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1. INTRODUCTION 

Orchidaceae is one of the largest and most diverse families, accounting for 

more than seven per cent of flowering plant species of the world.  This family is the 

dominant group of flowering plants and known to have about 28,000 species, 

distributed in about 763 genera (WCSP, 2019; Christenhusz and Byng, 2016).  

According to Pijl and Dodson (1966), enormous diversity is found in their mode of 

growth, seed production, habitat, and are also unique with their versatility in the 

formation of their flowers, flower colour, size, shape and longer life span of flowers.  

These all together make it very interesting to study about orchids.  Everything about 

the orchids is unique and conceivably this is what makes them so mesmerising (Brain 

and Wilma, 1979). 

Orchids are classified according to the way they live and survive, i.e., 

epiphytes, lithophytes and terrestrials.  On the basis of growth habit, they can be 

classified as monopodial and sympodial.  The monopodial orchids grow from a single 

bud, leaves are added from the apex each year, the stem grows vertical and longer and 

the stem can reach several metres in length, as in Ascocentrum, Vanda, Arachnis, etc. 

On the other hand, sympodials have a front (the newest growth) and a back (the oldest 

growth) (Nash and Frownie, 2008).  The plant produces a series of neighbouring 

shoots, grow laterally rather than vertically as in Dendrobium, Cattleya, etc. 

Orchids have a very wide-range of distribution.  They are observed in almost 

every part of the world except in Antarctica.  Most of the orchid cultivation is native 

of tropical areas and found with the great diversity in humid tropical forests of India, 

Australia, China, Philippines, Malaysia, Mexico, Myanmar, New Guinea, Sri Lanka, 

South and Central America, Thailand (Arditti, 1992).  In India, the Western Ghats 

harbours a vast diversity of orchids.  The Indian states viz., Andamans, Himachal 

Pradesh, Karnataka, Kerala, Maharashtra, Sikkim, Tamil Nadu, West Bengal, Hills of 

Uttar Pradesh and North-Eastern states are suitable for commercial cultivation of 
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orchids (Singh, 1991).  About 1,600 species of orchids are reported in India which 

constitutes almost 10 per cent of the world orchid flora (Singh, 1990).  Indian orchids 

known to have medicinal traits and also floricultural traits which reached majority of 

the famous botanical gardens of the world (Abraham and Vatsala, 1981).  

Attractiveness, diversity in forms, shape and colour, high productivity, a right 

season of flowering and easy packing and transportation made this flower important in 

the world floriculture trade.  In a billion dollar international industry, orchids are priced 

for their spectacular beauty and longevity.  The export/import trade in world orchid’s 

market, cut flowers and pot plants exceeds $150 million dollars.  Out of these, above 

80 per cent are cut orchids, and the 20 per cent are comprised of pot plants.  

Orchids contribute an important part in Indian export of cut flowers which 

have enhanced with the recent increase in world floriculture trade, they have become 

the second most popular plants for cut flowers as well as pot plants with an annual 

growth rate of 10-20 per cent (Sudeep et al., 2018). It has also gathered momentum in 

Kerala and North Eastern states during the early nineties. This shows that there is a 

huge scope for increasing India's, commercial cultivation of orchids. 

Despite the vast diversity, orchids which are commercially important as cut 

flowers, belong to relatively a few genera viz., Arachnis, Vanda, Phalaenopsis, 

Renanthera, Cymbidium, Cattleya, Dendrobium, a few others and their hybrids like 

Aranda, Aranthera, Ascocenda, Mokara and Vascostylis.  

Monopodials have recently gained popularity due to the large number of 

varieties and hybrids involving intergeneric ones which show a wide range of 

variability in floral characters.  Among the monopodial orchids, Phalaenopsis, Aranda, 

Aranthera, Mokara and Vanda are most popular in the world market.  Vanda have 

become extremely popular for outdoors or greenhouse cultivation in the warmer 

regions of the world. It is very crucial to assess wide-ranging variation of characters 

present in the monopidials. 
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Ascocentrum is a small-flowered vandaceous orchid which has erect 

inflorescence with long lasting flowers and which is not commercially exploited so far.  

Vanda has more popularity through the bigeneric hybrid Ascocenda, which has bright 

orange flowers, more number of florets and longevity which are contributed by 

Ascocentrum. This was subsequently used for the production of multi generic 

vandaceous hybrids viz.; Mokara, Kagawara, Vascostylis, etc. and many other 

bigeneric and multi generic hybrids have been evolved in Asctm. alliance. The species 

and hybrids are visually differentiated on the basis of colour and size of flowers.  

The morphological diversity of Ascocentrum at intraspecific, intergeneric and 

varietal levels necessitated for studies at molecular level as well. The morphological 

and molecular characterisations are the important possible ways to study diversity. The 

potential of Ascocentrum has not been systematically exploited so far in the country. 

Therefore it is an essential to evaluate the influence Ascocentrum in their intergeneric 

hybrids for commercial exploitation. 

Among the molecular markers used for assessment of genetic diversity, SSR 

markers were found to have widespread application because of their high 

reproducibility, codominant nature and extensive genome coverage (Agarwal et al., 

2008; Xu and Crouch, 2008) and easy detection by polymerase chain reaction (Castillo 

et al., 2010). Inter-simple sequence repeats are regions in the genome flanked by 

microsatellite sequences.  The PCR amplification of these regions using single primer 

yields multiple amplification products that can be used as dominant multilocus marker 

system for the study of genetics of various cultivated and non-cultivated orchids.  The 

ISSR markers are easy to use, low-cost and methodologically less demanding, which 

makes it an ideal genetic marker for diversity studies (Ng and Tan, 2015). 

Several morpho-anatomical characters have been used widely in taxonomic 

and phylogenetic studies as they provide valuable information on classification.  The 
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importance of some of the modern taxonomic parameters is being increasingly realized 

but sparingly used for characterization.   

Breeding in Orchidaceae family is unique because hybridization is 

conceivable not only between species but also between related genera. At this juncture, 

it is worth studying the possibility of self and cross compatibilities among different 

genera and hybrids. Establishment of an indigenous orchid industry depends on rapid 

multiplication and production of superior hybrids which are free flowering, and this 

can be made possible only by the development of novel breedings and bio techniques. 

Molecular characterization is done to distinguish between hybrids/varieties so 

that they can be used for the future breeding programme.  Hence, the present study was 

proposed to characterize the selected intergeneric hybrids of Ascocentrum at the 

morphological and molecular levels for maintaining their identity, knowing the genetic 

relation and for exploitation in future breeding programmes. 

Keeping these points in view, the present study entitled ‘Morpho-molecular 

characterization of intergeneric hybrids of Ascocentrum’ was undertaken with the 

following objectives. 

• To assess the performance of intergeneric hybrids of Ascocentrum. 

• To characterise them based on morphological and molecular parameters for 

commercial exploitation. 

• Pollen studies to find out the best male parents for cross compatibility studies. 

• Compatibility studies in selected parents for exploring possibilities of self and 

cross compatibility, which can be further used in future breeding programme. 

• Screening of more SSR and ISSR primers for diversity analysis and unique 

banding pattern. 



Review of literature 
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 2. REVIEW OF LITERATURE 

Flamboyant, intriguing and bewitchingly beautiful orchids have evolved 

to become the largest and most diverse family of flowering plants in the world.  The 

Orchidaceae family was reported to have about 28,000 currently accepted species, 

distributed in 763 genera (WCSP, 2019; Christenhusz and Byng, 2016).  In the 

billion-dollar international industry, orchids are prised for their spectacular beauty 

and longevity.  Orchid flowers are known for their high magnitude of diversity in 

form, colour, size, shape, growth habit, leaf and root morphology, flower size, 

blooming period, attractiveness, longer life span and response to the environment.  

The main reason for such variation and perplexing range of floral structures is their 

high cross pollination nature and better evolutionary response of germplasm to 

macro and microclimatic conditions (Bose et al., 1980).  The manifold and 

perplexing range of floral structures arouse the highest admiration and attention 

among the flower growers (Bose et al., 1999).  

Vandaceous orchid comes under special group of tropical orchids, 

characterised by monopodial growth habit.  They are coming under sub-tribe 

Sarcanthinae which is classified into some 86 genera consisting of 1000 species.  

Over the past few decades, thousands of vandaceous and Ascocentrum orchids were 

produced trough interspecific and intergeneric hybridization.  Some of these 

cultivars are commercially grown for cut flower production in countries like 

Malaysia and Singapore.  Aranda is a bigeneric hybrid and Mokara is a trigeneric 

Ascocentrum hybrid (Chen et al., 1998). 

Intermediate types of Ascocentrum are extremely popular in the warmer 

region of the world because of their large dimension and unusual shaped attractive 

flowers of long-lasting nature.  More than ten species of vandas were identified 

from India, China, The Himalayas, Sri Lanka, Philippines and most part of South 

East Asia.  They are commercially exploited in Thailand, Singapore, Malaysia and 

Hawaii (Mukherjee, 1983; De and Debnath, 2011; Behra et al., 2013).  
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Attractiveness, diversity in shape, size, forms, and colour, high 

productivity, right season of blooming and easy packing and transportation made 

this flower important in the world floriculture trade.  The world export/import trade 

of orchid cut flowers and plants increased treamendeouly. Among these, about 80 

per cent are cut orchids, and the rest pot plants.  Orchids are also known to have 

medicinal properties.  In China, it is used as an important component in herbal 

medicine to treat several diseases, from centuries (Bulpitt et al., 2007).  For this 

reason, it is very crucial to assess wide ranging variation of characters present in 

orchids as well as their hybrids, and the morphological and molecular 

characterisation is the possible way to achieve this goal.  The works done on 

morphological and molecular characterisation of different orchids are 

comprehensively reviewed in this chapter.  

2.1 DIVERSITY IN THE ORCHID FAMILY  

Orchids are classified according to the way they live and survive, whether 

they are supported by trees or rocks or grow in the ground, i.e., epiphytes, 

lithophytes and terrestrials.  The mosaic of geo-climatic conditions occurring in 

India had resulted in a great range of habitats for the rich diversity of orchid flora 

(Arora, 1983).  The North Eastern states has been recognised as the mega diversity 

area for orchids (Kumaria and Tandon, 2010).  In these areas, epiphytic orchids 

grow up to an elevation of 2000 m from mean sea level (De et al., 2014a).  Amin 

et al. (2004) reported the performance of six indigenous monopodial orchids of 

Bangladesh. 

While considering these fascinating plants, there exists an endless scope 

for genetic improvement and industrial development.  Over the past few decades, 

thousands of orchids were produced through interspecific and intergeneric 

hybridization and nearly two lakh registered hybrids are available in the India and 

around world. Ascocentrum, Cattelya, Cymbidium, Dendrobium, Neofenetia, 

Oncidium, Phalenopsis, Paphiopedilum, Rhynchostylis and Vanda are top in the 

list.  In the production of several excellent hybrids quality attributes were 
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contributed by the parent plants which were originated in India. Vanda and 

Ascocenda and their combinations were used to produce new hybrids (Grove, 

1995).  Among those, some cultivars have become particularly important for cut 

flower production in countries like Singapore.  

Growth requirements varies among different varieties. Many species of 

Arachnis, Renanthera, Ascocentrum and Vanda require full sun light for their free 

flowering and any shading delays the flowering process. Many of the intergeneric 

hybrids such as Aranda and Aranthera required the same conditions for flowering 

whereas Phalenopsis, Dendrobium etc., required shading for flower production 

(Soon, 1980). According to Brian and Wilma (2014) Vanda coerulea was grown 

on oak trees where it received full sun for flowering. 

2.1.1 Distribution of orchids in India and Kerala  

The history of orchids in India goes back to the Vedic period. The ancient 

Sanskrit literature holds the references to orchid like 'Nighantus' and 'Amarakosha'. 

As per the Botanical Survey of India, 1256 species belonging to 155 genera and 

388 species of orchids are prevalent in India (Singh, 2019). The species are 

distributed throughout the country and can be found in North Eastern India (800 

species), North Western Himalayas (200 species), Western Ghats (200 species) and 

a few other regions have about 100 species (Rajeevan et al., 2002). About 13 

species of orchids known to have medicinal traits and used as a traditional medicine 

in Kerala.  

India is considered as the primary as well as a secondary centre of orchid 

biodiversity and the largest diversity of orchids found in Northeastern Himalayas, 

Western Ghats, and Andaman and Nicobar Islands. Small flowered orchids occurs 

in the Western Ghats, whereas, epiphytic orchids are common in the North Eastern 

states (De et al., 2014a). Certain Indian orchids like Vanda coerulea and species of 

Cymbidium, Dendrobium and Paphiopedilum are recognised as the monarchs in the 

orchid flora (Behera et al., 2013). The diverse agro-climatic conditions of India 

make it suitable to grow all types of orchids. 
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There is tremendous scope for different species of orchids in India, many 

of them are important parent plants and contributed in the production of certain 

beautiful hybrids.  According to Rajeevan (1995), prevalence of salubrious climatic 

conditions greatly favoured cultivation of a vast majority of orchids in Kerala.  

North-East India and the Western Ghats, due to their agro-climatic diversity with 

high humidity and rainfall, form the richest orchid belt in the country, and around 

750-800 species occur in this region.  Maximum diversity of orchids is found in 

Arunachal Pradesh followed by Sikkim (Chowdhery, 2001). The Niyamgiri hills of 

Orissa is also popular to be known as an important orchid rich region, next only to 

Similipal and Rebana (Dash et al., 2008). Forty orchid species belonging to 16 

genera were evaluated by Kumar et al. (2012) for vegetative and flowering 

characters in the sub-tropical mid-hills of Meghalaya. They reported that the 

Calanthe masuca, Cymbidium giganteum, Dendrobium nobile, Phaius 

tankervilliae, Renanthera imshootiana, Thunia marshalliana and Vanda coerulea 

were the promising species for cut flowers.  

2.1.2 Orchids in Kerala 

The Western Ghats is the natural home of about 300 species of orchids 

due to its suitable climatic environment (Jain, 1986). Kerala is considered as one of 

the very few places in the world, where worldly and well-furnished infrastructure 

is not mandatory for orchid cultivation. Orchids can grow well in open because of 

the good rainfall, high humidity and favourable temperature, which gave immense 

possibility for the development of orchid industry in the region (Rajeevan, 1995).  

In the early nineties, the commercial aspect of orchids has been realized 

and since then the commercial cultivation of orchids gained momentum in Kerala. 

The popularity of monopodial orchids was multiplied by many folds because of the 

availability of the large number of hybrids and varieties including intergeneric, and 

the wide range of variability in floral characters (Rajeevan et al., 2002). 

Ascocentrum, Vanda, Arachnis, Rhynchostylis, Renanthera, etc,. are the 

monopodial genera that flourish in Kerala. Intergeneric monopodial hybrids viz., 
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Aranda, Mokara and Ascocenda also performed well in Kerala (Rajeevan, 2003). 

George (2019) reported the favourable response of growth regulator and micro 

nutrients on Ascocenda in humid tropics of Kerala. 

2.1.3 Description of certain genera of Orchidaceae family 

2.1.3.1 Ascocentrum 

Ascocentrum is a genus belonging to Orchidaceae family. There are about 

19 species reported under this genus, out of which 13 are accepted (Anon, 2019a).  

Ascocentrum is extremely popular in the warmer region of the world because of the 

large dimension and unusual shaped attractive flowers with long lasting nature. 

These are monopodial epiphytes which grow on deciduous trees.  It has short, 

simple to bifurcate stem with a compact, upright, conical to racemose inflorescence, 

consisting of small brightly coloured flowers.  The flowers have prominent spur 

and strap-like lip.  Their bright colours varied among orange, yellow, red or pink 

(Kaveriamma, 2007; Kaveriamma et al., 2010). 

2.1.3.2 Vanda  

The name vanda is originated from Sanskrit language (वन्दाका) (Wikipedia, 

2019), and represent the species which are used in the treatment of ear infection 

rheumatic pain, and nervous system ailments (Hossain, 2011; Khan et al., 2019).  

In the study conducted at a Botanical Research Institute in India, scientists reported 

the role of V. tessellata as a potent aphrodisiac and fertility booste (Kumar et al., 

2005). They also reported that the species of vanda had a history of use by the native 

population for its anti-inflammatory properties.  The Indian vandas are also known 

for its antiproliferative effects against certain types of cancers, including 

choriocarcinoma (cancer of germ cells), lung cancer and stomach cancer (Ho and 

Chen, 2003).  

There are about 184 names included in The Plant List of vandaceous 

species (Anon, 2019b), out of which 62 are accepted names and the remaining 122 

are synonyms. Vanda species are dispersed across New Guinea, East and Southeast 
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Asia, Asia, Himalaya, northern Australia with some of the species outspreading 

into Queensland and some of the islands of the western Pacific (WCSP, 2019 and 

Khan et al., 2019). 

In the last three decades, the species of Vanda have gained extreme 

popularity and they are now amongst the leading orchids cultivated outdoors and 

in greenhouse in the warm regions of the world.  They are attractive because of 

large dimension and unusual shaped flowers.  The flowers also last longer and in 

some species the flower may remain fresh for a period of three months.  The genus 

is commonly cultivated and highly valued for its fragrant, long-lasting, showy and 

deeply colourful flowers for indoor display (Dressler, 1981). 

These orchids are mostly epiphytic but sometimes also found to be 

terrestrial.  The members of this genus have monopodial growth habit with highly 

diverse leaves strap shaped, terete and semi terete shaped, etc. (Sebastian, 2015).  

Vanda orchids usually have flat, broad, ovoid leaves, whereas some have 

cylindrical, fleshy leaves too.  The inflorescence bears a few to many flattened 

flowers which grow laterally.  The roots are long and hung freely thus they 

indicated the need to cling on support (Bose et al., 1999).  Most of the members of 

this genus bear yellow brown coloured flowers with brown markings, but a few 

also observed to have white, green, orange, red, and burgundy shades of flower 

(Dressler, 1981). 

2.1.3.3 Arachnis  

The genus Arachnis, popularly known as spider orchid, comprises of 20 

species native to India, China, Indonesia, Southeast Asia, New Guinea, Philippines 

and the Solomon Islands (WCSP, 2019).  This monopodial genus is characterised 

by long stems, long and thin dark green alternately arranged leaves, long and 

branched inflorescence bearing attractive and strikingly coloured flowers giving a 

spidery image.  The flowers are medium to large in size, showy and fragrant, 

typically in shades of yellow with red-brown markings. This genus is represented 
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by five species in India viz., A. cathcartii, A. clarkei, A. labrosa A. senapatiana and 

A. labrosa var. Zhaoi (Jakha et al., 2015). 

2.1.3.4 Rhynchostylis 

Rhynchostylis is a genus belonging to the orchid family, closely allied to 

the genus Vanda.  The genus is native to the Indian Subcontinent, China, Indochina, 

Malaysia, Indonesia and the Philippines (WCSP, 2019).  Currently, this genus is 

known to include 49 species, out of these, only three are accepted (Anon, 2019c).  

The flowers are borne in dense racemes and are very well known for their intense, 

spicy fragrance.  The plants have leathery leaves and thus contribute to drought 

resistance. The genus can grow in a warm, moist and shaded tropical regions and 

can flourish in cultivation if given consistent warmth, uniform moisture and bright 

but indirect light.  The hobbyist who wants to grow the Rhynchostylis needs a warm 

and humid tropical weather with gentle air movement.  

Despite being in the Vanda family they are very different from vandas and 

also grow slower than vandas, their roots are brittle and any direct sun can harm 

them. The species of this genus were known to possess valuable medicinal 

properties (Lawler, 1984).  Several species also have been found to contain 

alkaloids (Pridgeon et al., 2001). 

2.1.3.5 Renanthera 

Renanthera is a genus of scrambling style terrestrial and epiphytic orchid. 

The genus is usually found in the Himalayas, China, Southeast Asia, New Guinea 

and Melanesia (WCSP, 2019).  Renanthera are narrow endemics, found only in a 

small area with much specialised habitat. Species of this genus produces branched 

inflorescence containing numerous flowes ranging in colour from yellow and 

orange to red and possess large lateral sepals (Rice, 2008). The genus requires an 

intermediate to hot climate with good air movement and bright light. Their 

scrambling style of growth indicate that they are best grown for hanging pots after 

excellent drainage. 
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2.1.4 Description of intergeneric hybrids of Ascocentrum 

Four important intergeneric hybrids of Ascocentrum viz., Ascocenda, 

Vascostylis, Mokara and Kagawara are described below. 

2.1.4.1 Ascocenda  

Ascocenda is a bigeneric hybrid with intermediate climbing habit. These 

hybrids/varieties have different genes of Ascocentrum and Vanda, Ascocenda are 

compact monopodial plants that can easily grow indoors and bear the jewel like 

flowers of the Vanda, whereas Mokara, Vascostylis and Kagawara have flowering 

pattern unlike their parents. Studies regarding growth and flowering behavior of 

different Ascocenda and vandaceous orchids are also reported by Kaveriamma 

(2007); Kaveriamma et al. (2010); Sebastian (2015); Deepa (2017) and George 

(2019). 

2.1.4.2 Vascostylis  

Vascostylis. is a trigeneric hybrid of Ascocentrum, Vanda and 

Rhyncostylis and these hybrids have outrageously same growth habit and 

intermediate climbing growth pattern, while the flowering pattern is quite similar 

to Rhyncostylis. Studies regarding growth and flowering behavior of different 

Vascostylis orchids are also reported by Kaveriamma (2007) and Deepa (2017). 

2.1.4.3 Mokara  

Mokara is a trigeneric hybrid cross between Ascocentrum × Arachnis × 

Vanda.  Some of the Mokara hybrids offer the very best of their parents. They are 

having intermediate growth pattern like vandas.  Since Arachnis is one of the 

parents, most of Mokara hybrids also retain the classic climbing orchid growth 

pattern with tall stems reaching two or more meters. They require stakes or posts 

as supports or else they can be supported by horizontal wires stretched between 

occasional upright supports. Studies regarding such tall climbing hybrids were also 

reported by Kaveriamma (2007) and Kaveriamma et al. (2008). Mokara hybrids 

were also popular among the consumers as Aranda hybrids (Chen et al., 2000). 
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2.1.4.4 Kagawara  

 Kagawara is a trigeneric hybrid of Ascocentrum × Vanda × 

Renanthera. Some of them have similar characteristics of vandaceous orchids 

(Sebastian, 2015) and the Kagawara plants offer the best of both of their parents, 

and their flowering pattern is quite similar to their parents. These plants also exhibit 

intermediate climbing growth pattern like classic climbing Mokara varieties. 

2.2 MORPHOLOGICAL VARIABILITY 

The primary grouping of orchids on the basis of their morphological 

features was made by Ernst Pfizer in the late 19th century. As per the growth habits, 

orchids are classified as monopodials, sympodials and pseudomonopodials.  

Akshata (2018) reported the morphological variability in wild orchids.  Wide-

ranging variation existed in orchids which makes them as most highly ecologically 

adapted flowering plants (Mehra and Vij, 1974).  The extraordinary nature of the 

Orchidaceae traits reflected in its huge amount of diversity coupled with peculiar 

pollination contrivances and wide natural hybridization; believed to be an active 

state of “evolutionary flux” (Chatterji, 1986). 

2.2.1 Plant characters  

Plant characters of the two groups, monopodial and sympodial, are 

considered to be important. Monopodial grows with single non-branching stem and 

are mostly climbers. Leaves, roots and inflorescences are produced from the nodes, 

along the entire length of the stem.  The roots absorb moisture and nutrients from 

the air.  Vanda, Arachnis, Aerides, Ascocentrum, Rhynchostylis and Phalenopsis 

belong to this group.  

A most of the orchids come under sympodials.  Sympodial orchids have 

rhizomes or modified bulbs which grow horizontally, producing new growths. The 

new growth originating from the base of a sympodial orchid is called a 'lead', which 

indicates the direction of growth of the plant.  The flower spikes may be either 

lateral or terminal.  Orchids of this group produce pseudobulbs with swollen stems 
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which store water and food.  Some examples of this group are Catteya, 

Dendrobium, Oncidium, etc. 

In general, the monopodial ('single footed', by meaning) has a vertical 

growth, whereas the sympodial ('united feet') has a horizontal growth (Rajeevan et 

al., 2002).  The stem of both monopodial and sympodial is usually thick green and 

hardier which, store food and water.  Pseudomonopodials are intermediate in 

between monopodial and sympodial orchids. 

2.2.1.1 Leaves  

Orchid leaves are plicate strap-shaped, terete or conduplicate with 

sheathed bases and of different thickness, grow in all possible dimensions (Bose et 

al., 1999).  The leaves of vandaceous orchids are simple, arising from the main 

stem and green in colour.  Terete vanda has cylindrical leaves and semi- terete 

vanda is a hybrid between the terete type and strap leaved type. However, other 

shapes are also possible owing to hybridisation (Soon, 1980).  When terete leaved 

orchids are crossed with strap leaves orchids, the offspring observed to have 

intermediate leaves characterized by long and rather succulent, but with a deep 

channel in the upper surface, these leaves are known as semi-terete.  Likewise, 

when flat leaved parents were used in crossing, it diluted the terete effect further, 

resulting in broadly channelled, succulent leaves (Elliot, 1994).  Leaf tips are 

serrated and these enable the plant to dispose of any excess moisture taken up 

through the roots.  

Mostly leaves are oriented in two ranks, alternating on opposite sides of 

the stem and rarely are opposite or whorled.  In a few cases, by compression of the 

internodes, there are two or more leaves arising at the same level. Most orchid 

leaves are typical to the monocot leaves, with many parallel veins with 

inconspecious cross connections between them.  In many cases, the basal portion 

of the leaf forms a sheath around the stem (Dressler, 1993).  Leaves were usually 

green but occasionally had silvery or golden veins which gave beautiful 

ornamentation as in Anoectochilus (Bose et al., 1999). 
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2.2.1.2 Roots  

The aerial roots of orchids are unique in the plant kingdom.  They are 

thick and mostly white.  Roots consisted of a thick inner core, with an absorbent 

outer covering made up of layers of dead cells, help for the absorption of moisture 

and minerals, called velamen and progress behind the green growing tips (Khasim 

and Rao, 1986).  However, the main function of velamen is to protect underlying 

tissues. Depending on habit, different orchids have different kinds of roots.  

However, in common, the roots of most orchids are cylindrical, often threadlike, 

branched and frequently elongated.  Roots are extremely vulnerable and can be 

easily broken when it is outside the pots.  They provide the plant with essential 

water and nutrients from the atmosphere. 

2.2.2 Floral characters  

2.2.2.1 Inflorescence  

The flowers may develop singly or in a group as inflorescence.  The 

inflorescence is solitary or spike, racemes or panicle (Oncidium).  Development of 

inflorescence in Vanda and Arachnis usually requires a time of two months.  During 

early period of growth, floral bud differentiation proceeds very slowly but becomes 

much faster when the growth of the inflorescence stalk ends.  In monopodial 

orchids, inflorescences arose from axillary buds at nodes some distance from the 

shoot apex (Hew et al., 1996), whereas in Phalaenopsis, the inflorescences arose 

on alternate sides between the leaves (Chen and Jeffrey, 2009).  In case of ever 

blooming orchids like Arachnis, Vanda and Aranda, the new inflorescence initiates 

as soon as all the old blooms have dropped off.  

The orchid inflorescence is usually raceme or indeterminate.  The flowers 

in the inflorescence of Vanda and Arachnis normally open acropetally at one day 

interval (Goh, 1977).  The flowers are spirally arranged on the rachis, but the bracts 

and flowers are distichous in some groups. The flowers are whorled in a few cases, 

as in Chamaeangis and some Oberonia species.  The flowers were axillary on the 

rachis and usually opened from the base upward (Dressler, 1993). The bract is 
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usually inconspecious, but maybe large or coloured, as in Cyrtopodium or 

Lockharti (Dressler, 1993). 

2.2.2.2 Flower  

The flowers of orchids are perfect (containing both female and male 

reproductive structures) rarely unisexual, every so often showy, bracteate, 

epigynous, trimerous, mostly resupinate i.e. twisted to 180° or upside down.  

Usually, orchid flower is zygomorphic (bilaterally symmetric), though few 

exceptions like Mormodes, Ludisia and Macodes are also noticed. 

The details regarding the complex structure of the orchid flower were first 

reported by Brown (1833) and later by Darwin (1862).  The orchid flower is made 

up of three sepals in the outer whorl and three petals in the inner whorl.  The medial 

petal is typically modified and called the labellum or lip forming a platform for 

pollinators.  The reproductive organs (stamens and pistil) in the centre have adapted 

to become a cylindrical structure called the column.  

The labellum is the most prominent of all perianth parts with attractive 

colours.  The lip is trilobed, with the central lobe much more prominent than the 

side lobes.  The lip is attached to the base of the column, the mode of the attachment 

may be rigid or loose (Abraham and Vatsala, 1981a).  The intricate detail on the lip 

formed the minute decoration and rather mysterious shape that attracted the 

pollinating insects (Rittershausan and Rittershausan, 1999). 

Lot of variabilities exist in orchids with respect to flowers, particularly in 

shape, size and colour.  The largest orchid flower observed was of Sobralia 

macrantha (15 to 30 cm across), and the tiniest one was that of the Bulbopyllum 

minutissimum (Bose et al., 1999).  Some of the orchids have an appearance like 

ladies’ slipper (Cypripedium).  Ophyrus apifera appears like a bee whereas, 

Coeloglossum viride looks like a minute frog.  Brassia spikes is like a small 

collection of colourful spiders.  
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Six tepals are present in two whorls. Outer three tepals (representing 

calyx) green in colour and inner three tepals coloured (representing corolla).  

Labellum or lip (broad, shoe-like spursed, tubular, strap-shaped or butterfly-

shaped) variously branched and contributing most to the beauty of the flower.  The 

labellum is actually posterior and lies on the anterior side of the flower, due to 

twisting of the inferior ovary through 180° or by the bending back of pedicel over 

the apex of the stem, at the time of anthesis, flower resupination occurs. 

2.2.2.3 Androecium  

Three stamens are present in male part of the flower.  The stamens are 

united with the pistil to form a column.  The pollens form compact and waxy masses 

called pollinia, which was considered as an important character for orchid 

taxonomy (Dressler, 1981).  Two or four pollinia are observed in a flower.  A 

connection between ovary and stamen is made by the beak like sterile stigma which 

almost occupies the centre of the column.  In vanda, the pollinia occur as two 

notched pollinia, whereas, four pollinia are present in pairs, in Arachnis, 

Phalaenopsis, Aerides, Renanlhera and Angraecum. In monopodial orchids, only 

the odd stamen of the outer whorl, placed opposite the labellum, is fertile. 

Occasionally staminodes are also present. 

2.2.2.4 Gynoecium 

The gynoecium is tricarpellary, syncarpous, unilocular, shows parietal 

placentation, rarely trilocular with axile placentation.  Three stigmas are present, of 

which two lateral are often fertile, the third stigma is sterile forming a small beaked 

outgrowth.  It had inferior ovary which consist of numerous minute ovules 

(Abraham and Vatsala, 1981; Mukherjee, 1990). In vanda, the ovary has ridges and 

was twisted due to a process called resupination (Bose and Bhattacharjee, 1980). 

For a successful hybridisation, the selection of parents with good 

ornamental traits especially in floral characters is very important.  Studies are to be 

undertaken to understand the diversity in both sympodial and monopodial orchid 

genotypes. Amin et al. (2004) observed significant differences on both quantitative 
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and qualitative characters among varieties of indigenous monopodial orchid 

genotypes belonging to genera Rhynchostylis and Vanda.  Thomas and Rani (2008) 

evaluated 15 monopodial orchids belonging to the genera Aranda, Aranthera, 

Kagawara, Mokara, Renanthera and Vanda and found a wide range of variability 

among orchids, enabling for selection of suitable parents in hybridisation.  

2.2.2.5 Colour and fragrance 

Chlorophyll (green), carotene (yellow and orange), anthocyanidins (red, 

blue, purple) and flavones (pale yellow) are the four pigments which are the 

potential genetic colour palette.  Unique colour combinations or shades are created 

by several pigments which are present within the plant and is predetermined at the 

cellular level.  Vandaceous orchids vary in colour from red, yellow, pink, green, 

brown, violet, purple and its different shades.  Vanda coerulea is one of the few 

orchids which can produce varieties with blue coloured flowers. V. dearie is one of 

the sources of yellow colour.  

Colour and scent are the major pollinator attractants in flowers, and their 

production may be linked by shared biosynthetic pathways. Delle-Vedove et al. 

(2017) conducted a study to find out the relation between colour and scent, and 

reported that in varieties of Calanthe sylvatica, which displayed three colours, two 

scents it was proved that colour was not always a good indicator of odour and that 

colour-scent associations may be complex, depending on pollination ecology of the 

populations concerned. 

Raguso (2008) stated that fragrance was a highly complex component of 

floral phenotype for its dynamic patterns of emission and chemical composition. 

Floral volatiles have antimicrobial properties which could be used by the plants to 

protect their vital floral reproductive parts from potential predators.  In almost all 

major civilizations, people have used flowers with vibrant colours and scents to 

enhance their beauty.  According to Baudino et al. (2007) in most of the plants, 

economic importance relied on petals which were found to be the main site of 

natural fragrances and flavour. 
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Tatsuzawa et al. (2004) isolated eight major acylated anthocyanins from 

vanda hybrid cultivars and more than 11 anthocyanins were observed in these 

hybrids.  Alkaline floral pH determined the blue colour in many orchid flowers 

(Griesbach, 2005). Yokoi (1975) and Arditti (1992), reported the occurrence of 

delphinidin and cayanidins as anthocyanidins in the flowers of Vanda coerulea. 

Frowine (2005) reported that more than 400 orchids emitted fragrance. 

Only two per cent of fragrant orchids were studied for their fragrance.  Fragrant 

studies of orchids were not well established as in other flowers such as rose, 

petunia, etc. 

Thomas and Rani (2008) examined the performance of 15 monopodial 

orchid genotypes of different genera (Aranthera, Aranda, Kagawara, Renanthera, 

Mokara and Vanda).  These genotypes were commercially popular for quantitative 

floral characters viz., number of inflorescence produced per year, length of 

inflorescence and length and width of flowers; and qualitative floral characters viz., 

flowering nature, mode of display of flowers and vase life. In their study they 

observed noticeable variation in most of the characters studied and they further 

concluded that some of these genotypes can be used for breeding novel orchids. 

2.2.3 Floral biology 

2.2.3.1 Anthesis 

The mode of flowering behaviour has a direct relation to pollination 

biology (Croat, 1980). Sobhana, (2000) evaluated the anthesis time of ten different 

varieties of Dendrobium and reported that generally flowers opened during the day 

and the time of anthesis varied from variety to variety.  Anthesis time for all the 

varieties was 7:30 am to 12.30 pm except Banyat Pink which opened during 11:00 

am - 2:30 pm. Also reported that a day was required for the complete opening of 

the flower.  Selection of a specific colour of shade net for the greenhouse or nursery 

also proved beneficial for the anthesis time.  Leite et al. (2008) observed, red 
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coloured shade net preponded anthesis time and also increased the number of 

flowers as compared to blue and black shades of shad nets. 

2.2.3.2 Stigma receptivity 

Clader and Slater (1985) studied the stigma receptivity in Dendrobium 

speciosum and reported that the pollination did not affect stigma receptivity but 

shortened the vase life of flowers.  However, stigmas could remain receptive up to 

six days after pollination.  

Heslop-Harrison (2000) reported that the stigma of the studied orchids 

could retain receptivity for a long time (up to 60 days).  Further reported that the 

cuticular layer covering the stigma might protect and prolong the life of the 

stigmatic cells.  Calder and Slater (1985) observed that the orchid stigma without a 

cuticular layer, as in Dendrobium, could also remain receptive over long periods.  

The wet stigma of orchids is different in morphology from that of other 

plants.  They have a specialised detached secretory cell (eleutherocytes) in a 

mucilage matrix.  This stigma may be an evolutionary development resulting from 

the special needs of both pollination and nutritional support of a large number of 

developing pollen tubes (Clader and Slater, 1985).  As per the report of Sobhana 

(2000), the Dendrobium variety New Pink was observed to have retained stigma 

receptivity up to 10 days after anthesis.  Stpiczyńska (2003) studied the stigma 

receptivity of Platanthera chlorantha orchid and found receptivity in buds one day 

before anthesis, however, because of lack of fluid on their surfaces, pollinia did not 

adhere to them.  Stigmatic receptivity lasted for 15 days.  

2.2.3.3 Pollen studies 

Hyde and Williams (1944) coined the term palynology for the study of 

pollen and spore science.  Niimoto and Sagawa (1961) stated that the orchids were 

unusual with respect to their placental proliferation and ovule formation which 

occurred only after anthesis and required pollination to stimulate development.  
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Successful hybridisation programme in orchids depends upon numerous factors 

viz., pollen production, viability, germination, dissemination and fertility.  

2.2.3.3.1 Pollen production 

Haemocytometer is an instrument used for visual counting of the number 

of cells in a blood sample or other fluid.  It is specialised slide that has a counting 

chamber and with a known volume of sample liquid added to it, the number of 

mixed cells can be visualised and counted under a microscope.  This instrument 

also can be used for counting the pollen grains for assessing the pollen production.  

Oberle and Goertzen (1952) used haemocytometer for the first time to determine 

pollen production in the study to reveal the remarkable inter varietal difference in 

some fruit species.  Later on, several researchers have used this technique for the 

determination of pollen production. 

Godini (1981) used haemocytometer for counting pollen grains of some 

almond cultivars.  Prasad et al. (1999) investigated the pollen production of 

groundnut by using haemocytometer and established positive linear relationships 

between fruit set as well as pollen production and pollen viability.  Sobhana (2000) 

studied the pollen production of 10 varieties of Dendrobium by crushing and 

staining the pollinia of 3-4 days old opened flower and observed under Neubauer 

haemocytometer.  Lehnebach and Riveros (2003) used haemocytometric method to 

assess pollen production in order to study pollination biology of the Chilean 

endemic orchid Chloraea lamellata.  Kumar et al. (2015) and Hicks et al. (2016) 

also used the same technique to study pollen production in Canarium strictum and 

urban flowers, respectively. 

2.5.2.3.2 Pollen fertility and germination 

Sobhana (2000) standardised the media for pollen germination by using 

varying concentrations of sucrose and agar.  Highest level of germination was 

recorded in 2 per cent sucrose + 1 per cent agar (80.33 %) and 2 per cent sucrose + 

2 per cent agar (78.00 %).  Whereas, the lowest percentage was found in 1 per cent 

sucrose + 1 per cent agar (26.67 %).  Addition of 75 mg l-1 did not enhance 
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germination percentage significantly except in 1 per cent sucrose + 1 per cent agar 

which led to the enhancement percentage from 26.67 to 41.67. 

According to Sobhana (2000) maximum pollen fertility was recorded in 

Emma White (86.09 %) and Pink Tips (82.25 %), whereas minimum fertility in 

Dendrobium chrysanthemum. maximum pollen germination was recorded in 

Dendrobium variety Emma White (80.63 %) and lowest in D. pierardii. 

In Phalaenopsis aphrodite, the pollen germination was studied in 10 per 

cent sucrose in the presence of stigmatic tissue (Chen and Fang, 2016) and revealed 

that the pollen tube entered the ovary three days after pollination.  Whereas, the 

pollen tube entered the matured embryo sac after 60-65 days of pollination. 

2.2.4 Longevity of floret 

According to De et al. (2014b) opening of florets in a vase, changes in the 

fresh weight, diameter and length of florets, diameter or length of stem or pedicel, 

senescence pattern, colour of petal, total longevity and foliage burning were the 

attributes which determined the vase life or longevity of cut flowers.  

AgNO3 (10-30 ppm) and HQS (50-100 ppm) extended vase life and bud 

opening of cut flowers, especially in tropical orchids like Dendrobium (De et al., 

2014b) and also reported that the highest per cent of fully opened buds (75 %) and 

maximum vase life (45 days) in Cymbidium, with the chemical combination of 

sugar 4 per cent + salicylic acid 200 ppm (De et al., 2014b).  Emasculation 

accelerated colouration of labellum and senescence, whereas aminoxy acetic acid 

retarded these processes and with a higher concentration of Amino Oxyacetic Acid 

and ethylene, the colouration of the labellum can be delayed (Harkema and 

Struijlaart, 1989).  Tatsuzawa et al. (2004) analyzed and enlisted the flower colour 

and pigments in Disa hybrids.  Pollination of flowers led to the acceleration of 

senescence and showed symptoms like discolouration, wilting, anthocyanin 

production and abscission. 
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2.3 COMPATIBILITY STUDIES IN MONOPODIAL ORCHIDS 

Orchidaceae has attracted plant breeders due to the unrestricted 

combination of genomes possible within the family.  As a result, more than one 

lakh orchid hybrids have been registered over the past century. 

The monopodial orchids fetch low market value even though they have 

longer vase life.  An important reason for this is the cultivation of old obsolete 

varieties and lack of novelty.  It is essential to take up monopodial orchid breeding 

earnestly to produce novel and adapted quality hybrids. 

An in depth understanding of the compatibility relationships of the 

concerned genera is crucial for successful hybrid dkevelopment in orchids.  Many 

of the time self incompatibility and cross sterility were commonly observed among 

the cultivated orchid hybrids.  This can be attributed to one of the two causes, hybrid 

sterility or polyploidy (Lenz and Wimber, 1959). 

Chen et al. (2000) reported that out of 520 hybridizations conducted with 

the aim of developing white Taisuco Phalaenopsis, only 46.2 per cent cross 

combinations produced viable seeds. 

Melendez-Ackerman and Ackerman (2001) reported self compatibility in 

Lisiera cordata, as all self pollinations produced fruits.  Cross pollinations differed 

significantly from the self, registering a higher number of seeds per capsule and a 

higher percentage of fertilized ovules. 

Rani (2002) performed a total of 190 self and cross combinations in 

dendrobium to determine cross compatibility, out of which 84 combinations 

including seven selves produced harvestable green capsules, the relative success 

being 44.21 per cent.  Progeny from 67 hybrid combinations were established 

successfully in the greenhouse. 
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2.4 ARTIFICIAL POLLINATION AND HYBRIDIZATION 

Artificial hybridization in orchids was started much later than in other 

angiosperm families.  The main hurdles were the complexity of their flower 

structure and the consequent lack of understanding of the method of pollination.  

John Dominy cross pollinated two Calanthe sp., Cal. masuca × Cal. 

Furcata in 1852 and the resultant plants flowered in 1856 and thus became the first 

man assisted orchid hybrid Cal. dominyi (Dressler, 1981).  At the same time 

Dominy also cross pollinated Cattleya guttata with C. loddigesii and got the 

successful hybrids (C. hybrida) (Abraham and Vatsala, 1981a).  

