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1. INTRODUCTION

Orchids belong to the family Orchidaceae with more than 25,000 species and
over 3,00,000 natural and manmade hybrids. They are well recognised for their
stunningly beautiful floswers, which command a very high price on the global market
and account for around 10% of all floricultural trade (De, 2020a). Cattleya orchids,
sometimes referred to as the ‘queen of the orchids,” are popular for their showy and

brightly coloured flowers.

Cattleyas are found in Mexico and Central America but can also be found
worldwide. They have an epiphytic and sympodial character. Cattleyas are incredibly
resilient and can tolerate changes in temperature, humidity, and even drought-like
circumstances to a good extent. They produce spectacular, vibrantly coloured, and
occasionally fragrant blossoms. Its great demand for cut flowers and potted plants in
the international floriculture market is due to the remarkable beauty of its blossoms.
They are widely utilised in both landscape design and floral decoration. Cattleyas in
miniature sizes are either sold as a single stem or used to create bouquets. Value-

added goods like perfumes and dried products are produced with Cattleyas.

In India, where there is a considerable demand for orchids, import values have
increased relative to export values. Maximum export of orchids was found in 2016-
2017 (Rs. 5.23 lakh) followed by 2017-2018 (Rs. 4.89 lakh). According to reports,
India imported 1044.36 million tonnes of orchids worth Rs. 2321.84 lakh in 2018-109.
Cattleya orchids seem to follow the same trend. India still imports a significant
portion of Cattleya orchids despite having all the ideal conditions for Cattleya
production. In the year 2016 alone, around 34,564 units of Cattleya were imported to
India from Thailand, China and France and the average cost of a blooming size
Cattleya plant ranges from Rs. 850 to Rs. 1500 (Pant et al., 2020).This indicates the

need for concerted efforts in the country for improving production of Cattleya orchids.

Introduced orchid cultivars from Southeast Asian growing regions have been
developed, produced, and acclimated to the various agro-climatic conditions, and have

taken the lead in India's output of cut flowers. Orchids are Kerala's top priority



floricultural crop due to its high value, high yield per unit area, and suitability

for cultivation both in urban and rural areas.

Being a commercially important orchid that is highly priced, easy to grow and
can withstand a range of climatic conditions, Cattleya orchids must be exploited for
commercial cultivation in Kerala. Therefore, there is an imperative need to evaluate
the performance of Cattleya hybrids for ornamental traits. Assessment of genetic
diversity through characterization of the germplasm is important for future crop
improvement programmes. Morphological characterization needs to be supported by
characterization using molecular markers as the phenotype is affected by
environmental factors. Keeping these in view, the experiment was conducted with

the following objectives:

e Evaluation of Cattleya hybrids for ornamental traits
e Classification based on morphological descriptors and molecular marker
profile.
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2. REVIEW OF LITERATURE

Cattleya orchids must be exploited for commercial cultivation in Kerala since they
are a highly valuable, easy to grow orchid that can tolerate a variety of climatic
conditions. In this chapter, attempts are made to review the work on morphological

variability and use of molecular markers in Cattleya.
2.1. VARIABILITY STUDIES

The degree of genetic variability present in the population has a major impact
on the outcome of any breeding programme. Understanding the scope of variability

contained in a crop species is crucial since it forms the basis for efficient selection.

Within the Orchidaceae family, the most prominent are the orchids of the
genus Cattleya, characterized by flowers with three sepals and three well-defined

petals, one of them modified, known as the labellum (Abraham and Vatsala, 1981).

Barthlott (1981) examined the morphological characteristics of orchids as

powerful taxonomic relationship indicators.

Mc Donald (1991) reported that robust hybrids produce bigger, better blooms
and are more floriferous with more substantial flowers, highlighting the significance

of vegetative vigour in orchids.

Sheehan (1992) found that Cattleya had two different flowering habits: type I,
which included Cattleya gigas, developed new sprouts in the spring and flowers were
triggered in the summer, with each sprout flowering separately. C. trianaei was a
member of Type Il and developed spring sprouts but did not bloom until the fall.
Spathes dried out during this time, and all sprouts that had matured at this point bloom
at once. Such flowering traits were typically passed on to progeny following

interspecific crosses.

Rajeevan and Sobhana (1993) assessed 11 species of orchids based on flower
characteristics such as inflorescence length, number, size, colour, fragrance, and

flowering duration to identify the species suitable for cut flower and pot plants.



Lacerda et al. (1995) found that C. intermedia was one of the most variable
orchid species, and it had a number of traits that plant breeders look for, including
colour and stems with several flowers. Additionally, it was one of the Cattleya genus's
most early-blooming species, flowering for the first time in just three years. These

characteristics had prompted breeding efforts to select superior plants.

Sobhana (2000) and Lekharani (2002) reported wide variation in flower count
and length and width of the leaves in a variability study conducted in Dendrobium

orchids.

Pillai (2003) evaluated 15 Dendrobium varieties for morphological and floral
characters and found that those varieties differed significantly for growth parameters.
Significant varietal differences were observed among the varieties for shoot length,

length and width of leaves, number of flowers, length and width of flowers.

Roychowdhury et al. (2004) found that a wide range of variation was observed
among the genotypes in orchids for characters such as the number of shoots per plant,
number of leaves per pseudobulb, length and width of the largest leaf, and number of
days from leaf emergence to maturity.

In India, Cattleya orchids were found suitable for cultivation in valleys and
foothills of Arunachal Pradesh, plains of Tripura, Assam, Kerala, Karnataka,
Nagaland, West Bengal, Orissa, Sikkim and Western Ghats (Pal and Nagrare, 2006).

Devadas et al. (2010) evaluated the rare orchid species, Renanthera
imschootiana and found that they were with characteristics such as unbranched
raceme with a length of 32.2 cm, appealing dominant red-purple (RHS-60A) flowers,
and petals tinted greyed orange (RHS-164C) with shade. Having a middle range vase
life of 23.7 days and appealing dominant crimson red purple blossom colour, broad

lateral sepals offer great breeding value for creating new hybrid variants.

Out of the nine Cattleya hybrids evaluated, the maximum longevity of spike
was recorded with the variety Ahmad Seikhi (49 days), while the maximum spike
length of 35 cm was recorded in Hsinging Catherine. Cattleya hybrids viz. Queen
Sirikhit, Ahmad Seikhi, Guanmiau City, Chinese Beauty Orchid Queen, Blc Mem



Ann Balmores Convess and Hsinging Catherine were found promising for commercial
cultivation (NRCO, 2012).

Anand et al. (2013) assessed 24 orchid species on vegetative characters and
reported that vegetative growth characters in terms of plant height, number of leaves,
leaf length, leaf width and habitat play a key role in ultimately deciding crop yield.

The Cattleya genus is considered to be the ‘Queen of the Orchids’ (AOS,
2013) and differs mostly from other orchids by its large flowers arranged in

inflorescences, when compared with Phalaenopsis and Dendrobium orchids

Three novel cultivars (UEL 6, UEL 7 and UEL 8), which express the desired
features of mother plants such as bloom size, floral colour, flourishing period, number
of flowers, plant height, among others, were successfully created by Faria et al. (2013)
who researched Dendrobium crosses.

Cattleya plants were reported as either unifoliate or bifoliate in nature with
elongated pseudobulbs. The present-day hybrid Cattleyas belong to the unifoliate
group. The flowers are 5 to 15 cm in size and occur in all colours except true blue and
black. Unifoliate Cattleyas bear up to five flowers per inflorescence whereas bifoliate
Cattleyas possess 2 to 25 flowers per inflorescence (De et al. 2014a).

De et al. (2014b), evaluated eight hybrids of Cattleya for the development of
Distinctiveness, Uniformity and Stability (DUS) test guidelines using common
descriptors. Out of the 53 common descriptors developed, plant height, leaf number
per pseudobulb, flower width in front view, petal predominant colour, lip predominant

colour and lip colour pattern were used for grouping of hybrids.

Burana and Yamane (2017) studied the vase life of Cattleya variety ‘Lc.
Spring Clima % Christina’ and found that the flowers were sensitive to ethylene. The
vase life was increased by high CO> in combination with pre-cooling from 10 days to
14 days.

For the morphological description of the hybrids, 10 plants were evaluated for
their vegetative part phytometric characteristics: pseudobulb length and diameter, leaf
length and width, and phytometric characteristics of their reproductive part: floral

5



stem length, flower width and length and number and durability of the flowers
(Colombo et al., 2017).

A clear understanding on the floral biology is of great importance in orchid
breeding due to its structural and functional complications. The important floral
characters like flower size, pedicel size, flowering period, number of spikes per plant
and spike/stalk length, flower longevity and vase life exhibited a significant variation
in quantitative floral characters which was in conformity with the reports of De et al.
(2019).

De (2020b) evaluated the keeping quality of tropical and subtropical orchid
hybrids as effected by different packing materials and found out that Cattleya cut
spikes had a longevity of 10 days in floral foam and 14 days in plastic vials. The
longevity in cellophane paper packing of fully open florets ranged from 14 to 45 days
over unpacked florets which had only 7 to 11 days.

Sub-tropical orchids (Dendrobium sp.) were evaluated for vegetative
characteristics under shadenet circumstances by Pachuau et al.(2021). P957, P1006,
P1019, Sonia White, Sonia 5N, Somark White, Pink Stripe, and Burana Jade were the
kinds used. In terms of plant height (27.1 cm), internodal length (4.5 cm), and shoots
per plant, the results showed that variety P1006 was a highly promising variety (8).
The Burana Jade variety was an excellent choice for a potted plant because it has the
smallest height (13.8 cm), shortest internodes (1.9 cm), and smallest leaves (25.7

cm?).
2.2. GENETIC PARAMETERS

For any breeding effort, genetic factors like as heritability, genetic advance estimates,

and phenotypic and genotypic coefficients of variation are necessary.

High heritability along with high genetic advance as percent of mean in
characters suggested that the genotypic variations for such characters are probably due
to high additive genetic effects whereas environmental effects had least effect on such

characters (Johnson et al., 1955).



Selection based on characters with high heritability and genetic advance would
be more effective and are generally controlled by additive gene action and hence

amenable to genetic improvement through selection (Panse, 1957).

Allard (1960) found that, compared to hybrid breeding, intraspecific crossings
are more limited in their ability to improve species (interspecific and intergeneric
crossing). This results from the genetic gain shown in flower shape, substance, and
texture, which is typically higher at first and tends to have lower values in subsequent

generations.

The extremely heterozygous nature of multigeneric hybrids was demonstrated
by Kamemoto (1983), who reported that even reciprocal crossings produced offspring
that differed in vegetative features and flower production.

Based on 16 floral and vegetative morphological characteristics, Balfour and
Linder (1990) investigated intraspecific variation of individuals from seven groups of

populations of Disa uniflora.

Dendrobium aggregatum and a few other species that are grown in the plains
of West Bengal were subjected to genetic study by Rehman et al. (1993). For
inflorescence length, number of flowers per inflorescence, number of flowers per
inflorescence, and flower size, high genetic advance was seen. These features also had
significant heritability and genetic advance estimates, which suggested successful

selection based on these traits.

The degree of genetic variety within a species and how it is distributed both
within and among populations offer insights into the variables that control inbreeding,
gene flow, and variation maintenance. Geographic range has a positive relationship
with genetic diversity at the species level but no influence on how genetic variation is

distributed among populations (Ayres and Ryan, 1999).

Sobhana (2000) performed genetic studies on Dendrobium hybrids. Number of
shoots per plant, days for floret opening, and number of flowers per spike all showed
high genetic diversity. Most of the characters ranged from having low to high

heritabilities. All floral traits associated with flower size showed the highest



heritability. It was also reported that plant height had significant positive phenotypic
correlation with petal length and width and length of the largest leaf. Flower number
per peduncle had a significant negative correlation with flower length and width. The
length of flower had significant positive correlation with width of the flower, which is

an important attribute of cut flower selection.

In a study conducted by Salamini et al. (2002), the sequence diversity at genes
affecting important phenotypes is known to be significantly decreased by
domestication. The frequency of alleles regulating traits of interest rose in populations
subjected to continuous selection, where only the best individuals were favoured for

reproduction. This resulted in a loss of variety in crop plants.

Pridgeon et al. (2005) reported one of the key traits of the Cattleya genus is
the potential for interspecific or intergeneric crosses, such as those with Brassavola,
Epidendrum, Encyclia, Laelia, or Sophronitis, with many of these now being Cattleya
(Van den Berg, 2014). This makes it possible to create and grow intergeneric/inter
specific hybrids, which are a source of variety for traits including plant growth, flower

colour, and inflorescence shape.

In Brassocattleya, the varieties Deesse and Hortland were reported to produce
many hybrids in the Cattleya alliance. The trigeneric hybrid Brassolaeliocattleya was
well known for its varieties like Edwin Chong, Golden Myth, Herons Ghyll, Molflora,
Norman Bay, Nugget etc. which were proven as parent plants for hybridization work
(Bhattacharjee and Das, 2008).

A cultivar called Laelia 'Brazilian Girl Rosa' was produced by Cardoso (2010)
by an interspecific/intergeneric cross between Cattleya 'White Dream' and Laelia
'‘Rubin’. Brassolaeliocattleya is a hybrid of three genera (Brassavola, Laelia, and
Cattleya), however it is unclear how much each genus contributed to Cattleya hybrid
improvement as an ornamental and horticultural plant. Brassavola, Laelia, and
Sophronitis, however, contribute to the creation of compact size hybrids in their

research.



Neto and Vieira (2011) reported that in wild and bred C. intermedia
accessions, the genetic variability including flower shape and number, precocity,
texture and the thickness of floral parts as the result of plant domestication and the use
of superior genotypes in the crop improvement programme.

Number of leaves per pseudobulb had negative correlation with good floral
attributes. So plants with unifoliate leaves produced larger flowers and took minimum

days from emergence to maturity of inflorescence (De et al., 2014a).

