.6075) and days to last flower
opening from first flower opening and spike longevity (-0.5530) (Table 10).
Environmental correlation coefficients of plant spread with the remaining traits

are depicted in figure 3.

Estimated phenotypic correlation coefficient (rp) revealed highly significant
and positive association between three related characters such as plant spread and
leaf length (0.9224), plant spread and leaf width (0.9007) and flower length and
flower width (0.9519). Highly significant and negative association was obtained
between five other related characters such as plant spread and number of leaves
plant” (- 0.6767), number of leaves plant” and leaf width (-0.6310), shoot girth
and flower width (-0.6274), internodal length and days for inflorescence
emergence to first flower opening (-0.6896) and number of spikes plant” and
spike longevity (-0.6555) (Table 11). Phenotypic correlation coefficients of

flower length with the remaining traits are depicted in figure 4.
4.1.1.3.  Floral Characters (Qualitative Characters) of Parents

Observations related to floral characters which were not estimable
quantitatively such as flower colour, nature of flowering, season of flowering,

time of anthesis, and time of stigma receptivity among parents are presented
below (Table 12).

4.1.1.4. Pollen Characters of Parents

Observations in connection with characters of pollen and pollinia of the
parents used in the study are presented below (Table 13). Pollen production
pollinium™ was maximum in Vanda spathulata (43,75.000) closely followed by
Spathoglottis albida (11,25,000) whereas minimum in Rhynchostylis retusa
(2,62,500). Pollen fertility percentage was calculated and the results revealed that
Aerides ringens produced more number of fertile pollens (93.81) as compared to
all other parents. But the genus Spathoglottis produced less number of fertile
pollen (45.44). High pollen germination percentage was recorded in two parents
viz., Spathoglottis plicata and Aerides ringens (90%) but it was only 24.85% in

Arundina graminifolia (Plate 6 and Plate 7).
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Plate 5. Flower colour of the parents: (A) Spathoglottis plicata

(B) Spathoglottis albida (C) Spathoglottis gracilis (D) Spathoglottis
unguiculata (E) Vanda spathulata (F) Vanda sp. (G) Vanda tessellata

(H) Aerides ringens (1) Arundina graminifolia (J) Rhynchostylis retusa
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Plate 6. Pollinia and pollen grains of selected parents : (A & B) Vanda
tessellata (C & D) Vanda spathulata (E & F) Vanda sp.
(G & H) Rhynchostylis retusa (1 & J) Aerides ringens (K & L) Arundina
graminifolia (M & N) Spathoglottis albida (O & P) Spathoglottis
unguiculata (Q & R) Spathoglottis plicata (S & T) Spathoglottis gracilis
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Plate 7. Pollen germination of the parents: (A) Vanda tessellata (B) Vanda
spathulata (C) Rhynchostylis retusa (D) Aerides ringens (E)  Arundina

graminifolia (F) Spathoglottis  albida (G) Spathoglottis  unguiculata

(H) Spathoglottis plicata (1) Spathoglottis gracilis




4.1.1.5. Pest/Disease Incidence

No serious pests and disease incidence were noticed in the plants throughout

the course of the experiment.
4.1.2. Hybridization

Parents belonging to the genera Vanda, Rhynchostylis, Spathoglottis,
Aerides and Arundina were selected for hybridization based on evaluation of
variability parameters in floral characteristics. Hybridization was carried out in

seventy seven combinations.
4.2. EXPERIMENT II- CROSS COMPATIBILITY STUDIES

Results of the cross compatibility revealed that thirty one combinations
successfully produced mature capsules whereas in three combinations viz.. Vanda
tessellata x Vanda spathulata, Spathoglottis albida x Vanda sp. and Spathoglottis
plicata x Vanda sp. capsules fell off after 20, 10 and 9 days of maturity
respectively (Table 14). Out of these successful combinations, capsules of
Spathoglottis crosses attained setting four days after pollination whereas capsules
of Rhynchostylis crosses attained setting ten days after pollination. Similarly
capsules attained maturity much earlier (30 days) in all cross combinations when
the genus Spathoglottis was used as the female parent. But in cross combinations
where the species Vanda spathulata was used as the female parent more days
were required for capsule maturation (150-154 days). Length of capsule was the
maximum in the cross of V. spathulata x R. retusa (8 cm) and the minimum in the
combination involved A. ringens as female parent (1.7 cm). Width of capsule was
the maximum in the cross of V. spathulata x Vanda sp. (4.1 c¢cm) and the
minimum in the combination involved A. ringens as female parent (1.4 cm).
Percentage of filled seeds was the maximum (100%) in three crosses viz., V.
spathulata X R. retusa. S. albida x S. unguiculata and S. albida x S. plicata and
the minimum (22.41%) in the cross A. graminifolia X S. unguiculata. The cross
compatibility between parents (plate 8-16) and the plants with pod settings are