In hybridization, selection of good and healthy parent plant and flower by 

visual observation accounts to a great extent.  Very young plants or seedlings, as 

well as plants with unhealthy looking canes blooming for the first time, should not 

be selected as mother plant (Bose and Bhattacharjee, 1980). 

Warren (1981) described different pollination mechanisms in orchids 

which varied widely depending on the floral morphology of the genera concerned. 

Rhodehamel (1994) observed that cross pollination in monopodial orchids 

was effected by the deposition of pollinia from one flower into the stigmatic cup of 

another flower in another plant.  Adherence of pollen to stigma was effected by the 

wetness of pollen or stigma. 

2.5 ASSESSMENT OF PARENTAL POLYMORPHISM THROUGH SSR  

Successful breeding requires profound information on the diversity 

available within the species.  This information helps the breeder to decide 

appropriate and diverse parents as per the objectives of the breeding programmes.  

The parents which are phenotypically dissimilar need not to be always dissimilar 

genotypically as the phenotype is a product of genotype and micro/macro 

environment.  Moreover, morphological and physiological traits of different 

members of same species have a high level of genetic variation associated with a 
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population of different geographic origin (Libby et al., 1969).  These facts make 

an assessment of parental polymorphism in available genotypes of great 

importance.  It is also presumed that the varieties developed through crossing will 

give a more frequency of transgressive segregants if the parents used for crossing 

were, to some extent, genetically diverse (Simioniuc et al., 2002).  Knowledge of 

genetic diversity among the genotypes also helps in determining core collection for 

plant biodiversity conservation.  The flowering season of orchids and its duration 

were both determined genetically (Goh and Arditti, 1985). 

2.5.1 Molecular DNA based markers 

The development and use of molecular markers for the detection and 

exploitation of DNA level polymorphism is a single most momentous development 

in the field of molecular genetics. Molecular markers (DNA markers) are developed 

to overcome the limitations of morphological markers which tend to express 

differently as the environment around plants changes. However, it does not mean 

that any of the biochemical or molecular techniques or both have replaced 

morphological markers. Molecular markers own great potential for its use in the 

breeding programmes. These markers are distinguishable DNA sequences, found 

at specific loci and transmitted by the standard laws of inheritance from one 

generation to the next (Semagn et al., 2006). Apart from this, DNA markers are 

stable in different environments and plant developmental stages. The 

polymorphism in these markers provide the ability to discriminate between 

individuals, thereby helps in the careful selection of parents for a breeding 

programme. 

A large number of PCR based DNA markers viz., Random Amplified 

Polymorphic DNA (RAPD), Amplified Fragment Length Polymorphism (AFLP), 

or Simple Sequence Repeats (SSR), Inter-Simple Sequence Repeats (ISSR), etc. 

provide an opportunity for fine-scale genetic characterisations. Nevertheless, they 

also generate a large amount of data in a short period of time (Powell et al., 1996; 

Hokanson et al., 1998). Therefore, these DNA markers are often used for 
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assessment of genetic diversity and relationships, DNA fingerprinting, genome 

mapping, in the conservation of genetic resources, studies of phylogeny and 

evolutionary biology, gene tagging, selection of targeted traits, etc. (Tautz, 1989; 

Williams et al., 1990; Reddy et al., 2002). Among Vigna genotypes, genetic 

diversity and intraspecific or interspecific relationships have been worked out based 

on several DNA markers viz., RAPD, SSR, AFLP, ISSR, etc. by several researchers 

(Fatokun et al., 1993; Kaga et al., 1996; Ajibade et al., 2000; Li et al., 2001; 

Souframanien and Gopalakrishna, 2004).  

Chen et al. (1999) investigated the application of the PCR based 

fingerprinting technique, amplified fragment length polymorphism (AFLP), in 

orchids. The optimal AFLP patterns have been determined using primer 

combinations of EcoRI ̇ 4 and MseI ̇ 3 selective nucleotides. The same reproducible 

AFLP patterns were demonstrated in genomic DNAs isolated both from (1) 

different orchid tissues, e.g. leaves and flowers; and (2) orchid flowers collected at 

different times. Genomic variations among different cultivars of vandaceous orchid 

hybrids were successfully determined by AFLP analysis. More than 10 per cent of 

the AFLP bands were polymorphic DNA when siblings, derived from the same 

original crosses (two cultivars of Aranda Christine, five cultivars of Mokara Willie 

How), were used.  Only 0.3–0.7 per cent of the AFLP patterns were shown to be 

polymorphic when different cultivars, originating from somatic mutations during 

meristem culture for massive propagation, were used (two cultivars of Ar. 

Christine, four cultivars of Mok. Chark Kuan).  

2.5.2 Simple Sequence Repeats (SSR) 

The term microsatellite was coined by Litt and Lutty (1989). They are 

also called Simple Sequence Repeats (SSR) which are species-specific and belong 

to the repetitive DNA family. The SSRs are short tandem repeats consisting of 1-6 

bp long monomer sequence that is repeated number of times (Joshi et al., 2000). 

These sections of DNA contain repeating mono, di, tri, tetra or pentanucleotide 

units (Powell et al., 1996). Dinucleotides are generally abundant in genomes. The 
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SSR markers are PCR based and genetically co-dominant in nature. They are 

robust, reproducible, hypervariable, abundant, with good genome coverage and 

uniformly dispersed in the plant genome, and have a significance in plant genetics 

and breeding (Powell et al., 1996; Gupta and Prasad, 2009; Sharma et al., 2015).  

Microsatellite markers have applications in genetic mapping, functional 

diversity and comparative mapping (Jonah et al., 2011). They have been 

successfully adopted to analyse the genetic diversity in a variety of different plant 

species (McCouch et al., 1997; He et al., 2003; Frary et al., 2005; Sarikamis et al., 

2010). The SSRs have been widely used in major crops. The first attempt to map 

microsatellites in plants was in rice using (GGC)n by Zhao and Kochert (1993) 

followed by mapping of (GA)n and (GT)n by Tanksley et al. (1992) and (GA/AG)n, 

(ATC)10 and (ATT)14 by Panaud et al. (1995). Several researchers have used the 

SSR marker system to assess genetic diversity in barley (Saghai Maroof et al., 

1994; Holton et al., 2002), wheat (Gupta and Varshney, 2000), rice (Chakravarthi 

and Naravaneni, 2006), sugarcane (Sharma et al., 2014), Brazilian barley (Ferreira 

et al., 2016), Chinese jujube (Fu et al., 2016), some accessions of African plum in 

Cameroon (Tchinda et al., 2016), etc. 

2.5.3 Inter-Simple Sequence Repeats (ISSR) 

In the early 1990s, several research groups (Meyer et al., 1993; Gupta et 

al., 1994; Wu et al., 1994 and Zietkiewicz et al., 1994) independently developed 

the technique of Inter-Simple Sequence Repeats (ISSR) markers. ISSR is region in 

the genome flanked by microsatellite sequence. During single primer PCR 

amplification, it targets variation in the DNA between two identical, oppositely 

oriented microsatellite loci present at an amplifiable distance. ISSR primer is the 

repetitive (di, tri, tetra or pentanucleotide) sequence complementary to 

microsatellite regions, either unanchored (Meyer et al., 1993 and Gupta et al., 

1994) or more usually anchored at 3` or 5` end with one to four degenerate bases 

extended into the flanking sequences (Zietkiewicz et al., 1994) can be used. 
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The efficacy of ISSR marker technique for molecular characterization, 

identification and assessment of genetic diversity and relationship of Cucurbita 

genotypes was reported by investigators around the globe (Heikal et al., 2008; 

Xanthopoulou et al., 2015). With the advantage of using arbitrarily designed 

primers (Joshi et al., 2000), this multilocus, dominant marker with 86 per cent to 

94 per cent reproducibility, have been used for cultivar identification in carrot 

(Briard et al., 2000), groundnut (Raina et al., 2001), rice (Dharmaraj et al., 2018), 

wheat (Tungalag et al., 2018), genetic purity testing in cotton (Dongre et al., 2011), 

to evaluate crop genetic diversity, fingerprinting, etc. in crops like soybean, cashew, 

radish, broccoli, etc. 

2.5.4 Assessment of diversity in orchids through molecular markers 

Huang et al. (2010) used 13 expressed sequence tag (EST)-derived simple 

sequence repeat (SSR) to analyse 103 cultivars of six species of Chinese orchids. 

They reported a total of 168 polymorphic bands with 13 SSR primer pairs generated 

which clearly revealed the difference between cultivars inter- or intra-species of 

Chinese orchid.  

Fatimah and Sukma (2011) have taken up the research with the objective 

to develop sequence-based microsatellite (eSSR) markers, wherein, Seventeen 

primers were designed and thirteen primer pairs could amplify the DNA giving the 

expected PCR product with polymorphism. A total of 51 alleles and polymorphism 

information content (PIC) values at 0.674, were detected at the 16 SSR loci. They 

also reported the presence of noticeable variation in the Phalaenopsis orchids. 

Lu et al. (2011) used inter-simple sequence repeat (ISSR) markers to 

assess the genetic diversity of 151 Cymbidium sinense cultivars collected from 

China and Japan, and observed moderate level of diversity in C. sinense. 

Cai et al. (2012) used 12 new microsatellite markers to estimate genetic 

diversity and population structure of Dendrobium loddigesii. They detected a total 

of 98 scoreable alleles with the expected heterozygosity of each SSR locus varied 
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from 0.454 to 0.857. Polymorphism information content (PIC) of each SSR locus 

ranged from 0.358 to 0.838 with an average of 0.637, they reported a high level of 

genetic diversity in the population of D. loddigesii. 

Chen et al. (2014) investigated the genetic pattern in eight SSR loci within 

eight Gastrodia elata populations from central China and detected a high level of 

genetic diversity in the medicinal orchid population. 

Kang et al. (2015) used 320 Dendrobium SSR markers to test their 

transferability and polymorphism in different orchid genera. Total 109 SSR showed 

high transferability (an average of 24.71 %) and polymorphism (an average of 

85.91 %) across 44 species of 15 orchid genera. 

Ueno et al. (2015) used 13 ISSR primers to assess the genetic diversity of 

152 individuals of Oeceoclades maculata.  Their study revealed low intra-

population genetic diversity and are remarkably divergent among the population of 

O. maculate.  

Tian et al. (2018) used ISSR and SCoT markers to investigate genetic 

diversity in 17 populations of terrestrial orchid Cypripedium japonicum in East 

Asia.  They found low levels of genetic diversity at the species level with a 

considerably high degree of genetic divergence.  

Several such studies were carried out by the researchers around the globe 

to access the genetic diversity among different orchids. Parab, 2008; Xia et al., 

2008; Phuekvilai et al., 2009; Lopez Roberts et al., 2012; Moraes  et al., 2014; 

Peyachoknagul et al., 2014a and Dharmarathna et al., 2018 reported the SSR and 

ISSR marker system to assess genetic diversity among different orchid species and 

genera.  

 



Materials and methods 
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3. MATERIAL AND METHODS 

The present study entitled “Morpho-molecular characterisation of 

intergeneric hybrids of Ascocentrum’’ was carried out at the Department of 

Floriculture and Landscaping, College of Horticulture, Kerala Agricultural 

University, Thrissur during 2016-2019.  The research programme was designed 

with the objective to assess the performance of intergeneric hybrids of 

Ascocentrum, to characterize them based on morphological and molecular analysis 

for commercial exploitation and for use in future breeding programmes. 

The materials used and the methodologies adopted for the investigation are 

dealt in this chapter. 

1) LOCATION  

Vellanikkara is situated at the latitude of 10º31’ N and longitude of 76º13’ 

E. The experimental area was located at 22.25 m above mean sea level. 

2) CLIMATE 

The study comprised the following experiments 

I. Experiment 1: Morphological characterisation/field evaluation 

A. Quantitative morphological characters 

 Plant characters  

 Floral characters 

B. Post-harvest characters 

C. Phenological characters  

 Plant characters  

 Floral characters 

D. Qualitative morphological characters 

 Plant characters 

 Floral characters 
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E. Visual evaluation 

 Spike for use as cut flower 

 Plant for use in indoor display 

II. Experiment 2: Compatibility studies 

 Pollen studies 

 Self-compatibility studies 

 Cross compatibility studies 

 Post pollination changes 

III. Experiment 3: Molecular characterisation 

 Isolation of genomic DNA 

 Screening of SSR marker 

 Screening of  ISSR marker  

3.1 MORPHOLOGICAL CHARACTERISATION 

3.1.1 Materials 

The morphological characterisation was done in the selected healthy plants 

of intergeneric hybrids viz., Ascocenda, Vascostylis, Mokara, and Kagawara, in 

which one of the parent is  Ascocentrum.  Two to three years old, fifteen full grown 

plants, each of 30 hybrids/varieties, grown in the orchidarium were used to evaluate 

their morphological characters for two years.  Classifcation of intergenric hybrids 

of Ascocentrum and their names included in the study are given in Table 1 and 

Table 2, respectively. 

3.1.2 Shade 

Thirty intergeneric hybrids of Ascocentrum were grown in even span open 

ventilated poly house/rain shelter of size 21 m × 6 m, having 200 micron UV film 

covering.  The shade was provided with 25 per cent shade net as per the requirement 

for the best growth and flowering. 
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Table 1. Classification of hybrids of Ascocentrum used for the study 

Sl. 
No. 

Intergeneric 
hybrid Parent 

No. of hybrids 
included in the 

study 
Special characters 

1. Ascocenda Ascocentrum. × 
Vanda 6 Bigeneric, intermediate 

climbing 

2. Vascostylis 
Ascocentrum. × 
Vanda × 
Rhyncostylis 

5 Trigeneric, intermediate 
climbing 

3 Mokara Ascocentrum.× 
Arachnis × Vanda 15 Trigeneric, intermediate 

and  tall climbing 

4. Kagawara 
Ascocentrum.× 
Vanda × 
Renanthera 

4 Trigeneric, intermediate 
climbing 

3.1.3 Media 

Intermediate climbing orchids in the category of Vascostylis, Ascocenda, 

Mokara and Kagawara were grown in perforated plastic pots hung from the roof, 

filled with media of broken tiles, coconut husk and brick pieces or without any 

media (Plate 1).  Tall varieties were grown in trenches with broken tiles, coconut 

husk and brick pieces.  

3.1.4 Cultural practices 

3.1.4.1 Staking 

The tall climbing orchids were supported by a horizontal wire stretched 

between intermittant upright supports (Plate 1).  Poles and stakes were provided for 

pot plants as support.  Since the plants required good aeration around the roots, slits 

were provided in hanging pots to ensure better aeration and free downward growth 

of the roots. 

3.1.4.2 Irrigation  

Plants were watered twice a day to provide enough moisture ensuring good 

drainage and aeration around the roots. 



Plate 1. Selected intergeneric hybrids in vegetative phase for field 
evaluation  

(A) Selected hanging orchids in vegetative phase 

(B) Prostrate nature of growth in selected orchids
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Table 2. List of intergeneric hybrids/varieties used for the study 

Sl. 
No. 

Variety 
No. Hybrid/variety name 

1 V1 Ascocenda Udomochai  
2 V2 Ascocenda Kraillerk White × Vanda Sanderiana 
3 V3 Ascocenda Kultana × Vanda Bitzs Heartthrob 
4 V4 Ascocenda Yip Sum Wah × Vanda Josephine Van Brero 
5 V5 Ascocenda Suksamran Sunlight 
6 V6 Ascocenda Sirichi Fragrance 
7 V7 Vascostylis Pine River Blue 
8 V8 Vascostylis Pine River Pink 
9 V9 Vascostylis Aroonsri Beauty 
10 V10 Vascostylis Pine Rivers Fuchsia Delight 
11 V11 Vascostylis Blue Bay White 
12 V12 Mokara Walter Oumae Pink 
13 V13 Mokara Calypso × Vanda Doctor Anek 
14 V14 Mokara Rassmatozz 
15 V15 Mokara Khaw Phiak Suan × Ascocenda Bicentennial Yellow Spot 
16 V16 Mokara Khaw Phiak Suan × Ascocenda Jiraprapa 
17 V17 Mokara Sayan × Ascocenda Bangkuntein Gold 
18 V18 Mokara Calypso Pink 
19 V19 Mokara Calypso Jumbo 
20 V20 Mokara Chao Praya Sunset Yellow Spot 
21 V21 Mokara Chao Praya Sunset Orange 
22 V22 Mokara Sunspot 
23 V23 Mokara Omayaiy Yellow 
24 V24 Mokara Omayaiy Orange 
25 V25 Mokara Sayan × Ascocenda Doung Porn 
26 V26 Mokara Chark Kuan Pink 
27 V27 Kagawara Youthong Beauty 
28 V28 Kagawara Christie Low 
29 V29 Kagawara Boon Ruby 
30 V30 Kagawara Samrong 

3.1.4.3 Manuring 

Monopodial orchids grown in trenches were given cow dung slurry once in 

a month.  One kg fresh cow dung mixed in 5 liters of water was appplied for one 

square meter.  Two to three applications were given in a year.  Foliar spray of 

N:P2O5:K2O in the ratio of 3:1:1 was applied during the vegetative phase and 1:2:2 
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was applied during the flowering phase.  The dosage was 2-3 g/lit. of water which 

was applied twice a week (KAU, 2016). 

3.1.4.4 Plant protection  

Need based application of plant protection chemicals was carried out to 

control pests and diseases. 

3.1.4.5 Design of the experiment 

Two to three years old, full grown, flower bearing plants of  30 

hybrids/varieties, were arranged in Completely Randomised Design (CRD) with 

three replications in each variety and 5 plants in each replication. 

3.1.5 Observations 

Detailed observations were made to assess the performance of intergeneric 

hybrids of Ascocentrum and to classify them based on morphological 

characterisation. 

3.1.5.1 Quantitative morphological characters 

At the beginning of the experiment, during the month of April, the plants 

were tagged and the following observations were recorded on the growth (at 

monthly interval), flowering and post harvest characters. 

3.1.5.1.1 Plant characters  

1. Plant height  

The height of the plant was measured from the base to the growing apex at 

monthly intervals and expressed in centimetres. 

2. Plant spread 

The plant spread was measured at monthly intervals and expressed in 

centimetres. 
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A. Shoot characters 

1. Shoot girth 

The girth of the shoot was measured at 10.0 cm above the base and 

expressed in centimetres. 

2. Diameter of shoot  

The diameter of the shoot was measured with Vernier calliper and expressed 

in centimetres. 

3. Internodal length 

The internodal length was measured at 20.0 cm below the growing tip of the 

shoot and expressed in centimetres. 

B. Leaf characters 

1. Number of leaves 

The total number of leaves present on the plant was counted and recorded 

at monthly intervals. 

2. Leaf length 

Length of the leaf was measured from base to the tip at the monthly intervals 

and expressed in centimetres. 

3. Leaf breadth 

The width of the fully expanded leaf was measured and recorded at monthly 

intervals and expressed in centimetres.  

4. Leaf area 

Dot method (Bleasdale, 1973) was used to measure the standard leaf area. 

Regression equation was used for calculating leaf area.  The constant was calculated 

using statistical package of nonlinear regression method (Sankar et al, 2010), the 

same was expressed in a square centimetres. 

Predicted leaf area = length × 1.2959 + breadth × 0.3214 + 17.2047.  
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C. Root characters 

1. Number of roots 

The number of roots produced by the plant was counted and recorded. 

2. Length of roots 

Length of the roots was measured from the base to the tip and expressed in 

centimetres. 

3. Girth of roots 

The girth of the root at five centimetres from the base was measured and 

expressed in centimetres. 

3.1.5.1.2 Floral characters 

A. Spike characters 

1. Number of spikes produced per year 

The number of spikes produced on each plant was noted and number of 

spikes per plant per year in each variety/hybrid was calculated. 

2. Length of spike 

The total length of the spike from the base of the spike to tip in each plant 

was recorded in centimetres. 

3. Length of rachis 

The length of the flowering area (rachis) per spike in each plant was 

recorded in centimetres. 

4. Length of the flower stalk 

The length of flower stalk (whole spike/peduncle length) in each plant was 

recorded in centimetres. 

5. The girth of a spike at the base 

The circumference of the spike at 5.0 cm from the point of attachment to the 

stem was recorded as the spike girth and expressed in centimetres. 



 

37 

 

B. Floret characters 

1. Number of florets per spike 

The number of florets per spike in each plant was recorded. 

2. Internodal length 

The length between the nodes of the base and top florets was recorded and 

expressed in centimetres. 

3. Pedicel length (Individual flower stalk length) 

Stalk length of individual floret was recorded and expressed in centimetres. 

4. Length of floret  

Length of individual floret was recorded (vertically) and expressed in 

centimetres. 

5. Breadth of floret  

The breadth of individual floret was recorded (across) and expressed in 

centimetres. 

6. Length of labellum 

Length of the labellum (lip) was observed and expressed in centimetres. 

7. Width of labellum 

Width of the labellum (lip) was observed and expressed in centimetres. 

3.1.5.2 Phenological characters 

3.1.5.2.1 Plant characters 

1. Interval of leaf production 

The interval between the productions of two successive leaves was observed 

and expressed in days. 
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2. Leaf longevity (Days) 

Time taken from leaf emergence to its complete turning of pale green and 

stopped growing at a point was recorded as leaf longevity in days. 

3.1.5.2.2 Floral characters 

1. Days from spike emergence to the opening of the first floret 

Time was taken for the opening of the first floret after spike emergence was 

recorded.  Flower buds were labelled and observed at hourly intervals and opening 

of the first floret was recorded in days. 

2. Days from spike emergence to harvest 

Time taken for the opening of 75 per cent of the flowers after spike 

emergence was recorded in days. 

3. Days from spike emergence to complete opening of florets  

Time taken for complete (100 %) opening of all the florets on the spike was 

recorded in days. 

4. The longevity of spike on the plant 

Longevity was measured from the day the spike becomes suitable for use as 

a cut flower to wilting of one floret and expressed in days. 

5. Life of individual floret on the spike 

Life of individual floret on the spike was measured for six florets per spike 

from the day the floret opened to the day it wilted and the mean value expressed in 

days. 

3.1.5.3 Post-harvest characters 

Post-harvest studies were conducted in the thirty hybrids selected for 

morphological studies. Spikes were harvested when 50 to 75 per cent flowers were 

opened. The harvested spikes were kept in tap water for vase studies and following 

characters were observed during the vase study. 
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1. Fresh weight of spike (g) 

Fresh weight of the cut spike was taken immediately after harvest and 

recorded in grams. 

2.  Days for wilting of the first floret 

Days taken for wilting of the first floret from the day of harvest was noted. 

3.  Life span of floret 

Life of individual floret in the vase was measured for four florets per spike 

from the day of the harvest till the day it wilted in a vase and mean values were 

expressed in days. 

4.  Spike longevity 

Time was taken from the harvest of the spike till it remained fresh without 

wilting, shrivelling or drooping and expressed in days. 

5. Water uptake 

The quantity of vase solution remaining at the end of the experiment was 

recorded and by finding the difference between the initial and final volumes of the 

vase solution, total uptake was worked out and expressed in millilitres. 

6. Physiological loss in weight (PLW) 

The loss in weight of the spike in vase was recorded by deducting the weight 

at the end of the experiment from the initial fresh weight of the spike and expressed 

in grams.  

3.1.5.4 Qualitative morphological characters 

Qualitative characters were recorded in the selected thirty intergeneric 

hybrids/varieties by observing and measuring plant and floral parts.  Description 

for qualitative characteristics used for grouping hybrids/varieties (PPV & FRA 

2012, PPV & FRA 2012a  and De et al., 2018) is given in Appendix XXV. 
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3.1.5.4.1 Plant characters 

A. Shoot characters 

1. Nature of growth- hanging, prostrate 

2. Nature of shoot- medium sized (slightly sturdy), sturdy or slender 

3. Shoot colour-  brown, dark brown or greenish brown 

4. Branching of the shoot- present, absent 

B. Leaf characters 

1. Shape- terete, semi-terete, strap, linear, quarter terete, deeply channelled 

2. Texture- smooth, verrucose, rigid, leathery, glabrous, pubescent, fleshy 

3. Margin- entire, wavy, serrate, coriaceous 

4. Apex- acute, obtuse, emarginated (bilobed or forked), truncate 

5. Leaf colour- green, dark green, dark green with reddish-purple underneath 

6. Pigmentation- colour changes during maturity 

7. Orientation- straight, arching, deflexed, horizontal 

8. Nature of sheath- membraneous, thick, soft, nerved or not 

9. Colour of sheath- green, dark green 

10. Leaf base- sheathed, keeled, sessile 

C. Root characters 

1. Root origin - basal, along the stem 

2. Branching of roots - present, absent 

3. Colour of roots - grey, light green, white 

4. Nature of roots - cylindrical, thread like, shrivelled, creeping, robust or 

flattened 
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3.1.5.4.2 Floral characters 

A. Spike characters 

1. Blooming period - spike emergence in each hybrid was observed 

throughout the year and recorded as the blooming period for that particular 

hybrid. 

2. Spikes per plant at a time - single, double, triple or multiple 

3. Spike orientation- erect, horizontal, drooping 

4. Nature of inflorescence- dense, lax 

5. Spike colour - green, brown 

6. Colour of inflorescence -  predominant colour was observed and recorded  

7. The orientation of florets on a spike- facing in one direction, facing in two 

directions, facing in all directions 

B. Floret characters 

1. Colour of florets - recorded as per Royal Horticultural Society colour chart  

2. Pigmentation- present, absent 

3. Fragrance- present, absent 

C. Petal characters 

1. Petal shape- linear, oblong, ovate, elliptic, lanceolate, obovate, orbicular 

2. Petal curvature- incurved with deflexed apex, incurved with straight apex, 
straight, deflexed, deflexed with an incurved apex, incurved 

3. Petal apex- acute, obtuse, truncate, bilobed 

4. Petal margin - entire, erose, undulate, deeply undulate 

5. Petal base colour-single, double, triple or multiple 

6. Petal margin colour-single, double, triple or multiple 

7. Petal apex colour - single, double, triple or multiple 
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8. Petal colour pattern- uniform, spotted, blotched, streaked/striped, 
tessellated 

D. Lebellum or lip characters 

1. Lip shape at the apical lobe region- ovate, lanceolate, orbicular 

2. Nature of apical lip- straight, deflexed with straight apex, deflexed with 
the incurved apex 

3. Lip shape at the lateral-lobe region- obtriangle, oblanceolate, 
suborbicular, semicircular, oblong 

4.Nature of lip- incurved, strongly incurved 

5. Lip apex- acute, obtuse, bilobed 

6. Lip surface- glabrous, pubescent, leathery, rigid 

7. Lip base colour- single, double, triple or multiple 

8. Lip margin colour- single, double, triple or multiple 

9. Lip apex colour- single, double, triple or multiple 

10. Lip colour pattern- uniform, spotted, blotch, streaked/ striped, tessellated 

E. Column characters 

1. Column colour- single, double, triple or multiple 

2. Column colour pattern- uniform, shaded, spotted, blotched, streaked/ 
striped 

3. Column length- short (˂ 0.5 cm), medium (0.5 to 1.0 cm), long (˃ 1.0 cm) 

F. Spur characters 

1. Spur length - short ( ˂ 0.5 cm), medium (0.5 to 1.0 cm), long (˃ 1.0 cm) 

2. Spur type- saccate, conical, cylindric, tubular 

3.1.5.5 Visual evaluation 

A 9 point hedonic scale was used for this purpose and scoring was done 

for spike and plant quality. 
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9 point hedonic scale: 

9: Like extremely  6: Like slightly  3: Dislike moderately 

8: Like very much  5: Neither like nor dislike 2: Dislike very much 
7: Like moderately  4: Dislike slightly  1: Dislike extremely 

3.1.5.5.1 Spike for use as a cut flower  

The spikes of the Ascocentrum hybrids were visually scored, for use as a cut 

flower and for the indoor display. The general acceptability was observed. Scoring 

was done based on floret colour & pigmentation, texture, shape and pattern, size and 

orientation of floret, spike longevity in vase, compactness and visual appeal.  

3.1.5.5.2 Plant for indoor display 

Plant quality rating was done based on growth and fullness, spread and 

orientation of leaves, spike colour and pigmentation, size and orientation of spike, 

spike longevity on the plant, visual appeal and general appearance during the growth 

period.  

3.1.5.6 Incidence of pests and diseases  

Incidence of pests and diseases was also observed during the period of 

investigation and recorded. 

3.2 COMPATIBILITY STUDIES 

Eleven different hybrids/varieties were selected (Table 3) for 

copmaptability studies. Observations were recorded on anthesis, stigma receptivity, 

pollen production, pollen viability (fertility) and pollen germination. 

3.2.1. Anthesis  

Mature bud in each of the hybrid selected for the study was tagged at full 

bud stage for observing the time of flower opening. The flower buds were observed 

at hourly intervals to record fully opened flowers which were used for further pollen 

study. 
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3.2.2. Stigma receptivity  

The flowers of the selected hybrids were pollinated from the day of anthesis 

in order to study the stigma receptivity period. Pollination was done in alternate 

days 1st, 2nd, 4th, 6th, 8th 10th, 12th and 14th day of anthesis. 

Table 3. List of parent hybrids selected for compatibility studies 

Sr. No. Variety No. Hybrid/variety name. 

1 V1 Ascda. Udomochai  

2 V2 Ascda. Kultana × V. Bitzs Heartthrob 

3 V3 Ascda. Sirichi Fragrance 

4 V4 Vasco. Pine River Blue 

5 V5 Vasco. Pine River Pink 

6 V6 Vasco. Aroonsri Beauty 

7 V7 Vasco. Pine Rivers Fuchsia Delight 

8 V8 Mok. Calypso Pink 

9 V9 Mok. Chao Praya Sunset Yellow Spot 

10 V10 Mok. Sayan × Ascda. Doung Porn 

11 V11 Kag. Youthong Beauty 

3.2.3. Pollen Studies  

Eleven hybrids/varieties were used for estimation of pollen production per 

pollinium, pollen fertility and pollen germination.  

3.2.3.1. Pollen production  

The number of pollen grains per pollinium was estimated with 

haemocytometer. Matured pollinia were gathered from fully opened flowers. Pollen 

counts were taken as suggested by Rao and Khader (1962). 
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In a glass vial containing the pollina, 1.25 ml of water containing 1.0 per 

cent extran was added and the contents were shaken thoroughly. To this, 1.25 ml of 

glycerine was added. The pollinia were crushed with the edge of the glass rod in 

order to disperse all the pollen grains properly. Ten microliter of the 2.5 ml of 

suspension drawn in a fine pipette was transferred to each of two counting chambers 

of a haemocytometer and observed under the phase contrast microscope. Pollen 

grains in each of the four corner square in both the counting chambers were counted 

under low power of a microscope and the mean number in eight corner square was 

calculated for each hybrid and three such estimates were made. The counting 

chambers were 0.1 mm in depth and 0.1 mm3 volume for each chamber.  

The number of pollen per pollinium was calculated using the following 

formula. 

If, N = Average number of pollen grains counted per corner square 

X = Number of pollen per pollinia 

N : X = 0.1 :2500 

0.1 X = 2500 N 

X = 25000 N 

3.2.3.2. Pollen viability (fertility) 

The fertility of pollen grains was estimated by acetocarmine staining 

technique. Pollen grains were dispersed in a drop of acetocarmine glycerin medium 

on a clean microscopic slide for 10 to 30 minutes for proper staining and examined 

under low and high power of Motic image analyser (BA210). Pollen fertility was 

estimated by counting fertile and sterile pollen grains separately. Pollen grain which 

stained well, looked plumpy and well-shaped were considered as fertile and those 

unstained, small or shrivelled as sterile or non viable (Zirkle, 1937). The 

observations were made on five different microscopic fields of one slide. Such 

estimate was made in three different slides. The mean percentage of viable pollen 

grain then calculated.was  
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3.2.3.3. Pollen germination 

In vitro germination of pollen grain was studied in artificial media with the 

selected eleven hybrids. 

The medium was fixed following previous studies for pollen germination (2 

% sucrose and 1 % agar). Sucrose-agar medium in the above concentration was 

then prepared in combination with 75 ppm boric acid and hanging drop technique 

was performed.  This was kept for incubation of 12 to 14 hrs in the moist climate. 

The mean percentage of of pollen germination was then calculated.  The study was 

examined under motic image analyser (BA210) and the experiment was replicated 

thrice. 

3.2.4. Self-compatibility 

Selfing was conducted in the eleven selected hybrids (Table 3). Self-

compatibility was assessed in the selected hybrids/varieties and post pollination 

changes recorded accordingly.  

3.2.5. Cross compatibility  

Two hybrids were selected on the basis of pollen fertility/germinations and 

used as male parents for crossing, viz., Ascda. Sirichi Fragrance and Mok. Sayan × 

Ascda. Doung Porn. These male parents were used for crossing with selected 

hybrids/varieties. The crossing  attempted in order to study the cross compatibilities 

between parents are presented in Table 4. 

3.2.6. Post pollination changes  

3.2.6.1. Flower fall  

The pollinated flowers were carefully observed and setting of pods or flower 

fall was recorded. 

3.2.6.2. Enlargement of pedicel  

Enlargement of pedicel was observed and recorded. 
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Table 4. Cross combinations using selected two male parents 

Sl. 
No.  

Crosses made 
Ascda. Sirichi Fragrance (♂) Mok. Sayan × Ascda. Doung Porn (♂) 

1 Ascda. Udomochai × Ascda. Sirichi 
Fragrance 

Ascda. Udomochai × Mok. Sayan × 
Ascda. Doung Porn 

2 
Ascda. Kultana × V. Bitzs 
Heartthrob × Ascda. Sirichi 
Fragrance 

Ascda. Kultana × V. Bitzs Heartthrob × 
Mok. Sayan × Ascda. Doung Porn 

3 Vasco. Pine River Blue × Ascda. 
Sirichi Fragrance 

Ascda. Sirichi Fragrance × Mok.Sayan 
× Ascda. Doung Porn 

4 Vasco. Pine River Pink × Ascda. 
Sirichi Fragrance 

Vasco. Pine River Blue × Mok. Sayan × 
Ascda. Doung Porn 

5 Vasco. Aroonsri Beauty × Ascda. 
Sirichi Fragrance 

Vasco. Pine River Pink × Mok. Sayan × 
Ascda. Doung Porn 

6 Vasco. Pine Rivers Fuchsia Delight 
× Ascda. Sirichi Fragrance 

Vasco. Aroonsri Beauty × Mok. Sayan × 
Ascda. Doung Porn 

7 Mok. Calypso Pink × Ascda. Sirichi 
Fragrance 

Vasco. Pine Rivers Fuchsia Delight × × 
Mok. Sayan × Ascda. Doung Porn 

8 Mok. Chao Praya Sunset Yellow 
Spot × Ascda. Sirichi Fragrance 

Mok. Calypso Pink× × Mok. Sayan × 
Ascda. Doung Porn 

9 Mok.Sayan × Ascda. Doung Porn × 
Ascda. Sirichi Fragrance 

Mok. Chao Praya Sunset Yellow Spot × 
Mok. Sayan × Ascda. Doung Porn 

10 Kag. Youthong Beauty × Ascda. 
Sirichi Fragrance 

Kag. Youthong Beauty × Mok. Sayan × 
Ascda. Doung Porn 

3.2.6.3. Pod development 

Development of pod was observed and recorded.  

3.2.6.4. Percentage of pod set 

Percentage of pod set per spike per hybrid/variety was recorded. 

3.2.6.5. Days taken for maturity 

Number of days was recorded from pollination to the full maturity of pods. 

3.2.6.6. Seed germination (%) 

Seeds were extracted from the matured pod and were cultured under in vitro 

condition and the germination was recorded and expressed in per cent.  

3.2.6.7. Days for planting out 

A number of days from inoculation to deflasking was recorded as days for 

planting out. 
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3.3. MOLECULAR CHARACTERISATION  

Molecular characterisation was done in twenty selected hybrids belonging 

to different intergeneric groups of Ascocentrum.  Total genomic DNA was isolated 

from orchid leaves using procedure suggested by Lim et al. (1997).  The list of 

twenty selected hybrids is given in Table 5. 

The genomic DNA was amplified with 50 primers (ISSR and SSR) so as to 

amplify ISSR and SSR regions.  The amplicons were separated on an agarose gel 

and minimum 10 primers were selected based on good amplification.  The selected 

primers were further used for molecular assays.  The DNA samples of 20 selected 

orchid hybrids was subjected to SSR and ISSR assays.  The potential of SSR and 

ISSR primers was used for classification of hybrids. The list of SSR and ISSR 

primers used for the study is given (Table 6 and Table 7). 

The products were gel electrophoresed to observe possible polymorphism.  

The gel profiles of all accessions were scored for presence/absence of band for 

further analysis.  The extent of variability/similarity among the varieties was 

summarised in a matrix using MVSP-A (multivariate statistical package 3.22) 

software.  The morphological data were compared with molecular data for grouping 

the varieties. 

3.3.1 Laboratory chemicals 

The AR (analytical reagents) grade chemicals (extra pure) from Sisco 

Research Laboratories (SRL) were used in this study. The constituents for PCR 

reaction mixture viz., Taq buffer (A and B), MgCl2, dNTPs, Taq DNA polymerase, 

etc. used in this study were procured from Genei Pvt. Ltd., Bangalore. The SSR 

(Simple Sequence Repeats) primers synthesised by Sigma Aldrich Chemicals Pvt. 

Ltd., Bangalore were used. Details about equipments and the plastic wares used are 

given in Appendix XXVII. 
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Table 5. Intergeneric hybrids of Ascocentrum selected for molecular 

characterization 

Sr. No. Var. No. Hybrid/variety name. 

1 V1 Kag. Christie Low 

2 V2 Mok. Omayaiy Yellow 

3 V3 Mok. Sunspot 

4 V4 Vasco. Pine River Pink 

5 V5 Ascda. Sirichi Fragrance 

6 V6 Ascda. Udomochai 

7 V7 Vasco. Blue Bay White 

8 V8 Vasco. Pine Rivers Fuchsia Delight 

9 V9 Ascda. Kultana × V. Bitzs Heartthrob 

10 V10 Kag. Samrong 

11 V11 Mok. Sayan × Ascda. Bangkuntein Gold 

12 V12 Mok. Khaw Phiak Suan × Ascda. Jiraprapa 

13 V13 Ascda. Suksamran Sunlight 

14 V14 Ascda. Yip Sum Wah × V. Josephine Van Brero 

15 V15 Vasco. Aroonsri Beauty 

16 V16 Mok. Walter Oumae Pink 

17 V17 Mok. Rassmatozz  

18 V18 Mok. Calypso × V. Doctor Anek 

19 V19 Mok. Khaw Phiak Suan × Ascda. Bicentennial Yellow Spot 

20 V20 Mok. Chao Praya Sunset Yellow Spot 
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Table 6. List of SSR primers (with their forward and reverse sequences) used 

in the study 

Sl. 
No. Primer name Sequence AT 

(℃) Refrence 

1 FJ539050 
F: AATGGACCTTCTTTGCATTAC 46.0 Phuekvilai et al., 

2009 R: ATTACCGTTCATTTCTGGTGC 

2 FJ539051 
F: AAGTCTAGCTTTTGGTTGAGG 55.1 Phuekvilai et al., 

2009 R: ATCGATGGTTTGTTCTTCTAGC 

3 FJ539052 
F: TCATTGATGTTGGGAGCCTAA 50.0 Phuekvilai et al., 

2009 R: CTTGCCCTCTATCTTTCTCTT 

4 FJ539053 
F:AGAACTAGATGACTTCAAAACG 47.0 Phuekvilai et al., 

2009 R: GAA CTCAGAAAAATTACCGCG 

5 FJ539054 
F: TGG AAATGCATGTTGCCCGA 60.2 Phuekvilai et al., 

2009 ACT GAG TGA CCT TGG AAG AC 

6 FJ539055 
F: CTTTGAGTAATGTCTCTCAGTG 45.0 Phuekvilai et al., 

2009 R: CCCTCACGCACTCTCTACC 

7 FJ539056 
F: AGAATGAGGGAGGTATAGGG 52.0 Phuekvilai et al., 

2009 R: TGCCTTGGATGTGCGTTCG 

8 FJ539057 
F: TTCAGCGTTTCCATGTCGAAG 52.0 Phuekvilai et al., 

2009 R: AGTAAAGCCGCCATCTTGG 

9 FJ539058 
F: AGAGTGAAGAGAGTGTTGG 50.2 Phuekvilai et al., 

2009 R: GGACTGTAAACTTCATGAGC 

10 FJ539059 
F: AGAATGCCACAATATCATCACC 48.0 Peyachoknagul 

et al., 2014 R: CTGTGTCTGTTTCTATTTATGTG 

11 FJ539060 
F: TCTAGACATGTTTGAGAGGTGC 56.0 Peyachoknagul 

et al., 2014 R: TTACTCTTCCACTCTTCCATCC 

12 FJ539061 
F: CGCCCAACGAATAGAATGTTGG 56.0 Peyachoknagul 

et al., 2014a R: ACTATCTTCCTTACTCTTGCCCTC 

13 DQ494847 
F: TAGTGCCATCTAATCTAATG 48.3 Xia et al., 2008 
R: TTTTCTTGTGCTCGAAG 

14 DQ501382 
F: GTGAAAGCCACCTCCATG 48.0 Xia et al., 2008 
R: GATGGATACCTCGCACTGG 

15 DQ501383 
F: AGTTGCGGGTCAGTGTAAC 50.0 Xia et al., 2008 
R: TTAAGCAGGAGCCGTCACAG 

16 DQ501384 
F: CAGATGGATACCTCGCACTG 47.0 Xia et al., 2008 
R: TAACTTCCCCAGGTTCAC 

17 DQ501385 
F: CAGAGCAGCGGACATCA 55.3 Xia et al., 2008 
R: CCGCATACATGTTACAAGTC 

18 DQ501387 
F: CGCCAGCCCTGTTAGGA 59.1 Xia et al., 2008 
R: TAGACTGGTGAGGCGTCAAG 

19 JN375718 
F: CCCAACATTTGCAAGTCATC 48.0 Lopez Roberts et 

al., 2012 R: GAGATTTGTTGCCCATTCAC 

20 JN375723 
F: GAGAGCTGTCTTTTCTTGA 54.0 Lopez Roberts et 

al., 2012 R: GCACTAAAAACTCCTGTT 

21 JN375713 
F: GGATTCCCTGACAAGTTGGA 58.9 Lopez Roberts et 

al., 2012 R: GGTCTCTGTTCCCCAAATGA 
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Table 7. List of ISSR primers used in the study 

Sl. No. Primer name Primer sequence (5'-3') AT 
(℃) Referance 

1 7 CTCTCTCTCTCTCTCTRG 54.0 Moraes  et al., 2014 

2 901 GTGTGTGTGTGTYR 54.0 Moraes  et al., 2014 

3 17899A CACACACACACAAC 48.0 Parab, 2008 

4 (GACAC)4 GACACGACACGACACGACAC 52.0 Parab, 2008 

5 ACTG(4) ACTGACTGACTGACTG 52.0 Parab, 2008 

6 (CT)10G CTCTCTCTCTCTCTCTCTCTG 60.0 Parab, 2008 

7 (CT)10A CTCTCTCTCTCTCTCTCTCTA 55.0 Parab, 2008 

8 (TC)10G TCTCTCTCTCTCTCTCTCTCG 62.0 Parab, 2008 

9 AW3 GTGTGTGTGTGTRG 54.0 Moraes  et al., 2014 

10 DAT GAGAGAGAGAGAGARG 54.0 Moraes  et al., 2014 

11 GOOFY GTGTGTGTGTGTGTYG 56.0 Moraes  et al., 2014 

12 HB 8 GAGAGAGAGAGAGG 59.0 Parab, 2008 

13 HB 9 GTGTGTGTGTGTGG 52.0 Parab, 2008 

14 MANNY CACCACCACCACRC 52.0 Moraes  et al., 2014 

15 MAO CTCCTCCTCCTCRC 45.0 Moraes  et al., 2014 

16 OMAR GAGGAGGAGGAGRC 54.3 Moraes  et al., 2014 

17 UBC 807 AGAGAGAGAGAGAGAGT 53.0 Dharmarathna et al., 2018 

18 UBC 808 AGAGAGAGAGAGAGAGC 54.0 Dharmarathna et al., 2018 

19 UBC 809 AGAGAGAGAGAGAGAGG 53.5 Dharmarathna et al., 2018 

20 UBC 810 GAGAGAGAGAGAGAGAT 50.4 Dharmarathna et al., 2018 

21 UBC814 CTCTCTCTCTCTCTCTTG 52.0 Moraes  et al., 2014 

22 UBC830 TGTGTGTGTGTGTGTGG 52.0 Dharmarathna et al., 2018 

23 UBC 841 GAGAGAGAGAGAGAGACC 53.0 Dharmarathna et al., 2018 

24 UBC843 CTCTCTCTCTCTCTCTRA 54.0 Moraes  et al., 2014 

25 UBC844 CTCTCTCTCTCTCTCTRC 54.8 Moraes  et al., 2014 

26 UBC855 ACACACACACACACACYT 53.0 Dharmarathna et al., 2018 

27 UBC 858 TGTGTGTGTGTGTGTGRT 54.0 Dharmarathna et al., 2018 

28 UBC873 GACAGACAGACAGACA 54.0 Dharmarathna et al., 2018 

29 UBC899 CACACACACACARG 55.0 Moraes et al., 2014 
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3.3.2 DNA isolation 

3.3.2.1 Reagents used 

I. Liquid nitrogen 

II. Polyvinylpyrrolidone (PVP) 

III. Extraction buffer 

 100 mM Tris-HCI, pH 8.0  

 50 mM EDTA, pH 8.0  

 500 mM NaCl  

 100 mM mercaptoethanol 

IV. Sodium dodecyl sulphate (20 %) 

V. Potassium acetate (pH 5.2) 5 M 

VI. Isopropanol (100 %) 

VII. Tris EDTA buffer (10 mM Tris-HCl and 1 mM EDTA, pH 8.0)  

VIII. Chloroform: Isoamyl alcohol (24:1 v/v) 

IX. Sodium acetate 3 M (pH 5.2)  

X. Ethanol (70 % and 100 %)  

XI. Sterile autoclaved distilled water 

3.3.2.2 Procedure for extraction of genomic DNA 

The DNA was isolated by following the protocol of Lim et al. (1997). The 

young leaves were collected from the varieties/ hybrids maintained in the 

greenhouse. The extraction of genomic DNA was done using the following 

protocol. 