High degrees of heterozygosity are also significant sources of variation that
can be used to select various desired traits in breeding programmes (Fridman, 2014).
Although such goals have only been the focus of a relatively small number of
breeding efforts for ornamental plants, including orchids, this includes a decrease in

the juvenile stage and resistance to pests and diseases.

Cardoso et al. (2016) reported two flowering types in Cattleya, one of which
produced flowers once a year and the other of which produced flowers multiple times.
Such flowering characteristics were found transmitting to the descendants following
interspecific crosses.Though ordinary varieties of Cattleya are seasonal, a superior
cultivar Brassolaeliocattleya BR501, produced flowers four times a year. The

durability of opened flowers was around 20-25 days in the plant.

Rahi (2017) found that the extensive range of variation in genotypes may be
due to the higher order monogeneric, bigeneric, or multigeneric hybrid genotypes used
in the study.

2.3. GENETIC DIVERGENCE ANALYSIS

Geburek (1997) reported that knowledge on genetic diversity is the baseline for
conservation. In order to support the conservation of wild orchids, information on the
levels and patterns of genetic diversity of these plants must be gathered through
comparative population studies utilising both the allozyme and RAPD approaches.

An effective method for differentiating across plant kinds is DNA

fingerprinting. The limits of morphological and biochemical characterizations,



particularly for closely related varieties, are eliminated by the use of many and highly

polymorphic DNA markers (Sun and Wong, 2001).

Research using molecular systematics has brought a continuing revolution to
plant taxonomy. For instance, studies on Laeliinae (Van den Berg et al., 2000) and
Cattleya genera (Dressler and Higgins, 2003) showed that Cattleya is not clearly

delimited.

The populations of all Cattleya variations were extremely varied, according to
Rego et al. (2009), which examined the genetic diversity among eleven C.violacea
types from the Amazonian Region (three Brazil Amazonian States and one
Venezuelan Amazonian region) with variable flower colour. The conservation of
orchids is therefore more difficult than the conservation of many other plants because
a greater number of population locations need to be safeguarded in order to sustain the
complete genetic diversity at the species level for their long-term survival. This
demonstrated the need for the biological diversity of the genus Cattleya and the
Orchidaceae family to be conserved both in situ and ex situ in the Amazon region.

Pinheiro et al. (2012) observed high levels of polymorphism in Cattleya
labiata in a study with 130 Cattleya species using RAPD and ISSR markers. This
study helped to understand the genetic structure of the species and to define strategies

for conservation and breeding programmes

In order to estimate genetic diversity, Fajardo et al. (2014) examined the
polymorphic information content (PIC) and optimal number of ISSR markers (ONM)
for five Laeliinae orchids. For the purpose of examining genetic diversity and
differentiation, the phylogenetic relationships between Cattleya granulosa, an
endangered Brazilian orchid, and four other native Brazilian species (Brassavola
tuberculata, Cattleya bicolor, Cattleya labiata, and Cattleya schofieldiana) were
examined. C. labiata had the lowest level of genetic diversity (H E = 0.13) and C.
bicolor had the highest level (H E = 0.219) among the five species under study. . Of
the five studied species, C. bicolor exhibited the highest level of genetic diversity
(H e =0.219), while C. labiata exhibited the lowest level (H e =0.132). Analysis of

molecular variance revealed that 23.26% of species differ genetically from one
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another. The ISSR data’s principal component analysis (PCA) revealed that unifoliate
and bifoliolate species have genetically distinct populations. Additionally, PCA
showed a strong relationship between C. granulosa and C. schofieldiana, a species
that many scientists believe to be a subspecies of C. granulosa. Thus concluded that
ISSR markers are a possible tool for phylogenetic reconstruction of closely related

species.

Hartati (2017) studied the genetic diversity of some important species of genus
Coelogyne spp., performed using inter simple sequence repeats (ISSR) molecular
marker. The DNA of six orchid species from the genus of Coleogyne spp was
extracted and used as samples in a PCR amplification process with ten ISSR primers.
This study revealed that the six orchid species under examination had similarity
coefficients ranging from 0.32 to 0.70, indicating that the genetic diversity of the
species was dispersed between 0.30 and 0.68, and polymorphic amplification bands as
high as 98.9%.

Qiang et al. (2020) studied the genetic diversity of Cattleya germplasms, and
the results of ISSR-PCR analysis showed that there was abundant genetic diversity
among them. The 18 Cattleya germplasm resources were divided into seven genera,
which were Cattleya, Crispae, Schomburgkoidea, Falcata, Intermedia, Rhizantha
and Guarianthe.

Gholami et al.(2021) studied the genetic diversity, population structure, and
phylogeny of Iranian orchids using inter-simple sequence repeat (ISSR) markers to
find markers associated with phenotypic traits. Six major groups were identified by
the UPGMA genetic similarity dendrogram using Jaccard coefficients (r = 0.973).
According to the Bayesian clustering method, the division of the accessions into eight
groups produced the data with the highest likelihood. Based on the multiple
association study, features connected to flowers and tubers had strong correlations
together and were linked to specific ISSR bands. Overall, ISSR markers identified the
variability among accessions within each population and species and were beneficial
for differentiating and clarifying the relationships among species and populations

gathered from geographically distinct areas.
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Tikendra et al. (2021a) conducted genetic variation study in 11 populations
of D. chrysotoxum using 20 different inter-simple sequence repeats (ISSR) and 9 start
codon targeted (SCoT) primers. Out of 199 bands produced by ISSR markers, 196
bands were polymorphic, resulting in high polymorphism (98.49%). SCoT markers,

however, produced 111 polymorphic fragments generating 100% polymorphism.

Dendrobium moschatum’s molecular genetic homogeneity was evaluated by
Tikendra et al. (2021b). High genetic closeness between mother and micropropagated
plants was also found by using the Unweighted Pair Group Method with Arithmetic
Mean (UPGMA) based dendrograms. The categorization of plants according to
UPGMA dendrograms was further confirmed by Principal Coordinate Analysis
(PCoA). The markers' matrices' correlation analysis showed that ISSR markers were
more effective than RAPD markers. This is the first account of genetic homogeneity
testing utilising molecular markers on Dendrobium moschatum that has been

propagated in vitro.

Inter-simple sequence repeat (ISSR) and random amplified polymorphic DNA
(RAPD) molecular markers have recently been utilised for the classification of plants
such as llex aquifolium L. (Tsaktsira et al., 2021). These markers are free from
environmental influences, have an infinite number of obtained polymorphisms, and

only a little amount of DNA is needed for analysis.

In comparison to other techniques, ISSR marker is popular due to its
simplicity, speed, convenience of use, and affordability. Examples include examining
the homogeneity of Anoectochilus elatus Lindl. regenerated - Genetic diversity of
jewel orchid 4817 from somatic embryogenesis or screening the somaclonal variation
of Ludisia discolour A.Rich. for long-term conservation) (Sherif et al. 2018; Rajan et
al., 2022). More recently, a study from Malaysia revealed the use of this marker in
validating the genetic stability of the in vitro grown plants to the mother plant, a gem
orchid native to Sabah, Malaysia (David et al., 2022).

Tran et al. (2022) investigated the genetic diversity of jewel orchids in
Vietnam using RAPD and ISSR markers to provide basic data conservation of genetic

resources and the development of this medicinal plant. A total of 20 jewel orchid
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samples were genetically characterized by using 10 RAPD and 10 ISSR primers.
Combined RAPD and ISSR markers produced similarity coefficients ranging from
0.53 to 0.83. Based on the PIC values, the primers used by both markers are highly
informative. However, the topology of cluster analysis of 20 jewel orchid accessions
does not correspond to the taxa studied. The findings could be potential to employ in

future classification, conservation, and development of this plant.
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3. MATERIALS AND METHODS

The present study was conducted to evaluate the performance of Cattleya
hybrids based on growth and flowering attributes and to characterize them
using morphological descriptors and molecular markers. The investigation was
carried out in the Department of Floriculture and Landscaping, College of

Agriculture, Vellayani, Thiruvananthapuram during November 2021 to October 2022.

Details of materials used and methodologies adopted during this
investigation are presented below.

3.1. EVALUATION OF THE HYBRIDS AND MORPHOLOGICAL
CHARACTERIZATION

3.1.1. Experimental Material

Near flowering size plants of twelve Cattleya hybrids were selected for studying

their morphological and floral characters for one year.
The details of the genotypes used in the study are given in Table 1.
3.1.2. Layout and conduct of the experiment

The experimental plants were grown in mud pots with the potting
mixture containing tile bits, chopped coconut husk or charcoal as per the Package of
Practices of Kerala Agricultural University (KAU, 2016). All plants received
uniform cultural practices. Artificial shade of 50 per cent was provided with
polypropylene agro-shade netting. The experiment was laid out in completely

randomized block design with five replications.

The plants were sprayed with the supernatant liquid of cowdung slurry
at fortnightly interval. During the vegetative phase, fertilizer mixture of N, P and K
were applied in the ratio of 3:1:1. During the blooming phase, this ratio was
1:2:2. The mixture was applied twice a week @2-3g per litre.

Observations were recorded as per the guidelines of the DUS (Distinctiveness,
Uniformity and Stability) on Cattleya by the Protection of Plant Variety and Farmers
Rights Authority (PPV&FRA), Govt. of India on the following characters.
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3.1.3. Morphological Characters
3.1.3.1. Quantitative characters
3.1.3.1.1. Plant height (cm)

Total height of the plant was measured from the base to the growing apex and
expressed in centimeters.
3.1.3.1.2. Number of shoots per plant

Number of shoots produced per plant was recorded at monthly interval.
3.1.3.1.3. Number of leaves per pseudobulb

Number of leaves per each pseudobulb recorded monthly.
3.1.3.1.4. Length of the largest leaf (cm)

Length of the largest leaf in each plant was recorded and expressed in
centimeters.
3.1.3.1.5. Width of the largest leaf (cm)

Width of the largest leaf in each plant was recorded and expressed in
centimeters.
3.1.3.1.6. Days from emergence to maturity of leaves

Number of days taken from emergence to maturity of leaves was recorded.
3.1.3.2. Pseudo qualitative characters
The following characters were recorded visually.
3.1.3.2.1. Nature of pseudo bulb

Nature of pseudo bulb was recorded as either cylindric, clavate or globular.
3.1.3.2.2. Leaf shape

Shape of the largest leaf was recorded as either narrow oblong, ligulate, elliptic
or ovate.
3.1.3.2.3. Leaf colour pattern

Leaf colour pattern was recorded either as uniformly green on both sides,
green upside/purple beneath, spotted or streaked.
3.1.3.2.4. Dorsal sepal shape

Dorsal sepal shape was recorded either as oblong, lanceolate, elliptic or ovate.
3.1.3.2.5. Dorsal sepal apex

Dorsal sepal shape was recorded either as acute, notched or obtuse.
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Plate 1. General view of the experimental plants



Table 1. Details of Cattleya genotypes used in the study

SL.No. | Abbreviations Cattleya hybrids
1 TS Rhyncholaeliocattleya Tawan Shine
2 B Rhyncattleanthe Burana Beauty
3 TB Rhyncholaeliocattleya Taichung Beauty
4 MY Rhyncholaeliocattleya Mahina Yahiro
5 PW Rhyncholaeliocattleya Petch Wangnam Khiew
6 CD Cattleya Chocolate Drops Volcano Queen
7 ID Rhyncholaeliocattleya Irene Dopkin
8 HXM Rhyncholaeliocattleya Haadyayi Delight x Mary Song
9 AXN Cattleya Aurantiaca x Netrasiri Beauty
10 T Cattleya Tipo
11 MA Rhyncholaeliocattleya Memoria Anna Balmores
12 MS Rhyncholaeliocattleya Morning Stars
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3.1.3.2.6. Dorsal sepal curvature

Dorsal sepal shape was recorded either as incurved, reflex or straight.
3.1.3.2.7. Lateral sepal shape

Lateral sepal shape was recorded either as oblong, lanceolate, elliptic or ovate.
3.1.3.2.8. Lateral sepal apex

Lateral sepal apex was recorded either as acute, notched or obtuse.
3.1.3.2.9. Lateral sepal curvature

Lateral sepal curvature was recorded either as incurved, reflex or straight.
3.1.3.2.10. Petal shape

Petal shape was recorded either as oblong, lanceolate, elliptic, ovate or round.
3.1.3.2.11. Petal curvature

Petal curvature was recorded either as incurved, reflex or straight.
3.1.3.2.12. Petal margin

Petal margin was recorded either as entire, undulate or undulate crisped.
3.1.4 Floral characters
3.1.4.1. Quantitative characters
3.1.4.1.1. Inflorescence number per pseudobulb

Inflorescence number per pseudobulb was recorded either as one or two or
more.
3.1.4.1.2. Inflorescence length (cm)

Inflorescence length from base of peduncle to the tip of the flowers was
recorded and expressed in centimeters.
3.1.4.1.3. Peduncle sheath length (cm)

Peduncle sheath length of the plants was recorded and expressed in centimeters.
3.1.4.1.4. Peduncle length (cm)

Peduncle length of the plants was recorded and expressed in centimeters.
3.1.4.1.5. Flower number per peduncle

Flower number per peduncle was counted and recorded.
3.1.4.1.6. Flower length from tip of dorsal sepal to tip of lip (cm)

Flower length from tip of dorsal sepal to tip of lip was recorded in the spread

out position and expressed in centimeters.
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Rlc.Petch Wangnum Khiew C. Aurantiaca x Netrasiri Beauty

Rlc.Memoria Anna Balmores Rlc.Morning Star

Rlc.Mahina Yahiro

Plate 2. Cattleya hybrids used for the study



Rth. Burana Beauty C. Tipo

Rlc.Haadyayi Delight x Mary Song Rlc.Taichung Beauty

Rlec.Irene dopkin

Plate 2. Cattleya hybrids used for the study (Continued)



3.1.4.1.7. Flower width in front view (cm)

Flower width in front view was recorded in the spread out position and
expressed in centimeters.
3.1.4.1.8. Days from emergence to opening of the Inflorescence

Days from emergence to opening of the Inflorescence was observed and

recorded.
3.1.4.1.9. Flower longevity on the plant

Flower longevity on the plant was recorded by observing the number of days
the flowers remained in the plant without fading.
3.1.4.1.10. Dorsal sepal length (cm)

Dorsal sepal length was recorded in the spread out position and expressed in
centimeters.
3.1.4.1.11. Dorsal sepal width (cm)

Dorsal sepal width was recorded in the spread out position and expressed in
centimeters.
3.1.4.1.12. Lateral sepal length (cm)

Lateral sepal length was recorded in the spread out position and expressed in
centimeters.
3.1.4.1.13. Lateral sepal width (cm)

Lateral sepal width was recorded in the spread out position and expressed in
centimeters.
3.1.4.1.14. Petal length (cm)

Petal length was recorded in the spread out position and expressed in
centimeters.
3.1.4.1.15. Petal width (cm)

Petal width was recorded in the spread out position and expressed in
centimeters.
3.1.4.1.16. Lip length (cm)

Lip length was recorded in the spread out position and expressed in

centimeters.

