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1. INTRODUCTION

Orchids are among the most highly prized of ornamental plants. In addition to their
geographical and taxonomic diversity, orchids are harvested and traded for a variety of
purposes, including as ornamental plants, medicinal products and food. There are many
features unique to the Orchidaceae family which led to their dominance in the globe in terms
of number of species. Orchids represent the epitomy of plant ecological interaction for
reproductive success. They have complex pollinator interaction. They have literally dust like
seeds which are produced in millions in a fruit and the seed requires a symbiotic relationship
with fungus for germination and establishment. Because of their complex biology, orchids are

excellent indicators of overall forest diversity in an area (Christenson, 2003).

Rhynchostylis is an Indo-Southeast Asian epiphytic genus characterized by short stems,
thick and fleshy leaves and produce lateral racemose inflorescence of closely arranged flowers
annually. In India the genus is represented by a single species Rhynchotylis retusa (L.) BI. This
was first described and illustrated by Van Rheede from Kerala (Rasmussen et al., 2022). R.
retusa, is an endangered epiphytic Vanda alliance orchid species with floriculture and
therapeutic importance (Zhang et al., 2013). It is popularly called foxtail orchid because its
pendulous inflorescence bearing almost a hundred flowers in dense cluster looks like a furry
fox’s tail (Naing et al., 2010). Some vernacular names in Malayalam are ‘Dhroupati mala’,
‘Annaan thali’and ‘Annaan vaalan’. Due to its special flower shape, multitude of flower colour,
long lasting flowers, fragrance and large cluster of flowers in an inflorescence, it has become
popular. Additionally, reliable manipulation of flowering time and ability to produce high

quality spikes are important commercial considerations.

Rhynchostylis plant - based preparation have been used in traditional medicine to cure
a number of diseases. The species is of cultural importance for the people of Assam and other
north eastern states. Due to the medicinal properties as well as ornamental value, the plant has
been over exploited from their natural habitats throughout centuries till become endangered.
To prevent over exploitation from natural habitat, it is listed under Appendix Il of CITES

(Convention on International Trade in Endangered Species).

Orchids have non-endospermic seeds and thus needs an appropriate fungal stimulus

(mycotrophy) for germination. The seed germination percentage of the species is very low (less



than 1%). Furthermore, this species requires specific natural habitat like open forests or forest
margins at elevations of 300— 1500 m and open sunlight with intermittent raining for flowering
(Adhikari and Fischer, 2011). Considering its exceptionally low seed germination and survival
percentage in wild habitat, conservation importance and its increasing demand in the
commercial market, development of efficient seed germination protocol by the application of

biotechnological intervention have become urgent requirement.

Seed germination and early-stage seedling development of orchids are mycobiont
mediated (Rasmussen et al., 2015). This limitation can be overcome by in vitro culture in which
exogenous supply of carbon and other minerals as furnished by the fungal partner in natural
conditions. Pierik (1987) reported that an orchid plant produces 1300 to 4 million seeds per
capsule and only 0.2-0.3 per cent germinate in nature (Singh, 1992) due to the lack of
endosperm or very small endosperm which is inefficient for the seed germination. Its roots and
leaves are taken as explant for multiplication, but asymbiotic germination of R. retusa seeds is

very popular to propagate the plant quickly (Kumar et al., 2002).

Many orchid species produce hybrids (inter-specific to inter-generic) with ease and this
feature has been exploited for the development of novel inter-specific and plurigeneric hybrids.
The success of hybridisation depends largely upon asymbiotic seed germination, which is an
assured means of establishment of the hybrid seedlings. The hybrids can combine good

characters from both the parents and may help to survive better in challenging environments.

Out of 2-3 per cent seed germination, only very few survive and become mature plant
since it needs microclimate of favourable temperature, humus, humidity, etc. in nature. Being
an epiphyte in trees of the rainforests R. retusa grows under canopy filtered sunlight and high

humid microclimate with peculiar nutrition requirement not accessible from soil.