1. Tender leaves were collected and 0.1 g sample was ground to a fine powder in 

liquid nitrogen using pre-chilled autoclaved mortar and pestle with a pinch of 

polyvinylpyrrolidone (PVP). 

2. Then 600 µl extraction buffer was added followed by 40 µl of 20 per cent 

sodium dodecyl sulphate. 

3. Homogenised samples were transferred to autoclaved 2 ml centrifuge tube. 
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4. The tubes were inverted a few times to mix the contents and incubated at 65 ℃ 

in water-bath for 10 min. with gentle inversion once. 

5. After incubation, the tubes were taken out and one-tenth volume of 5 M 

potassium acetate (pH 5.2) was added and the mixture was incubated at -20 ℃ 

for 20 min. 

6.  The contents then centrifuged at 10,000 rpm for 20 min. at 4 ℃. 

7. After centrifugation, the contents got separated into two distinct layers. 

 Aqueous topmost layer: contained DNA and RNA 

 Lower layer: salted tissue debris 

8. The supernatant was decanted in 1.5 ml centrifuge tube and 0.4 cm3 (≈400 µl) 

of isopropanol was added and the tubes were incubated at -20 ℃ for one hour 

to precipitate the DNA.  

9. The mixture was then centrifuged at 10000 rpm for 15 min. at 4 ℃ to pellet the 

DNA.  

10. Then, the supernatant was discarded and the pellet was then resuspended in 0.2 

cm3 (≈200 µl) Tris EDTA buffer and 1 µl of RNase was added and the mixture 

was incubated at 37 ℃ for 30 min. 

11. After this 200 µl of chilled chloroform: isoamyl alcohol (24:1) was added, 

inverted to mix and emulsified followed by centrifugation at 10000 rpm for 10 

min. at 4 ℃.  

12. After centrifugation, the contents got separated into three distinct layers. 

 Aqueous topmost layer: containing DNA  

 Interphase: contained fine particles and proteins 

 Lower layer: contained chloroform and some pigments 

13. Aqueous topmost layer was removed and chloroform: isoamyl alcohol (24:1) 

wash was repeated. 
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14. The aqueous phase was removed and 0.1 volume of 3 M sodium acetate (pH 

5.2) and 2.5 volumes of 100 per cent ethanol was added and the mixture was 

left to incubate at -20 ℃ for one hour. 

15. The DNA was pelleted by centrifugation at 10,000 rpm for 10 min. at 4 ℃. 

16. The pellet was washed with 70 and 100 per cent ethanol and dried in laminar 

airflow. 

17. The pellet was then dissolved in 50 µl sterile autoclaved DH2O by gentle 

tapping to dissolve pellet and then the DNA samples were stored at -20 ℃. 

3.3.3 Quality and quantity estimation of DNA using spectrophotometer 

The purity and quantity of the DNA were estimated using a Nanodrop 

Spectrophotometer (Jenway- Genova Nano). Since the absorption maxima for 

nucleic acids and proteins were at 260 and 280 nm respectively, absorbance was 

recorded at both the wavelengths and purity of the sample was estimated using the 

OD260/OD280 ratio. The DNA sample was considered to be pure if the 

OD260/OD280 value is between 1.8 and 2.0. Values below 1.8 and above 2.0 were 

due to contamination by protein and RNA, respectively. The concentration of DNA 

in the sample was estimated using the relation, 1 OD at 260 nm = 50 ng DNA/µl, 

hence, OD260×50 gave the quantity of DNA (ng/µl). 

3.3.3.1 Procedure 

1. The lid of spectrophotometer was opened followed by the sampling arm, and 

the pedestal was wiped with tissue paper to remove any dust particles. 

2. The reading was set to zero with a blank sample (DDH2O which used to 

dissolve the DNA pellet). 

3. Then, 1 µl of the test sample was loaded on to the pedestal and measure option 

was selected and the necessary readings were recorded. 

4. After the measurements, the pedestal was wiped clean with 70 per cent ethanol 

using a soft laboratory wipe. 
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3.3.4 Agarose gel electrophoresis 

3.3.4.1  Reagents used 

I. Agarose (0.8 %) 

II. 50X TAE buffer (pH 8.0) 

 Tris buffer (1 M) 

 Glacial Acetic acid 

 0.5 M EDTA 

III. Tracking/loading dye (6X) 

IV. Ethidium bromide (stock 10 mg /ml, working concentration 0.5 µg/ml) 

3.3.4.2 Procedure 

1. The gel casting tray was placed appropriately in a gel caster and the movable 

wall was adjusted such that the gel casting tray was closed at both ends. A comb 

was selected depending on the number of samples to be electrophoresed and 

positioned on the grooves provided on the gel casting tray.  

2. The gel was prepared by adding 0.8 g of agarose in 100 ml of 1X TAE buffer 

in a glass conical flask. The mixture was heated in a microwave oven until all 

the agarose particles were completely dissolved and a clear solution was 

obtained. 

3. Then the solution was allowed to cool down to 40 to 50 ℃ and an appropriate 

amount (1 µl per 10 ml of gel) of ethidium bromide was added and mixed well. 

The warm gel was then poured into the gel casting tray and left to solidify for 

20 minutes at room temperature. 

4. Special care was taken to avoid any air bubbles near the wells or on the gel. 

5. Once the gel was solidified, a small amount of 1X TAE was poured on top of 

the gel and the comb was removed carefully without breaking the gel. The TAE 

solution was discarded and the gel along with the tray was kept inside the 

electrophoresis tank with the wells on the negative electrode side. 
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6. The electrophoresis tank was filled with 1X TAE sufficient enough to submerge 

the wells. 

7. The samples to be electrophoresed were prepared by mixing 5 µl of the DNA 

sample with 1 µl of 6X gel loading dye. After mixing, the total volume of 6 µl 

was loaded into individual wells. 

8. The samples were electrophoresed at 75 volts until gel tracking dye reached 

two-third of the gel length. 

3.3.4.3 Gel documentation 

Documentation of the electrophoresed gel was done under UV with a gel 

documentation system (Gel Doc, Uvitech, Cambridge) using Fire Reader software. 

3.3.5 Preparation of reaction mixture for thermal cycling 

The reaction mixture consisted of template DNA, Taq buffer (A and B), 

MgCl2, forward and reverse SSR primer/ISSR primer, dNTPs, DDH2O and Taq 

DNA polymerase.  The desired number of PCR cycles, time and temperature for 

denaturation, annealing (AT) and extension were standardised based on the primers 

used and the conditions were programmed and saved in the thermal cycler (model- 

Veriti 96 Well Thermal Cycler, made:  Applied Biosystems and model- Master 

Gradient, made: Eppendorf). 

3.3.5.1 Thermal cycling 

1. PCR microcentrifuge tubes (0.2 ml) were numbered from 1 to 20. 

2. Added 2 µl of template DNA from individual hyb. was added to each tube. 

3. Added 18 µl of the master mix was added to all the tubes and was given a 

short spin to mix the contents. 

4. Thermal cycling was carried out with 20 µl reaction mixture. The composition 

of the reaction mixture for SSR is as follows: 

Genomic DNA (25 ng/µl) 2 µl 
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10X Taq buffer A 2.7 µl 

dNTP mix (2.5 mM of each) 1.5 µl 

Primer (10 pM) 
1.5 µl each of forward and 
reverse primer 

Taq DNA polymerase (3 Units) 0.4 µl 

Chilled autoclaved distilled water 10.4 µl 

Total 20 µl 

5. Thermal cycling was carried out with 20 µl reaction mixture. The composition 

of the reaction mixture for ISSR as follows: 

Genomic DNA (25 ng/µl) 2 µl 

10X Taq buffer A 3 µl 

MgCl2 (25 mM) 0.7 µl 

dNTP mix (2.5 mM of each) 1.5 µl 

Primer (10 pM) 1.5 µl primer 

Taq DNA polymerase (3 Units) 0.4 µl 

Chilled autoclaved distilled water 10.9 µl 

Total reaction volume 20µl 

6. The tubes were placed in the thermal cycler for 35 cycles of PCR.  The PCR 

programme followed was 

94 ℃ for 4 min. Initial denaturation 

94 ℃ for 45 sec. Denaturation 

  35 cycles  50 ℃ to 55 ℃ for 1 min. Primer annealing 

72 ℃ for 2 min. Primer extension 

72 ℃ for 8 min. Final extension 

4 ℃ hold for infinity Storage 
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I. Samples were held at 4 ℃ in the thermal cycler followed by storage at -20 ℃ 

until the contents were loaded on to the gel for electrophoresis. 

II. The PCR amplified products were electrophoresed on 2 per cent agarose gel and 

1.8 per cent agarose gel for SSR and ISSR, respectively at 70 volts. A ProxiO 

100 bp DNA Ladder Plus (SRL) was used. The gel profile was visualised under 

UV and was saved for further analysis. 

3.3.6 Scoring of primers for all genotypes 

The gel profiles of individual SSR and ISSR primer were carefully observed 

and scored and this data was used for further analysis.  

3.3.7 Molecular weight analysis 

The analysis of the molecular weight of PCR images was done by using 

Navigating 1D MAX software, UVITECH Cambridge.  

3.4 SATISTICAL ANALYSIS 

3.4.1 Morphological data 

The data on quantitative plant characters and post-harvest characters were 

subjected to analysis of root square transformation using Web Agri Stat Package 

2.0, an online-based tool. The data on quantitative floral characters was data 

subjected to one way ANOVA using OPSTAT (online-based software developed 

by CCS HAU, Hisar) and the cluster analysis was performed using Minitab V18. 

3.4.2 Molecular data 

The data generated from molecular weight analysis of all polymorphic SSR 

and ISSR primers were compiled together to form a data sheet for cluster analysis. 

The SSR primers across the 20 genotypes were scored. For the presence of each 

band 1 code has been used, while, for its absence in another genotype, 0 code has 

been allotted for each primer.  
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Pair-wise similarity coefficient matrix was generated by Jaccard’s 

coefficient of similarity by using MVSP-A (multivariate statistical package 3.2). 

The cluster analysis was performed from the distance matrix using Jaccard’s 

similarity coefficient. Distance matrix and dendrogram were constructed based on 

diversity coefficient generated from pooled data by using the unweighted pair group 

method of arithmetic means (UPGMA), a computer programme for distance 

estimation.  

Other parameters i.e. PIC (Polymorphic Information Content) was 

calculated using the following formulae. A PIC value of each primer was 

determined using PIC calculator (Jan, 2002).  

𝑃𝐼𝐶 =
𝑇𝑜𝑡𝑎𝑙 𝑛𝑜. 𝑜𝑓 𝑏𝑎𝑛𝑑𝑠 − 𝐻𝑖𝑔ℎ𝑒𝑠𝑡 𝑎𝑙𝑙𝑒𝑙𝑖𝑐 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦

𝑇𝑜𝑡𝑎𝑙 𝑛𝑜. 𝑜𝑓 𝑏𝑎𝑛𝑑𝑠
 

𝐻𝑒 = 1 − ∑ 𝑝𝑖
2 

Where pi represents the frequency of the ith allele  



Results 



4. RESULTS

The results of the ‘Morpho molecular characterisation of intergeneric 

hybrids of Ascocentrum’ conducted in the Department of Floriculture and 

Landscaping, College of Horticulture, Kerala Agricultural University, Thrissur 

during 2016-2019 are presented in this chapter. 

4.1 MORPHOLOGICAL CHARACTERISATION/FIELD EVALUATION 

4.1.1 Quantitative morphological characters 

4.1.1.1 Plant characters 

The data pertaining quantitative plant characters for two years (Apr. 

2016-Mar. 2018) are presented in Appendix I-XXVII and also depicted in Fig. 1-

15. The results are described based on the four monthly interval data, and the

March 2018 values are given in Table 8 and 9 for the convenience and for easy 

interpretation. 

4.1.1.1.1 Plant height 

Plant height was recorded at monthly intervals for two years during the 

period of study (April 2016 to March 2018) and are presented in Appendix I, II 

and Fig. 1. 

 High difference was observed with respect to plant height among all the 

thirty hybrids/varieties studied.  The variety V23 (Mok. Omayaiy Yellow) was 

observed to have the highest plant height during the entire period of study.  During 

the month of April 2016, V23 (Mok. Omayaiy Yellow) recorded maximum plant 

height (105.8 cm) which was on par with V25 (98.8 cm) (Mok. Sayan ×Ascda. 

Doung Porn).  During the month of August 2016, again V23 was found 

significantly superior to all other varieties with respect to plant height (112.40 cm) 

followed by V25 (103.26 cm) and V24 (87.60 cm) respectively.  Almost similar 

result was continued in V23 throughout the period of study.  The plant height for 

V23 in the month of December 2016 was 117.40 cm, April 2017 (125.07 cm), 
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Fig. 1. Plant height of Ascocentrum hybrids/varieties during the period 2016-18 
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August 2017 (131.38 cm), December 2017 (138.59 cm) and March 2018 (144.11 

cm) which was followed by V25 (Mok. Sayan × Ascda. Doung Porn) [December

2016 (108.40 cm), April 2017 (114.13 cm), August 2017 (119.68 cm), December 

2017 (125.45 cm) and March 2018 (130.55 cm)].  

Table 8. Quantitative plant, shoot and root characters of intergeneric hybrids of 

Ascocentrum during March 2018 

Var. 
No. 

Plant 
height 
(cm) 

Plant 
spread 
(cm) 

Shoot 
girth 
(cm) 

Shoot 
diameter 

(cm) 

Internodal 
length 
(cm) 

No. of 
roots 

Root 
length 
(cm) 

Root 
girth 
(cm) 

V1 33.72 47.83 4.57 1.45 2.70 22.00 153.67 2.57 
V2 31.17 42.00 5.27 1.68 3.17 17.40 166.67 2.77 
V3 37.85 54.93 6.07 1.93 3.90 16.20 161.00 3.17 
V4 58.78 41.93 5.30 1.69 2.60 28.80 184.67 2.73 
V5 36.22 44.17 4.63 1.48 2.57 18.40 165.60 3.03 
V6 37.63 39.77 5.30 1.69 2.30 22.40 194.33 2.83 
V7 36.20 37.97 5.63 1.79 2.67 16.60 191.67 3.10 
V8 44.41 50.23 4.83 1.54 2.43 20.40 189.80 2.77 
V9 22.21 21.07 3.40 1.08 2.10 10.20 45.23 1.93 
V10 38.17 49.50 5.03 1.60 2.53 14.40 149.00 2.73 
V11 23.09 24.43 4.17 1.33 2.37 16.40 121.30 2.23 
V12 44.51 27.87 5.13 1.63 2.43 14.60 127.00 3.33 
V13 43.57 47.53 5.30 1.69 2.53 16.20 192.00 2.70 
V14 34.98 52.43 5.13 1.63 2.50 12.80 193.33 3.10 
V15 35.48 53.67 5.33 1.70 2.93 15.60 193.67 3.10 
V16 36.21 43.00 4.77 1.52 3.17 16.00 205.30 2.87 
V17 34.22 35.67 3.97 1.26 2.37 14.20 153.53 2.57 
V18 40.34 47.00 4.87 1.55 2.97 12.00 196.20 3.23 
V19 61.08 37.13 5.90 1.88 4.27 15.40 68.17 3.23 
V20 60.30 41.23 6.07 1.93 4.40 14.40 73.07 3.93 
V21 76.12 52.33 5.97 1.90 4.77 14.60 68.40 3.67 
V22 79.58 58.60 6.07 1.93 4.80 14.40 101.53 3.60 
V23 144.11 57.93 6.97 2.22 5.13 24.60 114.17 3.53 
V24 111.50 42.60 6.73 2.14 4.97 16.80 120.00 3.67 
V25 130.55 40.90 7.10 2.26 5.00 22.20 111.66 3.87 
V26 51.19 39.80 6.17 1.96 4.20 20.00 57.82 3.73 
V27 58.98 63.00 5.93 1.89 4.17 15.60 61.09 3.23 
V28 69.52 60.53 5.70 1.82 4.77 15.80 80.27 3.33 
V29 60.17 59.73 6.30 2.01 4.13 17.60 124.16 3.13 
V30 51.73 42.73 4.27 1.36 3.43 19.40 140.27 2.73 
C.D. 0.729 0.404 0.139 0.067 0.124 0.479 0.973 0.131 

SE(M) 0.26 0.142 0.049 0.024 0.044 0.171 0.343 0.046 
C.V. 8.069 3.652 3.355 2.486 3.62 9.028 5.161 3.978 
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The least plant height was observed during April 2016 in V9 (Vasco. 

Aroonsri Beauty) (8.7 cm) which was on par with V11 (10.2 cm), V2 (15.76 cm), 

V16 (15.8 cm), V14 (16.6 cm), V17 (16.7 cm), V1 (17.26 cm) and V7 (17.60 cm). 

Similarly, for August 2016 and December 2016 lowest values were recorded in V9

(Vasco. Aroonsri Beauty) (13.00 cm) and (15.70 cm), respectively.  However, it 

was on par with V11 (Vasco. Blue Bay White), V2 (Ascda. Kraillerk White × V. 

Sanderiana), V16 (Mok. Khaw Phiak Suan × Ascda. Jiraprapa), V17 (Mok. Sayan × 

Ascda. Bangkuntein Gold), V14 (Mok. Calypso × V. Dr. Anek) and V15 (Mok. 

Rassmatozz) during Dec. 2016. Varieties viz., V1 (Ascda. Udomochai), V5 (Ascda. 

Suksamran Sunlight) V6 (Ascda. Sirichi Fragrance) and V7 (Vasco. Pine River 

Blue) were also found to be on par with V9 (Vasco. Aroonsri Beauty).  

In the month of April 2017, minimum plant height was observed in V11 

(Vasco. Blue Bay White) (19.98 cm), which was on par with V9 (20.13 cm), V2 

(27.37 cm), V17 (28.06 cm), V15 (29.23 cm), V16 (29.9 cm), V14 (30.86 cm), V1 

(19.98 cm) and V7 (19.98 cm).  In August 2017, minimum plant height was 

observed in V11 (19.98 cm).  But, at the end of the observation period in December 

2017 and March 2018, the lowest values of plant height were again recorded in V9 

(21.56 cm) and 22.21 cm, respectively).  At the end of the study period during 

Mar. 2018 (Table 8) least plant height was found V9 (Vasco Aroonsri Beauty) 

which was on par with V11 (23.09 cm), V2 (31.17 cm), V1 (33.72 cm), V17 (34.22 

cm) and V14 (34.98 cm).

4.1.1.1.2 Plant spread 

Significant differences were observed with regard to plant spread in 

different Ascocentrum hybrids/varieties (Appendix III, IV and Fig. 2).  During 

April 2016, maximum plant spread was recorded in V27. (57.33 cm) which was on 

par with V28 (54.67cm), V22 (52.66 cm), V23 (52 cm)’ V29 (51.83 cm) and V15 

(46.5 cm), and followed by V21 (46.33 cm) and V3 (46.33 cm).  The highest value 

during the month of August 2016 was again observed in V27 (58.83 cm), which 

was on par with V28 (56.23 cm), V22 (53.77 cm), V23 (53.4 cm) and V29 (53.33 

cm). Almost a similar kind of result was observed during December. 2016, 

62



Fig. 2. Plant spread of Ascocentrum hybrids/varieties during the period 2016-18 
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wherein maximum plant spread was noticed in V27 (59.9 cm), which was on par 

with V28 (57.5 cm), V22 (55.47 cm), V23 (55.3 cm) and V29 (54.8 cm), and 

followed by V21 (49.5 cm).  During April 2017, the highest value was found in V27 

(61.63 cm), which was on par with V28 (58.4 cm), V22 (56.6 cm), V23 (56.57 cm) 

and V29 (56.3 cm).  Maximum plant spread was recorded in V27 which was 

constant during August 2017 (62.6 cm) and December 2017 (62.6 cm) and varied 

during March 2017 (63.0 cm) however this was on par with V28 (60.53 cm), V29 

(59.73 cm) V22 (58.60 cm) and V23 (57.93 cm). 

The minimum plant spread was observed in V9 (14.33 cm) during April 

2016, which was on par with V11 (17.53 cm).  The same trend was noticed in the 

month of August 2016 also whereV9 (16.03 cm) was on par with V11 (18.57 cm). 

During December 2016, the lowest value of plant spread was in V9 (17.47 cm), 

which was on par with V11 (20.27 cm) and V12 (23.33 cm).  The lowest plant 

spread was again observed in V9 during April 2017 and August 2017 19.4 cm and 

20.7 cm, respectively, which were on par with V11 (21.7 cm, 22.57 cm) and V12 

(24.6 cm, 25.7 cm) in Apr. 2017 and August 2017, respectively.  During 

December 2017, the lowest value was recorded in V9 (21.8 cm) and was on par 

with V11 (23.93 cm) and V12 (26.83 cm).  Minimum plant spread was observed 

during the Mar. 2018 in V9 (21.07 cm), which was on par with V11 (24.43 cm) 

followed by V12 (27.87 cm) (Table 8). 

4.1.1.1.3 Shoot girth 

The data regarding the shoot characters of Ascocentrum hybrids/varieties 

are presented in Appendix V, VI and Fig. 3.  Ascocentrum hybrids/varieties did 

not exhibit significant variation with respect to shoot girth during most of the 

months. In April 2016, maximum shoot girth (5.7 cm) was observed in V23 Mok. 

Omayaiy Yellow, which was on par with V25 (5.6 cm) and V24 (5.47 cm). 

Appreciable differences were not found during August 2016 and December 2016. 

The maximum values were observed in V24 (5.7 cm and 5.9 cm, respectively) 

which were on par with V25 (5.83 cm and 6.1 cm) and V23 (5.97 cm and 6.13 cm) 

for Aug. 2016 and Dec. 2016 respectively.  During. April 2016, maximum shoot 
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Fig. 3. Shoot girth of Ascocentrum hybrids/varieties during the period 2016-18 
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girth was observed in V25 (6.43 cm), which was on par with V23 (6.33 cm), V24 

(6.2 cm), V20 (5.47 cm), V26 (5.43 cm), V3 (5.43 cm), V22 (5.43 cm), V29 (5.4 cm) 

and V19 (5.27 cm).  

However, significant variation was noted during August 2017 and 

December 2017.  The maximum value of shoot girth was observed in V24 (6.37 

cm, in August 2017 and 6.57 cm, December 2017 respectively), which were on 

par with V25 (6.53 cm, 6.77cm) and V23 (6.67 cm, 6.9 cm).  During March 2018 

least significant variation was exhibited and maximum shoot girth (Table 8) was 

measured in the hybrid/variety V25 (7.10 cm).  This was on par with V23 (6.97 

cm), V24 (6.73 cm), V29 (6.30 cm), V26 (6.17 cm), V3 (6.07 cm), V20 (6.07cm), V22 

(6.07cm), V21 (5.97 cm), V27 (5.93 cm), V19 (5.9 cm), V28 (5.7 cm), V7 (5.63 cm), 

V15 (5.33 cm), V4 (5.33 cm), V6 (5.33 cm) and V2 (5.27 cm).  

The minimum shoot girth was found during April 2016 in V9 (2.10 cm) 

The minimum shoot girth was observed in V9 throughout the months viz., Aug. 

2016 (2.27 cm), Dec. 2016 (2.57 cm), April 2017 (2.8 cm), August 2017 (3.07 

cm), December 2017 (3.23 cm) and March 2018 (3.23 cm) which was on par with 

V17 throughout the entire study period viz., August 2016 (2.90 cm), December 

2016 (3.13 cm), April 2017 (3.43 cm), August 2017 (3.67 cm), December 2017 

(3.83 cm) and March 2018 (3.97 cm) is given in Table 8.  

4.1.1.1.4   Shoot diameter

The data regarding the diameter of shoots Ascocentrum hybrids are 

presented in Appendix VII, VIII and Fig. 4.  The diameter of shoot was recorded 

at monthly intervals for two years (April 2016 to March 2018).  Least significant 

was variation observed among the thirty varieties during the period of study.  In 

the month of April 2016, V23 (Mok. Omayaiy Yellow) recorded maximum 

diameter (1.82 cm), which was on par with V25 (Mok. Sayan ×Ascda. Doung Porn) 

(1.78 cm). V25 (1.74 cm), V24 (1.74 cm) and V25 (1.57 cm).  During August 2016, 

V23 (Mok. Omayaiy Yellow) recorded maximum diameter (1.90 cm), which was 

on par with V25 (Mok. Sayan × Ascda. Doung Porn) (1.86 cm) and V24 (1.82 cm). 
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Fig. 4. Shoot diameter Ascocentrum hybrids/varieties during the period 2016-18 
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Maximum diameter was found in V23 during Dec. 2016 (1.95 cm), which was on 

par with V25 (Mok. Sayan × Ascda. Doung Porn) (1.94 cm) and V24 (1.89 cm). 

The maximum diameter was recorded in V25. During Apr. 2017 (2.05 cm), Aug. 

2017 (2.12 cm), Dec. 2017 (2.20 cm) and Mar. 2018 (2.26 cm) (Table 8). 

The minimum shoot diameter was observed in V9 throughout the study 

period April 2016 (0.67 cm), August 2016 (0.72 cm), December 2016 (0.82 cm), 

April 2017 (0.89 cm), August 2017 (0.98 cm), December 2017 (1.03 cm) and 

March 2018 (1.08 cm) and was on par with V17 throughout the entire months 

[April 2016 (0.85 cm), August 2016 (0.92 cm), December 2017 (1.00 cm), April 

2017 (1.09 cm), August 2017 (1.17 cm), December 2017 (1.22 cm) and March 

2018 (1.26 cm)]. 

4.1.1.1.5 Internodal length 

The data regarding the internodal length of Ascocentrum hybrids/varieties 

are presented in Appendix IX, X and Fig. 5.  Ascocentrum hybrids/varieties 

showed variations with respect to internodal length. The maximum internodal 

length was observed in V23 Mok. Omayaiy Yellow (3.73 cm) during Apr. 2016, 

which was on par with V24 (3.47 cm), and V25 (3.47 cm).  The least internodal 

length was recorded in V9 (0.27 cm), which was on par with V11 (0.60 cm), V10 

(0.63 cm), V8 (0.69 cm), V6 (0.70 cm) and V7 (0.70 cm). During Aug. 2016, the 

highest value was recorded in V23 (4.10 cm), which was on par with V25 (3.8 cm), 

V24 (3.77 cm) V28 (3.63 cm) and V21 (3.63 cm).  Whereas, the lowest internodal 

length was observed in V9 (0.73 cm).  

In the month of December 2016, the maximum value was observed in V23 

(4.37 cm), while, the lowest value was recorded in V9 (1.01 cm), which was on par 

with V17 (1.13 cm), V6 (1.17 cm), V10 (1.20 cm), V7 (1.33 cm), V8 (1.33 cm), V11 

(1.33 cm) V12 (1.50 cm), V5 (1.57 cm), V14 (1.60 cm) and V13 (1.67 cm). 

Similarly, the hybrid/variety V23 showed highest internodal length during the rest 

of the period viz., April 2017 (4.63 cm), August 2017 (4.93 cm), December 2017 

(4.37 cm) and March 2018 (4.37 cm), while the lowest internodal length was 
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Fig. 5. Internodal length of Ascocentrum hybrids/varieties during the period 2016-18 
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recorded in V9 for the month of April 2017 (1.17 cm), August 2017 (1.63 cm), 

December 2017 (1.83 cm) and March 2018 (2.10 cm). 

4.1.1.2 Leaf characters 

The data pertaining to the leaf characters of different Ascocentrum 

hybrids/varieties are presented in Appendix XI-XVIII and Fig. 6-12. 

4.1.1.2.1 Number of leaves 

Marked variation was noticed in the number of leaves produced by the 

hybrids (Appendix XI, XII and Fig. 6).  During the month of April 2016, the 

maximum number of leaves per plants were counted in V11 (54.00) which was on 

par with V23 (53.80).  The minimum number of leaves was observed in V16 (5.40) 

which was on par with V9 (5.80), V11 (8.40), V2 (9.40), V7 (9.40), V17 (9.60), V14 

(11.40), V1 (11.40), V10 (11.60), V18 (11.80) and V15 (12.20).  During August 

2016 highest number of leaves was found in V23 (57.20) which was on par with 

V25 (57.20).  The least number of leaves was recorded in V16 (7.60). During 

December 2016, the maximum number of leaves was observed in V25 (61.00) 

which was on par with V23 (60.60) and V24 (53.60).  The minimum number of 

leaves were counted in V16 (10.20) which was on par with V9 (10.80), V11 (13.40), 

V2 (14.40), V17 (14.80), V7 (16.00), V1 (16.00), V10 (16.60), V14 (16.80), V18 

(17.20), V15 (18.00) and V13 (18.40).  Differences were found among the varieties 

during April 2017.  Whereas, the maximum number of leaves was found in V25 

(64.40), which was on par with V23 (64.20) and V24 (57.00).  

The least number of leaves was observed in V16 (11.80).  During August 

2017, the highest number of leaves was recorded in V25 (68.20), which was on par 

with V23 (67.80) and V24 (60.00).  The minimum number of leaves was observed 

in V16 (14.00).  Marked variation was observed during December 2017 and V25 

(71.80) was observed to have the maximum number of leaves and which was on 

par with V23 (70.60).  The minimum number of leaves were found in V16 (16.60). 

In March 2018 (Table 9), the maximum number of leaves was found in V25 

(74.80) which was on par with V23 (72.80). 
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Fig. 6. Number of leaves of Ascocentrum hybrids/varieties during the period 2016-18 
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Table 9. Quantitative morphological leaf characters of intergeneric hybrids of 

Ascocentrum during March 2017 and 2018 

Var. 
No. 

Number 
of leaves Leaf length (cm) Leaf breadth (cm) Leaf area (cm2) 

Mar.’18 Mar.’17 Mar.’18 Mar.’17 Mar.’18 Mar.’17 Mar.’18 
V1 24.40 27.66 27.00 3.00 3.10 54.01 53.19 
V2 23.20 26.50 25.68 3.10 3.14 52.54 51.49 
V3 27.40 37.40 34.44 3.76 3.90 66.88 63.09 
V4 31.40 25.82 26.96 2.94 3.16 51.61 53.16 
V5 27.80 24.94 27.92 3.10 3.25 50.52 54.22 
V6 28.60 25.22 24.84 2.38 2.32 50.65 50.14 
V7 24.40 23.74 24.82 3.08 2.90 48.96 50.30 
V8 37.20 27.02 25.98 2.74 2.65 53.10 51.55 
V9 20.60 13.02 15.02 0.82 1.04 34.34 37.00 
V10 23.80 24.68 25.68 2.62 2.74 50.03 51.36 
V11 19.00 14.62 15.56 2.16 2.20 36.85 38.08 
V12 27.60 18.56 20.28 2.66 2.80 42.11 44.39 
V13 25.00 26.00 27.22 2.76 2.72 51.79 53.35 
V14 24.40 27.36 25.70 2.74 2.64 53.54 51.36 
V15 25.60 28.14 25.90 2.56 2.52 54.50 51.58 
V16 17.20 22.66 21.98 2.96 2.76 47.52 46.58 
V17 23.00 19.12 16.70 2.40 2.54 42.75 39.66 
V18 24.80 26.82 23.56 3.00 2.88 52.93 48.66 
V19 38.80 20.06 21.02 3.42 3.12 44.30 45.45 
V20 35.40 20.74 23.06 3.30 3.22 45.14 48.12 
V21 51.60 27.86 27.28 2.94 2.92 54.25 53.50 
V22 50.00 31.34 30.90 3.26 3.36 58.87 58.33 
V23 72.80 31.72 30.84 4.04 3.94 59.61 58.44 
V24 65.60 22.96 23.64 3.92 3.88 48.22 49.09 
V25 74.80 21.60 21.42 3.66 3.48 46.37 46.08 
V26 43.40 21.48 20.18 3.60 3.62 46.20 44.52 
V27 41.40 37.80 38.74 3.98 3.80 67.47 68.63 
V28 52.20 35.14 32.90 3.20 3.38 63.77 60.93 
V29 34.20 29.40 27.96 3.24 3.14 56.35 54.45 
V30 42.60 20.90 20.80 3.24 3.36 45.33 45.24 

C.D. 0.658 0.407 0.489 0.072 0.168 0.37 0.443 
SE(M) 0.235 0.145 0.174 0.026 0.06 0.132 0.158 
C.V. 8.906 6.372 7.688 2.867 6.758 4.105 4.931 

67



4.1.1.2.2 Leaf length 

The Ascocentrum hybrids/varieties showed considerable variations in leaf 

length during the period of observation (Appendix XIII, XIV, Fig. 7 and 8).  In the 

month of April 2016 longest leaf was found in V27 (35.44 cm) which was on par 

with V3 (35.20 cm) and V28 (32.80 cm).  The minimum leaf length was found in 

V9 (8.60 cm) which was on par with V11 (10.90 cm).  During August 2016 

maximum leaf length was recorded in V27 (37.06 cm) which was on par with V3 

(37.06 cm) and V28 (34.62 cm), whereas, the minimum leaf length was observed 

in V11 (13.36 cm) which was on par with V9 (10.86 cm).  Almost similar results 

were found in Dec. 2017 also wherein longest leaf was observed in V27 (Kag. 

Youthong Beauty) which was on par V3 (Ascda. Kultana × V. Bitz's Heartthrob) 

and V28 (Kag. Christie Low).  The minimum leaf length was found in V9 (Vasco. 

Aroonsri Beauty) which was on par with V11 (Vasco. Blue Bay White).  

In Apr. 2017 maximum leaf length was found in V27 (36.60 cm) which 

was on par with V3 (32.38 cm) while the minimum leaf length of was measured in 

V9 (10.72 cm) which was on par with V11 (12.30 cm), V17 (14.30 cm), V12 (14.30 

cm), V27 (38.66 cm) and V3 (34.18 cm).  In August 2017, longest leaf was 

recorded in V27 (38.66 cm) and which was on par with V3 (34.18 cm).  Minimum 

leaf length was recorded in V9 (12.94 cm) which was on par with V11 (14.32 cm) 

and V17 (16.06 cm).  In Dec. 2017 maximum leaf length was recorded in V27 

(38.74 cm) which was on par with V3 (34.44 cm) and the lowest leaf length was 

recorded in V9 (14.62 cm) which was on par with V11 (15.16 cm) and V17 (16.64 

cm).  At the end of the study period in March 2018 longest leaf was found in V27 

(38.74 cm) which was on par with V3 (34.44 cm) and minimum leaf length was 

recorded in V9 (15.02 cm) which was on par with V11 (15.56 cm), V17 (16.70 cm), 

V26 (20.18 cm) and V12 (20.28 cm) (Table 9). 

4.1.1.2.3 Leaf breadth 

Appreciable differences were noticed among the varieties with respect to 

leaf breadth (Appendix XV, XVI, Fig. 9 and 10).  During April 2016 maximum 
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Fig. 7. Leaf length of Ascocentrum hybrids/varieties during the period 2016-17 
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Fig. 8. Leaf length of Ascocentrum hybrids/varieties during the period 2017-18 
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Fig. 9. Leaf breadth of Ascocentrum hybrids/varieties during the period 2016-17 
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Fig. 10. Leaf breadth of Ascocentrum hybrids/varieties during the period 2017-18 
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leaf breadth was recorded in V23 (3.68 cm) which was on par with V27 (3.66 cm), 

V24 (3.54 cm) and V3 (3.40 cm).  Throughout the study period, V9 (Vasco. 

Aroonsri Beauty) was observed to have the lowest leaf breadth among all thirty 

hybrids/varieties. Throughout the months of study viz., April 2016 (0.52 cm), 

August 2016 (0.74 cm), December 2016 (0.82 cm) and March, April 2017 (0.64 

cm), August 2017 (0.92 cm), December 2017 (1.04 cm) and March 2018 (1.04 

cm) it was found to be significantly different from all other varieties.  In August

2016 V23 (3.90 cm) showed maximum leaf breadth and which was on par with V27 

(3.82 cm), V24 (3.78 cm) and V3 (3.56 cm).  During December 2016 maximum 

leaf breadth was recorded in V23 (4.02 cm) and was on par with V27 (3.98 cm), V24 

(3.90 cm) and V3 (3.74 cm). 

 In April 2017 maximum leaf breadth was recorded in V24 (3.66cm) and 

was on par with V3 (3.64cm), V23 (3.64cm), V26 (3.28cm) and V27 (3.28cm). 

During August 2017, the highest value of leaf breadth was found in V23 (3.92 cm). 

In December 2017 maximum breadth of the leaf was recorded in V23 (3.94 cm) 

which was on par with V3 (3.90 cm), V24 (3.88 cm), V27 (3.78 cm) and V26 (3.60 

cm).  By the end of the study, during March 2018 (Table 9), maximum leaf 

breadth was recorded in V23 (3.94 cm) which was on par with V3 (3.90 cm), V24 

(3.88 cm), V27 (3.78 cm) and V26 (3.62 cm). 

4.1.1.2.4 Leaf area 

Marked significant differences were observed in the leaf area of different 

intergeneric hybrids of Ascocentrum (Appendix XVII, XVIII, Fig. 11 and 12). 

Maximum leaf area was recorded throughout the study period was V27. (Kag. 

Youthoung Beauty).  During April 2016 maximum leaf area was recorded in V27 

(64.31 cm2) which was on par with V3 (63.91 cm2) and V28 (60.58 cm2) whereas, 

minimum leaf area was recorded in V9 (28.52 cm2) which was on par with V11 

(31.79 cm2).  In the month of August 2016, maximum leaf area was found in V27 

(66.46 cm2) and which was on par with V3 (66.38 cm2) and V28 (63.05 cm2). 

Almost similar kind of result was found in December 2016 whereas, in V27 (67.47 

cm2) largest leaf area recorded and was on par with V3 (66.88 cm2) and V28 (63.77 
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Fig. 11. Leaf area of Ascocentrum hybrids/varieties during the period 2016-17 
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Fig. 12. Leaf area of Ascocentrum hybrids/varieties during the period 2017-18
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cm2).  Where the minimum leaf area was recorded in V9 (33.82 cm2) and was on 

par with V11 (36.85 cm2).  

In April 2017 and August 2017, the largest leaf area was recorded in V27 

(65.69 cm2 and 68.46 cm2, respectively), which was on par with V3 (60.34 cm2 and 

62.73 cm2 respectively).  The smallest leaf area found during Apr. 2017, was in V9 

(31.30 cm2) and during Aug. 2017 also was in V9 (34.27cm2).  At the end of the 

year in Dec. 2017, maximum leaf area was found in V27 (68.62 cm2) which was on 

par with V3 (63.09 cm2).  Whereas, minimum leaf area was found in V9 (36.49 

cm2) which was on par with V11 (37.56 cm2) and V17 (39.57 cm2). By the end of 

the study period in March 2018 (Table 9), maximum leaf area was observed in V27 

(68.63 cm²) followed by V3 (63.09 cm²) whereas the minimum leaf area was 

found in V9 (37.00 cm²) which was on par with V17 (39.66 cm²) and V11 (38.08 

cm²). 

4.1.1.3 Root characters 

Data pertaining to aerial root characters of Ascocentrum hybrids/varieties 

are presented in Appendix XIX, XXIV, Fig. 13 and 14. 