18



3.1.4.1.17. Lip width (cm)

Lip width was recorded in the spread out position and expressed in
centimeters.
3.1.4.1.18. Column length (cm)

Column length was recorded in the spread out position and expressed in
centimeters.
3.1.4.1.19. Length of flower pedicel (cm)

Length of flower pedicel was recorded in the spread out position and expressed
in centimeters.
3.1.4.1.20. Vase life of flowers (days)

Flower stalk was placed in measured quantity of tap water taken in test tubes
and mouth of the test tube was covered by cling film. Appearance of wilting or colour
fading was noticed and days taken for the appearance of senescence symptoms was
recorded as vase life.
3.1.4.2. Qualitative Characters

For the assessment of colour characteristics, the Royal Horticultural Society
(RHS) colour chart was used.
3.1.4.2.1. Sepal dominant colour

Sepal dominant colour was recorded either as white, yellow or purple.
3.1.4.2.2. Sepal colour pattern inside

Sepal colour pattern inside was recorded either as uniform, spotted or
shaded /striped.
3.1.4.2.3. Petal predominant colour

Petal predominant colour was recorded either as either as white, yellow or
purple.
3.1.4.2.4. Petal colour pattern

Petal colour pattern was recorded either as uniform, spotted or
shaded /striped.
3.1.4.2.5. Lip predominant colour

Lip predominant colour was recorded either as either as white, yellow or

purple.
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3.1.4.2.6. Lip colour
Lip colour was recorded either as yellow or purple with one or two
numbers.
3.1.4.2.7. Column colour pattern
Column colour pattern was recorded either as uniform, spotted or

shaded /striped/streaked.
3.1.4.3. Pseudoqualitative Characters
3.1.4.3.1. Lip shape

Lip shape was recorded either as oblong or lanceolate.
3.1.4.3.2. Lip lateral lobe shape

Lip lateral lobe shape was recorded either as oblong or round.
3.1.4.3.3. Lip lateral lobe margin

Lip lateral lobe margin was recorded either as entire, crisped or undulate
crisped.
3.1.4.3.4. Lip mid lobe shape

Lip mid lobe shape was recorded either as oblong or round.
3.1.4.3.5. Lip mid lobe margin

Lip mid lobe margin was recorded either as entire, crisped or undulate crisped.
3.1.4.3.6. Lip surface inside

Lip surface inside was recorded either as glabrous/pubescent.
3.1.4.3.7. Flowering season

Flowering season was recorded either as winter or rainy.
3.2. MOLECULAR CHARACTERIZATION

The twelve hybrids of Cattleya used in the experiment were studied for
molecular characterization. The investigations were carried out in the Rajiv Gandhi
Centre for Biotechnology, Trivandrum. The materials used and methodology followed

are described below.

3.2.1. DNA isolation using NucleoSpin® Plant 11 Kit (Macherey-Nagel)
Leaf samples were collected from young new leaves of Cattleya plants. About
100 mg of the tissue was homogenized using liquid nitrogen and the powdered tissue

was transferred to a microcentrifuge tube. Four hundred microlitres of buffer PL1 was
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added and vortexed for 1 minute. Ten microlitres of RNase A solution was added and
inverted to mix. The homogenate was incubated at 65°C for 10 minutes. The lysate
was transferred to a Nucleospin filter and centrifuged at 11000 x g for 2 minutes. The
flow through liquid was collected and the filter was discarded. Four hundred and fifty
microlitres of buffer PC was added and mixed well. The solution was transferred to a
Nucleospin Plant 11 column, centrifuged for 1 minute and the flow through liquid was
discarded. Four hundred microlitre buffer PW1 was added to the column, centrifuged
at 11000 x g for 1 minute and flow though liquid was discarded. Then 700 pl PW2
was added, centrifuged at 11000 x g and flow through liquid was discarded. Finally
200 ul of PW2 was added and centrifuged at 11000 x g for 2 minutes to dry the silica
membrane. The column was transferred to a new 1.7 ml tube and 50 pl of buffer PE
was added and incubated at 65°C for 5 minutes. The column was then centrifuged at
11000 x g for 1 minute to elute the DNA. The eluted DNA was stored at 4°C.

3.2.2. Agarose Gel Electrophoresis for DNA quality check

The quality was checked using agarose gel electrophoresis. 1ul of 6X gel-
loading buffer (0.25% bromophenol blue, 30% sucrose in TE buffer pH-8.0) was
added to 5ul of DNA. The samples were loaded to 0.8% agarose gel prepared in 0.5X
TBE (Tris-Borate-EDTA) buffer containing 0.5 pg/ml ethidium bromide.
Electrophoresis was performed with 0.5X TBE as electrophoresis buffer at 75 V until
bromophenol dye front has migrated to the bottom of the gel. The gels were visualized
in a UV transilluminator (Genei) and the image was captured under UV light using

Gel documentation system (Bio-Rad).
3.2.3. Quantification using Quantifluor

1 pl of isolated DNA was added to the 200 pl of Quantiflour (which contains a
fluorescent DNA-binding dye that enables sensitive quantitation of small amounts of
double-stranded DNA (dsDNA) in solution) in a 0.5ml tube and mixed by tapping and
short spin was given and kept in the fluorometer (which uses fluorescent labelled dyes
for quantification of DNA) for quantification of the DNA.

3.2.4. ISSR PCR analysis

PCR amplification reactions were carried out in a 20 pl reaction volume.
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2x DyNAzyme Il PCR Master Mix : 10 pul

Primer (10 uM) : 1l
DW : 7 ul
DNA : 2 ul

The PCR amplification was carried out in a PCR thermal cycler (GeneAmp PCR
System 9700, Applied Biosystems) with ten ISSR primers (Table 2.)
PCR amplification profile

95°C - 5.00 min
94°C - 0.45 min
52°C - 1.00 min 35 cycles
72°C - 1.30 min
72°C - 10.00 min
4°C - o0

3.2.5. Agarose gel electrophoresis of PCR products

The PCR products were checked in 1.2% agarose gels prepared in 0.5X TBE
buffer containing 0.5 pg/ml ethidium bromide. 1 pl of 6X loading dye was mixed with
5 ul of PCR products and was loaded and electrophoresis was performed at 75V
power supply with 0.5X TBE as electrophoresis buffer for about 1-2 hours, until the
bromophenol blue front had migrated to almost the bottom of the gel. The molecular
standard used was 1 kb plus DNA ladder (NEB). The gels were visualized in a UV
transilluminator (Genei) and the image was captured under UV light using Gel
documentation system (Bio-Rad).

3.3. STATISTICAL ANALYSIS

The data collected were subjected to Analysis of Variance (ANOVA) to test
for significant differences among the genotypes (Panse and Sukhatme,1967). Variance
component analysis and cluster analysis (Singh and Chaudhary, 1985) were the
statistical analyses done in the present study. GrapesAgril was utilised for analysis of
data (Gopinath et al., 2021).
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Table 2. ISSR Primers used for molecular characterization

1\SI:)'. Primer Name Nucleotide sequence
1 810 5>GAGAGAGAGAGAGAGAT?Z®
2 812 5>GAGAGAGAGAGAGAGAAZ
3 814 SCTCTCTCTCTCTCTCTCTAZ
4 818 5 CACACACACACACACAG?3
5 836 5S’AGAGAGAGAGAGAGAGYAS
6 840 5>GAGAGAGAGAGAGAGAYT®
7 842 5>’GA GAGAGAGAGAGAGAYG3
8 843 SCTCTCTCTCTCTCTCTCTRAZ
9 862 5’ AGCAGCAGCAGCAGCAGCH®

10

885

5’ BHB GA GA GA GAGAGAGA¥®
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3.3.1. Analysis of Variance

Analysis of variance with two variables X and Y was measured in genotypes

‘g’ developed in completely randomised design with ‘r’ replication and is given as

below
Mean Square
Source Degrees of freedom
X Y XY
Between genotypes (9-1) Gxx Gyy Gxy
Error (r-1)(g-1) Exx Evy Exy

3.3.2. Coefficient of Variation

Variability that existed in the population for various characters were

apportioned using the estimates of coefficient of variation.

For the character X,

Phenotypic coefficient of variation, PCV = 224y 100

xi
Genotypic coefficient of variation, GCV = Jx—giix 100

_oei

Environmental coefficient of variation, ECV x 100

xi

Where opi, ogi and ceare the phenotypic, genotypic and environmental standard
deviations respectively.

3.3.3. Heritability Coefficient

Jain (1982) proposed the mathematical relationship of variance estimates on

computation of heritability, which is usually expressed as a percentage.

Heritability (broad sense), H2 = %iizz x 100

The heritability % were categorized as suggested by Robinson et al. (1949) namely,
low (0-30), moderate (30-60) and high (above 60) .
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3.3.4. Genetic Advance Under Selection

Genetic advance as percentage of mean was calculated as per the formula given by
Lush (1949).

kH 2 opi

Genetic advance,GA = x 100

H2 - heritability in broad sense
opi - phenotypic standard deviation

k  -selection differential that is 2.06 % in case of 5 % selection in large samples
(Miller et al., 1958).

Genetic advance as percentage were categorized into low (< 20 %) and high (> 20%)
as suggested by Robinson et al. (1949).

3.3.4. Correlation Analysis

The correlation coefficients (phenotypic, genotypic and environmental)

between two characters denoted as i and j were worked out as

. . . agij
Genotypic correlation (rgij) p——

. : . opij
Phenotypic correlation (rpij) per—

. . geij
Environmental correlation (reij)) ———
geixoej

Where ogij, apij and oejjare the genotypic, phenotypic and environmental covariances

between the characters i and j.
3.3.5. Cluster Analysis

Genetic divergence was studied using Average method and Euclidean Distance

measures.
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3.3.6. Data analysis

The reproducible bands were scored for their presence (+) or absence (-) for all
the characters studied. The similarity matrices was developed using the data obtained
by ISSR primers 12 cattleya genotypes using “SIMQUAL” sub- programme of
software NTSYS-pc. The allelic diversity was used to produce a dendrogram using
‘cluster tree analysis’ sub programme of same software which revealed the genetic
relationship between the cattleya genotypes.

The association between the various genotypes was assessed from the
dendrogram obtained from 10 ISSR primers (polymorphic) data using “SIMQUAL”
sub- programme of software NTSYS-pc.
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4. RESULTS

The recorded observations were statistically analysed during November 2021 to
October 2022 and the results of the present study on morphological and molecular

characterization of Cattleya hybrids are presented below.

4.1. EVALUATION OF THE HYBRIDS AND MORPHOLOGICAL
CHARACTERIZATION

4.1.1. Analysis of variance of morphological quantitative characters

The mean performance of all the genotypes for the morphological characters
are presented in Table 3. The analysis of variance revealed significant differences
among the genotypes for all of the studied morphological characters, with the
exception of plant height, number of shoots per plant, number of leaves per
pseudobulb, length and width of the largest leaf, and number of days from leaf

emergence to maturity.

Plant height was observed highest for the genotype Taichung Beauty (12.04
cm) and lowest for the genotype Chocolate Drops Volcano Queen (7.53 cm). The
genotype Chocolate Drops Volcano Queen (15.7 nos) recorded the highest value for
the character, number of shoots per plant which was on par with Haadyayi Delight x
Mary Song and Cattleya Tipo while the lowest value was recorded for the genotype
(4.5 nos). The highest value for the character, length of the largest leaf was noticed in
the genotype (20.29 cm) which was on par with Tawan Shine, Petch Wangnam
Khiew, Memoria Anna Balmores Taichung Beauty and Morning Stars. The lowest
was reported in Burana Beauty (10.07 cm). For the character, width of the largest leaf,
the highest mean value was observed for the genotype Petch Wangnam Khiew (5.23
cm) which was on par with Taichung Beauty, Tawan Shine, Memoria Anna Balmores,
Cattleya Tipo, Morning Stars and Irene Dopkin except Mahina Yahiro, Haadyayi
Delight x Mary Song and Chocolate Drops Volcano Queen whereas the lowest value
was exhibited by the genotype Aurantiaca x Netrasiri Beauty (2.81cm). For the
character, days from emergence to maturity of leaves, the genotype Burana Beauty
recorded the highest value (55 days) which was on par with Burana Beauty, Cattleya
Tipo and Taichung Beauty, and the genotype Haadyayi Delight x Mary Song and

Chocolate Drops Volcano Queen (30.67 days) recorded the lowest value.
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4.1.2. Analysis of variance of floral quantitative characters

The mean performance of all the genotypes with respect to floral characters are

presented in Table 4.