shown in plate 8-16 and plate 17 respectively.
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iale Pod setting

V. tessellata

Vv

V. spathulata

> | Nil
R. retusa
Nil
Female
A. ringens
Nil
A graminifolia
V. tessellata & Nil
S.albida
>| Nil
S. gracilis
> Nil
- | Nil

S. plicata

Plate 8. Cross compatibility: Vanda tessellata () with other parents ()
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V. spathulata
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R. retusa
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A. ringens
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V. spathulata A. graminifolia
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. S nlhi(;u
f"_‘ Nll
S. gracilis
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S. unguiculata
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S. plicata

Plate 9. Cross compatibility: Vanda spathulata (%) with other parents ()



Male Pod setting

V

V. tessellata
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Nil

V. spathulata

R. retusa

Female

A. ringens

Nil
A. graminifolia
R. retusa
Nil
Nil
S. gracilis
Nil
> | Nil

4

S. plicata

Plate 10. Cross compatibility: Rhynchostylis retusa (%) with other parents ()



Male

Pod setting
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R. retusa

A. ringens

X
A. ringens A. graminifolia
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S Nil
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Plate 11. Cross compatibility: Aerides ringens () with other parents ()



Male Pod setting
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Female
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Plate 12. Cross compatibility: Arundina graminifolia () with other parents ()



Male Pod setting
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b
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Vanda sp.
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~
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Female
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Plate 13. Cross compatibility: Spathoglottis albida (<) with other parents ()
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Pod setting
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V. tessellata
r Nil
V. spathulata
> | Nil
R. retusa
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Plate 14. Cross compatibility: Spathoglottis gracilis (%) with other parents ()
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Male Pod setting
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Female Nil

A. graminifolia
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Plate 15. Cross compatibility: Spathoglottis unguiculata () with other parents ()



Male Pod setting

—>| Nil
V. tessellata
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Female
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S. plicata
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e > I
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Plate 16. Cross compatibility: Spathoglottis plicata (%) with other parents ()



Plate 17. Pod setting among the parents through hybridization : (A) Spathoglottis

albida (B) Spathoglottis gracilis (C) Spathoglottis unguiculata (D) Spathoglottis
plicata (E) Vanda spathulata (F) Vanda tessellata (G) Vanda sp. (H) Aerides

ringens (1) Arundina graminifolia (J) Rhynchostylis retusa



4.3. EXPERIMENT III- /N VITRO CULTURE OF RESULTANT DISTANT
HYBRIDS AND EVALUATION OF SEEDLINGS

The experiment was conducted in two parts and the results are presented below
4.3.1. In Vitro Culture of Hybrid Seeds

The mature capsules of hybrids were harvested from mother plants and used
for in vitro seeds culture. The results of the experiment are presented in table 15

and plate 18.

Capsules of thirty four crosses were used for seed culture under in vitro
condition. The seeds of distant hybrids obtained were extracted from the capsules,
cultured under in vitro condition for germination and seedling development and

observations were recorded.

Out of the thirty four crosses, seeds of sixteen crosses exhibited signs of
greening. The cross Spathoglottis unguiculata x  Spathoglottis albida attained
seed germination stage seventeen days after inoculation and the cross Arundina
graminifolia X Spathoglottis plicata attained seed germination 320 days after

inoculation.