4.1.1.3.1 Number of roots 

Noticeable differences were observed in the number of roots produced by 

Ascocentrum hybrids/varieties throughout the study period (Appendix XIX, XX 

and Fig. 13).  During the month of April 2016, the maximum number of roots per 

plant was recorded in V4 (18.80) which was on par with V23 (16.00).  Whereas, the 

minimum number of roots was recoded in V9 (1.40) which was on par with V18 

(4.60).  During August 2016, the maximum number of roots was found in V4

(19.80) followed by V23 (17.00) and the minimum number of roots was observed 

in V9 (3.20) which was on par with V18 (6.00).  During December 2016, the 

maximum number of roots was recorded in V4 (22.00) which was on par with V23 

(19.40).  The minimum number of leaves were observed in V16 (4.80) which was 

on par with V9 (7.00) and V11 (8.00).  
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Fig. 13. Number of roots of Ascocentrum hybrids/varieties during the period 2016-18 
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In April 2017 maximum number of roots was found in V4 (24.60) which 

was on par with V23 (21.00).  The least number of roots were counted in V9 (6.80). 

However, there was no significant difference between V18 (7.60), V14 (8.60), V12 

(10.00), V3 (10.40), V20 (10.80), V17 (11.00), V10 (11.00), V7 (11.18) and V16 

(11.40).  During August 2017 highest number of roots was recorded in V25 (25.80) 

which was on par with V23 (22.00).  While the least number of roots was observed 

in V9 (8.00).  Marked variation was observed during December 2017, the highest 

number of roots was observed in V4 (27.20) which was on par with V23 (23.60) 

while the minimum number of roots was found in V16 (9.20).  At the end of the 

study period in March 2018, the maximum number of roots was found in V4 

(28.80) which was significantly superior to all thirty hybrids/varieties (Table 8). 

The least number of roots was found in V9 (10.20) which was statistically on par 

with V18 (12.00), V14 (12.80), V17 (14.20), V22 (14.40), V20 (14.40), V10 (14.40), 

V21 (14.60) and V12 (14.60). 

4.1.1.3.2 Length of roots 

The Ascocentrum hybrids/varieties showed considerable variations with 

respect to root length throughout the study period (Appendix XXI and XXII).  In 

the month of April 2016, longest roots were found in V16 (171.66 cm) which was 

on par with V18 (169.33 cm), V15 (165.00 cm), V13 (155.33 cm), V14 (154.00 cm), 

V7 (154.00 cm), V4 (151.00 cm) and V8 (151.00 cm).  The minimum length of the 

roots was found in V9 (25.73 cm) which was on par with V27 (39.23cm) V26 (41.33 

cm) V21 (45.23 cm) and V28 (47.66 cm).  During the month August 2016, longest

root length was observed in V27 (184.0 cm) whereas minimum root length was 

observed in V9 (30.23 cm.).  In December 2016, maximum root length was 

observed in V27 (191.33 cm).  The minimum root length of was observed in V9 

(38.39 cm) there was no significant difference between V26 (47.00 cm), V27 (48.87 

cm) and V16 (14.30 cm).

In the month of April 2017 maximum root length was found in V16 (195.0 

cm).  The minimum root length was observed in V9 (38.38 cm) which was 

statistically on par with V26 (.50.30 cm), V27 (51.48 cm) and V19 (56.93 cm) and 
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V21 (57.94 cm).  In August 2017 longest roots were recorded in V16 (199.0 cm) 

and shortest roots in V9 (40.71 cm).  During the month of December 2017 

maximum root length was recorded in V16 (202.87 cm).  Whereas, the lowest root 

length was recorded in V9 (43.39 cm) which was statistically on par with V26 

(54.10 cm) V27 (58.27 cm). V27 (58.27 cm), V21 (65.10 cm) and V21 (66.27 cm). 

By the end of the study period in March 2018 (Table 8), longest roots were found 

in V16 (205.3 cm) and it was on par with V18 (196.2 cm), V6 (194.33 cm), V15 

(193.67 cm), V14 (193.33 cm), V13 (192.00 cm) V7 (191.67 cm), V15 (189.80 cm) 

and V6 (184.67 cm).  Whereas, minimum root length was recorded in V9 (45.23 

cm) which was on par with V26 (57.82 cm), V27 (61.09 cm), V19 (68.17cm), V21 

(68.40 cm). 

4.1.1.3.3 Girth of roots 

Ascocentrum hybrids did not exhibit variation among the varieties with 

respect to shoot girth of aerial roots (Appendix XXIII, XXIV and Fig. 14).  During 

Apr. 2016 maximum root girth (5.70 cm) was observed in V23 Mok. Omayaiy 

Yellow (2.73 cm) which was on par with V25 (2.70 cm), V24 (2.70 cm), V22 (2.60 

cm), V20 (2.47 cm), V21 (2.47 cm), V26 (2.37 cm), V19 (2.33 cm), V28 (2.33 cm), 

V12 (2.30 cm) and V3 (2.27 cm).  All varieties were significantly superior to V9 

among all varieties lowest root girth was observed in V9 (0.77 cm). The same 

trend was continued throughout the study period, hybrid V9 recorded minimum 

root girth in August 2016 (1.07cm), December 2016 (1.40 cm), April 2017 (1.63 

cm), August 2017 (1.77 cm), and December 2017 (1.93 cm) and at the end of the 

study, in March 2018 (Table 8.) (1.93 cm) as well.  In August 2016 maximum root 

girth was observed in V25 (3.13 cm) V23 (3.00 cm) respectively, which was on par 

with V24 (2.96 cm), V22 (2.90 cm) and V20 (2.87 cm), V26 (2.70 cm).  Maximum 

root girth during December 2016 was observed in V25 (3.37 cm) while lower 

values were observed viz., V9 (1.40 cm) followed by V11 (1.77 cm), V16 (1.83 cm) 

and V17 (1.90 cm).  Almost similar trend was continued during April 2017 and 

August 2017.  During December 2017 maximum root girth was observed in V25 

(3.87 cm) which was on par with V20 (3.73 cm), V24 (3.66 cm), V26 (3.60 cm), V22 
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Fig. 14. Root girth of Ascocentrum hybrids/varieties during the period 2016-18 
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(3.60 cm), V21 (3.57 cm), V23 (3.53 cm) and V28 (3.33 cm).  At the end of the 

study (March 2018), no significant variation was exhibited among the 

hybrids/varieties (Table 8). 

4.1.1.4 Floral characters 

Data relating to the flowering characteristics (Plate 2) of selected thirty 

Ascocentrum hybrids/varieties are given in Table 10.  

4.1.1.4.1 Spike characters 

Data pertaining to the quantitative spike characters (Plate 3-7) with 

respect to number of spikes produced per year per plant, spike length, rachis 

length, flower stalk or peduncle length and girth of spike at base are presented in 

Table 10. 

A. Number of spikes produced per year

High variation was observed in all the hybrids/varieties with respect to 

spike characters (Table 10 and Fig. 18).  Variety V25 (7.86) was observed to 

produce the maximum number of spikes per plant per year which was on par with 

V23 (6.33) and V27 (6.00).  Whereas, V16 (1.00) produced the least number of spike 

per plant per year which was statistically on par with V1, V2, V3, V10, V11, V12, 

V13, V17, V19, V20, V21, V22, V26, V28 and V30.  

B. Length of spike

Varietal differences were clearly evident with regard to spike length 

(Table 10 and Fig. 19).  The hybrids/varieties varied more significantly with 

respect to spike length, variety V23 (54.70 cm) had longest spikes which was on 

par with V24 (47.53 cm).  Whereas, V9 (17.33 cm) recorded  spike length which 

was on par with V1, V2, V3, V6, V7, V11, V12, V13, V15, V16 and V17. 

C. Length of rachis

Variation was  noticed with regard to rachis length (Table 10 and Fig. 19) 

and it was observed to be higher in V30 (28.80 cm) which was on par with V8, V10, 
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Plate 2. Flowering phase of intergeneric hybrids of Ascocentrum

(B) Selected prostrate orchids in flowering phase 

(A) Selected hanging orchids in flowering phase 



3

Ascda. Udomochai (V1) 

Ascda. Sirichi Fragrance (V6)Ascda. Suksamran Sunlight (V5)

Ascda. Yip Sum Wah × V. JVB (V3) Ascda. Kultana × V. Bitzs Heartthrob (V4)

Ascda. Kraillerk White × V. Sanderiana (V2)

Plate 3. Intergeneric hybrids of Ascocenda



Vasco. Pine River Blue (V7) Vasco. Pine River Pink (V8)

Vasco. Aroonsri Beauty (V9)

Vasco. Pine Rivers Fuchsia Delight (V10)

Vasco. Blue Bay White (V11)

Plate 4. Intergeneric hybrids of Vascostylis



5Mok. Rassmatozz (V14)Mok. Calypso × V. Dr. Anek (V13)Mok. Walter Oumae Pink (V12) 

Mok. Khaw Phiak Suan × Ascda.
Bicentennial Yellow Spot (V15)

Mok. Calypso Pink (V18) Mok. Calypso Jumbo (V19)

Mok. Khaw Phiak Suan × Ascda. 
Jiraprapa (V16)

Mok. Sayan × Ascda. 
Bangkuntein Gold (V17)  

Plate 5. Intergeneric hybrids of Mokara



Mok. Omayaiy Orange (V24)Mok. Sayan × Ascda. Doung Porn (V25 )

Mok. Chark Kuan Pink (V26) Mok. Chao Praya Sunset 
Yellow Spot (V20)

Mok. Chao Praya Sunset 
Orange (V21) 

Mok. Sunspot (V22) Mok. Omayaiy Yellow (V23)  

Plate 6. Intergeneric hybrids of Mokara



Plate 7. Intergeneric hybrids of Kagawara

Kag. Boon Ruby (V29)

Kag. Christie Low (V28)

Kag. Samrong (V30)

Kag. Youthong Beauty (V27)



V18, V19, V21, V23, V24, V25, V26, V27, V28 and V29.  Rachis length was lowest in 

V16 (8.67 cm) which was on par with V1, V2, V3, V5, V7, V9, V12, V13, V15 and V17. 

D. Length of flower stalk/peduncle length

Noticeable variations were found with respect to stalk/peduncle length of 

spikes of selected Ascocentrum hybrids/varieties (Table 10 and Fig. 19).  With 

regard to peduncle length also V23 (27.60 cm) was observed to have a higher value 

which was on par with V25 (24.40 cm) and V24 (23.47 cm), However V3 (8.47 cm) 

was observed to have the lowest value.  This was closely followed by V2 (6.63 

cm), V24 (6.53 cm), V23 (6.43 cm) and V25 (6.10 cm).  

E. Girth of the spike at the base

Significant variation was observed with respect to the girth of spikes 

(Table 10) among the hybrids/varieties.  With respect to spike girth, V21 (2.80 cm) 

was observed to have the highest value which was on par with V24 (2.73 cm), V25 

(2.73 cm), V19 (2.70 cm), V23 (2.567 cm) and V2 (2.57 cm), whereas, it was low in 

V11 (1.17 cm), V9 (1.30 cm), V6 (1.40 cm) and V10 (1.40 cm). 

4.1.1.4.2 Floret characters 

Data pertaining to the quantitative floret characters (Plate 8) with regard 

to the number of florets/spike, internodal length, pedicel length, length of floret, 

width of floret, length of lip/labellum and width of lip are presented in Table 10 

and also explained Appendix XXV.  

A. Number of florets per spike

High significant variations were noticed with regard to the number of 

florets per spike in the selected intergeneric hybrids of Ascocentrum (Table 10 and 

Fig. 20).  Variety V11 (40.67) was observed to produce more numbers florets per 

spike which was on par with V6 (37.67), whereas, V15 (5.67) produced the least 

number of florets/spike, but was on par with V2, V3, V4, V12, V13, V14, V16, V18, 

V20, V21, V24 and V26. 
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1

Plate 8. Floral parts of a typical monopodial orchid (Kag. Youthong Beauty)
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B. Internodal length

Variation was also noticed with respect to internonal length between the 

florets (Table 10 and Fig. 21).  Internodal length was highest in V5 (5.00 cm) and 

was lowest in V11 (0.70 cm). 

C. Length of the pedicel (stalk of single floret)

A good amount of variation was noticed with respect to the length of the 

pedicel (Table 10). Hybrid V3 (8.47 cm) was observed to have highest pedicel 

length followed by V2 (6.63 cm), V24 (6.53 cm), V23 (6.43 cm) and V25 (6.10 cm), 

whereas, it was the lowest in V11 (2.23 cm) which was on par with V7 (2.40 cm), 

V10 (2.53 cm), V8 (2.73 cm) and V6 (2.80 cm). 

D. Length and breadth of floret

Slight variation was also noticed in Ascocentrum hybrids/varieties with 

respect to the length and breadth of florets (Table 10). Hybrid V3 (Ascda. Kultana 

× V. Bitz's Heartthrob) also recorded the highest length of floret (9.33 cm) and 

breadth of flower (9.00 cm), whereas, lowest length and breadth of flower (2.27 

cm and 2.13 cm, respectively) was observed in V11 (Vasco. Blue Bay White). 

E. Length and width of the labellum/lip

Difference was noticed with respect to the length of labellum among 

varieties (Table 10). The width of labellum also showed marked variation among 

the varieties. Slight variation was detected regarding lip length and it ranged from 

1.80 cm (V10) to 4.80 cm (V3). In which V3 found to have the highest value even 

though it was on par with V2, V21, V13, V6, V12, V19, V18, V17, V7, V8, V23, V28, 

V15, V9, V22, V5 and V11. While the lowest value was observed in V10 which on par 

with V30 and V16. Variation was observed with respect lip width and many of the 

hybrids/varieties were observed to have near to similar and lip width, which 

ranged from 1.20 cm (V9) to 3.77 cm (V28). High value was observed in V28 and 

which was not found significantly different than V3, V21, V19, V2, V4 and V18. 
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However, the lowest value was observed in V9 which and was not found 

significantly different from rest of the varieties except V9 and V21. 

4.1.1.4.3 Cluster analysis for floral characters  

The data pertaining to the cluster analysis are presented in Table 11 to 13 

and depicted in Fig. 15. Cluster analysis with 14 different floral characters 

revealed 12 clusters at 75 per cent similarity.  Cluster 2 and 5 observed to have 

five members each whereas, cluster 11 and 12 with only one member in each 

(Table 11 and Fig. 15).  It was observed that cluster 2 and cluster 5 were less 

similar with each other with an inter-cluster distance of 6.27, whereas, the highest 

inter-cluster distance was observed in cluster 6 and cluster 10 (41.47) (Table 12).  

Table 11. Members of different clusters in Ascocentrum hybrids 

Sl. No. Cluster No. of members Members of the cluster 
1 Cluster1 2 V1, V29 
2 Cluster2 5 V2, V12, V13, V14, V15, 
3 Cluster3 2 V3, V16 
4 Cluster4 5 V4, V20, V21, V22, V26 
5 Cluster5 3 V5, V17, V18 
6 Cluster6 2 V6, V11 
7 Cluster7 2 V7, V9 
8 Cluster8 2 V8, V10 
9 Cluster9 3 V19, V27, V28 
10 Cluster10 2 V23, V24 
11 Cluster11 1 V25 
12 Cluster12 1 V30 

Cluster mean values are presented in Table 13. Cluster 10 was observed to 

have high mean values for spike length (51.12 cm), flower length (7.94 cm) and 

flower width (7.50 cm).  Cluster 11 was observed with high mean values for the 

number of spikes per plant per year and internodal length (3.77 cm) and also have 

highest flower length (7.00 cm) and flower width (6.73 cm) next to cluster 10. 

Whereas, cluster 6 which included V6 (Ascda. Sirichi Fragrance) and V11 (Vasco 

Blue Bay White) was found to have the lowest internodal length with the highest 

value for number of florets per spike.  This cluster also observed to have low  
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Fig. 15. Dendrogram showing clustering of 30 intergeneric hybrids of Ascocentrum 
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flower length and width (2.52 cm and 2.42 cm, respectively).  This indicated that 

these varieties produced flowers in the dense bunch. 

4.1.2 Phenological characters 

The data pertaining to the phenological characters viz., interval of leaf 

production, leaf longevity, spike emergence to the opening of first floret, spike 

emergence to 75 per cent opening, spike emergence to complete (100 %) opening, 

spike longevity on the plant and life of individual floret on plant, were measured 

and expressed in days and presented in Table 14.  

4.1.2.1 Interval of leaf production 

A wide range of variation was observed among the hybrids/varieties in 

the character interval of leaf production.  It ranged from 32.17 days to 108.44 

days.  The lowest value, i.e. below 40 days (Table 14), was observed in V25 (32.17 

days), V23 (33.89 days) and. V22 (35.80 days).  Whereas, two hybrids i.e., V16 and 

V17 observed to have an interval of leaf production more than 100 days (104.91 

and 108.44 days). 

4.1.2.2 Leaf longevity 

Noticeable variation was observed with respect to leaf longevity.  Leaf 

longevity ranged from 129.02 to 292.20 days.  Twelve number hybrids were found 

to have leaf longevity above 200 days viz., V1 (201.67 days), V4 (202.70 days), V8 

(231.61 days), V10 (261.47 days), V11 (247.10 days), V12 (277.04 days), V14 

(216.86 days), V15 (230.29 days), V17 (229.16 days), V19 (235.06 days), V22 

(206.42 days) and V24 (220.66), and it was highest in V9 (292.20 days).  Whereas, 

V20 (129.02 days) was observed to have short leaf longevity (Table 14). 

4.1.2.3 Days from spike emergence to first floret open 

Significant variation was also observed with respect to the opening of the 

first floret (Table 14).  The variety V10 was early with respect to floret opening 
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and had taken 14.99 days to open the first floret.  Whereas, hybrid V3 had taken 

maximum days to open the first floret (40.18 days). 

Table 14. Phenological leaf and floral characters of Ascocentrum hybrids 

Var. 
No. 

Leaf characters (days) 
Floral characters 

Days from spike emergence to 
Spike 

longevity 
(days) 

Life of 
individual 

floret 
(days) 

Interval of 
leaf 

production 

Leaf  
longevity 

First 
floret 
open 

75% 
florets 
open 

100% 
floret 
open 

V1 83.34 201.67 20.44 30.43 37.02 19.17 18.22 

V2 80.71 186.93 19.00 28.00 36.40 20.70 16.80 

V3 88.71 156.13 40.18 41.21 42.50 18.54 18.32 

V4 73.02 202.70 20.99 24.49 27.52 22.73 19.33 

V5 82.98 141.70 30.43 38.91 44.57 22.67 19.96 

V6 77.00 172.30 25.55 34.57 41.71 23.50 18.44 

V7 97.95 155.21 20.64 26.69 31.55 27.37 20.55 

V8 83.93 231.61 34.02 44.81 50.99 28.50 28.30 

V9 78.01 292.20 17.60 22.50 31.50 17.67 15.64 

V10 85.31 261.47 14.99 18.50 28.50 18.67 15.79 

V11 79.01 247.10 22.99 28.98 29.80 16.96 14.40 

V12 79.63 277.04 24.55 34.20 45.60 29.50 25.70 

V13 98.19 140.18 22.10 32.70 42.30 25.80 20.26 

V14 81.42 216.86 19.88 30.47 39.08 24.44 19.80 

V15 97.08 230.29 22.98 28.28 28.94 22.32 19.22 

V16 104.91 184.51 24.58 32.77 30.51 23.77 22.33 

V17 108.44 229.16 21.48 28.50 28.21 20.67 19.90 

V18 63.06 143.69 16.40 26.50 38.40 24.76 20.50 

V19 49.44 235.06 17.40 30.00 42.70 28.75 24.40 

V20 59.82 129.02 18.80 34.08 48.80 32.58 27.50 

V21 41.46 145.85 19.50 33.50 45.80 31.80 25.90 

V22 35.80 206.42 19.40 32.80 43.50 33.02 23.56 

V23 33.89 191.61 23.40 40.11 50.28 34.80 28.80 

V24 43.42 220.66 17.66 30.20 43.21 32.47 23.40 

V25 32.17 161.78 25.40 39.80 51.42 37.40 29.04 

V26 49.45 160.06 26.40 38.50 52.40 36.77 31.50 

V27 56.68 144.33 28.40 38.23 51.56 35.89 30.40 

V28 50.82 204.92 24.30 33.20 47.15 31.90 27.10 

V29 60.49 188.95 23.40 31.33 46.53 29.79 25.44 

V30 59.09 249.09 23.11 32.11 45.18 28.70 26.44 
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4.1.2.4 Days from spike emergence to opening 75 per cent florets 

Visible differences were observed with respect to the opening of 75 per 

cent florets (Table 14).  The variety of V10 was observed to take minimum days to 

open 75 per cent florets (Table 14) and had taken 18.50 days.  Whereas, variety V8 

(44.81 days) had taken maximum days to open 75 per cent florets. 

4.1.2.5 Days from spike emergence to opening of 100 per cent florets 

Noticeable differences were observed with respect to the opening of all the 

florets (100 %).  The hybrid V4 was earliest with respect to the opening of all the 

floret and had taken 27.52 days (Table 14).  Whereas, V26 hybrid had taken the 

maximum days to open all florets (52.40 days). 

4.1.2.6 Spike longevity on the plant (days) 

Variation was observed with respect to spike longevity.  It ranged from 

16.96 days to 37.40 days (Table 14).  Three varieties viz., V25 (37.40 days), V26 

(36.77 days) and V27 (35.89 days) were observed to have spike longevity more 

than 35 days.  Variety V11 was observed with the minimum spike longevity on the 

plant (16.96 days). 

4.1.2.7 Life of individual floret on the spike (days) 

Evident variation was observed with respect to the life of individual floret 

on the spike (Table 14).  It ranged from 14.40 days to 31.50 days. It was highest in 

V26 (31.50 days), and lowest in V11 (14.40 days). 

4.1.3 Post-harvest characters 

The data pertaining to the post-harvest characters viz., fresh weight of 

spike, wilting of the first floret, life span each floret, spike longevity in a vase, 

water uptake and physiological loss in weight are presented in Table 15 and 

depicted in Fig. 22-24. 
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4.1.3.1 Fresh weight of the spike (g) 

Significant difference was observed in fresh weight of spike among Vanda 

hybrids/varieties (Table 15 and Fig. 22).  Fresh weight of spike was highest in V23 

(53.29 g) which was on par with V25 (45.67 g) and V24 (45.67 g).  And was 

significantly superior to remaining other varieties/hybrids.  The hybrid V17 (Mok. 

Sayan × Ascda. Bangkuntein Gold) recorded lowest fresh weight of the spike 

(9.81 g) even though it was on par with variety V1 (18.43 g), V4 (19.33 g), V6 

(12.64 g), V7 (12.88 g), V9 (12.50 g), V13 (18.60 g), V14 (16.00 g), V15 (12.62 g) 

V16 (13.68 g), V18 (18.00 g) and V27 (19.78 g). 

4.1.3.2 Wilting of first floret (days) 

Less variation was noted among the varieties/ hybrids with regard to the 

time taken for wilting of the first floret (Table 15 and Fig. 23).  The period taken 

for wilting of the first floret was maximum in V27 (Kag. Youthong Beauty) (25.00 

days) which was on par with V8 (19.00 days), V12 (22.33 days), V13 (18.67 days), 

V23 (21.80 days), V24 (19.57 days) and V25 (19.91 days).  Variety V27 was 

significantly superior over remaining hybrids.  Whereas, V17 (Mok. Sayan × 

Ascda. Bangkuntein Gold) (10.91 days) took the minimum days for wilting of first 

floret.  However, it was on par with V1 (12.03 days), V2 (13.67 days), V3 (14.00 

days), V4 (13.33 days), V6 (14.00 days), V7 (16.31 days), V9 (13.11 days), V10 

(12.67 days), V11 (13.89 days), V14 (14.00 days), V15 (16.92 days), V16 (14.67 

days), V18 (15.50 days), V19 (17.00 days), V21 (14.84 days), V29 (14.63 days) and 

V30 (13.18 days). 

4.1.3.3 Floret life span (days) 

Variation was not observed with respect to life span of floret (Table 15 and 

Fig. 23).  The variety V26 (Mok. Chark Kuan Pink) (28.44 days) was observed to 

have the maximum value which was on par with V27 (27.67 days), V8 (27.50 

days), V12 (27.17 days), V20 (23.19 days), V21 (23.14 days) and V30 (21.75 days). 

Whereas, V11 (Vasco. Blue Bay White) (13.76 days) had the minimum floret life 

even though it was on par with 21 other hybrids/varieties. 
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4.1.3.4 Spike longevity in a vase (days) 

Noticeable variation was noticed with respect to spike longevity in 

Ascocentrum varieties/hybrids (Table 15 and Fig. 23).  Variety V26 (31.65 days) 

recorded significantly maximum spike longevity among all the selected 

varieties/hybrids which was on par with V27 (31.33 days), V25 (31.00 days), V20 

(29.11 days), V12 (28.80 days), V28 (27.47 days), V8 (26.93 days), V24 (26.87 

days), V23 (26.80 days), V30 (26.28 days), V7 (26.19 days) and V29 (26.00 days). 

The variety V11 (Vasco. Blue Bay White) (16.87 days) recorded the minimum 

value but was on par with 11 other hybrids/varieties. 

4.1.3.5 Water uptake (ml) 

Less variation was observed with respect to water uptake (Table 15 and 

Fig. 24).  Variety V23 was observed to uptake more amount of water (14.00 ml) 

which was on par with 20 other varieties.  The variety V9 (Vasco. Aroonsri 

Beauty) (5.29 ml) was observed to absorb the minimum amount of water which 

was on par with 23 other hybrids/varieties.  

Table 15. Post-harvest floral characters of Ascocentrum hybrids/varieties 

Var. 
No. 

Fresh wt. 
of spike (g) 

Wilting of 
first floret 

(days) 

Floret life 
span  

(days) 

Spike 
longevity 
in vase 

Water 
uptake 

(ml) 

Physiological loss 
in wt.(g) 

V1 
18.43 12.03 16.31 18.33 7.00 10.06 

(4.394) (3.573) (4.155) (4.382) (2.799) (3.268) 

V2 
21.03 13.67 15.83 18.67 6.33 12.59 

(4.688) (3.823) (4.1) (4.434) (2.698) (3.683) 

V3 
25.07 14.00 16.17 18.00 13.00 13.20 

(5.106) (3.872) (4.142) (4.358) (3.74) (3.767) 

V4 
19.33 13.33 17.00 21.47 5.33 6.89 

(4.494) (3.782) (4.242) (4.732) (2.515) (2.801) 

V5 
26.06 17.76 18.92 24.01 8.57 10.23 
(5.2) (4.269) (4.396) (4.984) (3.087) (3.327) 

V6 
12.64 14.00 14.96 20.17 6.34 10.49 

(3.678) (3.863) (3.982) (4.595) (2.691) (3.377) 

V7 
12.88 16.31 19.12 26.19 7.13 5.89 
(3.72) (4.155) (4.486) (5.213) (2.82) (2.611) 

V8 
26.88 19.00 27.50 26.93 7.10 9.57 

(5.273) (4.452) (5.338) (5.284) (2.833) (3.226) 

V9 
12.50 13.11 14.71 17.17 5.29 5.14 

(3.671) (3.719) (3.949) (4.258) (2.482) (2.467) 
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Table 14. continued 

Var. 
No. 

Fresh wt. 
of spike (g) 

Wilting of 
first floret 

(days) 

Floret life 
span  

(days) 

Spike 
longevity 
in vase 

Water 
uptake 

(ml) 

Physiological loss 
in wt.(g) 

V10 
22.90 12.67 15.50 18.67 10.00 11.13 

(4.875) (3.678) (4.056) (4.434) (3.266) (3.438) 

V11 
21.44 13.89 13.76 16.87 11.06 13.91 
(4.72) (3.846) (3.787) (4.217) (3.459) (3.861) 

V12 
24.17 22.33 27.17 28.80 7.93 11.31 

(5.004) (4.829) (5.302) (5.454) (2.977) (3.491) 

V13 
18.60 18.67 20.67 22.67 7.00 7.33 

(4.426) (4.426) (4.646) (4.855) (2.804) (2.875) 

V14 
16.00 14.00 18.33 20.40 8.00 6.60 

(4.099) (3.872) (4.397) (4.626) (2.976) (2.739) 

V15 
12.62 16.92 16.84 21.41 9.34 7.98 

(3.687) (4.223) (4.217) (4.729) (3.193) (2.9) 

V16 
13.68 14.67 18.99 22.65 9.69 9.85 

(3.826) (3.958) (4.465) (4.857) (3.203) (3.228) 

V17 
9.81 10.91 17.33 20.07 8.70 5.18 

(3.285) (3.449) (4.255) (4.563) (3.044) (2.479) 

V18 
18.00 15.50 17.00 21.01 9.73 8.45 

(4.324) (4.044) (4.212) (4.681) (3.265) (3.039) 

V19 
25.67 17.00 21.50 24.00 11.13 10.56 

(5.153) (4.239) (4.743) (4.999) (3.453) (3.383) 

V20 
37.17 18.33 23.19 29.11 11.00 10.20 

(6.163) (4.38) (4.917) (5.485) (3.458) (3.325) 

V21 
28.02 14.84 23.14 25.28 7.00 14.18 

(5.374) (3.93) (4.911) (5.122) (2.794) (3.776) 

V22 
40.33 18.33 20.67 25.30 13.67 19.97 

(6.367) (4.393) (4.629) (5.105) (3.826) (4.498) 

V23 
53.29 21.80 20.77 26.80 14.00 27.16 

(7.354) (4.771) (4.626) (5.263) (3.828) (5.267) 

V24 
45.67 19.57 18.54 26.87 13.67 19.58 

(6.829) (4.533) (4.381) (5.273) (3.798) (4.534) 

V25 
45.67 19.91 19.77 31.00 12.60 21.12 

(6.809) (4.562) (4.556) (5.656) (3.639) (4.703) 

V26 
28.96 17.30 28.44 31.65 13.67 11.13 

(5.465) (4.269) (5.425) (5.713) (3.811) (3.477) 

V27 
19.78 25.00 27.67 31.33 8.99 14.00 

(4.476) (5.097) (5.345) (5.676) (3.141) (3.599) 

V28 
33.33 18.20 21.00 27.47 14.00 11.59 

(5.835) (4.377) (4.674) (5.333) (3.827) (3.408) 

V29 
23.67 14.63 20.07 26.00 11.73 14.29 

(4.962) (3.952) (4.59) (5.194) (3.56) (3.885) 

V30 
26.84 13.18 21.75 26.28 10.67 6.06 

(5.266) (3.764) (4.767) (5.222) (3.322) (2.64) 
C.D. 0.791 0.632 0.677 0.496 0.847 1.07 

SE(m) 0.279 0.223 0.239 0.175 0.299 0.377 
C.V. 9.764 9.324 9.142 6.113 16.107 19.022 

The data in parenthesis indicate square root transformed values 
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4.1.3.6 Physiological loss in weight (g) 

Noticeable variation was observed with respect to a physiological loss in 

weight (Table 15 and Fig. 22).  Mok. Omayaiy Yellow (27.16 g) was observed to 

have minimum PLW which was on par with V25 (21.12 g), V22 (19.97 g) and V24 

(19.58 g).  Whereas least was observed in Vasco. Aroonsri Beauty (5.14 days) was 

observed with the lowest value, it was on par with 26 other hybrids. 

4.1.4 Qualitative morphological characters 

4.1.4.1 Plant characters 

Qualitative characters of the plants with respect to nature of growth, 

shoot characters, leaf and leaf sheath characters and root characters are presented 

in Tables 16 to 18. 

4.1.4.1.1 Nature of growth 

There are two types of nature of growth pattern in selected monopodial 

orchid varieties hanging and prostrate.  Most of the selected Ascocentrum 

hybrids/varieties were grown in hanging baskets.  V1, V2, V3, V4, V5, V6, V7, V8, 

V9, V10, V11, V12, V13, V14, V15, V16, V17, V18, V19 and V30 hybrids/varieties were 

included in hanging type. Whereas some tall climbing varieties were found to have 

a prostrate nature of growth in which included the varieties like V20, V21, V22, V23 

V24, V25, V26, V27, V28 and V29 (Table 16 and Plate 1).   

4.1.4.1.2 Shoot characters 

Qualitative characters of the shoot with respect to the type of shoot, shoot 

colour, nature of shoot and branching of shoot are presented in Table 16.  

Considerable variation was noticed among the varieties with respect to 

qualitative shoot characters.  Medium-sized stout shoot was found in V1, V2, V4, 

V5, V6, V7, V8, V10, V11, V12, V13, V14, V15, V16 and V17.  Slender shoots were 

observed in Vasco. Aroonsri Beauty and Mok. Calypso Pink. All other varieties 

were found to have sturdy shoots. 
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Table 16. Qualitative shoot characters of Ascocentrum hybrids/varieties 

Var. 
No. 

Nature of 
growth 

Shoot characters 
Nature Colour Branching 

V1 Hanging Medium sized Brown Absent 
V2 Hanging Medium sized Brown Absent 
V3 Hanging Sturdy Dark brown Absent 
V4 Hanging Medium sized Brown Absent 
V5 Hanging Medium sized Brown Absent 
V6 Hanging Medium sized Brown Absent 
V7 Hanging Medium sized Brown Absent 
V8 Hanging Medium sized Brown Absent 
V9 Hanging Slender Greenish brown Present 
V10 Hanging Medium sized Brown Present 
V11 Hanging Medium sized Brown Absent 
V12 Hanging Medium sized Brown Absent 
V13 Hanging Medium sized Brown Absent 
V14 Hanging Medium sized Brown Present 
V15 Hanging Medium sized Brown Present 
V16 Hanging Medium sized Brown Absent 
V17 Hanging Medium sized Brown Absent 
V18 Hanging Slender Brown Absent 
V19 Prostrate Sturdy Dark brown Present 
V20 Prostrate Sturdy Dark brown Absent 
V21 Prostrate Sturdy Dark brown Absent 
V22 Prostrate Sturdy Dark brown Present 
V23 Prostrate Sturdy Dark brown Present 
V24 Prostrate Sturdy Dark brown Present 
V25 Prostrate Sturdy Dark brown Present 
V26 Prostrate Sturdy Dark brown Absent 
V27 Prostrate Sturdy Dark brown Absent 
V28 Prostrate Sturdy Dark brown Absent 
V29 Prostrate Sturdy Dark brown Absent 
V30 Hanging Sturdy Dark brown Absent 

A slight variation was observed with respect to the colour of shoots, 

Brown coloured shoots were observed in V1, V2, V4, V5, V6, V7, V8, V10, V11, V12, 

V13, V14, V15, V16, V17 and V18.  Greenish brown coloured shoots were observed in 

V9 (Vasco. Aroonsri Beauty), whereas the rest of varieties were observed to have 

dark brown coloured shoots.  Branching of the shoots was observed in V9 (Vasco. 

Aroonsri Beauty), V10 (Vasco. Pine Rivers Fuchsia Delight), V14 (Mok. 
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Rassmatozz), V15 (Mok. Khaw Phiak Suan × Ascda. Bicentennial Yellow Spot), 

V19, V22, V23, V24 and V25 (Table 16). 

4.1.4.2 Leaf characters 

Qualitative leaf characters with respect to leaf shape, leaf surface, leaf 

margin, leaf orientation, pigmentation, leaf base, nature of leaf sheath and colour 

of sheath are presented in Table 17 and also explained in Appendix XXV.  

The leaf shape of variety V1, V3 and V30 were observed as deeply 

channelled towards the base.  In V4, V7, V8, V28, V29 were found to have similar 

leaf shape which were semiterete leaf.  The variety was V2, V13, V16, V14, V15, V22 

and V23 were found to observe to have strap shaped leaf which was also found to 

be observe slightly channelled towards the base of the leaf.  Whereas, V5, V6, V10, 

V11, V12, V17, V25 and V26 had quarter terete shaped leaves.  Liner leaves found in 

V18 and V19.  Terete leaves were observed V9 was the only variety (Table 17 and 

Appendix XXV). 

The leaf surface of V1, V2, V4, V5, V6, V7, V12, V13, V15, V19, V20 and V30 

was observed to be smooth and rigid.  Varieties V3, V8, V10, V11, V21, V23 and V24

were observed with leathery leaves, whereas in V9 leaf surface was leathery and 

fleshy.  Smooth and glabrous leaf surface was observed in the rest of the varieties. 

Leaf margin of the all thirty selected Ascocentrum hybrids/varieties was 

entire (Table 17 and Appendix XXV).  At the apex, V4 and V9 were found to have 

acute shape whereas emarginate leaf apex was found in the rest of the varieties.  In 

almost all varieties colour of leaf was observed to be green except in V9, V11, V27 

and V30 which had dark green coloured leaves.  Leaf pigmentation was found in 

V19, V20, V21, V22, V23, V24, V25, V26, V27, V28 and V29. 

Three types of leaf orientation were found in the selected Ascocentrum 

hybrids/varieties straight, arching and horizontal (Table 17 and Appendix XXV). 

Straight or erect type of leaves were found in V1, V2, V3, V4, V12, V13, V17, V18, 

V20, V21, V23 and V26.  Arching type of leaf orientation was found inV6, V9, V27,  
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and V28.  However, the rest of the varieties had horizontally orientated leaves.  

The leaf base was observed to be sheathed in all the varieties.  The membranous 

nature of sheath was observed in V12, V13, V14 and V18 wherein, it was 

membranous and thick in rest of the varieties.  Green sheath colour was shown in 

all varieties except in V11, V18, V27 and V30 which had the dark green colour of 

sheaths. 

Table 18. Qualitative root characters of Ascocentrum hybrids/ varieties 

Var. 
No. Origin of roots Branching 

of roots 
Nature of 

roots Root colour 

V1 Basal Present Cylindrical Greyish brown 
V2 Basal Present Cylindrical Greenish grey 
V3 Basal Present Cylindrical Greenish grey 
V4 Basal Present Cylindrical Greenish grey 
V5 Basal Present Cylindrical Greenish grey 
V6 Along the stem Present Cylindrical Greenish grey 
V7 Basal Present Cylindrical Greyish brown 
V8 Along the stem Present Cylindrical Greenish grey 
V9 Along the stem Present Cylindrical Greenish grey 
V10 Along the stem Present Cylindrical Greenish grey 
V11 Basal Present Cylindrical Greenish grey 
V12 Basal Absent Cylindrical Greenish grey 
V13 Along the stem Absent Cylindrical Greenish grey 
V14 Basal Present Cylindrical Greenish grey 
V15 Along the stem Present Cylindrical Greyish brown 
V16 Along the stem Present Cylindrical Greyish brown 
V17 Basal, Along the stem Present Cylindrical Greyish brown 
V18 Along the  stem Present Cylindrical Greenish grey 
V19 Along the stem Absent Cylindrical Greenish grey 
V20 Along the stem Absent Cylindrical Greenish grey 
V21 Along the stem Absent Cylindrical Greenish grey 
V22 Along the stem Absent Cylindrical Greenish grey 
V23 Along the stem Absent Cylindrical Greenish grey 
V24 Along the stem Absent Cylindrical Greenish grey 
V25 Along the stem Absent Cylindrical Greenish grey 
V26 Along the stem Absent Cylindrical Greenish grey 
V27 Along the stem Absent Cylindrical Greenish grey 
V28 Along the stem Absent Cylindrical Greenish grey 
V29 Along the stem Absent Cylindrical Greenish grey 
V30 Along the stem Absent Cylindrical Greenish grey 
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4.1.4.3 Root characters 

Detailed qualitative root characters with respect to root origin, root 

branching, root nature and root colour are presented in Table 18.  

Slight variation was found among the varieties with respect to qualitative 

root characters.  Root origin towards basal region was found in V1, V2, V3, V4, V5, 

V7, V11, V12 and V14, However, in the rest of the varieties, root origin was found 

along the stem. Root branching was observed in V1, V2, V3, V4, V5, V6, V7, V8, 

V9, V10, V11, V14, V15, V16, V17 and V18.  Cylindrical roots were observed in the 

entire selected thirty varieties.  Greyish brown coloured roots were observed in V1, 

V7, V15, V16 and V17 whereas the greenish-grey coloured fresh and healthy roots 

were observed in rest of the hybrids/varieties. 

4.1.4.4 Floral characters 

The qualitative details about the floral characters with respect to their 

blooming period/flowering seasons, spike characters, floret characters, petal 

characters, labellum/lip characters, column characters and spur characters are 

presented in Tables 19 to 24 and also explained in Appendix XXV. 

4.1.4.4.1 Spike characters 

Variations were observed with respect to flowering and spike characters 

of Ascocentrum hybrids/varieties (Table 19 and Plate 2-7).  Detailed observations 

were recorded on the number of spike per plant at a time, spike orientation, colour 

of spike, colour of inflorescence and orientation of florets on spike. 

Five blooming period were observed in throughout the period of study in 

V25 (Nov.-Dec., Feb.-Mar., Apr.-May., Jun.-Jul. and Aug.-Sept.), whereas four 

were noticed in V22 (Jun.-Jul., Nov.-Dec., Apr.-May and Aug. –Sept) and V27 

(Nov. Dec., Jan.-Feb., Apr.-May. and Jun.-Jul.).  

Three blooming period were noticed V1 (May-Jun., Apr.-May and Nov.-

Dec). V2 (Mar.-Apr., Sep.-Oct. and Jun.-Jul), V6 (Mar.-Apr., May-Jun. and Aug.-  
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Sep), V13 (Jun.-Jul., Mar.-Apr. and Nov.-Dec.), V17 (Jan.-Feb., Mar.-Apr. and 

Nov.-Dec.), V20 (Nov.-Dec., Mar.-Apr. and Jun.-Jul.), V24 and V23 (Mar.-Apr., 

May-Jun. and Jul.-Aug. in each). 

Two blooming period were noticed in V4 (Apr.-Mar. and Jan.-Feb.), V5 

(Feb.-Apr. and Aug.-Oct.), V10 (Jun.-Jul. and Nov. Dec.) V14, (Jan.-Feb. and Mar.-

Apr.) V15 (May.-Jun. and Jul.-Sept.), V19 (Jun.-Jul. and Oct.-Nov.), V29 (Apr.-May 

and Jun.-Aug), V3, V12 (Apr.-May and Jun.-Jul. in each), V7, V16 (Mar.-Apr. and 

May. -Jun. in each) and V26, V30 (May-Jun and Jul.-Aug. in each), whereas only a 

single flowering season throughout the period of study was noticed in V9 (Mar.-

Apr.), V11 (May- Jun.), V18 (Mar.-Apr.), V21 (Sept. Oct.), V8 and V28 (Jun.-Jul.in 

each) (Table 19 and Plate 2-7). 

The multiple numbers of spikes per plant at a time (Plate 2-7) were 

observed in V23 and V25.  Whereas three spikes per plant at a time were observed 

in V6, V10, V22 and V24.  Two spikes per plant at a time were noted in V3, V7, V8, 

V9, V11, V19, V27 and V28. Whereas rest of the varieties had only single spike per 

plant at a time. 