Out of the twelve Cattleya hybrids, flowering was observed in 10 hybrids
such as B, TB, MY, ID, A X N, PW, MS, H X M, MA and T during the experiment.
The genotypes showed significant differences in the floral characters such as pseudo
bulb length at flowering (cm), pseudo bulb breadth at broadest part at flowering (cm),
inflorescence number per pseudobulb, inflorescence length (cm), peduncle sheath
length (cm), peduncle length (cm), flower number per peduncle, flower length from
tip of dorsal sepal to tip of lip (cm), flower width in front view (cm), days from
emergence to opening of the inflorescence, flower longevity on the plant, dorsal sepal
length (cm), dorsal sepal width (cm), lateral sepal length(cm), lateral sepal width(cm),
petal length (cm), petal width (cm), lip length (cm), lip width (cm), column length

(cm), length of flower pedicel (cm), vase life of flowers (days).

For the characters, such as plant height from base to tip of the flowering shoot,
peduncle length and days from emergence to opening of inflorescence, the highest
value was observed for the genotype A X N (13.66 cm, 9.66 cm and 15.33 days
respectively) and the lowest value for the first character was noticed in the genotype B
(8.83 cm) and others were in MY (5.43 cm and 6 days) respectively. The genotype H
X M noted the highest value for the characters pseudobulb length at flowering (12 cm)
and column length (2.5 cm) and the lowest value was obtained for the genotypes TB
(7.3 cm) and A X N (1.2 cm) respectively. For the character, pseudobulb breadth at
flowering, the highest value was observed for the genotype MY (2.96 cm) and lowest
value was exhibited by the genotype A X N (1 cm). The characters, inflorescence
number per pseudobulb (3.66 nos) and flower number per peduncle (3.33 nos) was
recorded the highest for the genotype T and the lowest value (one) was obtained for
all other genotypes except in A X N and B. Length of flower pedicel (7.43 cm), flower
length (7.33 cm) and inflorescence length (13.83 cm) was observed the highest for the
genotype MS and the lowest value was noticed in the genotypes B (4.16 cm), A X N
(5 cm) and MY (10.5 cm). The genotype ID (8.06 cm) noted the highest value for the

character peduncle sheath length and lowest was for the genotype A X N (4 cm).
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Unifoliate

Bifoliate

Plate 3. Leaf types of Cattleya hybrids



Unifoliate leaves of the varieties 1. Rlc.Taichung Beauty, 2. Rlc.Mahina Yahiro,
3. Rlc.Irene Dopkin, 4. Rlc.Petch Wangnam Khiew, 5. Rle.Morning Stars,
6. Rlc. Haadyayi Delight x Mary Song, 7. Rlc.Memoria Anna Balmores 8. C. Tipo

Bifoliate leaves of the varieties 1. Rth. Burana Beauty,
2. C.Chocolate Drops Volcano Queen
3. C.Aurantiaca x Netrasiri Beauty

Plate 4. Variation in leaf characters
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For the characters, flower width in front view (12.76 cm), dorsal sepal length
(7.23 cm), dorsal sepal width (3.96 cm), lateral sepal length (6.7 cm), lateral sepal
width (3.3 cm) , petal length (6.9 cm), petal width (6.73 cm), lip length (7.7 cm), lip
width (6.86 cm) and vase life of flowers (6 days), the highest value was observed for
the genotype PW and lowest value was recorded for the genotype B for the characters
flower width in front view (4.83 cm), dorsal sepal length (2.83 cm), lateral sepal
length (2.5 cm), petal length (2.7cm) and lip width (1.93 cm) and for other characters,
lowest was for the genotype A X N. Flower number per peduncle was highest (3.33
nos) and vase life (2.83 days ) was lowest for the genotype T. The genotypes MS and
MA (26.33 days) recorded the highest value for flower longevity on the plant and it
was the lowest for the genotype T (10.33 days ).

4.1.3. Qualitative characters

The qualitative characters of the ten genotypes in the experiment are given in
Table 5.

The qualitative parameters like sepal dominant colour, sepal colour pattern
inside, petal predominant colour, petal colour pattern, lip predominant colour, lip
colour number and pattern, column colour number and pattern were observed for the

ten genotypes in which flowering was observed.
4.1.4. Pseudo qualitative characters

The pseudo qualitative characters of the ten genotypes in the experiment are

presented in Table 6.

The pseudo qualitative characters were recorded for the ten flowered
genotypes. The frequency distribution of all qualitative and pseudo qualitative
characters were done and given in Table 7. 60% of the genotypes possessed lanceolate
dorsal sepal shape, incurved dorsal sepal and lateral sepal curvature, oblong lateral
sepal shape, and incurved petal curvature, according to the frequency distribution.
Ovate and elliptic petal shapes were present in 50% of genotypes, respectively. 10%
of the genotypes had an entire margin, while 90% had an undulating petal margin. In
leaf shape, leaf colour pattern, dorsal sepal shape, dorsal sepal apex, dorsal sepal
curvature, lateral sepal shape, lateral sepal apex, lateral sepal curvature, petal shape,
petal curvature, petal margin, lip shape, lip lateral lobe shape, lip lateral lobe margin,
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20 days after emergence

30 days after emergence Matured leaf

Plate 5. Stages of leaf emergence




€¢

papeys panods ‘omy (V99 SHY) (VSST SHY) SIN
‘om) opdind paz padins | (VSST SHY)MYM padins AMYM
papeys panods “va1y (V99 SHY) (VSST SHY)
‘omy ordmd pax padins | (VSST SHY)MNYM padins ATYM VIN
papeys (V08 SH¥) (D08 SHY) (D08 SHY)
‘omy panods ‘da1y} ordind piaia wIojrun ordind 131y wIojun ordind 13y L
papeys (VEZ SHY) (VET SHY) (VET SHY)
‘omy panods ‘omy o3ueI0 MO[[oA wIojun o3urIO MO[[OA wIojun o3ueI0 MO[[oA NXV
(dsSSHI)
papeys papeys ‘oa1y | (4SSSHY) yuid juid ysyydind (@osT SHY)
‘omy ysipdand Suons poxIw 3uons panods UdAISMO][A W XH
papeys panods ‘omy | (gSSSHY) yuid (VEL SHY) wojun (VEL SHY)
‘omy ysiydand Suons wIojun ordind pay ordind pazx dl
papeys (VSS SHY) (ALY SHY) (ALY SHY)
Qa1 papeys ‘om} ordind Suons wojun suid Suons wojrun yuid Suons Md
popeds (VOL SHY) par (@oL sHY) yuid (@oL sHY) yuid
‘omy panods daxyy | ysidind ojeropowr | wuoyiun | ysidind ojeropow wojun ysiydind jeropowr AN
ponods (a9 SHY) (a9 SHY) (as9 SHY)
‘omy panods ‘vamp | duid ysidaind jy3y | waoyrun | syuid ysipdand jy3ig wIojun yurd ysidind 13y qaL
papods (V€T SHI) (0Ts (VET SHY)
‘omy panods ‘omy MO[[A paxIw SHY) yuid doog panods MO[[IA q
opIsul
wi)ed pue wded wiped JpIsul uId)
Joquinu Ino| | pue.dquinu Inojod ANo[0d Inojod -jed .anojod Inojod
-0d uwnjo) anojod drrp jueurwopaad dr 1®313d jururwopaad [8)ag redas jueurwopaad fedag | Lydoraep

SPLIqAY pd27131) 3Y) JO SIddeaeYd dAnEI[En]) °S qeL




ve

poriad uornyeardsqo 3y Surmp paIamor] JoN .

S9pIS 30q U0 3uoqo sIe)S
dempun | jySrens | 9eao | Jrens | snoe | Juojqo y3Srens | anoe | 3uo[qo uo213 Ajuuojiun | MoLreu JJeAR[D SUIWIOIN Oy
SOpIS yjoq Uuo Suojqo solowi[eq BUUY
dempun | jySrens | ondie | ySrens | anoe 3uoiqo ydrens | anoe | 3uo[qo U218 AJuuojiun | MoLIeu 21NN o) BLIOWOA O
S9pIS 30q U0 3uoqo
ore[npun | paamour | ondid | poamour | amoe | ayejosoue | paamour | onoe | djejosour] | uedid Ajuuojiun | moreu oJeAR[d odiy )
Ameag
SIpIS Y1oq uo 3uojqo LIISEI)ON X
aImuo wSrens | ondie | 1ySrens | omoe | syejosouer | 1ySrens | onoe | ojejosoue] | uooid Ajuuojun | moireu 1IN o) BONURINY )
guog
S9pIS 30q U0 3uoqo A1\ X W31
arempun | jySrens | ondie | ySrens | snoe guojqo jysrens | omoe | 3Suoqo U213 Ajuuojiun | MoLreu qreAR[o 1KeApeeH oIy
SOpIS 30q U0 3uoqo upydoq
dJe[npuUn | POAINOUL | 9JBAO | paAInour | 9Jnoe | dje[odour| | paAInoul | amoe | ojejodoue | uodIS A[wiiojiun | MoOLERU oJeAR[O QuaI] oY
uoan)
SOpIS 1J30q UO 3uoiqo oued[oA sdoiq
U218 AJuuojiun | moreu 91e[000YD) D &
AT
SOpIS [30q UO 3uoiqo weuguep
orenpun | paamout | ondie | peamour | noe | Suojqo | paamour | omoe |  Suojqo uo2I3 A[uuIojiun | moLreu oJeAR[O Yo oy
SOpIS 30q UO 3uoiqo oIryex
QJe[npuUn | POAINOUL | 9JBAO | paAInour | 9Inde | dje[odoue] | paAmour | amnoe | oyejosoue] | woaIl A[wojiun | moireu oJeAR[d BUIYRIAL O
SOpIS 30q UO 3uoiqo Amneag
oje[npun | paAmour | 91eA0 | paamour | amoe | ajejoooue | paamour | oinoe | ojejosour| | uoaid Ajuuojyiun | morreu ojeAR[d Sunyore] oy
S9pIS 30q U0 3uoiqo Aneag
ore[npun | paamour | ondio | poamour | amoe | ayejosoue | paamour | oinoe | djejosoue| | uedid Ajuuojiun | moreu oJeAR[d eueing Y1y
SOpIS Yjoq Uuo 3uojqo oulys
uo2I3 A[uuIojiun | moLreu uBMB], oY %
Gur
) xade Im) xade -19MOp
In) -gAInd | redoas adeys -gAIn) | redoas je)qunq
uidiew | -eAaInd | adeys [edas [e19 [edas [edas [es | adeys jed wied adeys | opnasd jo
1®39d 1®1d ®1d | eeq | e | [eIdeg [esioq | -10( | -9s resioq Inofod Jed| Jear1 dInjeN K)aLIRA

SpLIqAY pdapp) 3Y) Jo saddeaeyd dAnelenb opnasd ‘9 dqel




S€

padsiio
JajuIm snoJqe|b ale|npun Buojgo alnua Buojgo Buojgo s1e1s BuIuIoN O
padsLio
Jajuim sno.qge|b ale|npun Buojqo alnua Buojqo 91eAO saloweqg euuy BLIOWSIN I
Jo1uIm padsLio
pue Aures snoige|b ale|npun Buojqo alnua puno. Buojqo odi1D
JauIm snoJqe|b ale|npun Buojgo aInua punou Buojgo Aineag LiIsenaN X eanuelny "
Buos
JajuIm sno.qe|b ale|npun Buojgo ale|npun Buojgo Buojgo Areln X yb1ja@ 1AeApeeH oy
Aurel snoJqe|b ale|npun Buojgo alnua Buojgo Buojgo udoq aualj o1y
JauIm snoige|b ale|npun Buojqo alnua Buojgo Buojqo MaIYUY weubuepn yo1ed oy
padsLio
Jaquim snoige|b ale|npun Buojqo alnua Buojqo Buojqo OJIUBA BUIUBIN 1Y
Ja1uIm sno.qe|b ale|npun Buojgo aInua Buojgo Buojgo Aneag Bunyaie] o1y
padsLio
Aurel snoJqe|b ale|npun Buojgo ale|npun Buojgo 91eAO Aineag eueing yry
adeys
uosess apisul uibaew aqoj 3qo| uibaew aqo] | adeys aqoj
Buliamol4 aoeyans di piw di piw di7 | jeasrej di | edarej diq | adeys din Ralren

(panunuo)) spragAy eAsmed ayi Jo suaioeaeyd aAleljenb opnasd ‘9 s|qeL




Table 7. Frequency distribution of the characters for the Cattleya hybrids

S1.No. Qualitative characters Expression Frequency (%)
lanceolate 60
1. Dorsal sepal shape
oblong 40
incurved 60
2. Dorsal sepal curvature :
straight 40
lanceolate 40
3. Lateral sepal shape
oblong 60
incurved 60
4. Lateral sepal curvature :
straight 40
ovate 50
5. Petal shape
elliptic 50
incurved 60
6 Petal curvature
straight 40
) Undulate 90
7 Petal margin
entire 10
) ovate 20
8 Lip shape
oblong 80
) oblong 80
9 Lip lateral lobe shape
round 20
) ) Undulate 20
10 Lip lateral lobe margin
entire 80
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Plate 6. Pseudobulb of Cattleya orchid




Sepals Petals

Column

Floral parts

Plate 7. Floral parts of Cattleya flower



Table 7. Frequency distribution of the characters for the Cattleya hybrids (Continued)

S1.No. Qualitative characters Expression Frequency (%)

11 Lip mid lobe margin Undulate 50
Undulate crisped 50
12 Flowering season winter 70
rainy 30
purple 40
13 Sepal dominant colour yellow 30
white 20
pink 10
14 Sepal cplqur pattern uniform 70
inside striped 30
Purple 50
15 Petal predominant White 20
colour Pink 20
yellow 10
Uniform 60
16 Petal colour pattern Striped 20
mixed 20
17 Lip predominant colour purple 80
yellow 20
2,spotted 40
3 Lip colour number and 3,spotted 40
patier 2,shaded 10
3,shaded 10
2,shaded 70

19 Column colour number
and pattern 3, shaded 10
2,spotted 20
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lip mid lobe shape, lip mid lobe margin, lip surface inside and flowering season case
of lip lateral lob margin, 80% had entire shape whereas in case of lip mid lob margin,
50% had undulate and 50% had undulate crisped margin. All the genotypes exhibited
purple as the predominant colour for sepal, petal, and lip. Occurrence of yellow, pink
and white were also observed. 70% of the genotypes flowered during winter season
and while 30% of the genotypes in rainy season. Uniform sepal colour pattern was
exhibited by 70% of the genotypes whereas 60 % of the genotypes had uniform petal
colour. The variation in ‘lip colour number’ and pattern was observed from two
coloured and spotted (40% of the genotypes) to three coloured and spotted (40% of

the genotypes) whereas in column number and pattern, 70% had 2 shaded pattern.
4.1.5. Morphological description of the genotypes

Based on the results, the genotypes used for performance evaluation are
morphologically described in accordance with the DUS criteria as follows:
Rhyncattleanthe Burana Beauty (B)

The genotype Rth.Burana Beauty showed an average height of 7.73 cm at
flowering. It was bifoliate with flower size of 4.83 cm. The genotype had deep pink
(RHS 52C) petal colour with spotted yellow (RHS 13A) lip. It produced 1.66 flowers
per plant per year with a vase life of 3.66 days.