Seeds of six crosses germinated and developed into protocorm and
seedlings. The cross Spathoglottis unguiculata x Spathoglottis albida produced
first leaf 38 days after inoculation but in Spathoglottis unguiculata x Vanda sp.
the first leaf was produced 125 days after inoculation. The cross Spathoglottis
unguiculata X Spathoglottis albida attained shoot initiation after 68 days of
inoculation whereas Spathoglottis unguiculata x Vanda sp. attained shoot
initiation after 153 days of inoculation. Spathoglottis unguiculata x Spathoglottis
albida attained initiation of first root 89 days after inoculation but in the cross
Spathoglottis unguiculata X Vanda sp. root initiation stage was attained 213 days
after inoculation. Of these Spathoglottis unguiculata x Spathoglottis plicata cross

was ready for deflasking 192 days after inoculation whereas the cross
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Seeds for in vitrqbculture

Seeds in cullure\/medium

Protocom iplication

Plate 18. Different stages of in vitro seed culture of orchid hybrids



Spathoglottis albida x Spathoglottis unguiculata attained deflasking stage at 363

days after inoculation.
4.3.2. Evaluation of hybrid seedlings
4.3.2.1. Morphological characters (at monthly interval)

Seedlings of seven crosses (Plate 21-27) were planted out for hardening
(Plate 28). Capsules and seeds of seven crosses are shown in plate 19 and 20
respectively. Morphological characters were recorded at monthly intervals as
depicted in table 16 and figure SA-G. In the cross Spathoglottis albida x
Spathoglottis unguiculata (culture 778 and 1368). seedling height increased
gradually but number of leaves remained same at deflasking, one month after
deflasking and two months after deflasking. Leaf length and width also increased
at monthly intervals. Similar growth performance was exhibited by the remaining
all five crosses viz., Spathoglottis unguiculata x Spathoglottis albida (culture
622), Spathoglottis unguiculata x Vanda sp. ( culture 679), Spathoglottis plicata x
Spathoglottis  unguiculata (culture 1386), Spathoglottis  unguiculata X
Spathoglottis plicata (culture 1388) and Spathoglottis gracilis x Spathoglottis

unguiculata (culture 652).
4.4. EXPERIMENT IV- Molecular characterization

4.4.1. ISSR Assay

Hybrids from seven crosses were verified using ISSR markers. A total of 60
ISSR loci were clearly amplified from all hybrids using ten ISSR primers. Among
these amplified fragments. approximately 39 DNA bands (66.6%) were found to
be polymorphic between male and female parents. Total polymorphic DNA bands
between hybrids and their respective female parents to distinguish the true hybrids

from the self-pollinated progeny of female parents were approximately 14 (22, 36%).

Total number of scorable DNA bands amplified by each primer ranged from
four (ISSR 824, 834.849) to ten (ISSR 807) with an average of 5 bands primcr".

The size of amplified products was in the range of 220-2000 bp (Table 17). All

87

\2



Plate 19. Hybrids capsules : (A) Spathoglottis unguiculata x Spathoglottis
albida (Culture 622) (B) Spathoglottis gracilis x Spathoglottis unguiculata
(Culture 652) (C) Spathoglottis unguiculata x Vanda sp. (Culture 679)
(D) Spathoglottis  albida x Spathoglottis  unguiculata (Culture 778)
(E) Spathoglottis albida x Spathoglottis unguiculata (Culture 1368)
(F) Spathoglottis  plicata x Spathoglottis  unguiculata (Culture 1386)
(G) Spathoglottis unguiculata x Spathoglottis plicata (Culture 1388)



Plate 20. Seeds of crosses — (A) Spathoglottis unguiculata x Spathoglottis
albida (Culture 622) (B) Spathoglottis gracilis x Spathoglottis unguiculata
(Culture 652) (C) Spathoglottis unguiculata x  Vanda sp. (Culture 679)
(D) Spathoglottis albida x Spathoglottis  unguiculata (Culture 778)

(E) Spathoglottis albida x Spathoglottis  unguiculata (Culture 1368)
(F)  Spathoglottis plicata x  Spathoglottis unguiculata (Culture 1386)
(G) Spathoglottis unguiculata x Spathoglottis plicata (Culture 1388)
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Figure 5. Morphological characters of hybrid seedlings at monthly interval



(¢) S. unguiculata x Vanda sp.
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(e) S. plicata x S. unguiculata
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(g) S. albida x S. unguiculata
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