Spike orientation was found deflexed in V15 and arching in V2, V3, V4, V5, 

V11 and V13. Whereas in rest of the varieties flowering spike was found 

straight/erect oriented.  Nature of inflorescences was found dense in V1, V7, V11, 

V23, V27 and V30 whereas lax nature of inflorescences found in rest of the varieties. 

Green with the brown-streaked colour of spike was observed in V9 (Vasco. 

Aroonsri Beauty) whereas in the rest of the varieties had green coloured spikes 

(Appendix XXV and Plate 3-7). 

The predominant colour of the inflorescence was observed and recorded 

in the selected thirty intergeneric hybrids/varieties of Ascocentrum (Plate 2 to 7). 

In V1 strong orange coloured inflorescences were observed.  In V2 white and 

greyish-yellow shaded inflorescences were observed.  In V3 inflorescence was 

whitish violet, violet shaded, blue dotted.  
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Inflorescences colours in other varieties viz., V4 (reddish orange/scarlet), 

V5 (pale yellow),V6 (orangish yellow, dotted), V7 (purplish blue), V8 (fresh pink), 

V9 (dark pink), V10 ( purplish pink),V11 (white), V12 (pinkish white shades, dark 

pink dotted), V13 /(dark purple, netted), V14 (orangish cream yellow, dotted),V15 

(sulfur yellow big dotted), V16 (sulfur yellow, minute dotted), V17 (yellow), V18 

(dark pink), V19 (deep dark pink) V20 (sulfur yellow, small dotted) V21 (yellowish 

orange, minute dotted), V22 (orangish yellow, big dotted), V23 (pinkish yellow, 

minute rarely dotted), V24 (yellowish orange, rarely, minutely dotted),V25 

(yellowish with small dark red spots), V26 (pinkish cream shaded with dark 

maroon spots), V27 (dark brownish orange, big dotted),V28 (dark red, rarely 

spotted), V29 (red, small dotted) and V30 (pleasant dark red) was also recorded 

(Plate 3 to 7).  

Much variation was not exhibited with respect to the orientation of florets 

on a spike.  The orientation of flowers on a spike was observed to be facing in all 

directions in all selected thirty varieties.  

4.1.4.4.2 Floret characters 

The selected intergeneric hybrid varieties varied in all floret aspects and 

wide range of variation could be observed with respect to the colour of florets, 

flower fragrance and pigmentation. The details regarding qualitative floral 

characters are presented in Table 20, depicted in Plate 8 and also explained in 

Appendix XXV. 

Colour of single floret was observed by RHS colour chart and recorded 

in all selected hybrids/varieties (Plate 3-7).  Variation was found with respect to 

flower colour in the selected varieties which differed in each variety.  V1 (orange 

group 25, strong orange A), V2 (grayed-yellow 160, moderate yellow A and White 

group N155, pinkish white B), V3 (violet-blue group 94, Brilliant purplish blue C), 

V4 (grayed-orange group 169, strong reddish orange A), V5 (yellow group 13. 

vivid yellow A and B), V6 (orange group 28, vivid yellowish pink A), V7 (violet-

blue group N87, brilliant purple C),V8 (red purple group N57, deep purplish pink  
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C and red-purple group 61, deep purplish pink D),V9 (red-purple group N74, vivid 

reddish purple B), V10 (purple group NN78, light reddish purple D), V11 (white 

group NN155, white D), V12 (purple group N78, strong reddish purple B and red 

purple group N74, moderate purplish pink D), V13 (purple group N78, strong 

reddish purple B and pink group NN74, strong reddish purple A), V14 (orange-red 

group 32, vivid reddish orange A and yellow -orange group 20, light yellow B), 

V15 (yellow group 9. brilliant yellow C and grayed-red group 179, moderate red 

A),  V16 (yellow group 6, brilliant greenish yellow C),  V17 (yellow orange group 

17,  light yellow D), V18 (purple group NN78, light reddish purple D), V19 (red 

purple group N74, vivid reddish purple A), V20 (yellow orange group 14, vivid 

yellow B), V21 (greyed-orange group N163, strong orange yellow C), V22 (orange 

group 25, strong orange B and yellow orange group 22, strong orange yellow A), 

V23 (Yellow orange group 22, Strong orange yellow A and Orange group 26, light  

yellowish pink D), V24 (yellow-orange group 22, strong orange yellow A and 

yellow orange group 14, vivid yellow B), V25 (yellow-orange group 20, brilliant 

yellow A), V26 (red-purple group N74, moderate purplish pink D and red-purple 

group 73, Deep purplish pink A), V27 (red-group 44, vivid reddish orange B), V28 

(red purple group 58, strong purplish red B and red group 53, strong red C), V29 

(red purple group 58, strong purplish red B and Red group 53, strong red D) and 

V30 (red group N45, moderate red A). 

Flower pigmentation (the colour changes during maturity) was observed 

in V11, V12, V13, V14, V19, V20, V21, V22, V23, V24, V25, V26, V27, V28 and V29, and 

was not found in rest of the varieties and also observed that wherever flower 

pigmentation present and fragrance absent, wherever pigmentation absent and 

flower fragrance present.  Floral fragrance was felt in V1, V2, V3, V4, V5, V6, V7, 

V8, V9, V10, V11, V15, V16, V17, V18 and V30 out of selected varieties (Table 20). 

4.1.4.4.3 Petal characters 

The qualitative petal characters of the varieties varied in all aspects and a 

wide range of variation was observed.  The detail regarding petal shape, petal 

curvature, petal apex, petal margin, petal base colour, margin colour petal apex  
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colour and petal colour pattern.  The details on qualitative petal characters are 

presented in Tables 21 and 22 also explained in Appendix XXV. 

Orbicular shaped petals were observed in V2, V5, V14, V15, V19, V20, V21 

and V30, while lanceolate type of petals were observed in V9 and V29, whereas in 

all other varieties, obovate petals were observed.  A strong variation was found 

with respect to petal curvature. V1 was found to have incurved with straight apex 

petal curvature, V5 and V30 were found to have incurved with incurved apex petal 

curvature.  In V6, V11, V12, V19, V20, V21and V27 petal curvature was deflexed with 

incurved apex.  V13, V23 and V24 were found to have petals with deflexed with 

deflexed apex.  In rest of the varieties, petal curvature was found to be deflexed 

with straight apex, whereas V2, V7, V8, V10, V14 and V15 were observed to have 

straight petals without any curvature (Table 21 and Appendix XXV). 

There was slight variation with respect to petal apex.  In V1, V7, V8, V9, 

V10, V11, V12, V17, V28 and V29 petal apex was found to be acute.  Petal apex in V2 

and V3 was found to be truncate.  However, in rest of the varieties petal apex was 

found to be obtuse (Table 21 and Appendix XXV). 

Undulated petal margin was found in V2, V3, V4, V19, V22, V23, V24 and 

V27. V13 was found to have erose margin.  However, in rest of the varieties petal 

margin was found to be entire (Table 21 and Appendix XXV).  

Abundant variation was found with respect to petal base, margin and 

apex colour characters.  Three colours at the petal base were observed in V2. 

Double colour at the base of the petal was found in V3, V4, V6, V12, V13, V14, V15, 

V16, V20, V22 and V26.  Whereas in rest of other varieties, single colour was found 

at the base of petals (Table 21, 22 and Appendix XXV).  

A wide range of variation was observed in the colour pattern of petals.  In 

V3 and V13 spotted and the tessellated colour pattern was found to observe V19 was 

tessellated and V5 was uniform, shaded at the base, V18 was uniform, shaded at the  
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apex, V23 and V24 were uniform, minutely spotted, tessellated whereas the V27 was 

found to have blotched, spotted colour pattern (Table 22 and Appendix XXV).  

4.1.4.4.4 Lip characters 

Qualitative characters with respect to lip shape, curvature, lip shape at 

lateral lobe region, lip colour at the base, margin, apex, and colour pattern are 

presented in Table 23 and 24. 

Detectable variation was found with respect to shape of lip among the 

varieties. In V1 and V3 lip shape was found to be elliptic.  In V7, V8, V10, V27, V28, 

V29 and V30 lip shape was found to be lanceolate.  Ovate lip shape was found in 

V4, V5, V6, V11, V17, V19, V20 and V21.  However, in the rest of the varieties, lip 

shape was found to be oblong (Table 23 and Appendix XXV).  

Lip curvature also showed wide variations among Ascocentrum 

hybrids/varieties.  Straight lip was observed in V7, V8, V10 and V11.  Straight with 

deflexed apex was found in V23 and V24. In V2, V3, V12, V22, V27, V28, V29 and V30 

lip curvature was found to be deflexed with straight apex.  In rest of the 

hybrids/varieties lip curvature was found to be deflexed with deflexed apex (Table 

23 and Appendix XXV).  

Lip shape at lateral lobe region was observed to have obtriangle in V1, 

V3, V6, V12, V15, V18, V22, V23, V24, V25 and V26. In V9 it was found to be semi 

circular while oblanceolate lip shape was observed in V7, V8, V10, V17, V27, V28, 

V29 and V30. Suborbicular lip was found all other varieties (Table 23 and 

Appendix XXV).  

There was not much variation observed with respect to the nature of lip. 

Nature of lip was strongly incurved in V2 while it was normally incurved in rest of 

the varieties.  Strong variation was not observed with respect to lip apex. Truncate 

lip apex was found in V1 and obtuse tip apex was observed in V3, V9, V12, V14, 

V28, V29 and V30.  Whereas, in rest of the varieties bilobed lip apex was notice 

(Table 24 and Appendix XXV).  
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Lip surface also showed some variation among the hybrids/ varieties.  

Glabrous lip surface was found in V11 and V14 and V15.  In V14, V15, V20 and V27 

lip surface was glabrous and rigid surface while in rest of the varieties lip surface 

was found to be leathery and rigid (Table 24).  

Profound variation was observed in lip base colour, lip margin colour 

and lip apex colour (Table 24).  In V13 multiple colours were found at the base of 

lip.  Three colours at the lip base of V19.  Single colour at the lip base was found in 

V1, V5, V6, V7, V8, V9, V10, V11 and V12.  And in rest of the varieties two colours 

were observed at the base of lip (Table 24).  Three colours were observed on the 

lip margin of V2 were found.  Double coloured lip margin was found in V3, V5, 

V9, V12, V14, V15, V20, V21, V22, V23, V24, V25, V27, V28, V29 and V30.  However 

single colour was only found on the lip margin of rest of the varieties.  Similarly, 

in case of colour of lip apex.  Three colours were found on the lip apex of V2 and 

two colours were found on the lip apex of V4, V5, V9, V21 and V26. While only 

single colour was found in the rest of the varieties. 

Appreciable differences were found in lip colour pattern also it was 

uniform in V1, V4, V7, V8, V10, V11, V16 and V17 and shaded in V3, V5, V6, V18, 

V20, V21 and V22.  In V2 and V12 it was found to be streaked and shaded.  In V15, 

V27, V28, V29 and V30 it was found to be streaked, shaded and blotched, In V23, 

V24, V25 and V26 it was found to observe streaked, shaded and spotted.  Shaded 

and blotched lip colour pattern was observed in V14 while in V13 and V19, lip 

colour pattern was found to be uniform and shaded (Table 24).  

4.1.4.4.5 Column characters  

Variation was found with respect to column characters among the 

varieties.  Detailed about the colour, colour pattern, and length is presented in 

Table 25.  Double coloured column with shaded colour pattern (shaded and 

blotched) was found in V2, V4, V18 and V19, while in rest of all other varieties 

colour pattern is uniform in a single colour. In V3, V15, V16, V17, V18, V21 and V24 
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long length of column was found.  However, in the rest of all other varieties 

medium column length was observed.  

Table 25. Qualitative column and spur characters of Ascocentrum 

hybrids/varieties 

Var. 
No. Column colour 

Column 
colour 
pattern 

Column 
length 

Spur 
length Spur type 

V1 Single (yellow) Uniform Medium Medium Cylindrical, saccat 
at the base  

V2 Double (white, maroon) Shaded Medium Medium Conical 
V3 Single (white) Uniform Long Long Cylindrical 
V4 Double (yellow, orange) Shaded Medium Medium Cylindrical 
V5 Single (pale yellow) Uniform Medium Medium Conical 
V6 Single (pale yellow) Uniform Medium Medium Cylindrical 
V7 Single (white) Uniform Medium Medium Cylindrical 
V8 Single (white) Uniform Medium Medium Cylindrical 
V9 Single (Pink, white) Blotched Medium Medium Conical 
V10 Single (white) Uniform Medium Medium Cylindrical 
V11 Single (white) Uniform Medium Medium Conical 
V12 Single (white) Uniform Medium Short Conical 
V13 Single (white) Uniform Medium Short Conical 
V14 Single  (pale yellow) Uniform Medium Medium Conical 
V15 Single (pale yellow) Uniform Long Medium Conical 
V16 Single (pale yellow) Uniform Long Medium Conical 
V17 Single (pale yellow) Uniform Long Medium Cylindrical 
V18 Double (white, pink) Shaded Long Short Conical 
V19 Double (white, pink) Shaded Medium Medium Cylindrical 
V20 Single (pale yellow) Uniform Medium Short Conical 
V21 Single (pale yellow) Uniform Long Medium Conical 
V22 Single (pale yellow) Uniform Medium Medium Conical 
V23 Single (pale yellow) Uniform Medium Medium Conical 
V24 Single (pale yellow) Uniform Long Short Conical 
V25 Single (yellowish white) Uniform Medium Medium Conical 
V26 Single (pale yellow) Uniform Medium Medium Conical 
V27 Single (yellowish red) Uniform Medium Long Tubular 

V28 Single (yellowish red) Uniform Medium Medium Cylindrical, saccat 
at the base 

V29 Single (yellowish red) Uniform Medium Medium Cylindrical, saccat 
at the base 

V30 Single (yellowish red) Uniform Medium Medium Cylindric, saccat 
at the base 
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4.1.4.4.6 Spur characters  

Detectable variation was observed with respect to spur length and spur 

type (Table 25).  In V12, V13, V18 and V20 short spur length were observed ad in V3 

and V27 spur length observed is longest while medium spur length was observed in 

rest of all other varieties.  The spur type was cylindrical but saccate at the base in 

V1, V28, V29 and V30.  Completely cylindrical type of spurs was noticed in V3, V4, 

V6, V7, V8, V17 and V19.  The tubular one was found in V27 whereas, conical type 

of spurs was noticed in the rest of all other varieties.   

4.1.5 Visual evaluation 

Data regarding the scores obtained for the spikes and plants of thirty 

Ascocentrum hybrids/varieties are presented in Table 26 and 27.  Scoring was 

done for spike for use as a cut flower and plant for use in the indoor display. 

4.1.5.1 Spike for use as a cut flower  

Scores were given according to colour and pigmentation, texture shape 

and pattern, size and orientation of floret, spike longevity in vase, compactness 

and visual appeal.  Data on scoring is presented in Table 26. 

The highest mean total score was obtained out of 60 in V23 (54.60), 

whereas, least total mean score was obtained in V11 (51.07).  However, there was 

no significant variation found among the varieties with respect to total score.  

Floret colour and pigmentation, shape and pattern, compactness and visual appeal 

were found to be significantly superior among the varieties with respect to visual 

score for spike use as cut flower.  Where, V16, V25 and V20 were found with high 

score and best varieties to use as cut flower. (Table 26). 

4.1.5.2 Plant for indoor display  

Scoring was done for plants according to growth and fullness, spread 

and orientation, spike colour and pigmentation, size and orientation of spike, spike 

longevity on a plant, visual appeal and general appearance.  Data on scoring is 

presented in Table 27. 

112



Table 26. Visual scoring for the spikes of Ascocentrum hybrids/varieties 

Var. 
No. 

Scoring for the spike for use as a cut flower (each out of 10) 
Total 

(out of 
60) 

Floret colour 
& 

pigmentation 
Texture 

Shape 
& 

pattern 

Size & 
orientation 

of floret 

Spike 
longevity 
in vase 

Compactness 
& visual 
appeal 

V1 8.90 8.93 7.93 8.47 8.53 8.53 51.30 

V2 8.87 8.87 8.60 8.80 8.73 8.73 52.60 

V3 8.73 8.97 8.77 9.03 9.07 8.23 52.80 

V4 8.87 8.80 8.37 8.80 8.73 8.40 51.97 

V5 9.00 9.03 8.67 8.97 8.93 8.17 52.77 

V6 8.93 9.03 8.53 8.77 8.83 8.53 52.63 

V7 9.00 9.03 8.67 8.87 8.83 8.47 52.87 

V8 8.77 8.80 8.57 8.77 8.73 8.43 52.07 

V9 8.87 8.87 8.77 8.80 8.80 7.97 52.07 

V10 8.87 8.90 8.77 8.80 8.80 8.43 52.57 

V11 8.47 8.43 8.50 8.43 8.73 8.50 51.07 

V12 8.87 8.83 8.83 8.93 8.50 8.67 52.63 

V13 8.53 8.70 8.70 8.90 8.57 8.63 52.03 

V14 9.07 8.97 8.90 8.87 8.80 8.83 53.43 

V15 9.07 8.97 9.00 8.97 8.97 8.80 53.77 

V16 9.33 8.63 8.77 8.60 8.43 8.77 52.53 

V17 8.27 8.50 8.73 8.87 8.47 8.63 51.47 

V18 8.90 8.97 8.87 8.97 8.67 8.97 53.33 

V19 8.93 8.83 8.93 8.90 8.80 9.00 53.40 

V20 9.37 8.87 8.87 8.90 8.83 9.40 54.23 

V21 9.00 8.87 8.93 9.07 9.07 8.90 53.83 

V22 8.80 8.90 8.87 8.53 8.47 8.70 52.27 

V23 9.10 9.27 8.87 9.70 8.83 8.83 54.60 

V24 8.83 8.97 8.87 8.83 8.73 8.60 52.83 

V25 8.87 8.73 9.23 8.87 8.87 9.23 53.80 

V26 8.80 8.90 8.87 9.17 9.10 8.87 53.70 

V27 8.90 8.90 8.93 8.90 8.83 8.87 53.33 

V28 8.57 9.20 8.73 8.53 8.57 9.03 52.63 

V29 8.83 9.07 8.77 8.73 8.97 8.63 53.00 

V30 8.77 8.73 8.73 8.83 8.87 8.73 52.67 

CD 0.468 NS 1.398 NS NS 0.552 NS 

CV 3.204 11.147 9.851 10.564 10.722 3.905 10.463 
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Table 27. Plant quality rating of Ascocentrum hybrids/varieties 

Var. 
No. 

Scoring for the plant for use in the indoor display (each out of 10) 
Total 

(out of 
60) 

Growth 
& 

fullness 

Spread & 
orientation 

of leaves 

Spike colour 
& 

pigmentation 

Size & 
orientation 

of spike 

Spike 
longevity 
on plant 

Visual 
appeal & 
general 

appearance 

V1 9.00 8.67 8.97 8.67 9.00 8.90 53.20 

V2 8.70 8.67 8.77 8.57 8.80 8.77 52.27 

V3 9.00 8.70 8.87 8.77 8.87 8.80 53.00 

V4 8.80 8.97 8.87 8.77 8.90 8.80 53.10 

V5 8.93 8.87 8.83 8.93 8.83 8.50 52.90 

V6 8.87 8.53 8.70 8.90 8.70 8.57 52.27 

V7 8.87 9.07 8.97 8.87 8.90 8.80 53.47 

V8 8.87 9.27 9.03 8.97 9.03 8.67 53.83 

V9 8.83 9.00 8.87 9.07 8.93 9.07 53.77 

V10 8.77 8.90 8.90 8.90 8.93 8.83 53.23 

V11 9.13 8.83 8.97 8.97 8.87 8.97 53.73 

V12 8.73 8.93 8.83 8.90 8.93 8.80 53.13 

V13 8.80 8.93 8.87 8.90 8.87 8.83 53.20 

V14 8.85 8.93 8.03 8.47 8.40 8.77 48.50 

V15 8.47 8.90 8.53 8.80 8.83 8.50 52.03 

V16 8.70 8.90 8.67 8.90 8.90 8.37 52.43 

V17 9.00 8.83 8.60 8.90 8.90 8.37 52.60 

V18 8.80 8.83 8.57 8.93 9.03 8.40 52.57 

V19 8.93 8.80 8.60 8.87 8.80 8.33 52.33 

V20 8.87 8.80 8.57 8.70 8.73 8.37 52.03 

V21 8.70 8.63 8.43 8.80 8.83 8.73 52.13 

V22 8.97 8.93 8.17 8.83 8.83 7.90 51.63 

V23 8.77 8.83 8.53 8.80 8.80 8.43 52.17 

V24 8.73 8.47 8.20 8.87 8.73 8.37 51.37 

V25 8.60 8.47 8.57 8.47 8.60 8.67 51.37 

V26 8.87 9.07 8.97 8.97 8.87 8.67 53.40 

V27 8.63 8.40 8.67 8.23 8.83 8.13 50.90 

V28 8.93 9.00 8.90 8.70 8.70 8.70 52.93 

V29 8.50 8.43 8.73 8.33 8.50 8.13 50.63 

V30 8.87 8.73 8.70 8.70 8.73 8.60 52.33 

CD NS NS NS 0.352 NS 0.499 NS 

CV 11.376 3.375 11.580 2.476 3.405 3.514 11.001 

114



The highest mean total score was obtained out of 60 in V8 (53.83) 

whereas, the least mean total score was obtained in V17 (48.50).  However, the 

significant variation was not observed among varieties with regard to the total 

score.  Size and orientation of spikes, visual appeal and general appearance of 

plant were found significantly superior among the varieties with respect plant 

quality rating for use in indoor display.  Where V9 and V10 were found with high 

rating score for plant use in indoor display. 

4.1.6 Incidence of pests and diseases 

The list of pests and diseases, plant parts affected and number of 

varieties affected along with the control measure adopted are given in Table 27. 

Short horned grasshopper was observed on pods and different floral parts viz., 

rachis and peduncle of spikes, petals and pollinium of florets of Ascda. 

Udomochai, Ascda. Yip Sum Wah × Vanda JVB, Ascda. Suksamran Sunlight, 

Mok. Rassmatozz, Mok. Khaw Phiak Suan × Ascda. Bicentennial Yellow Spot and 

Mok. Calypso Pink.NeemAzal 2ml per liter was sprayed for the control of the pest 

(Table 28). 

Oecophylla smaragdina ants were found to affect the tender parts of 

petals, pedicel and also the pollinium.  Incidence of this pest was observed on five 

varieties viz., Ascda. Udomochai, Ascda. Suksamran Sunlight, Mok. Rassmatozz, 

Mok. Khaw Phiak Suan × Ascda. Bicentennial Yellow Spot and Mok. Calypso 

Pink.  Ekalux and NeemAzal 2 ml per liter were sprayed to control the pests 

(Table 28). 

Aphids and thrips attack was also observed on spikes of 16 varieties 

viz., Mok. Calypso × V. Dr. Anek, Mok. Rassmatozz, Mok. Khaw Phiak Suan × 

Ascda. Bicentennial Yellow Spot, Mok. Khaw Phiak Suan × Ascda. Jiraprapra, 

Mok. Sayan × Ascda. Bangkuntein Gold,Mok. Calypso Pink, Mok. Calypso 

Jumbo, Mok. Chao Praya Sunset Yellow Spot, Mok. Chao Praya Sunset Orange, 

Mok. Sunspot, Mok. Omayaiy Yellow, Mok. Omayaiy Orange, Mok. Sayan × 

Ascda. Doung Porn, Mok. Chark Kuan Pink, Kag. Youthong Beauty, Kag. Christie 
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Low and Kag. Boon Ruby.  Infected plants sprayed with oberon @ 0.8ml per liter 

(Table 28). 

Alternaria leaf spot, heart rot, bacterial wilt and anthracnose were 

observed on leaves of 5 to 8 varieties of Mokara and Ascocenda.  Infected plants 

were sprayed with methylobacter 2.5 ml per liter as control measure (Table 28). 

Table 28. Incidence of pests and diseases throughout study period 

Sl. 
No. 

Pest and 
disease 

Affected plant part 
No of 
varieties. 
affected 

Control measure 

1 
Short horned 
grasshopper 

Pods, Spikes, (rachis and 
peduncle) florets 

6 NeemAzal 2 ml/lit 

2 Ants 
(Oecophylla) 

Florets at bud stage, 
pedicel, petals and pollinia 

5 Ekalux 2 ml/lit 

3 Aphid Spikes and florets 16 Oberon 0.8 ml/lit 

4 Thrips Spikes and florets 8 Oberon 0.8 ml/lit 

5 Leaf spot Leaves 4 Methyalobacter 2.5 
ml/lit as a disease 
resistant, 
tebuconazole 1ml/lit, 
phylotene 3.5 g/lit 

6 Heart rot Leaves 2 

7 Bacterial wilt Leaves 3 

8. Anthracnose Leaves 2 

4.2 COMPATIBILITY STUDIES 

Data pertaining to compatibility studies among eleven selected varieties 

with respect to their anthesis time, stigma receptivity (days), pollen studies, post 

pollination changes, self and cross compatibilities are presented in Table 28 to 32. 

4.2.1 Anthesis 

Anthesis was observed to be slow during the day time but faster during 

morning and evening hours.  In selected eleven Ascocentrum hybrids, flowers 

opened during morning and during evening, flower opening started from morning 

5.30 am-11.30 am and afternoon 3.00 pm-6.00 pm (Table 28).  
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However, in Vasco. Aroonsri Beauty anthesis observed comparatively 

faster (5.30 am-6.15 am and 4.00 am-4.30 pm) composed to rest of the varieties. 

In Ascda. Udomochai anthesis time recorded from morning 8.30 am-10 00 am and 

afternoon 3.30 to 4.30 pm.  In hybrid Ascda. Kultana × V. Bitzs Heartthrob 

anthesis was observed in 9.30 am-11.00 am and 4.00 pm-5.30 pm.  During 6.30 

am-8.30 am and 5.30 am-6.00 pm, flower opening was observed in Ascda. Sirichi 

Fragrance. 

In Vasco. Pine River Blue flower opening was observed 9.00 - 11 00 am 

and 4.00 - 5.30 pm while in Vasco. Pine River Pink anthesis was observed during 

8.30 to 10 30 am and 4.30 - 5.30 pm.  During 8.30 - 10.00 am and 3.00 - 4.30 pm 

flower opening was observed in Vasco. Pine Rivers Fuchsia Delight. During 7.30 - 

9.30 am and 3.30 to 4.30 pm anthesis time was recorded in Mok. Calypso Pink.  In 

Mok. Chao Praya Sunset Yellow Spot complete flower opening was observed in 

10.00 to 11.30 am and 4.00 to 5.30 pm.  In Mok. Sayan × Ascda. Doung Porn 

anthesis time was recorded during 6.30 to 8 00 am and 4.30 to 5.50 pm.  In Kag. 

Youthong Beauty complete opening of floret was observed in the morning from 

7.30 - 9 00 am and in the evening 5.30 to 6.00 pm. 

4.2.2 Stigma receptivity 

Details of stigma receptivity are presented in Table 29. Stigma 

receptivity ranged from 1-14 days after anthesis.  

The longest duration of stigma receptivity was found in Ascda. Kultana × 

V. Bitzs Heartthrob from 2nd to 14th day followed by Mok. Chao Praya Sunset

Yellow Spot (4-14 days), Vasco. Pine River Pink (2-12 days) and Vasco. Pine 

River Blue (2-10 days).  The stigma was remained receptive for minimum 

duration in Vasco. Aroonsri Beauty (1-2 days) and Ascda. Sirichi Fragrance (2-4 

days). However, the stigma found to be receptive on the first day of anthesis in 

Ascda. Udomochai.  Maximum stigma receptivity was observed during 1st - 6th 

day, in Vasco. Pine Rivers Fuchsia Delight (1-8 days) and in Vasco. Aroonsri 

Beauty (1-2 days).  
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The stigma was remained receptive from the second day of anthesis in 

Ascda. Sirichi Fragrance (2-4 days), Mok. Calypso Pink (2-8 days), Mok. Sayan × 

Ascda. Doung Porn from 2-8 days, Kag. Youthong Beauty (2-6 days) and Ascda. 

Kultana × Vanda Bitzs Heartthrob from (2-14 days), Vasco. Pine River Pink (2-12 

days) and Vasco. Pine River Blue (2-10 days).  The stigma remained receptive 

from the fourth day of anthesis in Mok. Chao Praya Sunset Yellow Spot (4-14 

days) and Vasco. Pine River Blue (4-10). 

Table 29. Anthesis time and stigma receptivity period in the parents 

Sl. 
No. Hybrid/ variety name. Anthesis time Maximum stigma 

receptivity (days) 

1 Ascda. Udomochai 
8.30 to 10 00 am and 
3.30 to 4.30 pm 1-6

2 Ascda. Kultana × V. Bitzs 
Heartthrob 

9.30 to 11.00 am and 
4.00 to 5.30 pm 2-14

3 Ascda. Sirichi Fragrance 
6.30 to 8.30 am and 
5.30 to 6.00 pm 2-4

4 Vasco. Pine River Blue 
9.00 to 11 00 am and 
4.00 to 5.30 pm 4-10

5 Vasco. Pine River Pink 
8.30 to 10 30 am and 
4.30 to 5.30 pm 2-12

6 Vasco. Aroonsri Beauty 
5.30 to 6.15 am and 
4.00 to 4.30 pm 1-2

7 Vasco. Pine Rivers Fuchsia 
Delight 

8.30 to 10.00 am and 
3.00 to 4.30 pm 1-8

8 Mok. Calypso Pink 
7.30 to 9.30 am and 
3.30 to 4.30 pm 2-8

9 Mok. Chao Praya Sunset 
Yellow Spot 

10.00 to 11.30 am and 
4.00 to 5.30 pm 4-14

10 Mok. Sayan × Ascda. 
Doung Porn 

6.30 to 8 00 am and 
4.30 to 5.50 pm 2-8

11 Kag. Youthong Beauty 
7.30 to 9 00 am and 
5.30 to 6.00 pm 2-6
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4.2.3 Pollen studies 

Pollen studies were done in eleven selected varieties with respect to 

pollen production per pollinia, pollen viability and pollen germination data are 

presented in Table 30.  

4.2.3.1 Pollen production per pollinium 

Pollen production per pollinium/pollinia (Table 30) was noted to be the 

highest in Ascda. Kultana × V. Bitzs Heartthrob (198611.1) followed by Mok. 

Sayan × Ascda. Doung Porn (197222.2), Ascda. Sirichi Fragrance (190277.8) and 

Vasco. Aroonsri Beauty (90740.70).  However, the minimum pollen production 

per pollinium was noticed in Kag. Youthong Beauty (40740.7) followed by Ascda. 

Udomochai (49074.1), Mok. Chao Praya Sunset Yellow Spot (57407.4), Mok. 

Calypso Pink (59259.3), Vasco. Pine Rivers Fuchsia Delight (67592.6), Vasco. 

Pine River Pink (75694.4) and Vasco. Pine River Blue (77083.3) (Plate 9). 

4.2.3.2 Pollen viability/ fertility 

Percentage of pollen viability (Table 30) was observed to be highest in 

(100%) Ascda. Sirichi Fragrance in Mok. Sayan × Ascda. Doung Porn which are 

closely followed by Ascda. Udomochai (98.38 %), Vasco. Pine River Pink (98.14 

%) and Vasco. Aroonsri Beauty (97.00 %).  The lowest percentage of fertile pollen 

was observed in Kag. Youthong Beauty (72.4 %) followed by Mok. Chao Praya 

Sunset Yellow Spot (79.33 %), Ascda. Kultana × V. Bitzs Heartthrob (83.92 %), 

Vasco. Pine Rivers Fuchsia Delight (84.25 %), Mok. Calypso Pink (87.54 %) and 

92.33 percent in Vasco. Pine River Blue (Plate 9 and 10).  

4.2.3.3 Pollen germination 

Pollen germination percentage was observed to be highest in Ascda. 

Sirichi Fragrance (86.33 %) followed by Mok. Sayan × Ascda. Doung Porn (77.47 

%) while below 60 per cent of pollen germination was observed in the rest of the 

varieties. In Kag. Youthong Beauty had the lowest pollen germination (21.50 %) 

was observed followed by Mok. Chao Praya Sunset Yellow Spot was (25.57 %), 
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(A) Polllen count- Ascda. Kultana × V. Bitz’s Heartthrob & Mok. Sayan × Ascda. Doung Porn

(B) Pollen count- Ascda. Sirichi Fragrance

(C) 
Sterile
pollen

(C) Viable pollens

Plate 9. Micro graphs of pollen count using haemocytometer and viability 

under  low and high power microscope

(D) Pollen viability of Ascda. Sirichi Fragrance under 10x and 40x lenses

(E) Pollen viability of Mok. Sayan × Ascda. Doung Porn under 10x and 40x lenses



(B) Pollen viability of  Mok. Sayan × Ascda. Doung Porn under 10x and 40x lenses and germination under 10x lens

Plate 10. Pollen viability and germination in selected male parents under low and high power microscope

(A) Pollen viability of  Ascda. Sirichi Fragrance under 10x and 40x lenses and germination under 10x lens

1



Vasco. Pine River Blue (33.26 %), Vasco. Pine Rivers Fuchsia Delight (40.20 %), 

Ascda. Kultana × V. Bitzs Heartthrob (40.54 %), Ascda. Udomochai (42.33 %), 

Vasco. Aroonsri Beauty (51.33 %) and Vasco. Pine River Pink (52.67 %) and the 

same presented in Table 30 (Plate 10). 

4.2.4 Self compatibility 

Self compatibility studies were done in the selected eleven parents and 

details regarding post pollination changes after self pollination (Plate 11 and 12) 

and self compatibility studies among the parents are presented in Table 31. 

Table 30. Pollen studies in eleven selected hybrids/varieties 

Sl. 
No. Hybrid/ variety name. 

Pollen 
production per 
pollinia (No.) 

Pollen 
fertility 

% 

Pollen 
germination  

% 
1 Ascda. Udomochai 49074.1 98.38 42.33 

2 Ascda. Kultana × V. Bitzs 
Heartthrob 198611.1 83.92 40.54 

3 Ascda. Sirichi Fragrance 190277.8 100.00 86.33 
4 Vasco. Pine River Blue 77083.3 92.33 33.26 
5 Vasco. Pine River Pink 75694.4 98.14 52.67 
6 Vasco. Aroonsri Beauty 90740.7 97.00 51.33 

7 Vasco. Pine Rivers Fuchsia 
Delight 67592.6 84.25 40.20 

8 Mok. Calypso Pink 59259.3 87.54 44.43 

9 Mok. Chao Praya Sunset 
Yellow Spot 57407.4 79.33 25.57 

10 Mok. Sayan × Ascda. 
Doung Porn 197222.2 100.00 77.47 

11 Kag. Youthong Beauty 40740.7 72.4 21.50 

The varieties Ascda. Udomochai, Ascda. Kultana × V. Bitzs Heartthrob, 

Ascda. Sirichi Fragrance, Vasco. Pine River Blue and Vasco and Mok. Sayan × 

Ascda. Doung Porn. Pine River Pink are found to be self-compatible, whereas 

therest of the varieties viz., Vasco. Aroonsri Beauty, Vasco. Pine Rivers Fuchsia 
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(F) Vasco. Pine River Blue

(A) Vasco. Aroonsri Beauty (B) Kag. Youthong Beauty 

(C) Ascda. Udomochai (D) Mok. Chao Praya Sunset Yellow Spot

Plate 11. Enlargement of pedicel after pollination in Ascocentrum hybrids

(E) Vasco. Pine Rivers Fuchsia Delight



Delight, Mok. Calypso Pink, Mok. Chao Praya Sunset Yellow Spot and Kag. 

Youthong Beauty were found to be self incompatible.  

4.2.5 Post pollination changes after selfing 

The data pertaining to post pollination changes after the self pollination 

(Plate 11 to 14), with respect to flower fall, enlargement of pedicel, pod 

development, percentage of pod set, days taken for maturity, percentage of in vitro 

seed germination and days for planting out are presented in Table 31. 

4.2.5.1 Flower fall 

Flower fall was found within a week in Vasco. Aroonsri Beauty, Mok. 

Calypso Pink and Kag. Youthong Beauty and was not found in rest of the 

varieties, they remained attached to spike even after a week and more (Table 31 

and Plate 12). 

4.2.5.2 Enlargement of the pedicel 

Enlargement of the pedicel was found in Ascda. Udomochai, Ascda. 

Kultana × V. Bitzs Heartthrob, Ascda. Sirichi Fragrance, Vasco. Pine River Blue, 

Vasco. Pine River Pink, Vasco. Pine Rivers Fuchsia Delight, Mok. Chao Praya 

Sunset Yellow Spot and Mok. Sayan × Ascda. Doung Porn.  Enlargement of 

pedicel was not found to be noticed in Mok. Calypso Pink, Vasco. Aroonsri 

Beauty and Kag. Youthong Beauty (Table 31 and Plate 11). 

4.2.5.3 Pod development (pod set) 

Pod set was found in Ascda. Udomochai, Ascda. Kultana × V. Bitzs 

Heartthrob, Ascda. Sirichi Fragrance, Vasco. Pine River Blue, Vasco. Pine River 

Pink and Mok. Sayan × Ascda. Doung Porn while the pod development was not 

observed in Vasco. Pine Rivers Fuchsia Delight and Mok. Chao Praya Sunset 

Yellow Spot (Table 31, Plate 11 and 12). 
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4.2.5.4 Percentage of pod set 

The highest percentage of pod set (Table 31) was found in Ascda. Kultana 

× Vanda Bitzs Heartthrob (100 %) followed by Ascda. Sirichi Fragrance (86.48 

%) and Ascda. Udomochai (66.87 %) and Mok. Sayan × Ascda. Doung Porn 

(64.00%), whereas the lowest percentage of pod set was found in Vasco. Pine 

River Pink (50.00%) and Vasco. Pine River Blue (33.30 %). 

4.2.5.5 Days taken for maturity of pod 

Minimum number of days was taken for maturity of pods (Table 31) in 

Ascda. Udomochai (124 days) followed by Vasco. Pine River Blue took (126.2 

days), Vasco. Pine River Pink (139.4 days) and the maximum number of days was 

taken for maturity of pods was found in Ascda. Kultana × V. Bitzs Heartthrob (148 

days).  However, in Ascda. Sirichi Fragrance and Mok. Sayan × Ascda. Doung 

Porn pods were not matured fully, they shrivelled and dried on plant, even after 

the healthy pod development (dried after 2 to 3.5 months). 

4.2.5.6 Seed germination (%) 

Seeds were extracted from the matured pod and were cultured under in 

vitro condition.  Highest percent of seed germination was found in Vasco. Pine 

River Pink (87.26 %) followed by Ascda. Kultana × V. Bitzs Heartthrob (84.4 %).  

However, protocorms initiations showed declined growth after seed germination 

in Ascda. Udomochai (Table 31 and Plate 14). 

4.2.5.7 Days for planting out 

Minimum number of days was taken for planting out in Vasco. Pine River 

Pink (268.3 days) and maximum number of days was taken for planting out in 

Ascda. Kultana × V. Bitzs Heartthrob (312 days) (Table 31). 

4.2.6 Cross compatibility studies 

Cross compatibility studies were conducted using Ascda. Sirichi Fragrance 

and Mok. Sayan × Ascda. Doung Porn as male parents.  The details on post  
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pollination (Plate 11-13) and about cross compatibility studies among the parents 

are presented in Table 32 and 33. 

Combinations of Kag. Youthong Beauty × Ascda. Sirichi Fragrance and 

Vasco. Aroonsri Beauty × Ascda. Sirichi Fragrance were found to be cross 

incompatible, when Ascda. Sirichi Fragrance was used as a male parent and the 

rest of the combinations were attempted were found to be cross compatible with 

Ascda. Sirichi Fragrance. 

However, when Mok. Sayan × Ascda. Doung Porn was used as a male 

parent all varieties were found to be cross compatible except cross combinations 

of Vasco. Pine River Blue × Mok. Sayan × Ascda. Doung Porn, Vasco. Aroonsri 

Beauty × Mok. Sayan × Ascda. Doung Porn and Kag. Youthong Beauty × Mok. 

Sayan × Ascda. Doung Porn.  

4.2.7 Post pollination changes after crossing 

The data pertaining to post pollination changes after the cross pollination 

(Plate 11-14) with respect to flower fall, enlargement of pedicel, pod development, 

percentage of pod set, days taken for maturity, percentage of seed germination in 

vitro and days for planting out are given in Table 32 and 33. 

4.2.7.1 Enlargement of the pedicel 

Enlargement of the pedicel was not found in the cross Vasco. Aroonsri 

Beauty × Ascda. Sirichi Fragrance while in the rest of the varieties pedicel was 

found to be swollen and enlarged when Ascda. Sirichi Fragrance was used as male 

parent (Table 32 and Plate 12). 

However, when Mok. Sayan × Ascda. Doung Porn used as a male parent, 

enlargement of pedicel was found in all the selected crosses except for Vasco. Pine 

River Blue × Mok. Sayan × Ascda. Doung Porn and Vasco. Aroonsri Beauty × 

Mok. Sayan × Ascda. Doung Porn (Table 33 and Plate 12). 
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(D) Swelling  of pod in Mok. Sayan
× Ascda. Doung Porn 

Plate 12. Post pollination changes in different hybrids/varieties 

(B) Pods of Vasco. Pine River Pink turned pinkish

(F) Mok. Chao Praya Sunset Yellow Spot (G) Ascda. Kultana × V. Bitz’s Heartthrob

(C) Pods turned yellow and shrivelled in Ascda. Sirichi Fragrance 

(E) Developed pods shrivellied later in   
Vasco. Aroonsri Beauty 

(A) Flower fall  



4.2.7.2 Pod development (pod set) 

In the crosses between Kag. Youthong Beauty × Ascda. Sirichi 

Fragrance, Mok. Chao Praya Sunset Yellow Spot × Ascda. Sirichi Fragrance and 

Vasco. Aroonsri Beauty × Ascda. Sirichi Fragrance pod setting was not found. 

Whereas in the rest of the parents, pod setting was found properly (Table 32, Plate 

12 and 13). 

Pod setting and proper pod development were seen in all the parents 

crossed with Mok. Sayan × Ascda. Doung Porn after the enlargement of their 

pedicels but in the cross between Kag. Youthong Beauty × Mok. Syam Ascda. 

Doung Porn pod setting was not found to be developed after the enlargement of 

pedicel (Table 33, Plate 12 and 13). 

4.2.7.3 Percentage of pod set 

Percentage of pod set was found to be highest in cross combinations 

between Mok. Calypso Pink × Ascda. Sirichi Fragrance (89.3 %) followed by 

Ascda. Kultana × V. Bitzs Heartthrob × Ascda. Sirichi Fragrance (80 %), Vasco. 