Rhyncholaeliocattleya Taichung Beauty (TB)
The genotype Rlc.Taichung Beauty showed an average height of 12.04 cm at

flowering. It was unifoliate with flower size of 9.93 cm. The genotype had light
purplish pink (RHS 68D) petal colour with spotted light purplish pink (RHS 68D) lip.
It produced single flower per plant per year with a vase life of 3 days.

Rhyncholaeliocattleya Mahina Yahiro (MY)

The genotype Rlc.Mahina Yahiro showed an average height of 8.08 cm at
flowering. It was unifoliate with flower size of 10.46 cm. The genotype had moderate
purplish pink (RHS 70D) petal colour with spotted moderate purplish red (RHS 70A)
lip. It produced single flower per plant per year with a vase life of 3.16 days.
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Plate 8. Inflorescence of Cattleya Tipo



Rhyncholaeliocattleya Petch Wangnam Khiew (PW)

The genotype Rlc.Petch Wangnam Khiew showed an average height of 10 cm
at flowering. It was unifoliate with flower size of 12.76 cm. The genotype had strong
pink (RHS 47D) petal colour with shaded strong purple (RHS 55A) lip. It produced
single flower per plant per year with a vase life of 6 days.

Rhyncholaeliocattleya Irene Dopkin (ID)
The genotype Rlc.lrene Dopkin showed an average height of 7.77 cm at

flowering. It was unifoliate with flower size of 10.5 cm. The genotype had red purple
(RHS 73A) petal colour with spotted strong purplish pink (RHS55B) lip. It produced
two flowers per plant per year with a vase life of 3 days.

Rhyncholaeliocattleya Haadyayi Delight x Mary Song (H X M)

The genotype Rlc. Haadyayi Delight x Mary Song showed an average height
of 8.78 cm at flowering. It was unifoliate with flower size of 9.66 cm. The genotype
had strong purplish pink (RHS 55B) petal colour with shaded strong purplish pink
(RHS 55B) lip. It produced two flowers per plant per year with a vase life of 3.33
days.

Cattleya Aurantiaca x Netrasiri Beauty (A X N)

The genotype C.Aurantiaca x Netrasiri Beauty showed an average height of
8.36 cm at flowering. It was bifoliate with flower size of 5.66 cm. The genotype had
yellow orange (RHS 23A) petal colour with spotted yellow orange (RHS 23A) lip. It
produced 2.66 flowers per plant per year with a vase life of 4 days.

Cattleya Tipo (T)
The genotype C.Tipo showed an average height of 9.74 cm at flowering. It was
unifoliate with flower size of 9.33 cm. The genotype had light purple (RHS 80C) petal

colour with spotted vivid purple (RHS 80A) lip. It produced 3.33 flowers per plant per
year with a vase life of 2.83 days.

Rhyncholaeliocattleya Memoria Anna Balmores (MA)

The genotype Rlc.Memoria Anna Balmores showed an average height of 10.02

cm at flowering. It was unifoliate with flower size of 11.66 cm. The genotype had
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white (RHS 155A) petal colour with spotted red purple (RHS 66A) lip. It produced
single flower per plant per year with a vase life of 5 days.
Rhyncholaeliocattleya Morning Stars (MS)

The genotype Rlc.Morning Stars showed an average height of 10.42 cm at
flowering. It was unifoliate with flower size of 11.93 cm. The genotype had white
(RHS 155A) petal colour with spotted red purple (RHS 66A) lip. It produced
single flower per plant per year with a vase life of 5.17 days.

4.1.6. Cluster analysis of morphological and floral, qualitative and quantitative

characters

Cluster analysis of morphological qualitative and quantitative characters are

given in Table 8 and 9.

The genotypes were subjected to cluster analysis using ‘Average method’ and
‘Euclidean Distance measures’. Based on cluster analysis, variability was observed in
qualitative characters like dorsal and lateral sepal shape, petal shape, lip shape, dorsal
and lateral sepal curvature, petal curvature, petal and lip lobe margin, sepal, petal and
lip predominant colour, sepal and petal colour pattern and flowering season.
Dendrogram (Fig.1 and Fig.2.) based on morphological quantitative and qualitative
characters grouped the genotypes into 3 different clusters. The cluster 1 consisted of 6
genotypes (Rth.Burana Beauty, Rlc.Taichung Beauty, RIc.Mahina Yahiro, Rlc.Irene
Dopkin, Rlc.Petch Wangnam Khiew, Rlc. Haadyayi Delight x Mary Song), cluster 2
consisted of the genotypes C.Aurantiaca x Netrasiri Beauty and C. Tipo and cluster 3
consisted of two genotypes (Rlc.Memoria Anna Balmores and Rlc.Morning Stars)
based on morphological qualitative characters. With respect to morphological
quantitative characters, cluster 1 consisted of 3 genotypes (Rth.Burana Beauty, Rlc.
Haadyayi Delight x Mary Song, C.Chocolate Drops Volcano Queen), cluster 2
consisted of the genotypes Rlc.Taichung Beauty and Rlc.Morning Stars and cluster 3
consisted of seven genotypes (Rlc.Tawan Shine, Rlc.Mahina Yahiro, Rlc.Irene
Dopkin, C.Aurantiaca x Netrasiri Beauty, Rlc.Petch Wangnam Khiew, Rlc.Memoria
Anna Balmores and C. Tipo).

The cluster means of the five morphological quantitative characters are

presented in Table 10. Cluster-2 showed the highest cluster mean for number of shoots
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Figure 1. Dendrogram of morphological quantitative characters (UPGMA Method)




Plate 9. Stages of flower emergence
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Figure 2. Dendrogram of qualitative characters (UPGMA Method)



Table 8. Clustering pattern of the genotypes based on morphological quantitative

characters
Cluster number Number of Cluster members
genotypes
Cluster 1 3 Rth.Burana Beauty, Rlc. Haadyayi Delight x Mary
Song, C.Chocolate Drops Volcano Queen
Cluster 2 2 Rlc.Taichung Beauty, Rlc.Morning Stars

Rlc.Tawan Shine, Rlc.Mahina Yahiro, Rlc.Irene
Cluster 3 7 Dopkin, C.Aurantiaca x Netrasiri Beauty, Rlc.
Petch Wangnam Khiew, Rlc.Memoria Anna Bal-
mores and C. Tipo

Table 9. Clustering pattern of the genotypes based on morphological qualitative
characters

Number of
Cluster number | genotypes | Cluster members

Rth.Burana Beauty, Rlc.Taichung Beauty, Rlc.
Mahina Yahiro, Rlc.Irene Dopkin, Rlc.Petch
Wangnam Khiew, Rlc. Haadyayi Delight x Mary
Cluster 1 6 Song

Cluster 2 2 C.Aurantiaca x Netrasiri Beauty and C. Tipo

Rlc.Memoria Anna Balmores and Rlc.Morning
Cluster 3 2 Stars
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Table 10. Cluster means of the morphological characters of different clusters

Number of | Length of Width Days from
Cluster Plant of the emergence to
. shoots per | the largest .
number height(cm) largest maturity of
plant leaf(cm)

leaf(cm) leaves
Cluster 1 9.21 8.45 16.43 4.32 35.48
Cluster 2 7.87 9.37 12.04 3.05 39.33
Cluster 3 11.23 8.04 20.13 4.78 50.83

Table 11. Clustering pattern of the Cattleya hybrids based on floral characters

Cluster number Number of Cluster members
genotypes

Rlc.Petch Wangnam Khiew, Rlc.Memoria
Cluster 1 4 Anna Balmores, Rlc.Morning Stars and

Rlc. Haadyayi Delight x Mary Song
Cluster 2 ) Rth.qugna Beauty and C. Aurantiaca x

Netrasiri Beauty

Rlc.Taichung Beauty, Rlc.Mahina Yahiro,
Cluster 3 4 Rlc.Irene Dopkin and C.Tipo
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Figure 3. Dendrogram of floral quantitative characters (UPGMA Method)




Plate 10. Vase life study
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Figure 4. Phenotypic and genotypic coefficients of variation of various characters in Cattleya hybrids




per plant. The highest cluster mean for plant height, length and width of the largest

leaf and number of days from emergence to maturity of leaves was recorded in C-3.

Dendrogram (Fig.3.) based on floral quantitative characters grouped the
genotypes into 3 different clusters. The different clusters with the genotypes are given
in Table 11. The cluster means of the 23 floral quantitative characters are presented in
Table 12. Cluster-1 showed the highest cluster mean for inflorescence number per
pseudobulb, peduncle length, flower number per peduncle and days from emergence
to opening of inflorescence. The highest cluster mean for pseudobulb breadth at the
broadest part, peduncle sheath length and lateral sepal length was recorded in C-2. C-3
recorded the highest mean for plant height from base to tip of the flowering shoot,
pseudobulb length at flowering, inflorescence and flower length, dorsal sepal length,
petal length, dorsal and lateral sepal width, lip and column length, petal and lip width,
length of flower pedicel, flower longevity on the plant and vase life. The intra and
inter cluster distance between the three clusters of the Cattleya genotypes are
presented in Table 13. The intracluster distance recorded the lowest (1.38) for C-3 and
the highest (3.64) for C-2. The intercluster distance value was recorded the highest
between C-2 and C-3 (6.16) and the lowest between C-1and C-3 (4.17).

4.2. GENETIC PARAMETERS

4.2.1. Coefficient of variation

The phenotypic, genotypic and environmental variance and the phenotypic and
genotypic coefficients of variation for all the characters studied are presented in Table
14 and Fig.4.

Phenotypic coefficient of variance (PCV) values ranged between 10.57 percent
to 68.97 percent for the floral characters. The highest PCV was recorded for the
inflorescence number per pseudobulb while lowest for inflorescence length.
Genotypic coefficient of variance (GCV) values ranged between 10.28 percent to
58.51 percent. The highest genotypic coefficient of variation (GCV) was also recorded
for the inflorescence number per pseudobulb and lowest for inflorescence length. The
highest PCV and GCV was observed for number of shoots per plant (45.64 per cent
and 31.88 per cent) and minimum for plant height (21.36 per cent and 10.43 per cent)

among morphological characters. Maximum variability both at the phenotypic and
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Table 14. Components of total variance for the characters in Cattleya hybrids

maturity of leaf

Characters Geno- | Pheno- | Envi- | CV(%) | PCV | GCV
typic typic ron- (%) | (%)
vari- | variance | mental
ance vari-

ance

Plant heigh from base to tip of | 2.84 2.93 0.09 2.56 | 14.67 | 14.45

the flowering.shoot

Pseudobulb length at flower- 1.82 2.19 0.37 6.34 | 1548 | 14.12

ing

Pseudobulb breadth at broad- 0.41 0.44 0.04 9.52 | 3293 | 31.52

est part cm

Inflorescence number per 0.77 1.07 0.30 | 36.52 | 68.97 | 58.51

pseudobulb

Inflorescence length 1.50 1.59 0.09 2.48 | 10.57 | 10.28

Peduncle sheath length 1.53 1.61 0.07 412 | 19.21 | 18.76

Peduncle length 1.81 1.88 0.07 3.99 | 20.23 | 19.83

Flower number per peduncle 0.59 0.90 0.31 33.25 | 56.79 | 46.05

Flower length 5.28 5.34 0.05 3.19 | 3197 | 31.81

Flower width in front view 6.59 6.70 0.11 3.38 | 26.74 | 26.53

Days from emergence to 10.19 10.54 0.34 6.26 | 34.66 | 34.09

opening of inflorescence

Dorsal sepal length 1.92 1.96 0.04 3.36 | 2440 | 24.17

Dorsal sepal width 0.63 0.63 0.00 2.52 | 36.54 | 36.45

Lateral sepal length 1.96 2.00 0.04 3.75 | 26.20 | 25.93

Lateral sepal width 0.68 0.69 0.01 427 | 39.61 | 39.38

Petal length 2.19 2.20 0.01 1.92 | 25.94 | 25.87

Petal width 2.73 2.74 0.01 2.93 | 42.50 | 42.40

Lip length 2.05 2.10 0.05 4.24 | 27.99 | 27.67

Lip width 1.87 1.91 0.04 4.88 | 34.56 | 34.21

Column length 0.35 0.36 0.01 5.12 | 30.86 | 30.43

Length of flower pedicel 1.12 1.18 0.06 4.23 | 19.22 | 18.75

Flower longevity on the plant | 30.83 31.74 0.92 5.20 | 30.62 | 30.18

Vase life of flowers 1.18 1.27 0.09 7.66 | 28.79 | 27.75

Plant height 0.94 3.94 3.00 | 18.65 | 21.36 | 10.43

Number of shoots per plant 6.33 12.97 6.64 | 32.66 | 45.64 | 31.88

Number of leaves per 0.18 0.18 0.00 0.00 | 35.13 | 35.13

Pseudobulb

Length of the largest leaf 7.05 12.59 5.55 | 1446 | 21.79 | 16.30

Width of the largest leaf 0.46 0.83 0.37 | 14.86 | 22.16 | 16.44

Days from emergence to 78.18 | 125.99 | 47.81 | 17.12 | 27.78 | 21.89
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genotypic level was observed for the inflorescence number per pseudobulb followed
by flower number per peduncle among floral characters.
4.2.2. Heritability and Genetic advance

The heritability and genetic advance as percentage of mean of all the
characters studied were estimated and presented in Table 15 and Fig.5.