Generally, orchids are propagated vegetatively but due to its slow growth and limited
production of suckers, its propagation rate is very low. Propagation of these orchids has been
hampered by the naturally slow growth rate of the plant, which renders it very difficult to be
propagated through conventional methods. In vitro culture techniques have provided a useful
alternative technology for propagating this recalcitrant species. Moreover, to promote genetic
divergence and evolutionary adaptations, seed propagation is to be inevitable. This necessitates

the application of in vitro seed propagation technique for large scale production of orchids with



conservation and commercial importance. Seed propagation helps in producing variability of

significance in population which can be identified and maintained permanently.

Although great advances are being made, orchid seed physiology, ecology, and whole
plant ecology still needs to be understood. Natural pollination in Orchidaceae has coevolved
with the pollinator and this coevolution sometime leads to the decline of orchid species as their
pollinator is declining regularly. Standardization of in vitro culture techniques also helps in
valuable germplasm conservation and makes it possible to conserve the most threatened species
(Magrini et al., 2019).

Knowledge about seed characteristic features is inevitable for the successful
development of germination technology. Besides, it also contributes taxonomy and
phylogenetic understanding. Hence, documentation of seed morphology, morphometric and
viability data are inevitable for enriching the basic knowledge as well as developing successful
germination protocol. Additionally, pollen and seed characters are direct indicators of fitness of a
species. Documentation of plant characters enable understanding of regional variability and
inheritance studies. In the light of these, the present investigation is aimed to document seed
morphological traits and to standardize protocol for in vitro seed germination in R. retusa.
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2. REVIEW OF LITERATURE

Taxonomic position (Saxena, 2020)
Kingdom: Plantae

Clade: Tracheophytes

Clade: Angiosperms

Clade: Monocots

Order: Asparagales

Family: Orchidaceae

Subfamily: Epidendroideae

Genus: Rhynchostylis

Species: retusa

2.1. EVALUATION OF FLORAL CHARACTERS

2.1.1. Floral characters (qualitative)
2.1.1.1. Flower colour

The floral characteristics of this genus consist of light coloured flowers with fragrant,
plump inflorescences. The colour of R. retusa shows polymorphism of several shades of red
and pink (Arditti, 1967). Flowers with purple blotches on sepals and petals and dark purple
labellum is the species character of R. retusa (Buragohain et al., 2015). Higgins (2012)
observed pendant inflorescence having white flowers with pink, red or violet markings. The
plant bear one or more pendent inflorescence(s) with closely arranged white flowers with pink
spots (Bhatti et al., 2016). Flowers are densely arranged in a raceme and are pink, white and
deep magenta in colour. Pedicel is purplish; sepals and petals are white with a faint pinkish
tinge. Column is short and slender dotted with magenta (Sibin and Gangaprasad, 2012).

2.1.1.2. Nature of flowering — free or seasonal

Xi et al. (2021) in his study based on the orchids in China, made an interesting note that
the flower or inflorescence was given as a gift during the Spring Festival there because it was
flowering around at that time. In Assamese culture, the long inflorescence is worn by the brides
as ‘gajra’ or hair ornament and girls wear them in a hair-bun during folkdance on their states’

harvest festival, ‘Rongali Bihu’. It is a symbol of religious purity there (Saxena, 2020).



2.1.1.3. Season of flowering

Flowering occurs from summer to autumn, especially in May - June (Sinha and Jahan,
2012). Flowering season is reported as June — July by Thakur and Dongarwar (2019) and
around June by Tongbram et al. (2012). Both conducted their study in India. The endangered
orchid species grows in moist areas and blossoms during monsoon (Bhattacharjee and Islam
2015). Rhynchostylis retusa anthesis is in February; the rainy season being October to April

in Java Island of Indonesia (Higgins, 2012).