Pine River Pink × Ascda. Sirichi Fragrance (77.28 %), Ascda. Udomochai × 

Ascda. Sirichi Fragrance (73.2 %) and Mok. Sayan × Ascda. Doung Porn × Ascda. 

Sirichi Fragrance (71.33 %) and found to be lowest in crosses with Vasco. Pine 

River Blue × Ascda. Sirichi Fragrance (54 %) followed by Vasco. Pine Rivers 

Fuchsia Delight × Ascda. Sirichi Fragrance (60.2 %) (Table 32). 

In the case of Mok. Sayan × Ascda. Doung Porn crosses with another 

male parent pod set percentage was found to be highest in Ascda. Sirichi 

Fragrance × Mok. Syam Ascda. Doung Porn (87.9 %) followed by Ascda. Kultana 

× V. Bitzs Heartthrob × Mok. Sayan × Ascda. Doung Porn (86.4 %) and Mok. 

Chao Praya Sunset Yellow Spot × Mok. Sayan × Ascda. Doung Porn (79.75 %).  

Whereas, the least percentage of pod set was found in Mok. Calypso Pink× Mok. 

Sayan × Ascda. Doung Porn (50 %) followed by Ascda. Udomochai × Mok. Sayan 

× Ascda. Doung Porn (67.33 %) and Vasco. Pine River Pink × Mok. Sayan × 

Ascda. Doung Porn (67.80 %) (Table 33). 
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Plate 13. Successfully matured pods in different hybrids  

(D) Ascda. Sirichi Fragrance

(A) Vasco. Pine River Pink

(C) Vasco. Pine River Blue

(B) Mok. Chao Praya Sunset Yellow Spot



4.2.7.4 Days taken for maturity 

Minimum number of days was taken for the maturity of pods in Ascda. 

Udomochai × Ascda. Sirichi Fragrance (134 days) followed by Vasco. Pine River 

Blue × Ascda. Sirichi Fragrance (137 days) and the maximum number of days 

taken for the maturity of pods in Ascda. Kultana × V. Bitzs Heartthrob × Ascda. 

Sirichi Fragrance (161 days) and Vasco. Pine River Pink × Ascda. Sirichi 

Fragrance (141 days). However, in Vasco. Pine Rivers Fuchsia Delight × Ascda. 

Sirichi Fragrance, Mok. Sayan × Ascda. Doung Porn × Ascda. Sirichi Fragrance, 

and Mok. Calypso Pink × Ascda. Sirichi Fragrance pods are not found to be 

matured fully they were shrivelled and dried after 1 to 3 months of pod setting 

(Table 32 and Plate 14). 

In the cross combinations with Mok. Sayan × Ascda. Doung Porn as 

male parent found that cross between Ascda. Sirichi Fragrance × Mok. Sayan × 

Ascda. Doung Porn took 128.8 days for pod maturity while in the rest of the 

varieties, pods were not found to be matured properly, before the full growth pods 

started shrivelling and drying up (within 1 to 3 months of pod setting (Table 33). 

4.2.7.5 Seed germination (%) 

Highest percentage of seed germination was found to be in Ascda. 

Kultana × V. Bitz’s Heartthrob × Ascda. Sirichi Fragrance (86.33%) followed by 

Ascda. Udomochai × Ascda. Sirichi Fragrance (74.33%).  The seeds of crosses 

between the crosses of Vasco. Pine River Blue × Ascda. Sirichi Fragrance and 

Vasco. Pine River Pink × Ascda. Sirichi Fragrance failed to germinate (Table 32 

and Plate 14). 

In cross combination of Ascda. Sirichi Fragrance × Mok. Sayan × 

Ascda. Doung Porn 62.33 per cent successful in vitro seed germination was found 

(Table 33 and Plate 14). 
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(A) Harvested pod 

(C) Protocorms showing 
declined growth

(B) Seed germination

(D) Leaf and root 
initiation

(F) Fully grown seedlings

(E) Multiplication stage

Plate 14. Different stages of germination to seedling formation 



T
ab

le
 3

2.
 C

ro
ss

 c
om

pa
tib

ili
ty

 a
nd

 p
os

t p
ol

lin
at

io
n 

ch
an

ge
s b

y 
us

in
g 

A
sc

da
. S

ir
ic

hi
 F

ra
gr

an
ce

 a
s t

he
 m

al
e 

pa
re

nt
 

Sl
. 

N
o.

 
C

ro
ss

es
 m

ad
e 

be
tw

ee
n 

pa
re

nt
s (

♂
×

♀
) 

C
ro

ss
 

co
m

pa
tib

ili
ty

 

Po
st

 p
ol

lin
at

io
n 

ch
an

ge
s 

Fl
ow

er
 

fa
ll 

(w
ith

in
 

a 
w

ee
k)

 

E
nl

ar
ge

m
en

t 
of

 p
ed

ic
el

 
Po

d 
Se

t 
Po

d 
se

t 
(%

) 

D
ay

s 
ta

ke
n 

fo
r 

m
at

ur
ity

 

Se
ed

 
ge

rm
in

at
io

n 
(%

) 

D
ay

s f
or

 
pl

an
tin

g 
ou

t 
R

em
ar

ks
 

1 
As

cd
a.

 U
do

m
oc

ha
i ×

 A
sc

da
. 

Si
ric

hi
 F

ra
gr

an
ce

 
C

 
N

ot
 

fo
un

d 
Fo

un
d 

Fo
un

d 
73

.2
0 

13
4 

74
.3

3 
24

6 

2 
As

cd
a.

 K
ul

ta
na

 ×
 V

. B
itz

s 
H

ea
rtt

hr
ob

 ×
 A

sc
da

. S
iri

ch
i 

Fr
ag

ra
nc

e 
C

 
N

ot
 

fo
un

d 
Fo

un
d 

Fo
un

d 
80

.0
0 

16
1 

86
.3

3 
- 

Pr
ot

oc
or

m
s s

ho
w

ed
 

de
cl

in
ed

 g
ro

w
th

 a
nd

 
dr

ie
d 

3 
Va

sc
o.

 P
in

e 
R

iv
er

 B
lu

e 
× 

As
cd

a.
 S

iri
ch

i F
ra

gr
an

ce
 

C
 

N
ot

 
fo

un
d 

Fo
un

d 
Fo

un
d 

54
.0

0 
13

7 
N

ot
 fo

un
d 

- 
Se

ed
 fa

ile
d 

to
 

ge
rm

in
at

e 
 

4 
Va

sc
o.

 P
in

e 
R

iv
er

 P
in

k 
× 

As
cd

a.
 S

iri
ch

i F
ra

gr
an

ce
 

C
 

N
ot

 
fo

un
d 

Fo
un

d 
Fo

un
d 

77
.2

8 
14

1 
N

ot
 fo

un
d 

Se
ed

 fa
ile

d 
to

 
ge

rm
in

at
e 

 

5 
Va

sc
o.

 A
ro

on
sr

i B
ea

ut
y 

× 
As

cd
a.

 S
iri

ch
i F

ra
gr

an
ce

 
C

X
 

Fo
un

d 
Fo

un
d 

N
ot

 
fo

un
d 

- 
- 

- 
- 

Pe
di

ce
l s

hr
iv

el
le

d 
&

 
fa

lle
n 

af
te

r s
w

el
lin

g 

6 
Va

sc
o.

 P
in

e 
R

iv
er

s F
uc

hs
ia

 
D

el
ig

ht
 ×

 A
sc

da
. S

iri
ch

i 
Fr

ag
ra

nc
e 

C
 

N
ot

 
fo

un
d 

Fo
un

d 
Fo

un
d 

60
.2

0 
N

ot
 

m
at

ur
e

d 
fu

lly
 

- 
- 

Po
d 

se
t w

as
 o

bs
er

ve
d 

w
hi

ch
 fa

lle
n 

af
te

r o
ne

 
m

on
th

 

128



T
ab

le
 3

2.
 c

on
tin

ue
d 

 

Sl
. 

N
o.

 
C

ro
ss

es
 m

ad
e 

be
tw

ee
n 

pa
re

nt
s (

♂
×

♀
) 

C
ro

ss
 

co
m

pa
tib

ili
ty

 

Po
st

 p
ol

lin
at

io
n 

ch
an

ge
s 

Fl
ow

er
 

fa
ll 

(w
ith

in
 

a 
w

ee
k)

 

E
nl

ar
ge

m
en

t 
of

 p
ed

ic
el

 
Po

d 
se

t 
Po

d 
se

t 
(%

) 

D
ay

s 
ta

ke
n 

fo
r 

m
at

ur
ity

 

Se
ed

 
ge

rm
in

at
io

n 
(%

) 

D
ay

s f
or

 
pl

an
tin

g 
ou

t 
R

em
ar

ks
 

7 
M

ok
. C

al
yp

so
 P

in
k 

× 
As

cd
a.

 
Si

ric
hi

 F
ra

gr
an

ce
 

C
 

N
ot

 
fo

un
d 

Fo
un

d 
Fo

un
d 

89
.3

0 
N

ot
 

m
at

ur
e

d 
fu

lly
 

- 
- 

Po
d 

se
t w

as
 o

bs
er

ve
d 

w
hi

ch
 fa

lle
n 

af
te

r o
ne

 
m

on
th

 

8 
M

ok
. C

ha
o 

Pr
ay

a 
Su

ns
et

 
Y

el
lo

w
 S

po
t ×

 A
sc

da
. 

Si
ric

hi
 F

ra
gr

an
ce

 
C

 
N

ot
 

fo
un

d 
Fo

un
d 

N
ot

 
Fo

un
d 

- 
- 

- 
- 

Pe
di

ce
l s

hr
iv

el
le

d 
&

 
fa

lle
n 

af
te

r s
w

el
lin

g 

9 
M

ok
. S

ay
an

 ×
 A

sc
da

. D
ou

ng
 

Po
rn

 ×
 A

sc
da

. S
iri

ch
i 

Fr
ag

ra
nc

e 
C

 
N

ot
 

fo
un

d 
Fo

un
d 

Fo
un

d 
71

.3
3 

N
ot

 
m

at
ur

e
d 

fu
lly

 
- 

- 
Po

d 
se

t w
as

 o
bs

er
ve

d 
w

hi
ch

 fa
lle

n 
af

te
r o

ne
 

m
on

th
 

10
 

K
ag

. Y
ou

th
on

g 
B

ea
ut

y 
× 

As
cd

a.
 S

iri
ch

i F
ra

gr
an

ce
 

C
X
 

N
ot

 
fo

un
d 

Fo
un

d 
N

ot
 

Fo
un

d 
- 

- 
- 

- 
Pe

di
ce

l s
hr

iv
el

le
d 

&
 

fa
lle

n 
af

te
r s

w
el

lin
g 

C
- C

ro
ss

 c
om

pa
tib

le
 

C
X
-C

ro
ss

 in
co

m
pa

tib
le

 

 

129



T
ab

le
 3

3.
 C

ro
ss

 c
om

pa
tib

ili
ty

 a
nd

 p
os

t p
ol

lin
at

io
n 

ch
an

ge
s b

y 
us

in
g 

M
ok

. S
ay

an
 ×

 A
sc

da
. D

ou
ng

 P
or

n 
as

 th
e 

m
al

e 
pa

re
nt

 

Sl
. 

N
o.

 
C

ro
ss

es
 m

ad
e 

be
tw

ee
n 

pa
re

nt
s (

♂
×

♀
) 

C
ro

ss
 

co
m

pa
tib

ili
ty

 

Po
st

 p
ol

lin
at

io
n 

ch
an

ge
s 

Fl
ow

er
 

fa
ll 

(w
ith

in
 a

 
w

ee
k)

 

E
nl

ar
ge

m
en

t 
of

 p
ed

ic
el

 
Po

d 
se

t 
Po

d 
se

t 
(%

) 

D
ay

s 
ta

ke
n 

fo
r 

m
at

ur
ity

 

Se
ed

 
ge

rm
in

at
io

n 
(%

) 

D
ay

s f
or

 
pl

an
tin

g 
ou

t 
R

em
ar

ks
 

1 
As

cd
a.

 U
do

m
oc

ha
i ×

 M
ok

. 
Sa

ya
n 

× 
As

cd
a.

 
D

ou
ng

 
Po

rn
 

C
 

N
ot

 
fo

un
d 

Fo
un

d 
Fo

un
d 

67
.3

3 
N

ot
 

m
at

ur
ed

 
- 

Po
ds

 
w

er
e 

sh
riv

el
le

d 
an

d 
dr

ie
d 

in
 tw

o 
w

ee
ks

 

2 
As

cd
a.

 K
ul

ta
na

 ×
 V

. 
B

itz
s 

H
ea

rtt
hr

ob
 ×

 M
ok

. S
ay

an
 ×

 
As

cd
a.

 D
ou

ng
 P

or
n 

C
 

N
ot

 
fo

un
d 

Fo
un

d 
Fo

un
d 

86
.4

 
N

ot
 

m
at

ur
ed

 
pr

op
er

ly
 

Po
ds

 
w

er
e 

sh
riv

el
le

d 
af

te
r t

w
o 

m
on

th
s 

3 
As

cd
a.

 S
iri

ch
i 

Fr
ag

ra
nc

e 
× 

M
ok

. 
Sa

ya
n 

× 
As

cd
a.

 
D

ou
ng

 P
or

n 
C

 
N

ot
 

fo
un

d 
Fo

un
d 

Fo
un

d 
87

.9
 

12
8.

8 
62

.3
3 

- 
Se

ed
s 

ge
rm

in
at

e 
bu

t 
pr

ot
oc

or
m

s 
sh

ow
ed

 
de

cl
in

ed
 g

ro
w

th
 

4 
Va

sc
o.

 P
in

e 
R

iv
er

 B
lu

e 
× 

M
ok

. 
Sa

ya
n 

× 
As

cd
a.

 
D

ou
ng

 P
or

n 
C

X
 

Fo
un

d 
- 

- 
- 

- 
- 

- 
Fl

ow
er

 f
al

l 
w

as
 f

ou
nd

 
w

ith
in

 a
 w

ee
k 

5 
Va

sc
o.

 P
in

e 
R

iv
er

 P
in

k 
× 

M
ok

. 
Sa

ya
n 

× 
As

cd
a.

 
D

ou
ng

 P
or

n 
C

 
N

ot
 

fo
un

d 
Fo

un
d 

Fo
un

d 
67

.8
 

N
ot

 
m

at
ur

ed
 

fu
lly

 
- 

- 
Po

ds
 

w
er

e 
dr

ie
d 

an
d 

fa
lle

n 
af

te
r a

 m
on

th
 

6 
Va

sc
o.

 A
ro

on
sr

i 
B

ea
ut

y 
× 

M
ok

. 
Sa

ya
n 

× 
As

cd
a.

 
D

ou
ng

 P
or

n 
C

X
 

Fo
un

d 
- 

- 
- 

- 
- 

- 
Fl

ow
er

 f
al

l 
w

as
 f

ou
nd

 
w

ith
in

 a
 w

ee
k 

130



T
ab

le
 3

3.
 c

on
tin

ue
d 

Sl
. 

N
o.

 
C

ro
ss

es
 m

ad
e 

be
tw

ee
n 

p
a

re
n

ts
 (

♂
×

♀
) 

C
ro

ss
 

co
m

pa
tib

ili
ty

 

Po
st

 p
ol

lin
at

io
n 

ch
an

ge
s 

Fl
ow

er
 

fa
ll 

(w
ith

in
 a

 
w

ee
k)

 

E
nl

ar
ge

m
en

t 
of

 p
ed

ic
el

 
Po

d 
se

t 
Po

d 
se

t 
(%

) 

D
ay

s 
ta

ke
n 

fo
r 

m
at

ur
ity

 

Se
ed

 
ge

rm
in

at
io

n 
(%

) 

D
ay

s f
or

 
pl

an
tin

g 
ou

t 
R

em
ar

ks
 

7 
Va

sc
o.

 P
in

e 
R

iv
er

s 
Fu

ch
si

a 
D

el
ig

ht
 ×

 M
ok

. 
Sa

ya
n 

× 
As

cd
a.

 D
ou

ng
 P

or
n 

C
 

N
ot

 
fo

un
d 

Fo
un

d 
Fo

un
d 

- 
- 

- 
- 

Po
d 

w
er

e 
dr

ie
d 

in
 a

nd
 

sh
riv

el
le

d 
af

te
r 

th
re

e 
m

on
th

s o
f p

od
 se

tti
ng

 

8 
M

ok
. 

C
al

yp
so

 P
in

k×
 M

ok
. 

Sa
ya

n 
× 

As
cd

a.
 

D
ou

ng
 

Po
rn

 
C

 
N

ot
 

fo
un

d 
Fo

un
d 

Fo
un

d 
50

 
- 

- 
- 

Po
d 

w
er

e 
dr

ie
d 

in
 a

nd
 

sh
riv

el
le

d 
af

te
r 

tw
o 

m
on

th
s o

f p
od

 se
tti

ng
. 

9 
M

ok
. 

C
ha

o 
Pr

ay
a 

Su
ns

et
 

Y
el

lo
w

 S
po

t ×
 M

ok
. S

ay
an

 
× 

As
cd

a.
 D

ou
ng

 P
or

n 
C

 
N

ot
 

fo
un

d 
Fo

un
d 

Fo
un

d 
79

.7
5 

N
ot

 
m

at
ur

ed
 

pr
op

er
ly

 
- 

- 
Po

d 
w

er
e 

dr
ie

d 
in

 a
nd

 
fa

lle
n 

af
te

r 
a 

m
on

th
 o

f 
po

d 
se

tti
ng

. 

10
 

K
ag

. 
Y

ou
th

on
g 

B
ea

ut
y 

× 
M

ok
. 

Sa
ya

n 
× 

As
cd

a.
 

D
ou

ng
 P

or
n 

C
X
 

N
ot

 
fo

un
d 

Fo
un

d 
N

ot
 

fo
un

d 
- 

- 
- 

- 

Pe
di

ce
l 

sh
riv

el
le

d 
an

d 
fa

lle
n 

af
te

r 
sw

el
lin

g 
in

 
tw

o 
w

ee
ks

 b
ef

or
e 

po
d 

se
t 

C
-C

ro
ss

 c
om

pa
tib

le
C

X
-C

ro
ss

 in
co

m
pa

tib
le

131



4.2.7.6 Days for planting out 

The cross between Ascda. Udomochai × Ascda. Sirichi Fragrance was 

taken 246 days for deflasking/planting out after inoculation while in Ascda. 

Kultana × V. Bitz’s Heartthrob × Ascda. Sirichi Fragrance protocorms initiation 

showed declined growth after in vitro seed germination (Table 32). 

In Ascda. Sirichi Fragrance × Mok. Sayan × Ascda. Doung Porn 

protocorms initiation showed declined growth after the in vitro seed germination 

(Table 33). 

4.2.8 Relationship between Self and cross compatibility studies 

The relationship matrix of self and cross compatibility studies between 

selected eleven parents is presented in Table 34. 

The varieties Ascda. Udomochai, Ascda. Kultana × Vanda Bitzs 

Heartthrob and Vasco. Pine River Pink were found to be self compatible and cross 

compatible with both male parents.  

The male parents Ascda. Sirichi Fragrance and Mok. Sayan × Ascda. 

Doung Porn were also found to be self compatible and cross compatible with each 

other (Table 34).  

The variety Vasco. Pine River Blue was also found to be self compatible 

and cross compatible with Ascda. Sirichi Fragrance but was found cross 

incompatible with Mok. Sayan × Ascda. Doung Porn male parent. 

Varieties Kag. Youthong Beauty and Vasco. Aroonsri Beauty was found 

to be self incompatible and cross incompatible with both of the male parents.  

However, rest of the varieties viz., Vasco. Pine Rivers Fuchsia Delight, Mok. 

Calypso Pink and Mok. Chao Praya Sunset Yellow Spot are found to be self 

incompatible but cross compatible with both parents (Table 34). 
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Table 34. Relationship matrix of compatibility studies 

Sl. 
No. 

Hybrid/ variety used 
as female parent (♀) 

Self-
compatibility 

Cross compatibility by male parents 

Ascda. Sirichi 
Fragrance (♂) 

Mok. Sayan × 
Ascda. Doung 

Porn (♂) 

1 Ascda. Udomochai S C C 

2 Ascda. Kultana × V. 
Bitzs Heartthrob S C C 

3 Ascda. Sirichi 
Fragrance S - C 

4 Vasco. Pine River Blue S C CX 
5 Vasco. Pine River Pink S C C 

6 Vasco. Aroonsri 
Beauty SX CX CX 

7 Vasco. Pine Rivers 
Fuchsia Delight SX C C 

8 Mok. Calypso Pink SX C C 

9 Mok. Chao Praya 
Sunset Yellow Spot SX C C 

10 Mok. Sayan × Ascda. 
Doung Porn S C - 

11 Kag. Youthong Beauty SX CX CX 

S- Self-compatible SX-Self-incompatible 
C- Cross compatible CX-Cross incompatible

4.3 MOLECULAR CHARACTERISATION 

Twenty intergeneric hybrids of Ascocentrum were selected for molecular 

characterisation. It was done in was done using microsatellite markers (SSR) and 

ISSR. In addition to morphological characterisation.  Microsatellite markers are 

fast, reliable and reproducible system for molecular genotyping. 

4.3.1 Quality and quantity of DNA isolated 

The isolation of high quality DNA is important for all molecular 

analyses, because contaminants (proteins, polyphenols, etc.) can interfere with the 
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end result. Genomic DNA was isolated from young tender leaves of each variety 

using protocol suggested by Lim et al. (1998).  The isolated DNA from all 

samples (Plate 15) were checked for its quality and quantity using Nanodrop 

spectrophotometer (Jenway- Genova Nano).  The extracted DNA was confirmed 

to be of good quality through Agarose gel electrophoresis as well as computation 

of the OD value (ratio of absorbance at 260 nm and 280 nm) and quantity (µg/ml) 

given by Nanodrop (Table 35).  The quality and the quantity of isolated DNA 

from all hybrids were well within the accepted level to carry out further SSR and 

ISSR analysis. 

Table 35. Analysis of DNA determined by Nanodrop spectrophotometer in 

different varieties 

Sr. 
No. 

Var. 
No. Hybrid/ variety name OD value 

(260/280) 
Quantity 
(µg/µl) 

1 V1 Kag. Christie Low 2.00 337.32 
2 V2 Mok. Omayaiy Yellow 2.09 949.01 
3 V3 Mok. Sunspot 1.98 509.09 
4 V4 Vasco. Pine River Pink 2.01 1058.00 
5 V5 Ascda. Sirichi Fragrance 1.83 105.65 
6 V6 Ascda. Udomochai 1.90 454.37 
7 V7 Vasco. Blue Bay White 1.87 285.96 
8 V8 Vasco. Pine Rivers Fuchsia Delight 1.99 260.00 
9 V9 Ascda. Kultana × Vanda Bitzs Heartthrob 1.86 355.75 
10 V10 Kag. Samrong 1.91 331.00 
11 V11 Mok. Sayan × Ascda. Bangkuntein Gold 1.97 105.56 
12 V12 Mok. Khaw Phiak Suan × Ascda. Jiraprapra 1.91 210.66 
13 V13 Ascda. Suksamran Sunlight 1.98 220.62 
14 V14 Ascda. Yip Sum Wah × V. JVB 1.96 325.54 
15 V15 Vasco. Aroonsri Beauty 1.92 338.41 
16 V16 Mok. Walter Oumae Pink 1.90 190.06 
17 V17 Mok. Rassmatozz 1.82 212.10 
18 V18 Mok. Calypso × V. Dr. Anek 1.91 201.00 

19 V19 Mok. Khaw Phiak Suan × Ascda. 
Bicentennial Yellow Spot 1.91 238.92 

20 V20 Mok. Chao Praya Sunset Yellow Spot 1.99 195.01 
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Plate 15. Agarose gel electrophoresis of isolated DNA with selected 20 intergeneric hybrids

2

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 V18 V19 V20



4.3.2 Genotyping with molecular markers 

Assessment of genetic diversity is a prerequisite for genetic improvement 

of any agricultural/horticultural crops.  Knowledge of genetic diversity within the 

available germplasm is a key for the successful breeding programme in crop 

improvement. The working solution of DNA (50 µg/µl) was prepared by diluting 

DNA with ultra-pure type 1 water before subjecting it to PCR reaction.  The DNA 

sample of 20 hybrids/varieties were used for SSR and ISSR analysis. 

A total of 21 SSR and 29 ISSR primers were used to assess the 

genetic diversity and estimate genetic polymorphism in 20 hybrids. Out of 21 

SSR primers used, 10 primers produced polymorphic patterns in at least two 

hybrids (Table 36 and Plate 16-20). 

Out of 29 ISSRs primer used, only 20 showed amplification in all the 

hybrids with polymorphic bands (Table 39 and Plate 21-30). Data of these 

polymorphic primers were then used to study the molecular divergence among all 

hybrids and the analysis of this data revealed a high level of diversity among all 

genotypes.  

4.3.2.1 Genotyping with SSR markers 

Results of this study confirmed the existence of a high genetic diversity 

among 20 hybrids/varieties. Out of 21 SSR markers used in the study (Table 6), 

only 10 produced polymorphic bands (Plate 16-20).  The number of amplicons 

detected varied from 2 to 7.  The highest number of alleles was found in the 

FJ539054 (7), FJ539061 (5) and JN375718 (5). Primers DQ501383, DQ501384, 

DQ501387 and FJ539057 had amplified 4 amplicons.  Primers DQ494847 (3) 

observed to have less number of amplicons.  One unique band each was produced 

by JN375713, FJ539050 V10 and V15, respectively (Table 36).  

To identify informative markers for cultivar identification, Polymorphic 

Information Content (PIC) value was calculated.  The high PIC of primers 

indicates the highly informative nature of the SSR primers and the diversity of the 
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Plate 16. Amplification pattern generated by DQ494847 and DQ501383 with 20 
hybrids of Ascocentrum 
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Plate 17. Amplification pattern generated by DQ501384 and DQ501387 with 20 
hybrids of Ascocentrum 
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Plate 18. Amplification pattern generated by FJ539050 and FJ539054 with 20 
hybrids of Ascocentrum 
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Plate 19. Amplification pattern generated by FJ539057 and FJ539061 with 20 
hybrids of Ascocentrum  
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Plate 20. Amplification pattern generated by JN375713 and JN375718 with 20 
hybrids of Ascocentrum 
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used populations.  The PIC value ranged from 0.095 to 0.800.  Primers FJ539050 

and JN375713 observed to have lowest PIC value (0.095), whereas, FJ539054 

recorded the highest PIC value (0.800).  Primers DQ501387 (0.525), JN375718 

(0.570), DQ501383 (0.591), DQ494847 (0.612), DQ501384 (0.665), FJ539061 

(0.669) and FJ539057 (0.705) also produced good amount of polymorphism. 

Table 36. Particulars of polymorphic SSR markers 

Sl. 
No. Primer AT 

(ºC) 
No. of 

amplicons 
Amplicon size (bp) 

PIC 
Min. Max. 

1 DQ494847 48.3 3 256.43 500 0.612 

2 DQ501383 57.8 4 135.51 229.2 0.591 

3 DQ501384 55.35 4 183.23 223.89 0.665 

4 DQ501387 59.15 4 309.75 376.18 0.525 

5 FJ539050 56.05 2 187.82 200 0.095 

6 FJ539054 60.2 7 343.04 508.15 0.800 

7 FJ539057 60.65 4 132.49 192.47 0.705 

8 FJ539061 60.45 5 389.72 585.36 0.669 

9 JN375713 58.9 2 116.63 133.8 0.095 

10 JN375718 57.4 5 262.59 370.44 0.570 

Based on PIC values, SSR primers FJ539054 and FJ539057 can be used to 

distinguish the hybrids/varieties, whereas, JN375713 and FJ539050 can help in 

establishing the uniqueness of varieties V10 and V15, respectively (Table 36). 

4.3.2.2 Cluster analysis and dendrogram construction using SSR data 

Using Jaccard’s similarity coefficient for SSR primers, genetic similarity 

was calculated for all 20 hybrids/varieties of orchids (Table 37).  The highest 

Jaccard’s similarity value (0.82) was observed between V1 and V4, whereas, the 

least Jaccard’s similarity value (0.05) was observed in between V10 and V13, V14, 

V15, which indicates that these hybrids/varieties are dissimilar to each other.  

136



T
ab

le
 3

7.
 P

ai
r 

w
is

e 
si

m
ila

ri
ty

 b
et

w
ee

n 
va

ri
et

ie
s b

as
ed

 o
n 

SS
R

 d
at

a 

V
ar

. N
o.

 
V

1 
V

2 
V

3 
V

4 
V

5 
V

6 
V

7 
V

8 
V

9 
V

10
 

V
11

 
V

12
 

V
13

 
V

14
 

V
15

 
V

16
 

V
17

 
V

18
 

V
19

 
V

20
 

V
1 

1.
00

 
V

2 
0.

67
 

1.
00

 
V

3 
0.

54
 

0.
54

 
1.

00
 

V
4 

0.
82

 
0.

54
 

0.
43

 
1.

00
 

V
5 

0.
54

 
0.

54
 

0.
54

 
0.

67
 

1.
00

 
V

6 
0.

33
 

0.
54

 
0.

33
 

0.
33

 
0.

54
 

1.
00

 
V

7 
0.

47
 

0.
38

 
0.

38
 

0.
38

 
0.

38
 

0.
29

 
1.

00
 

V
8 

0.
50

 
0.

31
 

0.
40

 
0.

40
 

0.
24

 
0.

17
 

0.
44

 
1.

00
 

V
9 

0.
25

 
0.

18
 

0.
25

 
0.

25
 

0.
25

 
0.

18
 

0.
29

 
0.

40
 

1.
00

 
V

10
 

0.
25

 
0.

18
 

0.
11

 
0.

25
 

0.
11

 
0.

11
 

0.
16

 
0.

40
 

0.
25

 
1.

00
 

V
11

 
0.

33
 

0.
25

 
0.

43
 

0.
25

 
0.

25
 

0.
11

 
0.

29
 

0.
31

 
0.

33
 

0.
05

 
1.

00
 

V
12

 
0.

33
 

0.
18

 
0.

33
 

0.
33

 
0.

25
 

0.
18

 
0.

29
 

0.
31

 
0.

25
 

0.
11

 
0.

43
 

1.
00

 
V

13
 

0.
25

 
0.

43
 

0.
43

 
0.

25
 

0.
33

 
0.

33
 

0.
22

 
0.

17
 

0.
18

 
0.

05
 

0.
33

 
0.

43
 

1.
00

 
V

14
 

0.
24

 
0.

24
 

0.
31

 
0.

24
 

0.
31

 
0.

24
 

0.
35

 
0.

16
 

0.
31

 
0.

05
 

0.
24

 
0.

31
 

0.
50

 
1.

00
 

V
15

 
0.

31
 

0.
31

 
0.

40
 

0.
40

 
0.

50
 

0.
24

 
0.

28
 

0.
16

 
0.

31
 

0.
05

 
0.

24
 

0.
24

 
0.

31
 

0.
47

 
1.

00
 

V
16

 
0.

18
 

0.
11

 
0.

18
 

0.
18

 
0.

11
 

0.
11

 
0.

22
 

0.
40

 
0.

33
 

0.
25

 
0.

25
 

0.
43

 
0.

43
 

0.
31

 
0.

11
 

1.
00

 
V

17
 

0.
33

 
0.

25
 

0.
33

 
0.

33
 

0.
25

 
0.

18
 

0.
22

 
0.

24
 

0.
18

 
0.

11
 

0.
33

 
0.

54
 

0.
67

 
0.

40
 

0.
24

 
0.

67
 

1.
00

 
V

18
 

0.
33

 
0.

43
 

0.
43

 
0.

33
 

0.
33

 
0.

25
 

0.
16

 
0.

24
 

0.
11

 
0.

11
 

0.
25

 
0.

33
 

0.
67

 
0.

40
 

0.
24

 
0.

43
 

0.
67

 
1.

00
 

V
19

 
0.

33
 

0.
25

 
0.

25
 

0.
33

 
0.

33
 

0.
25

 
0.

16
 

0.
17

 
0.

11
 

0.
18

 
0.

18
 

0.
33

 
0.

33
 

0.
24

 
0.

17
 

0.
33

 
0.

54
 

0.
43

 
1.

00
 

V
20

 
0.

25
 

0.
25

 
0.

25
 

0.
25

 
0.

33
 

0.
25

 
0.

16
 

0.
24

 
0.

33
 

0.
25

 
0.

25
 

0.
18

 
0.

18
 

0.
11

 
0.

17
 

0.
25

 
0.

25
 

0.
25

 
0.

54
 

1.
00

 

137



Table 38. Clustering based on SSR scoring 

Sl. No. Cluster No. of members Members of cluster 
1 Cluster I 5 V1, V2, V3, V4, V5 
2 Cluster II 1 V6 
3 Cluster III 1 V7 
4 Cluster IV 1 V8 
5 Cluster V 1 V9 
6 Cluster VI 1 V11 
7 Cluster VII 1 V12 
8 Cluster VIII 3 V13, V17, V18 
9 Cluster IX 1 V14 
10 Cluster X 1 V15 
11 Cluster XI 1 V16 
12 Cluster XII 2 V19, V20 
13 Cluster XIII 1 V10 

The UPGMA clustering algorithm grouped the varieties into 2 main 

clusters according to dendrogram.  The variety V10 clustered separately from all 

other members, whereas, other members formed in another cluster.  At 50 per cent 

level of similarity, the hybrids/varieties clustered into 13 cluster (Table 38 and 

Fig. 16) Cluster I was the biggest cluster with five members (V1, V2, V3, V4, V5), 

followed by Cluster VIII with three members (V13, V17, V18) and Cluster XII with 

two verities (V19, V20).  Whereas, all remaining members grouped each into 

separate cluster.  

4.3.2.3 Genotyping with ISSR markers 

To characterise and measure the extent of variation between the 20 

intergeneric hybrids, DNA of each orchid hybrids were subjected to PCR 

amplification using 29 ISSR primers mentioned earlier in Table 7.Out of 29 ISSRs 

primer used, only 20 showed amplification in all the hybrids with polymorphic 
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Fig. 16.  Dendogram showing clustering of 20 hybrids/varieties based on SSR profile 

UPGMA

Jaccard's Coefficient

V1

V4

V2

V5

V3

V6

V7

V8

V14

V15

V9

V11

V12

V13

V17

V18

V16

V19

V20

V10

0.04 0.2 0.36 0.52 0.68 0.84 1



bands (Table 39 and Plate 21-30).  The details of primers and amplification is 

indicated. 

The total number of amplicons detected by an individual primer ranged 

from 11 to 18.  ISSR primer (GACAC)4 generated 11 amplicons with 20 

hybrids/varieties, whereas ISSR 901 amplified 31 amplicons.  Four ISSR primers 

viz., DAT (25), MAO (29), UBC808 (30) and UBC858 (29) observed with more 

than 25 amlicons. Six ISSR primers viz., 17899A (18), ACTG(4) (18), GOOFY 

(17), UBC809 (16), UBC810 (17) and UBC841 (15) amplified less than 25 

amplicons.  The amplicon size ranged from 126 bp to 2487 bp. Primer ISSR 7 

observed with the least size of amplicon (126 bp-1780 bp).  Whereas, ISSR primer 

OMAR amplified amplicon of size in between 155 bp- 2487 bp (Table 39). 

ISSR primer (GACAC)4 observed with low PIC value, 0.594, whereas 

UBC810 observed with the highest PIC value, 0.926.  It was also observed that 17 

out of 20 ISSR markers recorded PIC value more than 0.8 (Table 39). This 

indicated high discriminatory and differentiation power of these markers for the 

population of orchids used in this study.  

4.3.2.4 Cluster analysis and dendrogram construction using ISSR data 

Cluster analysis revealed the presence of high genetic variation among all 

varieties studied.  The dendrogram based on Jaccard’s similarity coefficients was 

constructed using UPGMA after analysis of banding patterns generated by 20 

polymorphic primers across the 20 hybrids/varieties of orchids (Fig. 17).  

The highest Jaccard’s similarity value (0.44) was observed between V19 

and V20.  Whereas, the least Jaccard’s similarity value (0.03) was observed in 

between V7 and V19, which indicates that these hybrids/varieties are dissimilar to 

each other (Table 40.) 

A UPGMA-based dendrogram separated the 20 hybrids of orchids into two 

main clusters each with 10 members.  It was also observed that the ISSR primers 
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Fig. 17.  Dendogram showing clustering of 20 hybrids/varieties based on ISSR profile 
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Plate 21.  Amplification pattern generated by ISSR 901 and ISSR 17899A with 20 hybrids of Ascocentrum 
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Plate 22. Amplification pattern generated by ACTG(4) and AW3 with 20 hybrids of Ascocentrum 
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Plate 23. Amplification pattern generated by (CT)10G and DAT with 20 hybrids of Ascocentrum 
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Plate 24. Amplification pattern generated by (GACAC)4 and GOOFY with 20 hybrids of Ascocentrum 
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Plate 25. Amplification pattern generated by MANNY and MAO with 20 hybrids of Ascocentrum 
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Plate 26. Amplification pattern generated by OMAR and UBC 807 with 20 hybrids of Ascocentrum 
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Plate 27. Amplification pattern generated by UBC 808 and UBC 809 with 20 hybrids of Ascocentrum 
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Plate 28.  Amplification pattern generated by UBC 810 and UBC 814 with 20 hybrids of Ascocentrum 
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Plate 29. Amplification pattern generated by UBC 841 and UBC 858 with 20 hybrids of Ascocentrum 
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Plate 30. Amplification pattern generated by ISSR 7 with 20 hybrids of Ascocentrum 
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Table 39. Particulars of polymorphic ISSR markers 

Sl. No. Primer name AT 
(ºC) 

No. of 
amplicons 

Amplicon size 
(bp) PIC 

value 
Min. Max. 

1 7 54 20 126 1780 0.888 

2 901 54 31 191 1163 0.930 

3 17899A 48 18 314 1457 0.838 

4 ACTG(4) 52 18 372 1346 0.770 

5 AW3 54 21 388 1296 0.838 

6 (CT)10G 60 22 500 1676 0.917 

7 DAT 54 25 253 1154 0.912 

8 (GACAC)4 52 11 453 1000 0.594 

9 GOOFY 56 17 194 964 0.803 

10 HB 9 52 16 219 900 0.864 

11 Manny 52 21 200 1075 0.875 

12 OMAR 54.3 24 155 2487 0.893 

13 MAO 45 29 273 1367 0.896 

14 UBC807 53 23 265 1181 0.652 

15 UBC808 54 30 393 1477 0.926 

16 UBC809 53.5 16 446 1040 0.872 

17 UBC810 50.4 17 336 970 0.926 

18 UBC814 52 24 216 1400 0.969 

19 UBC841 53 15 206 958 0.928 

20 UBC858 54 29 491 1787 0.925 

showed very high level for diversity, and at 50 per cent level of similarity all 20 

Ascocentrum hybrids grouped into a separate cluster.  Hence, the clustering was 

done with minimum of 30 per cent similarity.  At this similarity, all 20 hybrids 

into 14 different clusters.  Six clusters viz., Cluster I, Cluster II, Cluster V, Cluster 

X, Cluster XII and Cluster XIII observed with two members each, whereas all 

remaining cluster was observed with only one member each (Table 41.). 
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Table 41 Clustering based on ISSR scoring 

Sl. No. Cluster No. of members Members of cluster 
1 Cluster I 2 V1, V2 
2 Cluster II 2 V3, V4 
3 Cluster III 1 V5 
4 Cluster IV 1 V6 
5 Cluster V 2 V7, V8 
6 Cluster VI 1 V9 
7 Cluster VII 1 V10 
8 Cluster VIII 1 V11 
9 Cluster IX 1 V12 
10 Cluster X 2 V13, V14 
11 Cluster XI 1 V16 
12 Cluster XII 2 V17, V18 
13 Cluster XIII 2 V19, V20 
14 Cluster XIV 1 V15 

4.3.2.5 Comparison between clustering pattern made by SSR and ISSR primers 

The primers SSR and ISSR were efficient to cluster all the 

hybrids/varieties of Ascocentrum. For SSR the similarity was considered at or 

above 50 per cent, whereas multiple amplicons were produced by ISSR primers 

with all varieties/ hybrids, hence the similarity level was considered at or above 30 

per cent. It was clearly evident from the similarity matrices and dendograms 

of SSR and ISSR primers (Table 37, 40, Fig. 16 and 17) that both types of 

primers produced almost similar kind of clustering for all 20 hybrids/varieties of 

orchids. 

In SSR clustering, hybrids viz., V1, V2, V3, V4 and V5 grouped into 

same cluster, whereas in ISSR clustering hybrids V1, V2 clustered in one cluster 

and V3, V4 clustered in another cluster. In clustering of both types of primers i.e. 

SSR and ISSR, hybrids/varieties viz., V6, V9, V10, V11, V12, V16 and V15 grouped 

each into separate cluster, whereas V17, V18 and V19, V20 clustered into same 

cluster in both clustering.  
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5. DISCUSSION 

Flamboyant, beautiful and intriguing, orchids have evolved to become the 

largest family of flowering plants in the world.  Orchids are grown for their 

astonishing beauty and variety of flowers. They are also valued for their incredible 

diversity, beautiful appearance, brilliant colours and prolonged vase life.  Orchids are 

important for their horticultural and floricultural appeal.  Orchids account for a large 

share of global floriculture trade both as cut flowers and as potted plants for indoor 

display. Nowadays many people have turned up to growing orchids, because of the 

availability of a large number of hybrids and varieties worldwide.  Ascocentrum is a 

monopodial orchid with beautiful long lasting flowers and there are many 

intergeneric hybrids with Ascocentrum as one of the parents. 

In the present study, thirty intergeneric Ascocentrum hybrids/varieties were 

evaluated for their morpho molecular characters and the results obtained are 

discussed in this chapter. 

5.1 MORPHOLOGICAL CHARACERISATION  

Orchids are known for their high magnitude of diversity and response to the 

environment.  In India, the West Coast, especially Kerala, is one of the rare locations 

all over the world where orchids come up well, without the use of much sophisticated 

conditions (Rajeevan et al, 2009a).  According to Abraham and Vatsala (1981a), the 

genetic plasticity inherent in Orchidaceae permitted an intermingling of genomes, not 

only at the species level but also at the generic level.  The passport data of orchids 

collected and evaluated at various co-ordinating centres under AICRP on Floriculture 

in India were documented by Bhattacharjee et al. (2002).  Rajeevan et al. (2002) 

described the genera of orchids and varieties/ hybrids which could be commercially 

grown under the conditions prevailing in India.  Family Orchidaceae is known for its 

morphological and ecological diverse adaptation.  
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5.1.1 Quantitative plant characters 

The quantitative plant characters evaluated under the study were plant height, 

plant spread, shoot girth, shoot diameter and internodal length; leaf characters were 

number of leaves, leaf length, leaf breadth, leaf area; and root characters were number 

of roots, length of roots and girth of roots. 