All the floral characters had high heritability in general and particularly in
petal length, petal width, dorsal sepal length and flower length. Moderate heritability
was exhibited in flower number per peduncle. Vegetative characters like number of
shoots per plant, length and width of the largest leaf and days from emergence to
maturity of leaves showed moderate heritability.

All the characters exhibited high genetic advance except plant height. The
highest estimate of genetic advance was observed for inflorescence number per
pseudobulb (102.26%) followed by petal width (87.14%).

High heritability combined with genetic advance was exhibited by petal width,
flower length, sepal length and width and flower longevity on the plant.

4.3. CORRELATION STUDIES

The phenotypic, genotypic and environmental correlations among the various
characters were estimated.
4.3.1. Phenotypic correlation

The phenotypic correlations among the various characters were estimated and

presented in Table 16.

Highly significant positive correlation was observed for plant height from base
to tip of the flowering shoot with flower longevity on the plant (0.679), pseudobulb
length at flowering (0.532) and vase life of flowers (0.543). Pseudobulb length at
flowering was recorded positively correlated with dorsal sepal length (0.693), dorsal
sepal width (0.724), lateral sepal width (0.825), petal length (0.524), petal width
(0.781), lip length (0.531), lip width (0.66), column length (0.633), length of flower
pedicel (0.641), flower longevity on the plant (0.495), plant height from base to tip of
the flowering shoot (0.532) and flower width in front view (0.556). Plant height had
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Figure 5. Heritability and Genetic advance of various characters in Cattleya hybrids




significant positive phenotypic correlation with width (0.641) and length of the largest
leaf (0.749).

Pseudobulb breadth at broadest part had positive correlation with petal length
(0.744), petal width (0.65), lip length (0.79), lip width (0.739), column length (0.715),
lateral sepal length (0.807), lateral sepal width (0.392), dorsal sepal length (0.72),
dorsal sepal width (0.465), flower length (0.493) and flower width in front view
(0.769). Flower length recorded positive correlation with pseudobulb breadth at
broadest part (0.493), flower width in front view (0.619), dorsal sepal length (0.517),
dorsal sepal width (0.797), lateral sepal length (0.539), lateral sepal width (0.566),
petal length (0.467), petal width (0.687), lip length (0.782), lip width (0.82) and width
of the largest leaf (0.577). The length of flower had significant positive correlation

with width of the flower.

Flower width in front view had positive correlation with pseudobulb length at
flowering (0.556), pseudobulb breadth at broadest part (0.769), peduncle sheath length
(0.534), flower length (0.619), dorsal sepal length (0.955), dorsal sepal width (0.606),
lateral sepal length (0.939), lateral sepal width (0.708), petal length (0.943), petal
width (0.864), lip length (0.95), lip width (0.893), column length (0.891), length of
flower pedicel (0.729), flower longevity on the plant (0.498), vase life of flowers
(0.413), length of the largest leaf (0.609) and width of the largest leaf (0.671).

Negative correlation was observed for flower number per peduncle with
pseudobulb breadth at broadest part (0.545), peduncle sheath length (0.448), flower
width in front view (0.471) and flower longevity on the plant (0.508). Inflorescence
number per pseudobulb was negatively correlated with pseudobulb breadth at broadest
part (0.581), flower width in front view (0.4745), dorsal sepal width (0.48), lateral
sepal width (0.486) and column length (0.472).

Pseudobulb length at flowering had negative correlation with number of leaves
per pseudobulb (0.436) and days from emergence to maturity of leaf (0.449).
Pseudobulb breadth at broadest part was negatively correlated with inflorescence
number per pseudobulb (0.581), peduncle length (0.619), flower number per peduncle
(0.545) and number of leaves per pseudobulb (0.782).
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Table 15. Heritability and Genetic advance as percentage of mean of 29 characters
in Cattleya hybrids

Characters Heritability Genetic advance
(%) (as % of mean)

i’lllzr(l)tt heigh from base to tip of the flowering. 0.97 2930
Pseudobulb length at flowering 0.83 26.53
Pseudobulb breadth at broadest part cm 0.92 62.15
Inflorescence number per pseudobulb 0.72 102.26
Inflorescence length 0.95 20.58
Peduncle sheath length 0.95 37.75
Peduncle length 0.96 40.05
Flower number per peduncle 0.66 76.91
Flower length 0.99 65.20
Flower width in front view 0.98 54.21
]C)eerllycse from emergence to opening of inflores- 0.97 69.06
Dorsal sepal length 0.98 49.31
Dorsal sepal width 1.00 74.91
Lateral sepal length 0.98 52.87
Lateral sepal width 0.99 80.66
Petal length 1.00 53.14
Petal width 1.00 87.14
Lip length 0.98 56.33
Lip width 0.98 69.77
Column length 0.97 61.82
Length of flower pedicel 0.95 37.69
Flower longevity on the plant 0.97 61.26
Vase life of flowers 0.93 55.11
Plant height 0.24 10.48
Number of shoots per plant 0.49 45.87
Number of leaves per Pseudobulb 1.00 72.36
Length of the largest leaf 0.56 25.12
Width of the largest leaf 0.55 25.12
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4.3.3. Environmental correlation

Environmental correlation coefficient among different characters are given in
Table 18.

Highly significant positive correlation was observed for flower width in front
view with lateral sepal length (0.795) and had positive correlation with lip width
(0.681) and column length (0.764). Length of the largest leaf recorded positive
correlation with width of the largest leaf (0.665). Length of flower pedicel
exhibited significant negative correlation with inflorescence number per
pseudobulb (0.725). Inflorescence number per pseudobulb had negative correlation
with peduncle sheath length (0.694), lateral sepal length (0.74) and length of flower
pedicel (0.725).

4.4. SCORING OF THE CHARACTERS BASED ON DUS GUIDELINES

Scoring of the characters studied based on DUS guidelines were done

and presented in Table 19.

Four hybrids viz., Rlc.Morning Stars, Rlc. Haadyayi Delight x Mary Song,
Rlc.Memoria Anna Balmores and C. Tipo recorded high scores based on scoring
given by DUS guidelines.

4.5. MOLECULAR CHARACTERIZATION USING ISSR PRIMERS

Molecular characterization of twelve genotypes was carried out using ten ISSR
primers. Total genomic DNA vyield varied from 0.776 ng/ul to 27 ng/ul as shown
in Table 20.

Primer associated total number of amplicons and polymorphic bands
were done and presented in Table 21. Representation of banding pattern of DNA of
twelve Cattleya hybrids using ten primers are shown from Table 22. to Table 31. A
total of 14 scorable bands were obtained by the primer 818. Lower number of
bands was produced by the primer 862. Total number of amplicons obtained was 97.
Of these 96 were polymorphic and one was monomorphic with percentage of

polymorphic loci 98.97%.
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Table 20. Concetration of DNA obtained from the samples

Sample No. Concentration in ng/pl
1 0.895
2 27.0
3 4.98
4 223
5 11.0
6 0.776
7 4.0
8 16.0
9 1.2
10 19.0
11 18.0
12 24.0

Table 21. Primer associated total number of amplicons and polymorphic bands

S1.No. Primers Numbiecro(r)lg ampl- Numl;gcolﬁ fri)ézmor—
1 810 11 11
2 812 13 13
3 814 9 9
4 818 14 14
5 836 11 11
6 840 9 9
7 842 9 9
8 843 8 8
9 862 5 4
10 885 8 8

Total 97 96

Percentage of polymorphic loci = 98.97%
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Plate 11. DNA bands obtained by Agarose Gel electrophoresis
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Plate 12. Amplification profiles of the DNA of twelve Cattleya hybrids
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1Kb Plus
DNA

E
{1

Plate 13. Amplification profiles of the DNA of twelve Cattleya hybrids
using ISSR primer 812

3KB
1.5KB

1KB

500 bp

100bp

100bp



19

T T 0 T T T T 0 T 0 0 0
1 0 0 0 0 0 T 0 0 0 0 0
T T T T T 0 T T T T 0 0
T T T 0 0 T T T T T T T
0 0 0 0 0 0 0 0 0 0 0 T
T 0 0 T T 0 T T T T T T
T T T T T T T 0 T T 0 T
0 0 0 T T 0 0 0 0 0 0 0
0 T 0 0 0 0 0 0 0 0 0 0
CIN TIA OTA GTAN 8A LN 9N S7AN 1ZA\ EN 44N A

18 Jawiad ay3 Buisn sprIgAy eAsjie) aAjamy Jo WNQ 8yl Jo ussnred Buipueq Jo uoneiussaadey vz a|qel



9

T 0 T 0 0 0 0 0 0 0 0 0
0 0 1 0 1 0 0 0 0 0 0 0
0 1 T 0 T T T T 0 T T T
1 0 1 0 T 0 0 T T T T T
0 0 0 0 0 0 0 0 0 T 0 0
T 0 T 0 T T T T T T 0 T
0 0 0 0 0 T 0 T 0 T 0 T
1 0 0 0 0 0 0 1 T 0 0 1
T 0 0 T T T T T T T 0 T
0 0 0 0 1 0 0 0 T 0 0 0
0 T T 0 T 0 0 0 0 0 0 T
0 0 0 0 T T 0 0 0 0 T 0
0 0 0 0 0 0 T 0 0 0 0 0
1 0 0 0 1 0 0 0 0 0 0 0
CTIN TINA 0TA 6\ 8A LN IN 74N 1ZA\ EN N A

818 Jawad ayy Buisn sprigAy eAajneDd anjaml Jo NG 2yl Jo utsned Buipueq Jo uonelussaaday "Gz s|gel



1Kb Plus
DNA
]ad%

- -
3KB 3KB
1.5KB 1568
1KB 148
500bp 500bp
100bp _—
Plate 14. Amplification profiles of the DNA of twelve Cattleya
hybrids using ISSR primer 814
3KB ! 3KB
1.5KB gt 1.5KB
i
1KB gt 1KB
st
500bp ; 500bp
p——
100bp 100bp

Plate 15. Amplification profiles of the DNA of twelve Cattleya
hybrids using ISSR primer 818



€9

T T T T T T 0 T T T 0 T
T 0 0 T 0 0 T 0 0 0 1 0
0 0 0 1 0 0 T 0 1 0 0 0
0 T T T T T T T T 0 0 0
0 0 0 0 0 T T 0 0 0 0 0
T T T T T 0 0 T T T 0 T
0 0 0 0 T 0 T T T 0 T 0
0 0 T 0 0 0 T 0 0 0 0 0
0 0 0 0 1 1 T 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 T T T 0 0 0 0 0
CIN TIA 0TA GTAN 8N\ LN 9N S7AN 1ZA\ EN N A

9gg Jawiad ay3 Buisn sprIgAy eAsjired an|aMl J0 WYNQA 8y} 4o uisned Buipueq Jo uollelussaiday 9z s|qe.L



¥9

0 0 0 0 0 1 T 0 T T T 0
0 0 0 0 T T 0 0 0 T 0 T
0 T 0 0 0 0 0 0 0 0 T 0
T 0 T T T 0 0 0 T 0 0 T
0 0 0 T 0 0 T 0 0 0 0 0
T 0 0 T 0 0 T 0 0 0 0 0
0 T 0 0 0 0 0 0 T 0 T 0
T T T T T T 0 T T T T T
T 0 T T T T 0 T T T T T
[47A) TTA 0TA 6\ 8A LN AN GA 1ZAN EN N A

0¥8 Jawiad ay3 Buisn sprIgAy eAsjie) aAjamy Jo WNQ 8yl Jo ussnred Buipueq Jo uoneiussaadey /z a|qel



3KB
1.5kB

1KB

500bp

500bp

1Kb Plus 1Kb Plus
DNA

DNA : ‘ ;
Ladder . — . Tadder

f

ot
e
e
—
—
—
—
———

Plate 16. Amplification profiles of the DNA of twelve Cattleya

hybrids using ISSR primer 836
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4.5.1. Cluster analysis and genetic relationship of Cattleya genotypes based on
ISSR primers

The similarity matrices was developed using the data obtained by ISSR
primers in twelve Cattleya genotypes using “SIMQUAL” sub- programme
ofzsoftware NTSYS-pc. The allelic diversity was used to produce a dendrogram using
‘cluster tree analysis’ sub programme of same software which revealed the genetic

relationship between the Cattleya genotypes.

Dendrogram obtained from 10 ISSR primers (polymorphic) data using
“SIMQUAL” sub- programme of software NTSYS-pc showed 4 major clusters from
the 12 genotypes at similarity coefficient 0.65 as shown in Table 32. and Fig 6. The
similarity coefficient ranged from 0.57 to 0.90. The cluster 1 consists of 2 genotypes
(C. Chocolate Drops Volcano Queen and C. Aurantiaca x Netrasiri Beauty), cluster 2
consists of the genotype Rlc. Irene dopkin, cluster 3 consists of the genotypes
Rth.Burana Beauty and cluster 4 consists of 8 genotypes (Rlc.Tawan Shine,
Rlc.Taichung Beauty, Rlc.Mahina Yahiro, Rlc.Petch Wangnam Khiew, Rlc.Morning
Stars, Rlc. Haadyayi Delight x Mary Song, Rlc.Memoria Anna Balmores and C.
Tipo).
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Table 32. Clustering pattern of the genotypes based on molecular characterization

Major
Genotypes No. of genotypes
clusters
C. Chocolate Drops Volcano Queen and
Cluster 1 ] o
C.Aurantiaca x Netrasiri Beauty 2
Cluster 11 Rlc. Irene dopkin 1
Cluster III Rth.Burana Beauty 1
Rlc.Tawan Shine, Rlc.Taichung Beauty, Rlc.
Mahina Yahiro, Rlc.Petch Wangnam Khiew,
Cluster IV | Rlc.Morning Stars, Rlc.Haadyayi Delight x 8
Mary Song, Rlc.Memoria Anna Balmores and
C. Tipo
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Figure 6. Dendrogram showing relationship among twelve genotypes based on ISSR markers
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5. DISCUSSION

The present study was carried out to evaluate the morphological, floral and
molecular variation among twelve Cattleya hybrids and assess their suitability in

Kerala conditions.