2.1.1.4. Time of anthesis

Anthesis in some orchids is a genetically controlled trait (Sanford, 1971). The
mechanism of continuous flowering in orchids is tightly linked to dormancy and bud release.
A number of key floral regulators MADS box genes, such as FT, SOC1, ELF, COL5, COL9,
key hormonal regulators of ABA and GA, and the autonomous pathway regulators
(FY, FCA and FPA) regulate flowering behaviour. These, along with circadian clock agents
(Gl and CCA1) make multiple regulatory conduits that may drive continuous flowering in
bamboo orchid, A. graminifolia. (Ahmed et al., 2022). The ‘pollinator tracking phenomenon’
suggests that flowering patterns are determined by trends in pollinator availability

(Zimmerman et al., 1989).
2.1.1.5. Time of stigma receptivity

Pollinating young, fully open flowers is recommended in case of artificial pollination
in orchids in general since pollen and stigma is most receptive 1- 8 days after flowers are open
(Proctor, 1998; Shiau et al., 2002). Young flowers (1-8 days) of R. retusa show maximum
receptivity of stigma and pollen. Young pollinia of upto 7 days old after anthesis and stigma
between 2-8 day of anthesis were in combination (like 1/1, 1/2, 1/3.... pollinia age/stigma age
etc.) shows maximum receptivity and high pollination percentage. Morning time from 6 to 10
am was the best time for pollination success from the rest of day (Thakur and Dongarwar,
2019).

2.1.2. Pollen characters

2.1.2.1. Pollen morphology



Palynological observation of Rhynchostylis orchid was made by Mulgaonkar and
Dabhade (2004). They reported that the species has circular pollinium. Pollen is also circular
and very small in size when seen under light microscope. Detailed observation under Scanning
Electron Microscope revealed the ultrastructure of pollinia and pollen. Pollinium is yellow
coloured and circular long with granulate surface. Pollen is monoporate circular or slightly

ovate in shape.

In most orchids, the pollen grains are either remain in tetrads or are united into larger
masses. When the pollen grains are clustered into tetrads or even larger units, the grains usually
have thick exine on the outer surface of the pollinium or aggregation, though there may be little
or no exine developed on the surfaces between the grains within the aggregation (Dressler,
1993).

Some Epidendroideae with soft pollinia have more or less heavily sculptured pollen
grains, but the more advanced members of the Epidendroideae have thick but relatively smooth

exine on the outer walls of the pollinia (Dressler, 1993).
2.1.2.2. Pollen production per pollinium

Number of pollen grains to ovule ratios is several orders of magnitude lower in orchids
than in plants with powdery or granular pollen. This may due to the lack of wastage during
transport to the stigma (Lukasiewicz, 1999). The number of grains per pollen dispersal unit
(PDU) and the number of ovules per ovary have genetic and ecological consequences: the more
grains/PDU, the greater the probability that seeds in a fruit will have the same male parent; the
greater the amount of pollen that shall adhere to the stigma, the greater the male
competitiveness; and the greater the number of ovules per ovary, the greater the female
competition, especially if only a few pollen grains glue to the stigma (Pacini and Franchi,
1999). Pollen load per pollinium varied from variety to variety within an orchid species (Nair
etal., 1964).

2.1.2.3. Pollen fertility percentage

The common and most reliable methods of determination of pollen viability are in vitro
and in vivo germination tests. Viability is also indicated by fruit set after pollination. Both tests
need not give identical results (Visser, 1955; Meeyot, 1968). Pollinium of one to four days old
is more viable for effecting pollination in R. retusa (Nitin and Uma, 2014). Environmental

conditions have influence on pollen longevity (Pacini et al., 1997).
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2.1.2.4. Pollen germination percentage

Pollen grains of orchids with pollinia germinate at least twenty four hours after pollination
because the pollen grains per tetrad must swell and make space for the pollen tubes to grow
(Pacini and Hesse, 2002).

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

Pollinia and stigma combination of less than one week old from flower opening shows
maximum receptivity and high pollination percentage (Thakur and Dongarwar, 2019).

2.1.3.2. Days to mature capsule harvest

The appropriate age for the collection of pods from plant for in vitro embryo culture
has been identified to be 180 days or six months after pollination. Beyond this period the fruit
will dry and dehisce (Fosenka, 2020). Sibin and Gangaprasad (2012) reported that seeds of

eight months old capsules got maximum seed germination for R. retusa.
2.1.3.3. Length of capsule (cm)

Length of fruit is about 3.8 cm upon reaching maturity (Fosenka, 2020). At six months
capsule is 2.86 cm long (Sibin and Gangaprasad, 2012). Average pod length was maximum
after 11 weeks (Fosenka, 2020).