Ascocenda is a bigeneric hybrid, whereas Mokara, Vascostylis and Kagawara 

are trigeneric hybrids and are the intermediate climbing orchids.  Ascocenda are 

compact monopodial plants that can easily grow indoors, growth pattern is 

intermediate climbing pattern unlike vandaceous orchids and Ascocentrum; whereas, 

Mokara, Vascostylis and Kagawara, have growth pattern from tall climbing to 

intermediate climbing unlike their parents (Kaveriamma, 2007; Kaveriamma et al., 

2010; Sebastian, 2015 and Deepa, 2017). 

In the present study maximum plant height was recorded in Mok. Omayaiy 

Yellow (144.11 cm) followed by Mok. Sayan × Ascda. Doung Porn (130.55 cm) and 

were found to be significantly superior to all other varieties throughout study period 

and these varieties also had comparatively good internodal length (4.63 cm).  Plant 

height was minimum in Vasco Aroonsri Beauty (22.21 cm) which also had the least 

internodal length (2.10 cm).  Plant height is influenced by growing conditions as well 

as plant genetic constitution.  The variation in height in the present study might be 

due to the differences in internodal length. Since the varieties also had better 

internodal length.  Abraham and Vatsala (1981) reported that an interaction was 

observed between plant genetic constitution and environmental factors which directly 

reflected on their growth, development and productivity.  Geetha et al. (2009) made 

an attempt to study the variation through diversity analysis in 27 genotypes of 

Arachnis, belonging to monogeneric, bigeneric and trigeneric origin under warm 

humid tropical condition and reported significant differences with respect to 

vegetative and floral characters and the genotypes were grouped into four clusters.  
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There are also similar findings from other research workers.  Forty monopodial 

orchids belonging to mono generic (15), bigeneric (15) and trigeneric (10) origin 

were evaluated under field conditions and distinguishable differences were noticed in 

both vegetative and floral characters (Kaveriamma et al. (2008); Kaveriamma et al, 

2010).  Detailed morphological characterization of varieties belonging to monopodial 

orchids like Mokara, Vanda, Phalaenopsis and sympodial orchids like Oncidium, 

Dendrobium and Cattleya also have already been done (PPV & FRA, 2012; PPV & 

FRA, 2012a and De et al., 2018). 

In the present study plant spread (59.23 cm), leaf length (38.74 cm) and leaf 

area (68.63 cm) recorded were maximum in Kag. Youthong Beauty, whereas Vasco. 

Aroonsri Beauty had minimum plant spread (24.43 cm), leaf length (15.02 cm), leaf 

area (37.00 cm2) and also leaf breadth (1.04 cm) throughout the study period.  

Maximum leaf breadth was observed in Mok. Omayaiy Yellow (3.94 cm).  The 

minimum value was found to be not more than 1.04 cm, might be due to its terete 

shaped leaves.  Present findings are in line with the reports of Abraham and Vatsala 

(1981); Kaveriamma et al. (2008) and Geetha et al. (2009). 

The more the spread, the spacing between the plants should also be more. 

Area occupied by the plant is indicated by plant spread which also determines the 

plant density in the growing environment.  Leaf characteristics such as length, 

orientation and arrangement have direct influence in determining the plant spread, 

especially in the case of Kagawara, since it is non branching.  The long and arching 

nature of leaves also has role in the spacing between plants. 

According to Deepa (2017) leaf quality attributes both quantitative and 

qualitative also have an important role in the selection of plants for ornamental traits.  

It was also noticed that leaf length largely contributed to the leaf area in comparison 

to leaf width.  Leaf area, number of leaves, leaf production interval along with leaf 

sheath characters could be directly correlated to the photosynthetic efficiency of plant 
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(Bose et al., 1999).  Such leaf characters of different orchids were described by 

Bhattacharjee et al. (2002); Kaveriamma (2007); Sebastian (2015); Deepa (2017) and 

Rahi (2017) in their studies. 

Maximum number of leaves was found in Mok. Sayan × Ascda. Doung Porn 

(74.80) which was on par with Mok. Omayaiy Yellow (72.80), whereas the minimum 

number of leaves was found in Mok. Khaw Phiak Suan × Ascda. Jiraprapa (16.60).  

This might be due to the varietal differences.  This is in confirmation with 

Kaveriamma (2007) who reported that the leaf production interval defined leaf yield 

which was co related with internodal length and plant height in most of intermediate 

to tall climbing orchids.  Angle of orientation of leaves benefits the plant by proper 

interception of light.  Leaf quality attributes both quantitative and qualitative also 

have important role in the selection of plants for ornamental traits. 

Maximum shoot girth and shoot diameter were recorded in Mok. Sayan × 

Ascda. Doung Porn and the minimum in Vasco.  Aroonsri Beauty which was on par 

with Mok. Sayan × Ascda. Bangkuntein Gold.  Shoot girth and shoot diameter have 

profound influence on the plant size and strength and it could be inferred that the 

varieties with better shoot girth and diameter would have good anchorage and could 

accommodate more number of leaves and enhanced growth. 

According to Sebastian (2015), the girth of shoot gave an indication of the 

strength of the stem and the shoot girth recorded in different varieties varied 

considerably.  In their study maximum shoot girth was found in Vanda Taweesuksa x 

V. Kultana Gold x V. Green Gold and the minimum in V. Varuvathe Pink.  The 

present results are in line with these findings.   

Maximum number of roots was observed in Ascda. Yip Sum Wah × V. JVB 

(28.80) which was significantly superior to all other hybrids/varieties.  The aerial 

roots arising from the base of the stem or seen along the stem help the plant to absorb 



 
147 

 

nutrients and moisture from the growing environment.  The more number of roots 

would help for enhanced absorption and in turn more growth and good flowering. In 

different vandaceous orchids, roots were long and hung freely thus they indicated the 

need to cling on a support (Bose et al, 1999). 

Goh (1983) reported that production pattern of roots was not driven by the 

genetic constitution but possibly by the physiological and environmental factors, as 

observed in Aranda orchids.  

Brian and Wilma (2014) reported wide variation with regard to the root 

characteristics.  Besides, the absorbent outer cover of roots formed by a layer of dead 

cells called velamen helps for the absorption of water and nutrients through the entire 

length. 

5.1.2 Quantitative floral characters  

The quantitative floral characters evaluated under this study were spike 

characters like number of spikes produced per year, length of spike, length of rachis, 

length of the floral stalk, girth of a spike at the base, floret characters like number of 

florets per spike, internodal length, pedicel length (individual flower stalk length), 

length of floret, breadth of floret, length of labellum, width of labellum, length of 

column and spur length (Fig. 18 to Fig. 21). 

Natural flowering occurs when environmental conditions become favorable 

for the reproduction of plants, since the plant starts to respond to the photoperiod and 

temperature (Lopez and Runkle, 2004).  

Mok. Sayan × Ascda. Doung Porn was observed to produce the maximum 

number of spikes per plant per year which was on par with Mok. Omayaiy Yellow 

and Kag. Youthong Beauty (Fig.18).  Eventhough least was observed in Mok. Khaw 

Phiak Suan × Ascda. Jiraprapa, it was statistically on par with the other 26 varieties.  



Fig. 18. Number spikes produced per plant per year (yield of spikes) of intergeneric hybrids of Ascocentrum 
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Orchid with higher yield of spikes could be considered as the best variety for 

commercial exploitation.  

Appreciable variations were noted in spike length. Significantly higher spike 

length was noted in Mok. Omayaiy Yellow which was on par with Mok. Omayaiy 

Orange, whereas least was noted in Vasco. Aroonsri Beauty which was on par with 

11 different varieties.  Spike length is a desirable character for cut flowers; the more 

the spike length, the more price it would fetch.  In the present study Mok. Omayaiy 

Yellow and Mok. Omayaiy Orange could be considered with high cut flower value 

(Fig. 19).  Orchids with good spike length find a place in the cut flower trade which is 

not the criterion for pot plants. 

Rachis length decides the flower bearing area.  From the ornamental point of 

view, rachis length has to be considered together with the number and size of florets. 

In the present study, Kag. Samrong had maximum rachis length which was on par 

with 12 other varieties.  It was minimum in Mok. Khaw Phiak Suan × Ascda. 

Jiraprapa which was on par with 10 different varieties (Fig. 19). 

Flower stalk/peduncle length is given prime importance in cut flowers and 

those with more length will have more value and more demand.  Mok. Omayaiy 

Yellow was observed to have the longest flower stalk which was on par with Mok. 

Omayaiy Orange and Mok. Sayan × Ascda. Doung Porn which means it would 

enhance the cut flower value (Fig. 19). 

Spikes with good girth would be sturdier, hence it is more preferred to use as 

cut flower.  Spike girth was maximum in Mok. Chao Praya Sunset Orange which was 

on par with five other hybrids.  Spike girth was the minimum in Vasco.  Blue Bay 

White which was on par with Vasco. Aroonsri Beauty, Ascda. Sirichi Fragrance and 

Vasco. Pine Rivers Fuchsia Delight.  Spike girth influences the space occupied by 

each floret and also has helps in the compact arrangement of florets on the flower 



Fig. 19. Spike, peduncle and rachis length of intergeneric hybrids of Ascocentrum 

0.00

10.00

20.00

30.00

40.00

50.00

60.00
V1

V2
V3

V4

V5

V6

V7

V8

V9

V10

V11

V12

V13

V14
V15

V16
V17

V18

V19

V20

V21

V22

V23

V24

V25

V26

V27

V28

V29
V30Spike length (cm)

Peduncle length (cm)

Rachis length (cm)



 
149 

 

stalk.  Thus it has much value in cut flower trade by giving good appeal and increased 

aesthetic value.  

More number of florets per spike is a preferred character for use as a cut 

flower, which also gives beautiful appearance to cut flower as well as for indoor 

display of plants.  During the period of study, Vasco. Blue Bay White produced 

maximum number of florets/spike which was on par with Ascda. Sirichi Fragrance 

(Fig. 20).  This character may also helps in the compactness of the spike which is 

important in the ornamental point of view and enhances the commercial value. 

Increase in the internodal length between florets, is not a desirable character 

for cut flowers because of scattered appearance.  Spikes with minimum internodal 

distance have good appeal leading to compactness of the spike and better quality.  In 

the present study the minimum internodal length was observed in Vasco. Blue Bay 

White which was on par with Vasco. Pine Rivers Fuchsia Delight, which could be 

considered better for cut flower purpose (Fig. 21).  

Ascocentrum hybrids showed detectable variations with regards to the 

pedicel/floret stalk length.  Florets with good pedicel length are suitable for floral 

corsages.  During the period of study, maximum pedicel length was recorded in 

Ascda. Kultana × V. Bitzs Heartthrob followed by Mok. Omayaiy Orange, Mok. 

Omayaiy Yellow and Mok.  Sayan × Ascda. Doung Porn. Pedicel length was lowest 

in Vasco. Blue Bay White which was on par with Vasco. Pine River Blue, Vasco. 

Pine Rivers Fuchsia Delight, Vasco. Pine River Pink and Ascda. Sirichi Fragrance. In 

the present study a positive relation of flower size with pedicel length was also 

noticed and those varieties with good flower size had higher values for pedicel length.  

This, being a desirable trait for cut flowers, can be exploited. 

Length and width of floret together determines the flower size. Floret size 

adds much to the ornamental value of cut flowers. Among all the Ascocentrum 



Fig. 20. Number of florets per spike of intergeneric hybrids of Ascocentrum 
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Fig. 21. Internodal length of spikes of intergeneric hybrids of Ascocentrum 
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hybrids, Ascda. Kultana × V. Bitzs Heartthrob recorded the maximum floret size 

followed by Ascda. Suksamran Sunlight Yellow whereas it was minimum in Vasco 

Blue Bay White. Vasco Blue Bay White had densely arranged small flowers with the 

least internodal length which were very attractive and could be absolutely fitted as a 

pot plant for indoor display. Large sized showy flowers always attract attention and 

good floret size would be an added advantage for cut flowers and also can be used to 

make garlands and corsages.  

Lokesha and Vasudeva (1994) analyzed 746 Indian orchids and reported that 

those with large showy flowers were the most vulnerable for commercial exploitation 

and the most likely to be endangered species. 

Lip or labellum is the most attractive part of an orchid flower giving it 

different shapes and names.  It varies in colour, size and shape among varieties.  The 

lip was oriented upward in the bud, but, as it later developed, the pedicel or ovary 

twisted so that the lip usually got oriented downward by the time the flower opened, a 

process called floral resupination (Anon. 2019b), Slight variations were observed in 

quantitative characters like length and width of labellum, in the hybrids/varieties 

studied.  

Cluster analysis with 14 different floral characters revealed 12 clusters apt 75 

per cent similarity.  It was observed that cluster 2 and cluster 5 were least similar with 

each other, whereas, the highest inter cluster distance was observed in cluster 6 and 

cluster 10. Cluster 6 which included Ascda. Sirichi Fragrance and Vasco Blue Bay 

White was found to have the lowest internodal length with the highest value for 

number of florets per spike, also observed to have lower flower length and flower 

width. Cluster 10 was found to have the high mean values for spike length, flower 

length and flower width.  Geetha et al. (2009) made an attempt to study the variation 

through diversity analysis in 27 genotypes of Arachnis, belonging to monogeneric, 

bigeneric and trigeneric origin under warm humid tropical condition and reported 
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significant differences with respect to vegetative and floral characters studied and the 

genotypes were grouped into four clusters to understand the inter cluster distance. 

5.1.3 Phenological characters  

Phenological plant characters recorded were interval of leaf production, leaf 

longevity (days), days taken from spike emergence to opening of first floret, 75 per 

cent florets and complete opening of all florets; longevity of spike on plant and life of 

individual floret on the spike.  Generally orchids were grouped into two types, 

monopodial and sympodial depending upon their growth habit.  Monopodial orchids 

such as Ascocentrum, Arachnis, Renanthera, Ryncostylis, Vanda, Phalaenopsis, etc. 

have a main stem which continues to grow year after year.  Sympodials like 

Dendrobium, Cymbidium, Cattleya, etc. have a main stem which terminates growth at 

the end of each season.  Kaveriamma (2007) reported that the phenological leaf and 

floral characters of monopodial orchids were important due to their long lasting 

nature. 

Leaf phenology also has important role in the selection of varieties for 

commercial traits. Interval of leaf production is indicative of leaf yield.  The lowest 

interval of leaf production was observed in Mok. Sayan × Ascda. Doung Porn (32.17 

days) and the highest in Mok. Sayan × Ascda. Bangkuntein Gold (108.44 days).  

Maximum leaf longevity was observed in Vasco. Aroonsri Beauty (292.20 days). 

Mok. Chao Praya Sunset Yellow Spot was observed to have the minimum leaf 

longevity (129.02 days). 

Flowering phenology varied among different varieties.  Tropical low land 

growing hybrid orchids were found to be as day neutral plants which were not 

influenced by day length (Soon, 1980).  It was noted that the hybrids showed 

acropetal succession of flowers.  This is in the conformity with the finding of Goh 

(1977) that flowers in the inflorescence of Vanda and Arachnis tribe opened 

acropetally in one day interval. 
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In the present study the variety Vasco. Pine Rivers Fuchsia Delight was early 

with respect to floret opening and had taken 14.99 days to open the first floret from 

spike emergence.  Once the flower bud formation started, the development time 

depended upon the temperature and genetic constitution (Lopez and Rankle, 2005).  

Dressler (1981) reported that rainfall had a direct correlation with the flowering 

phenology in tropics.  Flower bud initiation occurred after the spike had reached a 

certain length under the required environmental conditions.  

Usually the inflorescence has to be harvested, when 75 per cent florets were 

opened for cut flower purpose.  Vasco. Pine Rivers Fuchsia Delight was the variety 

earliest to harvest among all the varieties, whereas Vasco. Pine River Pink took 

maximum days to attain harvestable stage.  De et al., (2014) reported that Cymbidium 

hyb. ‘PCMV’, harvested at two bud opened stage, had got maximum vase life (66.8 

days).  The finding of the present study that different varieties had different 

harvestable stage is in line with the finding of De et al., (2011). 

The duration between the spike emergence to opening of all florets also 

showed significant differences among varieties.  The maximum number of days for 

opening of all florets was recorded in Mok. Chark Kuan Pink, whereas the minimum 

was in Ascda. Yip Sum Wah × V. JVB.  This is in confirmation with the results of 

Deepa (2017) that different days were taken from spike emergence to opening of all 

florets in vandaceous orchids. 

Spike longevity on plant is closely related with growth and quality of plants. 

In the present study three varieties viz., Mok. Sayan × Ascda. Doung Porn, Mok. 

Chark Kuan Pink and Kag. Youthong Beauty were observed to have spike longevity 

more than 35 days. Spike longevity on the plant is generally an indicative of the 

longevity after harvest, a major criterion for increasing the commercial value of 

orchids. 
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A sharp increase in ethylene emission was found during flower maturation, 

opening and senescence.  Ethylene played an important role in the regulation and co-

ordination of senescence in climacteric flowers (Lopez and Runkle, 2005).  In the 

present study life of individual floret was highest in Mok. Chark Kuan Pink, whereas 

it was lowest in Vasco. Blue Bay White might be due to the differences in the 

senescence of flowers resulting from the changes in the ethylene emission. 

5.1.4 Post harvest characters 

Post harvest characters like fresh weight of spike, wilting of the first floret, 

life span of floret, spike longevity, water uptake, and physiological loss in weight 

were recorded in all the varieties.  Vase life or longevity of a cut flower could be 

assessed on the basis of attributes like diameter and length of florets, opening of 

flowers, changes in fresh weight, diameter or length of stem/pedicel, senescence 

pattern, colour of petals, total longevity and foliage burning. 

Fresh weight of spike was highest in Mok. Omayaiy Yellow which was 

significantly superior to other hybrids except Mok. Sayan × Ascda. Doung Porn and 

Mok.  Omayaiy Orange (Fig. 22).  More fresh weight of spike is a favorable character 

in which all the parents might have contributed for the better commercial trait.  

Kaveriamma (2010) reported that Mokara, being a trigeneric hybrid between 

Ascocentrum × Arachnis × Vanda and some of the Mokara hybrids offer the very 

best of all the three parents. Flowering behavior of Makara, is unlike other 

vandaceous orchids, since Arachnis is one of the parents in Mokara; most of Makara 

hybrids also retain the flowering pattern of both classic climbing orchid and other 

vandaceous orchids thus offering good qualitative attributes of flowers of the 

intermediate climbing monopodial orchids.  

Spike longevity in vase is determined by senescence and wilting of petals or 

wilting of first floret.  Variety Mok. Chark Kuan Pink recorded significantly high 



Fig. 22. Fresh weight of spikes and physiological loss in weight of Ascocentrum hybrids 
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spike longevity among all the selected hybrids.  The variety Vasco. Blue Bay White 

recorded the minimum value for spike longevity which was on par with 11 other 

hybrids (Fig. 23).  Spike longevity varied in the different hybrids of the Ascocentrum. 

This is in line with the finding of De et al. (2014) that the hybrids of Dendrobium, 

Vanda and Mokara remained perfect from 7 days to 30 days, all the flowers of 

Cattleya and Phalaenopsis remained fresh for 1 to 4 weeks and Aranda lasted for 18 

to 28 days.  

Marked variations were noted in post-harvest characters as well as lasting 

quality of flowers in the Ascocentrum hybrids/varieties.  Ethylene is considered to be 

the main hormone responsible for early senescence.  In Cymbidium hyb. ‘Red 

Princess,’ pulsing with 5% sucrose increased vase life upto 56 days (De et al., 

2014a).  

In the present study Vasco. Blue Bay White took the minimum duration 

(13.76 days) for wilting after bud opening of first floret, even though it was on par 

with 21 other hybrids/varieties.  The period taken for wilting of the first floret was 

maximum in Kag. Youthong Beauty (25.00 days) (Fig. 23).  Bud opening in vase 

might be related to hormonal functions and active growth of internal tissues in the 

plant, hence differences were noticed among varieties. 

In the present study, floret life span was maximum in the variety Mok. Chark 

Kuan Pink (28.44 days), which was on par with 6 other varieties.  Variety Vasco. 

Blue Bay White had the shortest floret life span (13.76 days) (Fig. 23).  This is in 

conformity to the findings of Deepa (2017), wherein varietal difference was reported 

with respect to floret life span; she reported maximum floret life in Neostylis Lou 

Sneary followed by Vasco. Crown fox Red Gem.  A sharp increase in ethylene 

emission was found during flower maturation, opening and senescence.  Ethylene 

played an important role in regulating and co ordinating the senescence in climacteric 

flowers as reported by De et al. (2014a).  Production of this hormone was found less 



Fig.23. Post harvest floral characters of intergeneric hybrids of Ascocentrum 
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and stable in floral buds and young flowers, and the increase in ethylene 

concentration in the opened flowers led to wilting (De et al., 2014a).  The floret life 

or freshness of flowers is also one of the attributes deciding the post-harvest quality 

of spike when used as a cut flower.  

Water absorption indicates metabolic activities as well as the retention of 

turgidity of the tissues.  Even though the variety Mok. Omayaiy Yellow was observed 

to have maximum water uptake (14.00 ml), it was on par with 20 other varieties. The 

variety Vasco. Aroonsri Beauty had the minimum water uptake (5.29ml) (Fig. 24).  

This could be related to the physiological loss in weight of spike when it was kept in 

vase. Deepa, (2017) also reported similar results of varietal differences in water 

uptake; and it was reported minimum in Vasco. Crownfox Red Gem.  According to 

De et al., (2014a) the failure of water uptake as a result of stem blockage, might be 

due to air blockage, microbial growth or physiological plugging.  

In the present study Mok. Omayaiy Yellow had minimum physiological loss 

of weight (PLW) which was on par with Mok. Sayan × Ascda. Doung Porn, Mok. 

Sunspot and Mok. Omayaiy Orange.  PLW was maximum in Vasco. Aroonsri Beauty 

which was on par with 21 other hybrids/varieties (Fig. 22).  

Physiological loss of weight is connected with freshness and turgidity of cut 

flowers and has prominent role in deciding the vase life and in turn the value of cut 

flowers.  Hence those flowers with minimum PLW are to be selected for getting 

maximum vase life which can be exploited for commercial use.  Post harvest 

characters of any flower have profound influence on the quality and cut flower value. 

Sebastian (2015) stated that PLW of the spike under vase condition was 

maximum in Vanda Lumpini Red x V. Taweewan and this was related to water 

absorption and retention in the tissues.  



Fig. 24. Water uptake of intergeneric hybrids of Ascocentrum in vase 
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Deepa (2017) reported minimum physiological loss in Neostylis Lou Sneary. 

This is in line with the finding that different varieties behaved differently in vase with 

respect to PLW.  

5.1.5 Qualitative plant characters 

The qualitative plant characters of thirty Ascocentrum hybrids/varieties 

were observed.  These were recorded with respect to shoot characters viz., nature of 

growth, nature, colour and branching; leaf characters viz., shape, texture, margin, 

apex, colour, pigmentation, orientation, nature of sheath, colour of sheath and leaf 

base; and root characters viz., origin, branching, colour, and nature. 

Two types of growth habits were observed in the selected varieties. 

Intermediate climbing Ascocentrum hybrids showed hanging nature of growth while 

tall climbing varieties were found with prostrate nature of growth. 

Shoot characters have important role in determining the strength of the plants 

as well as appearance.  In the present study, the shoots were found to be as medium 

thick semi sturdy, sturdy, or stout.  They seemed as brown and greenish brown 

coloured with little or no branching.  Branching of the shoots was observed in Vasco. 

Aroonsri Beauty, Vasco. Pine Rivers Fuchsia Delight, Mok. Rassmatozz, Mok. Khaw 

Phiak Suan × Ascda. Bicentennial Yellow Spot, Mok. Sunspot, Mok Calipso 

Jumbo,and Mok. Sayan × Ascda. Doung Porn. According to Kaveriamma et al., 

(2010), branching in monopodial orchids affected the flowering behavior and 

reported it suggested that it was better to have less branching.  Hence in the present 

study the varieties with less branching could be selected for good flowering. 

However, the varieties with more branching, may be recommended for indoor display 

purpose due its appealing nature. 

Leaves of Ascda. Udomochai and Ascda. Kultana × Vanda Bitzs Heartthrob 

and Kag. Samrong were observed as deeply channeled towards the base.  Mok. 
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Calypso Pink and Mok. Calypso Jumbo were found with linear leaves.  Ascda. Yip 

Sum Wah × V. JVB, Vasco. Pine River Blue, Vasco. Pine River Pink, Kag. Christie 

Low and Kag Boon Ruby were found to have semiterete leaf and rest of the varieties 

with quarter terete leaves.  Vasco. Aroonsri Beauty was the only variety with terete 

leaves. 

Sin et al. (2002) reported that the terete vanda had little genetic relationship 

with the strap leaved vanda.  Phuekvilai et al. (2009) grouped vandaceous orchids 

based on morphological and botanical characteristics, showing distinctive difference 

between strap leaved vandas and terete leaved vandas, and further distinguished the 

closely related cultivars of the vanda orchids. 

Peyachoknagul et al. (2014) also reported the different shapes of leaves viz., 

strap leaves, terete, semi terete, and quarter terete leaves which could be considered 

as important markers to distinguish the genetic characteristics.  

In orchids, leaf quality attributes also have an important role in the selection 

of plants for ornamental traits.  High variation was seen among the leaves of 

epiphytic orchids and also found diversity in the leaf markers of various sympodial 

and monopodial orchids.  In the present study, less variation was observed with 

respect to leaf texture and was observed to have smooth and rigid leaf texture along 

with entire leaf margin among the thirty Ascocentrum hybrids/varieties.  Leaf apex 

was acute in Ascda. Yip Sum Wah × V. JVB and Vasco. Aroonsri Beauty and was 

emarginated in rest of the hybrids/varieties.  Leaf colour was found green and leaf 

sheath colour dark green and with the pigmentation (colour changes with maturity) in 

some varieties.  Leaf orientation was straight, arching and horizontal among the 

varieties while the leaf base was sheathed and nature of leaf sheath was found 

membranous, thick and fleshy.  This is in conformity with the reports by 

Kaveriamma, (2007); Rajeevan et al. (2009); Sebastian (2015) and Deepa (2017) that 
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various monopodial vandaceous orchids showed diversity among the hybrids with 

respect to their qualitative leaf characters. 

Root origin was basal and along the stem in all the selected Ascocentrum 

hybrids/varieties.  Profused growth and branching were noticed in a large number of 

roots among most of the hybrids/varieties and was cylindrical in shape in all the 

varieties.  The roots were mostly greenish grey and old roots were greyish brown in 

some varieties.  If root branching was more in any variety, it could be inferred that 

absorption rate of water and nutrients will also be higher leading to enhanced growth 

and flower production.  According to Rajeevan et al. (2002) grey or greenish grey or 

whitish green coloured roots with cylindrical growth were the signs of healthy aerial 

roots.  Hence it could be concluded that in the present study the hybrids/varieties had 

healthy roots.  

5.1.6 Qualitative floral characters 

The qualitative floral characters of the hybrids/varieties recorded were spike 

characters- blooming period, spikes per plant at a time, orientation and  nature of 

inflorescence, colour, colour of inflorescence; floret characters- fragrance, colour of 

florets and pigmentation; petal characters like shape, curvature, apex, margin, base, 

margin, apex colour and colour pattern; lebellum/lip characters, shape at the apical 

lobe region, nature of apical lip, shape at the lateral lobe region, nature, apex, surface, 

base colour, margin colour, apex colour and colour pattern; column characters-colour, 

colour pattern and length as well as  spur length and type of spur. 

 While formulating DUS guidelines in Oncidium from the 60 morphological 

characters.  (Geetha et al., 2014) and DUS guidelines in monopodial orchids (PPV & 

FRA 2012) and description for qualitative characteristics in dendrobium (PPV & 

FRA 2012a) and also, it was observed that column and spur orientation showed 

uniqueness.  These types of characters have relevance for the identification and 
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protection of plant varieties, hybrids, species and genera and in turn useful for the 

breeding programmes. 

In general the plants showed better performance during the entire period of 

study.  Several tropical low land orchid flora showed year round flowering which was 

mainly controlled by their genetic constitution (Goh, 1984).  Stanford (1971) 

conducted a study on phenology in West African orchids and found that flowering 

phenology of some orchids were genetically controlled.  In the present study, peak 

flowering was noticed during May-Jun. after the commencement of rainy season.  

Least flowering was observed during Nov.-Feb.  It might be because of short day 

length prevailing during Nov.-Feb., which might not have supported flowering in 

Ascocentrum hybrids/varieties.  Thus flowering could be related with the 

environmental factors especially day length.  

In the present study different Ascocentrum hybrids which behaved identically 

in a particular phenophase were also observed.  By observing, flowering phenology 

of these orchids, eight phenophases viz., Dec.-Jan., Feb.-Mar., Apr.-May, Jun.-Jul., 

Aug.-Sept. and Oct.-Nov. were recorded and they were categorized to respective 

phenophases.  This is in agreement with the results of Deepa, (2017) that there were 

four phenophases of different flowering seasons in vandaceous orchids.  According to 

Yong and Hew (2004), photoperiodism, vernalisation and juvenility were the three 

important factors that determined the flowering season and ontogeny and all the 

studied species have flowered during March-July.  

Apart from the year round flowering, upto five blooming periods were 

observed during the entire period of study.  It was five in Mok. Sayan × Ascda. 

Doung Porn (Nov.-Dec., Feb.-Mar., Apr.-May., Jun.-Jul. and Aug.-Sept.) and four in 

Mok. Sunspot (Jun.-Jul., Nov.-Dec., Apr.-May and Aug. –Sept) and Kag. Youthong 

Beauty (Nov. Dec., Jan.-Feb., Apr.-May. and Jun.-Jul.).  And other varieties showed 

single, twice and trice, blooming periods in a year. Multiple number of spikes per 
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plant at a time was observed in Mok. Omayaiy Yellow and Mok. Sayan × Ascda. 

Doung Porn.  Three spikes per plant at a time were observed in Ascda. Sirichi 

Fragrance, Vasco. Pine Rivers Fuchsia Delight, Mok. Sunspot and Mok. Omayaiy 

Orange.   

Amin (2004) found that Aerides multiflorum had longest inflorescence with 

maximum flowering area and number of florets per inflorescence, the qualities 

suitable for spike to use as a cut flower.  According to Kaveriamma (2007) and 

Kaveriamma et al. (2010), high yield of spikes per plant per year was an additional 

advantage for commercially growing orchid varieties to be used as cut flowers.  In the 

present study, the varieties Mok. Omayaiy Yellow and Mok. Sayan × Ascda. Doung 

Porn had multiple spikes and hence could be selected as good varieties for cut flower 

production.  In the present study flowering was observed to appear acropetally.  This 

is in confirmation with Lehnebach (2003) who reported acropetal flower opening in 

Chloraea lamellate orchid.  Flowering behavior of different Ascocentrum and 

vandaceous orchids were also reported by Kaveriamma (2007); Kaveriamma et al. 

(2010); Sebastian (2015) and Deepa (2017).  According to Goh and Arditti (1985), 

the flowering season of orchids and its duration were determined genetically. 

Regarding the nature of inflorescence, dense and lax nature were observed in 

the varieties studied.  The spike arose from lateral position and were oriented in 

arching or erect manner.  Arching orientation of spikes with short stalk and dense 

nature are good for indoor display particularly in the hanging baskets or as pot plants 

while the erect spike is an added advantage as cut flower adding to the ornamental 

quality.  Amin (2004) reported that inflorescence of Vanda teres was stout and erect 

and was very suitable for keeping in vase, but inflorescence of Rhynchostylis retusa 

was drooping type and not suitable as a cut flower for vase and also found that 

flowering nature of the plant decided the method of display especially in  orchids.  
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With respect to orientation of florets, they were faced in all directions.  Spikes 

were green in colour at peduncle or flower stalk and rachis, whereas, in Vasco. 

Aroonsri Beauty it was green with brown streaks and was different from other 

varieties.  High variation was observed with respect to colour of inflorescences which 

was recorded by observing predominant colour and shades (violet, yellow, white, 

purple, red, pink, orange, green and lavender).  Floret colour also showed abundant 

variation when observed using RHS colour chart.  Variation in colour might be due to 

the pigmentations with respect to different genetic constitution of parental and non-

parental genera of the intergeneric hybrids. 

Fragrance in flowers is another character for general acceptance.  It was 

observed that pigmentation and fragrance were negatively related within the varieties 

studied; wherever mild and sweet fragrance was present, pigmentation (colour 

changes during maturation) was absent.  Highly scented orchid flowers add 

immeasurably to their overall appeal.  Brassovola cuculata, the ghost orchid, 

bloomed during autumn and was highly fragrant at night (Brian and Wilma, 2014).  

Kaveriamma, (2007) conducted a study in forty monopodial orchids and found that 

Vanda Prolific had sweet fragrance.  Fragrant substances produced in osmophores of 

many orchids serve as attractant for pollinators and had impact in plant reproduction 

(Huber et al., 2005). Flach et al. (2004) reported that major chemical class of 

compounds present in the labellar secretions was triterpenoid.  Deepa (2017) reported 

that while scoring fragrance, Vanda Mimi Palmer recorded the highest mean total 

score followed by Neostylis Lou Sneary.  

Petals showed high variations in their shape (obovate, orbicular and 

lanceolate) and curvature (straight, deflexed with incurved apex, deflexed with 

deflexed apex, deflexed with straight apex and incurved with incurved apex).  Petal 

apex was acute, obtuse and truncate, petal margin was entire and undulate; petal 

colour at base, margin and apex region were predominantly observed by different as 
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single, double, triple and multiple, and different shades (violet, yellow, white, purple, 

red, pink, orange, green and lavender), colour pattern (shaded, uniform, spotted, 

netted and tessellated).  Size, shape and pattern of lateral sepals were also observed.  

Cares-Suárez et al. (2011), stated that colour was not always a good indicator of 

odour and that colour scent association may be complex, depending on concerned 

pollination ecology of the population. 

Labellum is a modified petal which is the most attractive and highlighting part 

of an orchid flower.  It is usually glabrous with bilobed apex.  Among the tested 

varieties/ hybrids labellum showed different colours like white, purple, green, red, 

violet, yellow and orange with uniform, shaded and streaked pattern of colour. 

Column colour pattern was uniform in almost all the varieties.  It was reported that 

the sexual portions of the orchid flower were quite different from other flowers, and 

they were used to characterize the family (Anon., 2019).  The filaments, anthers, 

style, and stigma were reduced in number and were usually fused into a single 

structure called the column.  It was observed that majority of the orchids retain only a 

single anther at the apex of the column.  Most of the orchids could be distinguished 

according to their spur length and spur varied from short, medium and long.  

Whereas, spur types were conical, tubular and saccate spur types among the 

hybrids/varieties.  It was long and tubular in certain varieties.  

 

5.1.7 Visual evaluation  

Selection of good and healthy plant and flower by visual observation accounts 

to a great extent in judging the cut flower.  Rating of market acceptability and 

consumer appealness is an important step which has to be done before introducing a 

new variety into trade, especially in flower crops.  Orchids are used to create an 

interior plant scape as well as outdoor garden theme with amazing colours in 
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landscapes.  They also contribute for creating better ambience and comfort in indoor 

garden.  

Visual evaluation was done in thirty intergeneric hybrids.  To find out their 

suitability for cut flowers and indoor display.  There was no significant variation 

among the varieties for spike for use as a cut flower and plant for use in the indoor 

display.  The highest total mean score for visual observation was obtained in Mok. 

Omayaiy Yellow for spike to use as cut flower; whereas, for indoor display the 

highest mean total score was recorded in Vasco. Pine River Pink.  Similar visual 

scoring for use as cut flower and indoor display was reported by Deepa (2017), 

Sebastian (2015) and they reported the best outcome.  

Fragrant orchids also have better scope as natural room freshener.  Tiny 

miniature orchids were grown in pots as small as 3 cm in diameter by Brian and 

Wilma (2014) and tall growing monopodials were grown in clay pots and Cymbidium 

and Paphiopedilum in deep pots.  Vanda, Arachnis and Rhynchostylis having pendant 

flower spikes and long dangling roots were found suitable for basket culture (De and 

Medhi, 2015). 

5.1.8 Incidence of pest and diseases 

Incidence of pests and diseases was observed on 43 plants of 16 different 

varieties throughout the study period but could be controlled by suitable remedial 

measures.  The pests and diseases infected the various plant and floral parts.  De et al. 

(2014a) reported that the occurrence of bacterial and fungal infections and insect 

pests which affected the quality of cut flowers by producing higher amounts of 

ethylene.  They also reported that microbes accelerated flower senescence by the 

plugging of xylem vessels with pectin degraded products, by producing ethylene and 

toxic compounds. Meera (2012) reported the cataloguing and management of major 

diseases on monopodial orchids (Vanda, Ascocenda, Mokara, etc.). 
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5.2 COMPATIBILITY STUDIES 

5.2.1 Anthesis and Stigma receptivity 

Knowledge regarding anthesis time, stigma receptivity and pollen viability is 

a prerequisite for a successful compatibility studies and further crop improvement 

programme.  In the present study, eleven hybrids were selected for compatibility 

studies and observations were made on anthesis time, stigma receptivity, pollen 

production and viability.  Pollen studies were carried out to choose two best male 

parents for cross compatibility studies and crossing was done using the selected two 

male parents.  Selfing was attempted in all the eleven varieties.  Post pollination 

changes viz., flower fall, enlargement of pedicel, pod development, percentage of pod 

set, days taken for maturity, seed germination (%) and days for planting out were also 

recorded.  

Anthesis was observed to be slow during the day time but faster during 

morning and evening time.  However, Ascocentrum flowers opened very slowly and 

took almost full day for complete opening of the flower.  In the selected eleven 

Ascocentrum hybrids flower opened during morning and evening; flower opening 

started from 5.30 am and continued up to 11.30 am and from 3.00pm to 6.00 pm.  

However, in Vasco. Aroonsri Beauty anthesis was observed comparatively early and 

faster (5.30 am to 6.15 am and 4.00 pm to 4.30 pm) compared to the rest of the 

varieties.  According to Varghese (1995), the flower opened acropetally in an 

inflorescence with maturation initiating from the basal protion and there was floral 

resupination and the study could find out the peak anthesis period in Dendrobium as 

between 9 am and 10 am and also between 3pm to 4 pm.  Sobhana (2000) reported 

about resupination in Dendrobium and also observed flower anthesis time in 

Dendrobium from 7.30 am to 2.30 pm. floral resupination in orchids was also 

reported by Anon. (2019a).  



 
165 

 

In the present study, the longest duration of stigma receptivity was found in 

Ascda. Kultana × V. Bitzs Heartthrob from 2nd to 14th day which varied among the 11 

different Ascocentrum hybrids/varieties.  This is in confirmation with In 

Phalaenopsis Croat, (1980) who reported a direct relationship of anthesis time and 

stigma receptivity in Phalaenopsis.  Correct time of stigma receptivity was identified 

by the presence of secretory cell i.e., eleutherocytes (Calder and Slater, 1985).  This 

was confirmed by observing the shiny secretion on stigmatic surface during receptive 

period.  Yeung (1988) observed that a mature stigma of Epidendrum ibaguense was 

covered by a lipid layer at anthesis.  Devi and Deka (1992) observed that stigma 

remained receptive for different days in different orchids;3 days after anthesis in 

Spathoglottis plicata, 4 days in Aerides odoratum, 5 days in Dendrobium and 11 days 

in Phaius tankervilleae.  Sobhana (2000) reported stigma receptivity after second day 

of anthesis in Dendrobium.  Rahi (2017) reported that the maximum number of days 

of stigma receptivity (3-12 days) was found in Phalaenopsis variety Winter Spot and 

least in Violet (2-5 days). 

5.2.2 Pollen studies 

Pollen production per pollinium was recorded to be highest in Ascda. Kultana 

× V. Bitzs Heartthrob (1,98,611.1) and the minimum pollen production per pollinium 

was noticed in Kag. Youthong Beauty (40,740.7).  Prasad et al. (1999) reported that 

pollen production had a positive linear relationship with fruit set.  According to 

Varghese (1995) highest pollen production in Dendrobium Kasem White (1,93,750) 

whereas lowest in D. Sonia 28 mutant B (38,282).  Sobhana (2000) and Rahi (2017) 

studied the pollen production, pollen germination and pollen viability in different 

varieties of Dendrobium and Phalaenopsis respectively and obtained good results for 

successful pollination.  In the present study, percentage of pollen viability was 

observed to be highest in Ascda. Sirichi Fragrance and Mok. Sayan × Ascda. Doung 

Porn (100%).  According to Zirkle (1937), pollen grains which stained well, looked 

plumpy and well-shaped were considered as fertile and those unstained, small or 
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shrivelled as sterile or non-viable.  There are many reports of pollen studies in 

different orchids by different scientists which is in agreement with the present 

findings.  Pollen viability was found reduced considerably one day after anthesis in 

Vanilla (Nair and Mathew, 1986).  Das and Ghoshal (1988) reported a low 

percentage of pollen fertility in Dendrobium chrysotoxum and D. transparens and 

also revealed the tetrad nature of pollen.  According to Varghese (1995) maximum 

pollen viability was observed in the variety Dendrobium Kasem White.  Rahi (2017) 

reported highest pollen viability of 100 per cent in Phalaenopsis.  

In the present study pollen germination was observed to be highest in Ascda. 

Sirichi Fragrance (86.33 %) followed by Mok. Sayan × Ascda. Doung Porn while the 

lowest in Kag. Youthong Beauty.  Varghese (1995) reported pollen germination in 

Dendrobium orchid, using hanging drop technique.  There are reports on pollen 

germination studies using boron.  Pollen is generally considered to be deficient in 

boron, therefore its addition could increase pollen germination and tube growth 

(O’Kelley, 1955) and Vasil (1960) reported that the boron helps in oxygen uptake, in 

addition to synthesis of pectic substances required for formation germination tube 

wall. Similarly, Pollen germination and tube growth were further observed by the 

addition of 75 ppm boric acid in the medium containing sucrose and agar and was 

reported in cocoa (Ravindran, 1977) and Hibiscus (Markose, 1984).  

5.2.3 Post pollination changes  

Post pollination changes after selfing were observed.  Flower fall was found 

within a week in Vasco. Aroonsri Beauty, Mok. Calypso Pink and Kag. Youthong. 

Enlargement of pedicel was not found in Mok. Calypso Pink, Vasco. Aroonsri Beauty 

and Kag. Youthong Beauty. Pod set was found in Ascda. Udomochai, Ascda. Kultana 

× V. Bitzs Heartthrob, Ascda. Sirichi Fragrance, Vasco. Pine River Blue, Vasco. Pine 

River Pink and Mok. Sayan × Ascda. Doung Porn while the pod development was not 

observed in Vasco. Pine Rivers Fuchsia Delight and Mok. Chao Praya Sunset Yellow 
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Spot.  The highest percentage of pod set was found in Ascda. Kultana × V. Bitzs 

Heartthrob and the lowest of in Vasco. Pine River Blue (33.30 %).  Minimum number 

of days was taken for maturity of pods in Ascda. Udomochai.  However, in Ascda. 