5.1. EVALUATION OF THE HYBRIDS AND MORPHOLOGICAL
CHARACTERIZATION

Orchids are produced all over the world as cut flowers and potted plants
because of their great diversity in size, shape, colour, and decoration. They are among
the top ten cut flowers in the world. Regarding their development patterns and floral
characteristics, they show a great deal of natural diversity. Orchids of the genus
Cattleya are the most notable members of the Orchidaceae family. Acquisition of new
germplasm and their evaluation is essential in crop improvement programmes. The
success of any breeding programme depends on the effective use of the genetic
variability present for various traits in the germplasm. When choosing the parents for a
successful hybridization programme, it is crucial to have a thorough awareness of
the vegetative and floral characteristics. This will help to better comprehend the
diversity found in Cattleya. When choosing parents for a hybridization programme,
general health and excellent vegetative qualities are crucial considerations. Mc Donald
(1991) reported that robust hybrids produce bigger, better blooms and are more
floriferous with more substantial flowers, highlighting the significance of vegetative

vigour in orchids.

Differential responses were exhibited for the vegetative parameters among the
Cattleya hybrids studied except for plant height. The genotype Chocolate Drops
Volcano Queen (15.7 cm) recorded maximum plant height while the genotype Rlc.
Memoria Anna Balmores (4.5 cm) recorded the lowest value. The highest value for
length of the largest leaf was noticed in the genotype Rlc.Taichung Beauty (20.29 cm)
while the lowest was reported in Rth.Burana Beauty (10.07 cm). For width of the
largest leaf, the highest mean value was observed for the genotype RIc.Petch
Wangnam Khiew (5.23 cm) whereas the lowest value was exhibited by the genotype
C. Aurantica x Netrasiri Beauty (2.81cm). Rlc.Petch Wangnam Khiew had the widest
leaf, which in turn showed good floral characteristics. Sobhana (2000) and Lekharani

(2002) noted significant variation in leaf length and width in a study of variability
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using Dendrobium orchids. Roychowdhury et al. (2004) also observed variation in the

vegetative characteristics of orchids.

A wide range of variation was observed among the genotypes for characters
such as the number of shoots per plant, number of leaves per pseudobulb, length and
width of the largest leaf, and number of days from leaf emergence to maturity. This
was in accordance with the findings of Anand et al. (2013). He also reported that
vegetative growth characters in terms of plant height, number of leaves, leaf length,
leaf width and habitat play a key role in ultimately deciding crop yield. The fact that
the genotypes included in the study are higher order monogeneric, bigeneric, or
multigeneric hybrids may be the source of the vast range of variation. This was in line
with research findings of Rahi (2017).

Hurst (1898) reported that higher order multigeneric hybrids in orchids
displayed a broader range of character variation than lower order primary hybrids.
Less variance was detected between genotypes for traits like plant height and the
number of leaves per plant. This might be attributed to the fact that the majority of the
parental genotypes employed in the study are elite hybrids with standardized
vegetative characters but improved floral traits in accordance with consumer

preferences.

Cattleyas are characterized by flowers with three sepals and three well-defined
petals, one of them modified, known as the labellum. A clear understanding on the
floral biology is of great importance in orchid breeding due to its structural and
functional complications. The important floral characters like flower size, pedicel size,
flowering period, number of spikes per plant and spike/stalk length, flower longevity
and vase life exhibited significant variation which was in conformity with the reports
of Anand et al. (2013) and De et al. (2019).

Out of the twelve Cattleya hybrids, flowering was observed in ten hybrids
such as Rlc. Irene Dopkin, Rth.Burana Beauty, Rlc.Memoria Anna Balmores, C. Tipo
and Rlc. Haadyayi Delight x Mary Song, C.Aurantica x Netrasiri Beauty,
Rlc.Taichung Beauty, Rlc.Petch Wangnam Khiew, RIc.Mahina Yahiro and
Rlc.Morning Stars during the experimental period. This might be due to the result of
the prolonged juvenile stage, which lasts between three and seven years, or due to
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seasonal effects. Cattleya hybrids were reported to bloom only once a year as
reported by Cardoso et al. (2016). In the present study, C. Tipo flowered thrice a year
(25 flowers per plant per year) compared to the other hybrids. Hence, hybrids that
flower more than once a year can be utilized for the crop improvement programmes of

Cattleya.

For floral characteristics including the number of flowers per inflorescence and
the length and width of blooms, high variability was seen. In Rlc.Memoria Anna
Balmores, Rlc.Petch Wangnam Khiew, Rlc.Mahina Yahiro and Rlc.Morning Stars
flower were single type whereas, flowers were produced in inflorescence in C. Tipo,
C.Aurantica x Netrasiri Beauty, Rth.Burana Beauty, Haadyayi Delight x Mary Song
and Rlc. Irene Dopkin. The number of flowers per inflorescence, the length and width
of blooms are important floral attributes in orchid breeding as suggested by Cardoso et
al.(2016).

For the characters, peduncle length and days from emergence to opening of
inflorescence, the highest value was observed for the genotype C.Aurantiaca X
Netrasiri Beauty (9.66 cm and 15.33 days respectively) and lowest value for the first
character was noticed in the genotypes Rth.Burana Beauty (8.83 cm) and others were
in Rlc.Mahina Yahiro (5.43 cm and 6 days) respectively. Plant height is a genetic
character influenced by the environment. The highest value for pseudobulb breadth at
flowering, was observed for the genotype Rlc.Mahina Yahiro (2.96 cm) and lowest
value was exhibited by the genotype C.Aurantica x Netrasiri Beauty (1 cm).This was
in accordance with the study of Neto and Vieira (2011) and Anand et al.(2013).

The characters, inflorescence number per pseudobulb (3.66 numbers) and
flower number per peduncle (3.33 numbers) was highest for the genotype C. Tipo and
the lowest value (one) was obtained for all other genotypes except in C.Aurantica x
Netrasiri Beauty and Rth.Burana Beauty. High variation in flower count was found

among Dendrobium genotypes, according to Sobhana (2000) and Lekharani (2002).

Length of flower pedicel (7.43 cm), flower length (7.33 cm) and inflorescence
length (13.83 cm) was observed highest for the genotype Rlc.Morning Stars and
lowest value was noticed in the genotypes Rth.Burana Beauty (4.16 cm), C.Aurantica
x Netrasiri Beauty (5 cm) and RIc.Mahina Yahiro 10.5 cm). The length and width of
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the flower is an important character of display value. For the characters, flower width
in front view (12.76 cm), petal length (6.9 cm), petal width (6.73 cm), lip length (7.7
cm), lip width (6.86 cm) and vase life of flowers (6 days), the highest value was
observed for the genotype Rlc.Petch Wangnam Khiew and lowest value was recorded
for the genotype Rth.Burana Beauty for the characters flower width in front view
(4.83 cm), petal length (2.7cm) and lip width (1.93 cm) and for other characters,
lowest was for the genotype C.Aurantica x Netrasiri Beauty. Flower number per
peduncle was the highest (3.33 numbers) and vase life (2.83 days) was lowest for the
genotype C. Tipo. The genotypes Rlc.Morning Stars and Rlc.Memoria Anna Balmores
(26.33 days) recorded the highest value for flower longevity on the plant and it was
lowest for the genotype C. Tipo (10.33 days). Large and showy flowers are attractive
features of cattleya. Longest longevity of the flowers in plant is an ideal character for
orchids. Being a potted orchid, cultivars with maximum longevity will get more
customer preference in the market. Neto and Vieira (2011) found that in wild and bred
C. intermedia accessions, the genetic variability including flower shape and number,
precocity, texture and the thickness of floral parts as the result of plant domestication
and the use of superior genotypes in the crop improvement programme. This was in

accordance with the study of Pachuau et al.(2021) in Dendrobium.
5.2. QUALITATIVE AND PSEUDO QUALITATIVE CHARACTERS

The genotypes used in the present study were evaluated with respect to
qualitative and pseudo qualitative characters. The pseudo qualitative characters like
nature of pseudo bulb, leaf shape and leaf colour pattern were found similar in all the
genotypes. Other parameters differed significantly among the ten Cattleya hybrids
flowered. It was reported by De et al. (2014) that Cattleya hybrids were assessed
using common descriptors like quantitative, qualitative and pseudo qualitative
characters in order to create Distinctiveness, Uniformity and Stability (DUS) test
guidelines, which were then used to categorize hybrids. In the present study it was
observed that different genotypes of Cattleya had different blooming seasons, while
some, like C. Tipo, produced blooms thrice a year. This was in accordance with the

study of Cardoso et al. (2016) which described two Cattleya flowering types, one of
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which produced flowers once a year and the other of which produced flowers multiple

times a year.

5.3. CLUSTER ANALYSIS OF MORPHOLOGICAL AND FLORAL,
QUALITATIVE AND QUANTITATIVE CHARACTERS

Cluster analysis is a biometrical tool used in grouping of genotypes in
a manner that genotypes which belong to the same group are much more
similarly compared to those of other groups or clusters. This helps to reveal the
relationship between genotypes from varied origins and consequently
extremely thorough identification of genotypes with valuable traits in the

various clusters for hybridization.

The genotypes were subjected to cluster analysis using Average method and
Euclidean Distance measures and clustered into three groups based on morphological
quantitative characters. The cluster 1 consisted of three genotypes (Rth.Burana
Beauty, Rlc. Haadyayi Delight x Mary Song and C.Chocolate Drops Volcano Queen),
cluster 2 consisted of the genotypes Rlc.Taichung Beauty and Rlc.Morning Stars and
cluster 3 consisted of seven genotypes (RIc.Tawan Shine, Rlc.Mahina Yahiro,
Rlc.lrene Dopkin, C.Aurantiaca x Netrasiri Beauty, Rlc.Petch Wangnam Khiew,
Rlc.Memoria Anna Balmores and C. Tipo). Cluster-2 showed the highest cluster mean
for number of shoots per plant. The highest cluster mean for plant height, length and
width of the largest leaf and number of days from emergence to maturity of leaves

was registered by C-3.

The genotypes were clustered into three groups based on floral quantitative
characters. The cluster 1 consisted of four genotypes (Rlc.Petch Wangnam Khiew,
Rlc.Memoria Anna Balmores, Rlc.Morning Stars and Rlc. Haadyayi Delight x Mary
Song), cluster 2 consisted of the genotypes Rth.Burana Beauty and C.Aurantiaca X
Netrasiri Beauty and cluster 3 consisted of four genotypes (Rlc.Taichung Beauty,
Rlc.Mahina Yahiro, Rlc.lrene Dopkin and C.Tipo). Cluster-1 showed the highest
cluster mean for inflorescence number per pseudobulb, peduncle length, flower
number per peduncle and days from emergence to opening of inflorescence. The
highest cluster mean for pseudobulb breadth at the broadest part, peduncle sheath

length and lateral sepal length was registered by C-2. C-3 recorded the highest mean
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for plant height from base to tip of the flowering shoot, pseudobulb length at
flowering, inflorescence and flower length, dorsal sepal length, petal length, dorsal
and lateral sepal width, lip and column length, petal and lip width, length of flower
pedicel, flower longevity on the plant and vase life. Rlc.Mahina Yahiro, Rlc.Irene
Dopkin and C.Tipo were the genotypes grouped in cluster C-3 based on both

morphological and floral quantitative characters.

The genotype divergence increases in proportion to the distance between the
clusters. Genotypes are less divergent inside a cluster than they are between clusters.
In the genotypes, the cluster means revealed that C-3 was potential contributor of
plant height from base to tip of the flowering shoot, pseudobulb length at flowering,
inflorescence and flower length, dorsal sepal length, petal length, dorsal and lateral
sepal width, lip and column length, petal and lip width, length of flower pedicel,
flower longevity on the plant and vase life. This cluster can be used for further

selection for improvement in quality and quantity of flower yield in Cattleya.

The intracluster distance was lowest for C-3 (1.38 for Rlc.Taichung Beauty,
Rlc.Mahina Yahiro, Rlc.lrene Dopkin and C.Tipo) and largest for C-2 (3.64 for
Rth.Burana Beauty and C.Aurantiaca x Netrasiri Beauty). C-2 and C-3 had the
maximum intercluster distance (6.16), whereas C-1 and C-3 had the lowest value
(4.17). Choosing parents from diverse clusters will be very effective in hybridization.
Maximum divergence was observed for C-2 and C-3. So selection of parents from C-2
(Rth.Burana Beauty and C.Aurantiaca x Netrasiri Beauty) and C-3 (Rlc.Taichung
Beauty, RIc.Mahina Yahiro, Rlc.lrene Dopkin and C.Tipo) will be effective in crop
improvement programme of Cattleya.

5.4. COEFFICIENT OF VARIATION
The phenotypic, genotypic and environmental variance and the
phenotypic and genotypic coefficients of variation for all the characters were studied.
Phenotypic coefficient of variation (PCV) values ranged between 10.57 per
cent to 68.97 per cent for the floral characters. The highest PCV was recorded for
inflorescence number per pseudobulb while lowest for inflorescence length.