Sirichi Fragrance and Mok. Sayan × Ascda. Doung Porn pods were not matured fully, 

they were shrivelled and dried on plant, after the pod development (dried after 2- 3 

months).  The number of days taken for planting out in Vasco. Pine River Pink was 

268.3days.  Highest percent of seed germination was found in Vasco. Pine River Pink 

(87.26%).  Eventhough, protocorms were initiated, they showed declined growth and 

dried after a while in Ascda. Udomochai.  

Two varieties, viz., Ascda. Sirichi Fragrance and Mok. Sayan × Ascda. Doung 

Porn were selected as the male parents based on pollen viability and germination 

studies for compatibility studies.  Flower fall, enlargement of pedicel, pod 

development, percentage of pod set, days taken for maturity, seed germination and 

days for planting out were recorded in the crosses with the two male parents and there 

were 10 different cross combinations.  Post pollination behaviour of orchids varied 

according to compatibility of the plants and also the environmental condition.  

According to Nair and Mathew (1986) fruit set was noticed even when the flowers 

were forced to open just before opening and hand pollinated with the pollen of the 

same flower of Vanilla.  According to Varghese (1995) the pods of Dendrobium 

hybrids matured in 85-100 days after pollination.  Nath (2003) reported that post 

pollination changes occurred in monopodial orchids viz., flower fall, pedicel 

swelling, pod development, extent of germination, protocorm development, greening 

of protocorm, leaf initiation, shoot initiation, root initiation, days for planting out 

were recorded in different monopodial orchids.  Sobhana (2000) reported the post 

pollination changes in Dendrobium sp. and varieties and could observe the shriveling 

and falling of the developed pods after 1-2 months; she also reported the unsuccessful 

seed germination of some pods from successful crosses.  
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In the present study, the varieties Ascda. Udomochai, Ascda. Kultana × Vanda 

Bitzs Heartthrob and Vasco. Pine River Pink were found to be self-compatible and 

also cross compatible with both male parents.  The male parents Ascda. Sirichi 

Fragrance and Mok. Sayan × Ascda. Doung Porn were also found to be self-

compatible and cross compatible with each other.   The variety Vasco. Pine River 

Blue was also found to be self-compatible and cross compatible with Ascda. Sirichi 

Fragrance but was found cross incompatible with Mok. Sayan × Ascda. Doung Porn, 

the male parent. 

The varieties Kag. Youthong Beauty and Vasco. Aroonsri Beauty were found 

to be self-incompatible and cross incompatible with both the male parents.  However, 

the rest of the varieties viz., Vasco. Pine Rivers Fuchsia Delight, Mok. Calypso Pink 

and Mok. Chao Praya Sunset Yellow Spot were found to be self-incompatible but 

cross compatible with both the male parents.  Nath (2003) reported about the self 

compatibility and cross compatibility in nonparent genera (Arachnis and Vanda) and 

parental genera (Aranda and Aranthera) with Arachnis, Vanda and Renanthera and 

also stated that if 2-4 months old pods were aborted, the variety could be considered 

as self or cross compatible.  Rahi (2017) reported successful development of pods 

after hybridization in different Phalaenopsis cultivars. 

Out of the crosses made, among the ten varieties, seven were found with pod 

set, but six were fallen at different times after pod set.  However, the seedlings from 

the pods of crosses Ascda. Udomochai × Ascda. Sirichi Fragrance reached the 

planting out stage.  Orchids have post pollination changes different from other crops. 

Even if it seemed to be set successfully, with swelling of the ovary, it might not be a 

successful cross, and may fall after some time.  This has been reported by many 

researchers (Sobhana, 2000; Nath, 2003 and Rahi, 2017).  The same phenomenon 

was noticed in the present study also, hence is in conformity with the findings of 

Sobhana (2000); Nath (2003) and Rahi (2017). 
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5.3 MOLECULAR CHARCTERIZATION  

Assessment of genetic diversity is a prerequisite for genetic improvement of 

any agricultural/horticultural crops. Knowledge of genetic diversity within the 

available germplasm is a key for the successful breeding programme in crop 

improvement, characterization and grouping and also for the conservation.  Even 

though genetic variation can be assessed by morphological parameters, but these are 

more influenced by environment and thus need not be accurate and reliable.  

Therefore, genotypic markers are more reliable which are not affected by 

environment and are more informative.  Genus Ascocentrum and its hybrids/varieties 

exhibited broad range of variations and hence it is difficult to evaluate the genetic 

relationships.  

Most of the morphological traits are influenced by environmental factors and 

many quantitative traits are of polygenic inheritance and expressed only after several 

years of growth, (Hamrick et al., 1992).  As a result, the level and pattern of genetic 

diversity determined by morphological traits and characterisation are not accurate, 

although the characterisation should be based on high heritability characters.  

Molecular markers have greater dependability and utility compared to morphological 

markers.  According to Lim et al (1999) markers could be used for indicating the 

genetic closeness of orchid species and hybrids easily and thus help to predict the 

outcome of a cross, based on genotypic information. 

Molecular characterisation was also utilised for identifying intergeneric 

hybrids of Renanthera and Vanda (Kishor and sharma, 2010), ornamental Vanda 

species in Thailand (Tanee et al., 2012), medicinal Dendrobium species 

(Chattopadhay et al., 2012), hybrids of roses (Che Dai-di et al., 2013) and lily 

hybrids (Zhao el al., 2014).  Genetic constitution of the plants plays important role 

with respect to the flowering attributes of orchids.  Plants showed better performance 

during the entire period of the present study.  Several tropical low land orchid flora 
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showed year round flowering which was mainly controlled by their genetic 

constitution as reported by Goh (1984).  

5.3.1 Genomic DNA isolation 

Molecular characterisation was done in twenty selected hybrids belonging to 

different intergeneric groups of Ascocentrum.  Total genomic DNA was isolated from 

orchid leaves using the procedure suggested by Lim et al. (1997). 

5.3.2 SSR and ISSR Assay 

The DNA samples of 20 selected orchid hybrids were subjected to SSR and 

ISSR assays and the genomic DNA was amplified with 50 primers (ISSR and SSR) 

so as to amplify ISSR and SSR regions. 

Microsatellite or SSR marker is ubiquitous and widely used but it has a 

disadvantage that it requires prior knowledge of the sequence to design the primer.  

ISSR molecular marker system can overcome this limitation as primers are based on 

a repeat sequence and no prior sequence knowledge was required (Godwin et al., 

1997).  Molecular characterization is done to distinguish between varieties/hybrids so 

as to use them in the future breeding programme.  The present study was designed to 

indicate the ISSR based PCR reaction amplify region between the SSRs, giving a 

multilocus marker system, and SSRs, giving a monolocus marker system molecular 

markers so as to understand the genetic relationship between 20 selected hybrids of 

Ascocentrum. 

Peyachoknagul et al. (2014a) reported that SSR primers FJ539056, FJ539057, 

FJ539058, FJ539059, FJ539060, FJ539061 and FJ539051 were selected for the DNA 

amplification from 76 vandaceous orchid samples and were selected to evaluate 

polymorphism and discriminating potential of each primer in 2 and 3 parental genera, 

viz., Ascocenda, Mokara and Kagawara and another non parent genera Vanda and 

Rhyncostylis.  To expand their transferability to vandaceous orchids, microsatellite 
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marker was developed from Mokara. Three primers viz., FJ539056, FJ539057 and 

FJ539058, could also amplify the DNA of all samples from 12 different genera, 

namely Mokara, Ascocenda, Kagawara, Ascocentrum, Vanda, Rhynchostylis, 

Aranda, Phalaenopsis, Rhynchovanda, Renanstylis, Rhynchorides and a hybrid 

Arachnostylis × Ascocenda. 

Phuekvilai et al. (2009) clearly confirmed that the microsatellite markers 

have high potential in cultivar identification and evaluation of cultivar purity in 

commercial orchids.  Chung and Nason (2007) reported that the microsatellite loci 

developed for Cymbidium sinense might have a broad applicability within the 

Orchidaceae family, as previous allozyme and random amplified polymorphic DNA 

markers used in the genus Cymbidium. 

Peyachoknagul et al. (2014) reported that the SSR primers viz,. FJ539056, 

FJ539057, FJ539058, FJ539059, FJ539060, FJ539061 and FJ539051 were having the 

highest transferability among the 12 different orchid genera.  These markers could 

become powerful tool in identifying several vanda orchids specifically non parental 

genera like Ascocentrum, Rhyncostylis, Vanda, etc. and intergeneric hybrids like 

Mokara, Ascocenda, Kagawara, etc.  These markers were also used for evaluating 

purity in commercial orchid genera and assessing genetic diversity and conservation 

of different samples.  Peyachoknagul et al. (2014) also reported that SSR marker 

FJ539051 could amplify DNA from terete leaf vandaceous orchid.  

The high PIC of primers in the present study indicated the highly informative 

nature of the SSR primers and the diversity of the used population.  The PIC value 

ranged from 0.095 to 0.800.  Primers FJ539050 and JN375713 were observed to have 

the lowest PIC value (0.095), whereas, FJ539054 recorded the highest PIC value 

(0.800).  
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Xia et al. (2008) confirmed that twenty five microsatellite loci which were 

isolated from a SSR enhanced genomic library of Cymbidium sinense.  Nine of these 

loci displayed genetic diversity that ranged from one to 15 alleles per locus, and they 

observed heterozygosity of six PIC value, ranged from 0.18 to 0.90.  From the results 

of the study by Ko et al. (2017) it was concluded that high PIC value indicated high 

polymorphism in Phalaenopsis genotypes and the presence of a rare allele or alleles 

at one marker locus and shows the high discriminatory and differentiation power of 

that marker. 

ISSR primer (GACAC)4 observed was with low PIC value, 0.594; whereas 

UBC810 was observed with the highest PIC value, 0.926.  It was also observed that 

17 out of 20 ISSR markers have recorded PIC value more than 0.8.  This indicates 

high discriminatory and differentiation power of these markers for the whole 

population of orchids used in this study.  ISSR based PCR reaction amplifies region 

between the SSRs, giving a multilocus marker system.  

Rahi (2017) reported that the study was designed to harness these characters 

of ISSR molecular markers so as to find out the genetic relationship between six 

selected cultivars of Phalaenopsis. 

The highest Jaccard’s similarity value (0.82) for SSR markers was observed 

between Kag. Christie Low and Vasco. Pine River Pink.  The least Jaccard’s 

similarity value (0.05) was observed in between Kag. Samrong and Ascda. 

Suksamran Sunlight, Ascda. Yip Sum Wah × V. JVB and Vasco. Aroonsri Beauty.  

The highest Jaccard’s similarity value (0.44) was observed between Mok. Khaw 

Phiak Suan × Ascda. Bicentennial Yellow Spot and Mok. Chao Praya Sunset Yellow 

Spot whereas, the least value (0.03) was between Vasco. Blue Bay White and Mok. 

Khaw Phiak Suan × Ascda. Bicentennial Yellow Spot, which indicated that these 

hybrids are dissimilar to themselves.  
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According to Phuekvilai et al. (2009) the genetic relationship of 33 Vanda 

related orchid cultivars had indicated 0.75 similarity index value and formed four 

different clusters, first cluster was comprised of 25 Vanda and 2 Ascocenda samples.  

The second and third clusters were distinctively separated from first cluster, which 

indicated that Vasco. Pine River Blue, Vanda denisoniana and Rhynchovanda 

Colmari and Vanda Bangkok White had little genetic relationship with other Vanda 

cultivars/species.  The fourth cluster was terete Vanda consisting two varieties of 

Vanda teres and Vanda Miss Joaquim.  The fourth cluster was clearly clustered` out 

from the other Vanda and related orchid cultivars because terete Vanda had little 

genetic relationship with the strap leaved Vanda and had been reclassified in the 

genus Papilionanthe (Sin et al., 2002). 

Moraes et al. (2014) evaluated the ISSR markers viz., 7, 901, AW3, DAT, 

GOOFY, MAO, OMAR, UBC814, UBC843 and UBC899 which was effective to 

analyse genetic diversity in Cattleya and obtained high polymorphism rate (96.9 %) 

and could justify by the use of the three species as well as the different accession of 

the species.  

In the present study UPGMA clustering algorithm grouped the varieties into 2 

main clusters.  Kag. Samrong clustered was different from all others and other 

members were grouped in another cluster.  At 50 per cent level of similarity, the 

hybrids were grouped into 13 clusters.  It was also observed that the ISSR primers 

showed very high level of diversity, and at 50 per cent level of similarity all 20 

hybrids/varieties were grouped into a separate cluster.  Hence, the clustering was 

done with minimum of 30 per cent similarity.  At this similarity, all 20 

hybrids/varieties were grouped into 14 different clusters.  Six clusters observed with 

two members each, whereas all remaining clusters were observed with only one 

member in each. 
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Pillai (2003) reported molecular characterization of fifteen Dendrobium 

varieties was carried out using molecular marker technique and they were grouped 

into six clusters on drawing a vertical line in the dendrogram at a distance of 0.425.  

According to Krishnapriya (2005), morphological and cyto-molecular 

characterization of 12 Dendrobium cultivars revealed that morphologically distinct 

and superior lines were genetically differentiable. 

Parab et al. (2008) suggested that dendrogram constructed from ISSR marker 

formed two major clusters and obtained polymorphic bands which helped in better 

understanding of the genetic profile that can be used to develop strategies for 

conservation and sustainable utilisation of epiphytic orchid.  

Morphological and molecular analysis of genetic variability was investigated 

by using SDS PAGE and molecular markers in Vanda tessellata (Roxh) Hook ex 

G.Don, an epiphytic orchid from eastern part of Andhra Pradesh (Khasim and 

Ramesh, 2010). 

According to Moraes et al. (2014), dengrogram was plotted for germplasm 

variation based on the dendrogram and genetic distance (GD), in Cattleya guttata, C. 

leopldii and C. tigrina; ISSR markers showed high variation among the specimens. 

Rahi (2017) reported that ISSR primers were used to distinguish between 

morphological and molecular characteristics in Phalaenopsis and dendrogram 

indicated variations in different varieties of Phalaenopsis.  



Summary 



6. SUMMARY

The present study on ‘morpho-molecular characterisation of intergeneric 

hybrids of Ascocentrum’ was conducted at the Department of Floriculture and 

Landscaping, College of Horticulture, Vellanikkara, Thrissur during the period 

from April 2016 to September 2019.  The main objective was to assess the 

variability at morphological and molecular levels for commercial exploitation. 

Thirty tall to intermediate climbing hybrids of Ascocentrum were used 

for the study.  The varieties exhibited wide variation with respect to vegetative, 

floral and molecular characters and also differed in their compatibility pattern. 

The salient findings are summarized hereunder. 

 Maximum plant height was recorded in Mok. Omayaiy Yellow followed by

Mok. Sayan ×Ascda. Doung Porn which were found to be significantly superior

to all other varieties throughout the study period.

 Mok. Omayaiy Yellow also had highest internodal length and leaf breadth.

Whereas, plant spread, leaf length and leaf area were maximum in Kag.

Youthong Beauty.

 Vasco. Aroonsri Beauty had the least values in all vegetative characters

including plant height, plant spread, shoot, leaf and root characters except the

number of leaves which was the least in Mok. Khaw Phiak Suan × Ascda.

Jiraprapa.

 The number of leaves was observed to be the highest in Mok .Sayan × Ascda.

Doung Porn. Mok. Khaw Phiak Suan × Ascda. Jiraprapra was observed with

the highest root length and Mok. Chao Praya Sunset Yellow Spot with the

highest root girth.

 Ascda. Kultana × V. Bitz’s Heartthrob was found to have maximum peduncle

length, flower length, flower width, lip length and lip width, whereas Vasco.

Blue Bay White produced the highest number of florets/spike.
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 In post harvest studies, the variety Mok. Omayaiy Yellow recorded highest 

fresh weight of spike and Kag. Youthong Beauty took maximum days to start 

wilting of floret. Variety Mok. Chark Kuan Pink was observed to have longer 

floret life span, spike longevity and higher water uptake.  

 Mok. Sayan × Ascda. Doung Porn produced the maximum number of spikes 

per plant per year. Highest spike length and peduncle length were noticed in 

Mok. Omayaiy Yellow, whereas it was the minimum in Vasco. Aroonsri 

Beauty. Minimum peduncle length was recorded in Ascda. Kultana × V. Bitzs 

Heartthrob. 

 Kag. Samrong had maximum rachis length, whereas it was minimum in Mok. 

Khaw Phiak Suan × Ascda. Jiraprapa. Highest spike girth was found in Mok. 

Chao Praya Sunset Orange, it was the minimum in Vasco. Blue Bay White. 

 Maximum pedicel length, floret length, floret width, lip length and lip width 

were recorded in Ascda. Kultana × V. Bitzs Heartthrob whereas, these were the 

lowest in Vasco. Blue Bay White. 

 Cluster analysis with 14 different floral characters revealed 12 clusters at 75 

per cent similarity. It was observed that cluster 2 and cluster 5 were least 

similar with each other, whereas, the highest inter-cluster distance was 

observed in cluster 6 and cluster 10. 

 Cluster 6 which included Ascda. Sirichi Fragrance and Vasco Blue Bay White 

was found to have the lowest internodal length with the highest value for 

number of florets per spike, also observed to have lower flower length and 

flower width. Cluster 10 was found to have the high mean values for spike 

length, flower length and flower width. 

 Cluster analysis revealed that Vasco. Blue Bay White had least floret length, 

floret width and internodal length and with highest number of flowers; this 

variety also produced compact and dense inflorescence and would be best for 

indoor display.  This variety also had least values in most of the vegetative 

characters and had the highest leaf longevity; also performed well with respect 
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to phenological characters; which also add to its value as an indoor display 

orchid. 

 In phenological chracters, interval of leaf production was least in Mok. Sayan × 

Ascda. Doung Porn (32.17 days) and the highest in Mok. Sayan × Ascda. 

Bangkuntein Gold (108.44 days).  Maximum leaf longevity was observed in 

Vasco. Aroonsri Beauty (292.20 days) and it was the least Mok. Chao Praya 

Sunset Yellow Spot (129.02 days). 

 Vasco. Pine Rivers Fuchsia Delight was the earliest with respect to opening of 

the first floret .Vasco. Pine Rivers Fuchsia Delight was harvested first at 75 

percent opening of florets, whereas Vasco. Pine River Pink attained harvestable 

stage very late. Maximum number of days was taken for the opening of all 

florets in Mok. Chark Kuan Pink Blue, whereas it was minimum in Ascda. Yip 

Sum Wah × Vanda JVB. 

 Mok. Sayan × Ascda. Doung Porn, Mok. Chark Kuan Pink and Kag.Youthong 

Beauty were observed to have spike longevity more than 35days. Life of 

individual floret was highest in Mok. Chark Kuan Pink, and lowest in Vasco. 

Blue Bay White. 

 In post harvest studies fresh weight of spike was highest in Mok. Omayaiy 

Yellow which was significantly superior to the remaining hybrids. Mok. Chark 

Kuan Pink recorded maximum spike longevity in vase among all the selected 

hybrids. Whereas, Vasco. Blue Bay White took the minimum days for spike 

longevity and also for wilting of first floret.  

 Longest life span was observed in Mok. Chark Kuan Pink and Vasco. Blue Bay 

White had the shortest life span. Mok. Omayaiy Yellow was observed to have 

maximum water uptake and PLW whereas, the variety Vasco. Aroonsri Beauty 

had least water uptake. 

 In qualitative characters two types of growth habits were noticed viz., hanging 

and prostrate. Vasco. Aroonsri Beauty was the only variety with terete leaves; 
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others had leaf shape such as semi terete, quarter terete, deeply channeled, 

strap shaped and channeled at base or tip. 

 Less variation was observed with respect to leaf texture and they had smooth 

and rigid leaf surface, leaves with entire leaf margin. Leaf apex was acute in 

Ascda. Yip Sum Wah × Vanda JVB and Vasco. Aroonsri Beauty and was 

emarginated in rest of the hybrids.  

 Leaf colour and leaf sheath colour was found green and dark green and with 

the pigmentation (colour changes with maturity) in some varieties.  

 Leaf orientation was straight, arching and horizontal in different varieties; leaf 

base was sheathed and nature of leaf sheath was found membranous, thick and 

fleshy.  

 Root origin was basal and along the stem. Profused growth, branching and a 

large number of roots were noticed among most of the Ascocentrum 

hybrids/varieties and was found either at base or along the roots. They were 

cylindrical in all the varieties.  

 The roots were mostly greenish grey in all varieties and old roots were found 

with greyish brown colour in some varieties. 

 Five flowering seasons were observed during the two years of study in Mok. 

Sayan × Ascda Doung Porn, four were noticed in Mok. Sunspot and Kag. 

Youthong Beauty. In the rest of the varieties there were single to three 

flowering seasons. 

 Multiple number of spikes per plant at a time was observed in Mok. Omayaiy 

Yellow and Mok. Sayan × Ascda. Doung Porn. Three spikes per plant at a time 

was observed in Ascda. Sirichi Fragrance, Vasco. Pine Rivers Fuchsia Delight, 

Mok. Sunspot and Mok. Omayaiy Orange. 

 Regarding the nature of inflorescence, it was dense and lax in different 

varieties, it arouse from lateral position and oriented in arching or erect 

manner.  The florets were faced to all directions.  
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 In all the varieties, spikes were green in colour except in Vasco. Aroonsri 

Beauty where it was green with brown streaks.  High variation was observed 

with respect to colour of inflorescences like shades of violet, yellow, white, 

purple, red, pink, orange, green and lavender.  

 A negative relation was observed between pigmentation and fragrance; 

wherever a mild and sweet fragrance was present, pigmentation (colour change 

during maturation) was not properly observed. 

 Petals showed variations in their shape, curvature, petal apex, petal margin and 

colour. Petal at base, margin, apex region were observed with different colour 

shades.  Different colour patterns, size, shape of petals and colour pattern of 

lateral sepals were also observed among the varieties.  

 Labellum, the modified petal and the most attractive part of an orchid flower 

was glabrous with bilobed apex.  Among the varieties used in the study, 

labellum showed different colours like white, purple, green, red, violet, yellow 

and orange, with uniform, shaded and streaked patterns. Column colour was 

uniform in all the varieties. 

 Colour, pigmentation, texture, shape, pattern, , size of florets and arrangement 

of florets on spike were considered during the visual evaluation for use as a cut 

flower for commercial exploitation.  The highest total mean score in visual 

evaluation of spike to use as a cut flower was observed in Mok. Omayaiy 

Yellow (54.6 out of 60). 

 Plant quality was rated on the basis of its fullness, growth pattern, visual 

appearance, flower colour/pigmentation, spike longevity, as well as shape and 

arrangement of foliage for use in indoor display.  Highest mean total score was 

obtained for the variety Vasco. Pine River Pink (53.83) for use in indoor 

display. 

 According to visual evalution of all quantitative as well as qualitative 

morphological characters, phenological and post harvest charaters, varieties 

which were free flowering, along with high longevity on plant and in vase, 
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higher yields and with highest visual scoring are best for commercial 

exploitation (as cut flower as well as for hanging baskets and pot plants).  Mok. 

Omayaiy yellow,Mok. Sayan × Ascda. Doung Porn, Kag. Youthong Beauty, 

Mok. Chark Kuan Pink and Mok. Chao Praya Sunset Yellow Spot performed 

best with respect to vegetative, floral and post-harvest characters and also 

visual scoring; hence suitable for use as cut flowers. 

 The intermediate climbing varieties showed hanging nature of growth while 

tall climbing varieties were found to grow in prostrate manner. 

 Arching orientation of spikes with short stalk and dense nature of spike is a 

preferable character for indoor display either in the hanging baskets or as pot 

plants while the erect spike is an added advantage for cut flower purpose. The 

varieties studied could be grouped into these categories based on the 

observations.  

 Hanging Asctm. varieties, with deflexed flowering, short spike length and stalk 

length and slow growing, with minimum number of florets Viz., Vasco Blue 

Bay White, Vasco. Aroonsri Beauty, Ascda. Kultana × V. Bitzs Heartthrob, 

Vasco. Pine River Pink, Mok. Rassmatozz are excellent for use in the indoor 

display. 

 Eleven Ascocentrum hybrids were selected for compatibility studies. Anthesis 

time, stigma receptivity and pollen studies were carried out prior to 

compatibility studies and flower opening was observed during morning time 

and evening time. Earliest flower opening and short period of anthesis were 

noticed in Vasco. Aroonsri Beauty (5.30 am to 6.15 am and 4.00 pm to 4.30 

pm) compared to other varieties. 

 The longest duration of stigma receptivity was found in Ascda. Kultana × V. 

Bitzs Heartthrob (2nd to 14th day) which varied among the selected 11 

Ascocentrum hybrids. 

 Even though pollen production per pollinium was highest in Ascda. Kultana × 

Vanda Bitzs Heartthrob, percentage of pollen viability and germination were 
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higher in Ascda. Sirichi Fragrance and Mok. Sayan × Ascda. Doung Porn. 

Hence these two were selected as male parents for further crossing. Selfing was 

attempted in all the 11 varieties. 

 The selected male parents Ascda. Sirichi Fragrance and Mok. Syan × Ascda. 

Doung Porn were found to be self and cross compatible with each other. 

 Ascda. Udomochai, Ascda. Kultana × V. Bitzs Heartthrob and Vasco. Pine 

River Pink were found to be self-compatible and cross compatible with both 

the male parents.Vasco. Pine River Blue was found cross incompatible with 

Mok. Sayan × Ascda. Doung Porn whereas, rest of the varieties were found 

cross compatible with both the male parents. 

 Ascda. Kultana × V. Bitzs Heartthrob, Mok. Sayan × Ascda. Doung Porn and 

Ascda. Sirichi Fragrance were found best with respect to pollen characters. 

Ascda. Udomochai, Ascda. Kultana × V. Bitzs Heartthrob and Vasco. Pine 

River Pink were found best compatibility with both male parents.  

 In molecular chracterisation ten SSR markers produced polymorphic bands. 

The number of amplicons detected varied from 2 to 7.  Higher number of 

alleles was found in the FJ539054, FJ539061and JN375718. Primers 

DQ501383, DQ501384, DQ501387 and FJ539057 had amplified 4 amplicons. 

Primers DQ494847 (3) observed to have less number of amplicons.  

 One unique band was produced by JN375713 and FJ539050 primers in Kag. 

Samrong and Vasco. Aroonsri Beauty, respectively. 

 The PIC value ranged from 0.095 to 0.800. Primers FJ539050 and JN375713 

were observed to have lower PIC values, whereas, FJ539054 recorded the 

highest PIC value. Primers DQ501387, JN375718, DQ501383, DQ494847, 

DQ501384, FJ53906 and FJ539057 also produced good amount of 

polymorphism.  

 The highest Jaccard’s similarity value was observed between Kag. Christie 

Low and Vasco. Pine River Pink.  Whereas, the least Jaccard’s similarity value 
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was observed in between Kag. Samrong and Ascda. Suksamran Sunlight, 

Ascda. Yip Sum Wah × V. JVB and Vasco. Aroonsri Beauty. 

 The UPGMA clustering algorithm grouped the varieties into 2 main clusters 

according to dendrogram.  Kag. Samrong clustered was different from all 

others and other members were grouped in another cluster. At 50 per cent level 

of similarity, the hybrids were grouped into 13 clusters. 

 The total number of amplicons detected by an individual ISSR primer ranged 

from 11 to 31. ISSR primer (GACAC)4 was generated 11 amplicons with 20 

varieties/ hybrids, whereas ISSR 901 generated 31 amplicons. Four ISSR 

primers viz., DAT, MAO, UBC808 and UBC858 were generated more than 25 

amplicons. The amplicon size ranged from 126 bp to 2487 bp. Primer ISSR 7 

was observed with the least size of amplicon (126 bp-1780 bp) and ISSR 

primer OMAR with the highest  (155 bp-2487 bp.). 

 ISSR primer (GACAC) 4 had lowest PIC value, and UBC810, the highest. The 

highest Jaccard’s similarity value was observed between Mok. Khaw Phiak 

Suan × Ascda. Bicentennial Yellow Spot and Mok. Chao Praya Sunset Yellow 

Spot whereas, the least was between Vasco. Blue Bay White and Mok. Khaw 

Phiak Suan × Ascda. Bicentennial Yellow Spot. 

 A UPGMA-based dendrogram separated the 20 hybrids into two main clusters 

each with 10 members.  At 30 per cent level of similarity all hybrids were 

grouped into 14 different clusters. Six clusters were observed with two 

members each. 

 Genetic variation among varieties with SSR and ISSR analyses will be useful 

for deciding parents in future breeding programmes.  

 Both SSR and ISSR marker systems have diversified hybrids.  The primers’ 

unique banding pattern can be used for further identification of orchid 

population and for DNA fingerprinting, as in the unique banding pattern in 

JN375713 and FJ539050 SSR markers. 
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APPENDIX  XXV

Linear      Terete      Semi terete     Quarter terete Strap

Description of leaf  characters and floral morphological characters 

Leaf shape

Leaf orientation

Erect  Horizontal Arching Deflexed/Pendulous

Rachis length

Rachis length 

XLIX



Dense Lax

Nature of inflorescence

APPENDIX  XXV. continued 

Width

Length

Flower length and width in front view

Dorsal sepal (1), Lateral sepal (2) and Petal (3)

Sepals and petals (tepals) in back view

Dorsal sepal (A), Lateral sepal (B) and Petal (C)

L



Petal/sepal shape

APPENDIX  XXV. continued 

Incurved with 
deflexed apex

Petal/apical lip curvature

Acute Obtuse                    Truncate               Bilobed/emarginated

Linear Oblong Elliptic Lanceolate Obovate Ovate Orbicular

Incurved with 
straight apex

Straight Deflexed Deflexed with 
incurved apex

Petal/leaf/lip apex

Petal/leaf margin

Entire Undulate Deeply undulate Erose

Incurved

LI



Ovate Elliptic Obovate

APPENDIX  XXV. continued 

Rhombic OrbicularDeltoid Obdeltoid

Lip shape at mid lobe 

Semi circular

Nature of lip at apical lobe

Deflexed with  straight apexStraight Deflexed Incurved with apex

Ovate Lanceolate Orbicular

Lip shape at apical lobe 
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APPENDIX  XXV. continued 

Semi circular Oblong
Oblanceolate

Lip shape at lateral lobe

Obtriangle Sub orbicular

Nature of lip

Slightly incurved Strongly incurved

Spur type

Saccate Conical                     Cylindrical Tubular
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APPENDIX  XXVI  

Monthly distribution of weather parameters during the experiment April 2016 - 

October 2019 

Sl. 
No. Month 

Mean 
max. 
(°C) 

Mean 
min. 
(°C). 

RH I 
(%) 

RH II 
(%) 

Mean 
RH 
(%) 

Wind 
speed 

(kmph) 

Mean 
SS 

(hrs.) 

Total 
rain 

(mm) 

Rainy 
days 

Evp. 
(mm) 

1 Apr '16 35.83 26.25 85.77 55.70 70.73 2.11 7.94 0.86 0.07 4.66 

2 May '16 33.97 24.20 89.68 66.35 78.02 1.85 5.88 8.69 0.29 3.77 

3 Jun '16 29.81 21.64 95.17 82.97 89.07 1.27 1.64 21.82 0.73 2.13 

4 Jul '16 29.95 21.62 96.13 75.39 85.76 1.45 2.30 12.68 0.65 2.50 

5 Aug '16 30.38 23.25 95.48 70.55 83.02 1.87 4.92 5.92 0.61 2.89 

6 Sept '16 30.30 23.56 94.90 68.73 81.82 1.78 4.82 2.87 0.33 2.93 

7 Oct '16 31.48 22.69 93.48 67.77 80.63 1.02 5.49 1.20 0.13 2.79 

8 Nov '16 33.03 22.17 82.63 53.70 68.17 1.89 5.82 0.46 0.03 3.03 

9 Dec '16 32.37 22.32 84.58 52.19 68.39 2.94 6.47 1.71 0.10 3.33 

10 Jan '17 34.09 22.89 68.74 37.45 53.10 5.34 7.59 0.00 0.00 4.69 

11 Feb '17 35.99 23.19 70.14 30.75 50.45 5.02 8.68 0.00 0.00 5.65 

12 Mar '17 36.13 24.68 84.81 48.48 66.65 2.23 7.42 0.43 0.03 4.48 

13 Apr '17 35.72 26.04 85.10 55.23 70.17 2.07 6.48 0.64 0.03 3.87 

14 May '17 34.59 24.89 87.35 60.13 73.74 1.76 5.48 5.40 0.35 3.60 

15 Jun '17 30.61 23.65 94.63 77.60 86.12 1.08 1.96 21.01 0.83 2.51 

16 Jul '17 30.80 22.79 94.52 74.16 84.34 1.12 2.88 12.44 0.74 2.71 

17 Aug '17 30.05 23.34 95.90 78.03 86.97 1.02 3.06 15.42 0.55 2.61 

18 Sept '17 31.52 22.94 94.47 73.60 84.03 0.68 4.21 13.80 0.57 2.75 

19 Oct '17 31.74 22.35 92.77 70.29 81.53 0.22 4.91 5.92 0.32 2.35 

20 Nov '17 33.04 21.79 86.93 58.20 72.55 1.93 6.43 1.92 0.17 2.98 

21 Dec '17 32.45 21.11 78.06 48.61 63.34 5.16 7.29 0.37 0.06 3.85 

22 Jan '18 33.50 20.91 68.48 37.32 52.90 5.43 8.20 0.00 0.00 4.37 

23 Feb '18 35.65 22.48 62.82 30.32 46.57 5.69 9.47 0.19 0.04 5.64 
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APPENDIX XXV. continued 

Sl. 
No. Month 

Mean 
max. 
(°C) 

Mean 
min. 
(°C). 

RH I 
(%) 

RH II 
(%) 

Mean 
RH 
(%) 

Wind 
speed 

(kmph) 

Mean 
SS 

(hrs.) 

Total 
rain 

(mm) 

Rainy 
days 

Evp. 
(mm) 

24 Mar '18 36.68 23.98 78.94 38.52 58.73 3.28 7.99 1.07 0.06 5.01 

25 Apr '18 36.16 24.80 85.53 54.40 69.97 2.04 7.26 0.96 0.07 4.25 

25 May '18 33.25 22.62 90.61 65.65 78.13 1.77 4.81 15.60 0.45 3.33 

26 Jun '18 29.79 23.22 95.40 82.93 89.17 1.54 1.71 24.34 0.73 2.12 

27 Jul '18 29.62 22.56 96.06 80.87 88.47 1.69 1.87 25.59 0.71 2.57 

28 Aug '18 29.20 22.26 96.03 78.23 87.13 1.77 2.21 29.94 0.74 2.28 

29 Sept '18 32.22 22.46 91.43 60.07 75.75 1.72 7.21 0.97 0.03 3.32 

30 Oct '18 32.81 22.91 90.00 62.26 76.13 2.00 5.68 12.68 0.42 3.08 

31 Nov '18 32.73 23.37 82.23 54.17 68.20 4.34 6.92 2.22 0.17 3.41 

32 Dec '18 33.03 22.50 78.16 47.26 62.71 4.71 6.96 0.00 0.00 3.53 

33 Jan '19 32.92 20.41 71.26 37.97 53.97 6.52 8.43 0.00 0.00 4.70 

34 Feb '19 35.29 23.38 77.21 40.50 58.75 5.35 8.73 0.00 0.00 5.12 

35 Mar '19 36.75 24.84 84.71 44.52 64.45 2.94 8.58 0.00 0.00 4.80 

36 Apr '19 36.12 25.53 86.40 54.20 70.20 2.25 8.02 2.55 0.10 4.72 

37 May '19 34.64 24.87 88.58 59.42 74.00 2.01 6.81 1.57 0.13 3.96 

38 Jun '19 32.19 23.48 93.03 73.17 83.10 1.72 3.72 10.81 0.50 2.81 

39 Jul '19 30.38 22.75 95.16 75.84 85.50 1.68 2.63 21.11 0.68 2.37 

40 Aug '19 29.48 21.86 96.19 82.39 89.29 1.55 1.48 31.53 0.77 1.90 

41 Sept '19 31.24 21.95 95.43 74.57 85.00 1.43 3.28 13.97 0.63 2.51 

42 Oct '19 32.41 21.43 91.32 68.13 79.73 1.75 5.49 13.50 0.52 2.71 
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APPENDIX  XXVII  

APPENDIX  XXVII. List of laboratory equipment used for the study 

Sl 
No. Equipment Stage used Company 

1 Vortexer DNA isolation GeNei TM 

2 High speed refrigerated 
centrifuge DNA isolation Eppendorf 5804 R 

3 
NanodropR 

spectopotometer ND- 

1000 

Qualitative assessment 
of nucleic acids Jenway- Genova 

Nano 

4 Laminar Air Flow Cabinet 
Preparation of PCR 
reaction mixture Rotek, B&C 

5 Eppendorf Master 
Gradient PCR 

Polymerase chain 
reaction Applied 

Biosystems 

6 Electrophoresis unit 
Agarose Gel 
Electrophoresis (AGE) 

GeNei 

7 Gel Doc TM XR+ Gel documentation BIO-RAD 

8 Ultra low temperature 
freezer 

Storage of DNA 
samples 

Eppendorf 5804 R 

9 Plastic wares  Micro Tips & tubes for 
pipetting and sample 
collection 

Tarson India Ltd. 
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ABSTRACT 

Morpho-molecular characterisation intergeneric hybrids of Ascocentrum 

was conducted at the Department of Floriculture and landscaping, College of 

Horticulture, Vellanikkara, during 2016-19 with the objective of characterising 

based on morphological and molecular analysis for commercial exploitation and 

compatibility assessment. 

Thirty varieties selected for the morphological characterisation. In 

quantitative characters Mok. Omayaiy Yellow showed highest plant height, 

internodal length and leaf breadth throughout the study period.  Plant spread, leaf 

length and leaf area were highest in Kag. Youthong Beauty.  Mok. Sayan × Ascda. 

Doung Porn was observed with highest shoot girth, shoot diameter and number of 

leaves. Ascda. Yip Sum Wah × V. JVB showed maximum number of roots, Mok. 

Khaw Phiak Suan × Ascda. Jiraprapa was observed with the highest root length and 

Mok. Chao Praya Sunset Yellow Spot with the highest root girth. 

Vasco. Aroonsri Beauty had the least values in all vegetative characters 

throughout the study period including plant height, spread, internodal length, shoot, 

leaf and root characters except the number of leaves which was the least in Mok. 

Khaw Phiak Suan × Ascda. Jiraprapa. Variety Vasco. Aroonsri Beauty also 

produced the maximum number of florets/spike and had the shortest internodal 

length. 

Cluster analysis with 14 different floral characters revealed 12 clusters at 

75 per cent similarity.  The highest inter-cluster distance was observed in cluster 6 

and cluster 10. Cluster 6, which included Ascda. Sirichi Fragrance and Vasco Blue 

Bay White was found to have the lowest internodal length with the highest value 
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for number of florets per spike, also observed to have lower flower length and 

flower width. Cluster 10 was found to have the high mean values for spike length, 

flower length and flower width. 

In qualitative characters, based on growth habit, two types were found 

among the varieties viz., hanging and prostrate nature of growth. Leaf texture was 

found smooth and rigid with entire leaf margin.  Leaf apex was acute in Vasco. 

Aroonsri Beauty and Ascda. Yip Sum Wah × V. JVB and was emarginated in rest 

of the hybrids.  Wide variation was found among the flower colour, colour pattern, 

nature of petals and lip.  

Regarding post harvest traits, variety Mok. Omayaiy Yellow recorded 

highest fresh weight of spike and physiogical loss in weight.  Whereas, variety Kag. 

Youthong Beauty took maximum days to start wilting of a floret.  Mok. Chark 

Kuan Pink was observed to have longest vase life, spike longevity and highest 

water uptake.  

In visual evaluation the highest total mean score for the spike to use as a 

cut flower was observed in Mok. Omayaiy Yellow (54.6 out of 60), while the 

lowest was observed in Vasco. Blue Bay White.  The highest mean score was 

obtained in Vasco. Pine River Pink (53.83) for plants for the indoor display.  

In pollen studies Ascda. Sirichi Fragrance and Mok. Sayan × Ascda. 

Doung Porn showed the highest pollen fertility and germination and these were 

selected as two male parents for further cross compatibility check.  Vasco. Aroonsri 

Beauty and Kag. Youthong Beauty were found self-incompatible as well as cross 

incompatible with both the male patents and Vasco. Pine River Blue was found 

cross incompatible with Mok. Sayan. × Ascda. Doung Porn whereas, the rest of the 

varieties were found cross-compatible with both the male parents. 
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Among the 21 SSR primers, ten generated polymorphic patterns.  The 

number of amplicons detected varied from two to seven.  The highest number of 

alleles was found in FJ539054, FJ539061 and JN375718.  Primers DQ494847 (3) 

observed to have less number of amplicons.  The PIC value ranged from 0.095 to 

0.800.. One unique band was produced by JN375713 and FJ539050 primers in Kag. 

Samrong and Vasco. Aroonsri Beauty, respectively. The least Jaccard’s similarity 

value (0.05) was observed between Kag. Samrong and Ascda. Suksamran Sunlight, 

Ascda. Yip Sum Wah × V. Josephine Van Brero, Vasco. Aroonsri Beauty.  The 

UPGMA clustering algorithm grouped the varieties into two main clusters.  The 

variety Kag. Samrong clustered separately from all other members, whereas, other 

members were grouped in one cluster.  At 50 per cent level of similarity, the 

hybrids grouped into 13 clusters.  

Out of 29 ISSR primers used, 20 showed amplification in all hybrids with 

polymorphic bands.  ISSR primer (GACAC) 4 generated 11 amplicons, whereas, 

ISSR 901 generated 31 amplicons. ISSR primer (GACAC) 4 had lowest PIC value, 

and UBC810, the highest PIC value (0.926).  The least Jaccard’s similarity value 

(0.03) was observed between Vasco. Blue Bay White and Mok. Khaw Phiak Suan × 

Ascda. Bicentennial Yellow Spot, which indicates that these hybrids are dissimilar 

to each other. The highest Jaccard’s similarity value was observed between Mok. 

Khaw Phiak Suan × Ascda. Bicentennial Yellow Spot and Mok. Chao Praya Sunset 

Yellow Spot. A UPGMA-based dendrogram separated the 20 hybrids of 

Ascocentrum orchids into two main clusters, each with 10 members.  At 30 per cent 

level of similarity, all the 20 hybrids grouped into 14 different clusters.  Six clusters 

were observed with two members each.  
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