Genotypic coefficient of variation (GCV) values ranged between 10.27 per cent to
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58.51 per cent. The highest genotypic coefficient of variation (GCV) was also
recorded for inflorescence number per pseudobulb and lowest for inflorescence
length. The highest PCV and GCV was observed for number of shoots per plant
(45.64 per cent and 31.88 per cent) and minimum for plant height (21.36 per cent and

10.43 per cent) among morphological characters.

Phenotypic coefficient of variation was higher than genotypic coefficient of
variation for all the characters indicating the influence of environment. Maximum
variability both at the phenotypic and genotypic level was observed for the
inflorescence number per pseudobulb followed by flower number per peduncle among
floral characters. High GCV obtained for this character is important in orchids since it
determines the market value of the spike. This was in accordance with Sobhana
(2000).

In line with the findings of Rahi (2017) and De et al.(2019), the length of the
blossom shown a considerable variation as well as high genotypic and phenotypic
coefficients of variation among the genotypes employed in the study.

5.5. HERITABILITY AND GENETIC ADVANCE

Allard (1960) has pointed out that genotypic coefficient along with heritability
estimates gives better idea about the amount of genetic advance in the next generation.
Estimation of GCV alone is not enough to determine the amount of heritable variation.
However, high heritability does not necessarily mean a high genetic advance for a
particular character. Johnson et al. (1955) reported that heritable variation could be
estimated with greater degree of accuracy, if heritability is coupled with genetic
advance. The assessment of the heritability along with genetic advance was suggested
to aid effective selection based on phenotypic performance.

In the present study heritability is of low to high magnitude. All the characters
exhibited high genetic advance except for plant height. The highest estimate of genetic
advance was observed for inflorescence number per pseudobulb (102.26%) followed
by petal width (87.14%). All the floral characters had high heritability especially petal
length, petal width, dorsal sepal length and flower length.The importance of floret size

and its high heritability suggest that there is scope for improvement through selection.
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A high heritability estimate for bloom size was also reported by Rehman et al. (1993)
and Sobhana (2000).

High heritability along with high genetic advance as percentage of mean in
characters suggested that the genotypic variations for such characters are probably due
to high additive genetic effects whereas environmental effects had least effect on such
characters (Johnson et al., 1955). High heritability combined with genetic advance
was exhibited by petal width, flower length, sepal length and width and flower
longevity on the plant. Thus it may be inferred that selection based on these characters
would be more effective and are generally controlled by additive gene action and

hence amenable to genetic improvement through selection (Panse, 1957).
5.6. CORRELATION STUDIES

The correlation studies measure the degree of association and reciprocal link
between the numerous qualities under study. A positive genotypic correlation between
pairs of characters indicated that an improvement in one character will improve the
other character also. That will enable the breeder to select characters responsive to

selection.

In this study, plant height had significant positive phenotypic correlation with
length of the largest leaf, petal length and width. Flower number per peduncle showed
a significant negative correlation with flower length and width. The length of flower
had significant positive correlation with width of the flower, which is an important
attribute of cut flower selection. This was reported by Sobhana (2000) in her findings.
Number of leaves per pseudobulb showed negative correlation with good floral
attributes. So plants with unifoliate leaves produced larger flowers and took minimum
days from emergence to maturity of inflorescence (De et al., 2014).

Important floral attributes like flower width, petal length, sepal length, lip
length and width were influenced by the length and width of the largest leaf. So the
selection of plants with higher length and width of leaves can result in larger
inflorescences. It was in accordance with the findings of Sobhana (2000) that there

was positive correlation with flowers per spike and number of leaves in orchids.
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5.7. MOLECULAR CHARACTERIZATION USING ISSR MARKERS

The study of genetic diversity and variability among various plant
species is thought to benefit greatly from the use of molecular markers. In order to
identify prospective genotypes for the creation of novel and superior hybrids,
molecular markers offer an alternative approach. Molecular markers are used in plant
breeding programs as they can rapidly assess population variability without
environment interference, with advantages over morphological characters, in terms of

discrimination, confidence and costs (Assis et al., 2003).

Molecular characterization of twelve Cattleya hybrids were carried out using ten
ISSR primers. DNA vyield varied from 0.776 ng/ul to 27 ng/ul. Total number of
amplicons obtained were 97 of which 96 were polymorphic and one was

monomorphic.

Dendrogram obtained from the ten ISSR primers showed four major clusters
from the 12 genotypes at similarity coefficient of 0.65. The similarity coefficient
ranged from 0.57 to 0.90. The cluster 1 consisted of two genotypes (C. Chocolate
Drops Volcano Queen and C. Aurantiaca x Netrasiri Beauty), cluster 2 consisted of
the genotype Rlc. Irene dopkin, cluster 3 consisted of the genotype Rth.Burana Beauty
and cluster 4 consisted of eight genotypes (RIc.Tawan Shine, Rlc.Taichung Beauty,
Ric.Mahina Yahiro, Rlc.Petch Wangnam Khiew, Rlc.Morning Stars, Rlc.Haadyayi
Delight x Mary Song, Rlc.Memoria Anna Balmores and C. Tipo). There are a number
of variables that can affect this genetic diversity variance, with the breeding system
having a particularly large impact (Nybom and Bartish, 2000). Cattleya is a crucial
genus employed in the creation of artificial hybrids, as evidenced by the short genetic

distances found in its genome.

The clusters formed by morphological and molecular characterization
grouped the genotypes C. Chocolate Drops Volcano Queen and C.Aurantiaca X
Netrasiri Beauty in the same cluster. All genotypes, with the exception of two, were
part of another similar cluster. Both clusters showed very slight differences (Neto and
Vieira, 2011).

78



Morphological characterization of the twelve Cattleya hybrids revealed that
Rhyncholaeliocattleya Memoria Anna Balmores, Rhyncholaeliocattleya Morning
Stars and Rhyncholaeliocattleya Petch Wangnam Khiew were good potted orchids in
terms of flower size and flower longevity and vase life. Cattleya Tipo and Cattleya
Aurantiaca x Netrasiri Beauty were found to be good bloomers based on the number
of flowers produced per plant per year. The variability exhibited by the hybrids in
the morphological and molecular characterization can be exploited for further crop

improvement programme to produce novel Cattleya varieties suitable for Kerala.
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SUMMARY



6. SUMMARY

The research programme entitled ‘Morphological and molecular
characterization of Cattleya hybrids’ was carried out in the Department of Floriculture
and Landscaping, College of Agriculture, Vellayani, Thiruvananthapuram during the
period 2021-2022 to evaluate the performance of twelve Cattleya hybrids based on
growth and flowering attributes and to characterize them using morphological

descriptors and molecular markers.

The analysis of variance revealed significant differences in 12 genotypes for
all of the studied morphological characters, with the exception of plant height, such as
the number of shoots per plant, number of leaves per pseudobulb, length and width of
the largest leaf, and number of days from leaf emergence to maturity.

Out of the 12 Cattleya hybrids, flowering was observed in ten hybrids viz.,
Rth.Burana Beauty, Rlc.Taichung Beauty, Rlc.Mahina Yahiro, Rlc.Irene Dopkin,
C.Aurantiaca x Netrasiri Beauty, Rlc.Petch Wangnam Khiew, RIc.Morning Stars, Rlc.
Haadyayi Delight x Mary Song, Rlc.Memoria Anna Balmores and C.Tipo during the

experiment.

Significant varietal differences were observed among the ten genotypes with

respect to the floral characters studied.

Variance component analysis revealed that highest PCV and GCV was
observed for number of shoots per plant and minimum for plant height among

morphological characters.

Maximum variability both at the phenotypic and genotypic level was observed
for the inflorescence number per pseudobulb followed by flower number per peduncle

among floral characters

High heritability values were recorded for the floral characters viz., length and
width of petal and dorsal sepal width followed by flower length.

High heritability with genetic advance was observed for petal and sepal width

followed by inflorescence number per pseudobulb.
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Flower width, length and width of petal, sepal and lip had significant positive
genotypic correlation with length and width of the largest leaf. Flower number per
peduncle exhibited positive correlation with plant height and number of leaves per
pseudobulb showed negative correlation with flower width, petal, sepal and lip length
and width.

Plant height had significant positive phenotypic correlation with length and
width of the petal and length of the largest leaf. Flower number per peduncle showed a
significant negative correlation with flower length and width. The length of flower
had significant positive correlation with width of the flower, which is an important

attribute of cut flower selection.

Low values of environmental correlation coefficient due to environmental

effect were estimated for most of the characters studied.

The genetic diversity among the genotypes was studied using ‘Average
method’ and ‘Euclidean Distance measures’. The genotypes were clustered into three

groups based on morphological and floral quantitative characters.

Maximum inter cluster distance was observed between the clusters C2 and C3
and minimum distance between C1 and C3. So selection of parents from the clusters

C2 and C3 will be very effective in hybridization.

Four hybrids viz., Rlc.Morning Stars, Rlc. Haadyayi Delight x Mary Song,
Rlc.Memoria Anna Balmores and C. Tipo recorded high scores based on scoring

given by DUS guidelines.

Molecular characterization of 12 Cattleya genotypes were carried out using

ISSR primers.

DNA vyield varied from 0.776 ng/ul to 27 ng/ul. Out of the 97 amplicons
obtained, 96 were polymorphic and one was monomorphic.The twelve genotypes
were divided into four clusters at similarity coefficient of 0.65.

The clusters formed by morphological and molecular characterization grouped

the genotypes C. Chocolate Drops Volcano Queen and C.Aurantica x Netrasiri Beauty
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in the same cluster. The genotypes in the various clusters were nearly identical in

terms of morphology and genetics.

High petal and sepal width was observed for the genotype Rlc.Petch Wangnam
Khiew. C. Tipo was floriferous (25 flowers per plant per year) followed by C.
Aurantiaca x Netrasiri Beauty (20 flowers per plant per year) compared to the other
hybrids. All other hybrids exhibited seasonal variation in flower production. So
Rlc.Petch Wangnam Khiew, C. Tipo and C. Aurantiaca x Netrasiri Beauty may be

selected as parental genotypes with good floral attributes.
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ABSTRACT

The research programme entitled ‘Morphological and molecular
characterization of Cattleya hybrids’ was carried out in the Department of Floriculture
and Landscaping, College of Agriculture, Vellayani, Thiruvananthapuram during the
period 2021-2022 to evaluate the performance of twelve Cattleya hybrids based on
growth and flowering attributes and to characterize them using morphological

descriptors and molecular markers.

The analysis of variance revealed significant differences in 12 genotypes for
all of the studied morphological characters, with the exception of plant height, such as
the number of shoots per plant, number of leaves per pseudobulb, length and width of

the largest leaf, and number of days from leaf emergence to maturity.

Out of the 12 Cattleya hybrids, flowering was observed in ten hybrids viz.,
Rth.Burana Beauty, Rlc.Taichung Beauty, Rlc.Mahina Yahiro, Rlc.Irene Dopkin,
C.Aurantiaca x Netrasiri Beauty, Rlc.Petch Wangnam Khiew, RIc.Morning Stars, Rlc.
Haadyayi Delight x Mary Song, Rlc.Memoria Anna Balmores and C.Tipo during the

experiment.

Significant varietal differences were observed among the ten genotypes with

respect to the floral characters studied.

Variance component analysis revealed that highest PCV and GCV was
observed for number of shoots per plant and minimum for plant height among

morphological characters.

Maximum variability both at the phenotypic and genotypic level was observed
for the inflorescence number per pseudobulb followed by flower number per peduncle

among floral characters

High heritability values were recorded for the floral characters viz., length and
width of petal and dorsal sepal width followed by flower length.

High heritability with genetic advance was observed for petal and sepal width

followed by inflorescence number per pseudobulb.
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Flower width, length and width of petal, sepal and lip had significant positive
genotypic correlation with length and width of the largest leaf. Flower number per
peduncle exhibited positive correlation with plant height and number of leaves per
pseudobulb showed negative correlation with flower width, petal, sepal and lip length
and width.

Plant height had significant positive phenotypic correlation with length and
width of the petal and length of the largest leaf. Flower number per peduncle showed a
significant negative correlation with flower length and width. The length of flower
had significant positive correlation with width of the flower, which is an important

attribute of cut flower selection.

Low values of environmental correlation coefficient due to environmental

effect were estimated for most of the characters studied.

The genetic diversity among the genotypes was studied using ‘Average
method’ and ‘Euclidean Distance measures’. The genotypes were clustered into three

groups based on morphological and floral quantitative characters.

Maximum inter cluster distance was observed between the clusters C2 and C3
and minimum distance between C1 and C3. So selection of parents from the clusters

C2 and C3 will be very effective in hybridization.

Four hybrids viz., Rlc.Morning Stars, Rlc. Haadyayi Delight x Mary Song,
Rlc.Memoria Anna Balmores and C. Tipo recorded high scores based on scoring

given by DUS guidelines.

Molecular characterization of 12 Cattleya genotypes were carried out using

ISSR primers.

DNA vyield varied from 0.776 ng/ul to 27 ng/ul. Out of the 97 amplicons
obtained, 96 were polymorphic and one was monomorphic.The twelve genotypes

were divided into four clusters at similarity coefficient of 0.65.

The clusters formed by morphological and molecular characterization grouped

the genotypes C. Chocolate Drops Volcano Queen and C.Aurantiaca X Netrasiri
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Beauty in the same cluster. The genotypes in the various clusters were nearly identical

in terms of morphology and genetics.

High petal and sepal width which are good floral attributes was observed for
the genotype Ric.Petch Wangnam Khiew. C. Tipo was floriferous (25 flowers per
plant per year) followed by C. Aurantiaca x Netrasiri Beauty (20 flowers per
plant per year) compared to the other hybrids. All other hybrids exhibited
seasonal variation in flower production. So Rlc.Petch Wangnam Khiew, C. Tipo
and C. Aurantiaca x Netrasiri Beauty may be selected as parental genotypes with

good floral attributes.
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