2.1.3.4. Width of capsule (cm)

Mature pods are dark green with prominent ridges and both length and girth are about
3.8 cm. During first three months the length and the girth increase. Average pod length was
maximum after 11 weeks (Fosenka, 2020). Six-month old green capsule is on an average 22.06

cm wide (Sibin and Gangaprasad, 2012).

2.1.3.5. Percentage of filled seeds

There is no effect of pollen age on percentage of non-embryonated seeds (Proctor,
1998).

2.2. MORPHOLOGICAL AND MORPHOMETRIC CHARACTERIZATION OF SEEDS
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2.2.1. Morphological characters

2.2.1.1. Seed colour

Six months after effecting pollination the seeds within the pod resembled white powder

with intermingling white hairs within the capsule (Fosenka, 2020).

According to Thomas and Michael (2007), immature seeds obtained from 2 months old
pods were light green in colour and can be differentiate from mature seeds easily.
Each seed of R. retusa has a pale-yellow colour when viewed through light microscopic lens
(Tongbram et al., 2012).

2.2.1.2. Seed shape
Rhynchostylis has fusiform shaped seeds (Verma et al., 2014). Seed shape has an

evolutionary significance, with fusiform seeds found in more primitive orchids (Koene et al.,
2020).

2.2.1.3. Seed testa ornamentation

Testawalls of R. retusa is straight or sinuous (Vermaet al., 2014). The seed coat usually
consists of uniform cells. Shape of individual testa cells in orchids is most commonly
tetragonal, hexagonal or polygonal; sometimes the cell shape is irregular. Three kinds of testa
cell shape are distinguished: (1) all cells are more or less iso-diametric; (2) the cells are elongate
in the longitudinal axis of the seed (prosenchymatic) and rectangular; and (3) the cells are
elongate but rounded at the ends. Within a single seed coat, all cells are either equal in size
(regardless of their shape) or the medial cells are highly elongate in comparison to the cells at
the poles. Both these patterns result from cell division in the outer integument (Barthlott et al.,
2014). The cell wall may have longitudinal thickenings, transverse thickenings, or netlike
thickenings, or it may be covered with wax deposits in many Epidendreae (Dressler, 1993).
Testa cells of ‘Vanda type’ orchids are always so strongly elongate that the longitudinal

anticlinal walls are in contact with the surface of the seed (Tongbram et al., 2012).

2.2.2. Morphometric characters

2.2.2.1. Seed length (um)



Seeds of orchids range from 100 pm to 6000 pum in length. Medium-size (500-900
um) represents the average (Dressler, 1993). In Rhynchostylis retusa, seed length is 275 um
(Tongbram et al., 2012). Mean length of the species seeds was 282.4 um were reported by
Sibin and Gangaprasad (2012).

2.2.2.2. Seed width (um)

Rhynchostylis retusa seed width was 81.25 um (Tongbram et al., 2012). The average
width of the seeds was 138.95 um (Sibin and Gangaprasad, 2012).

2.2.2.3. Seed length/width ratio

In R. retusa ratio of seed length/ seed width is 5.583+/-0.377%. Seeds with length/width
(L/W) ratio of <6.0 were designated as truncated and those with L/W of >6.0 as elongated
(Vermaetal., 2014).

Elongated seeds have SL/SW ratio >5 while, truncated seeds have this ratio <5
(Barthlott et al., 2014; Diantina et al., 2020).

2.2.2.4. Seed volume (um?)

Seed volume of R. retusa- 479.4 x 103 um3 (Tongbram et al., 2012). Seed volume of R.
retusa 0.105 + 0.020 mm3 x 1073 (Verma et al., 2014).

2.2.2.5. Embryo volume (um3)

Embryos of R. retusa are large occupying majority of seed space (Bhatti et al., 2016).
Embryo ratio of R. retusa (mm3 x 1073) is 0.094+/-0.021 (Verma et al., 2014). Embryo
volume (Rhynchostylis retusa)- 447.4 x 103 um3 (Tongbram et al., 2012). Embryo had an
average length and width of 85.86 um and 44.63 um in R. retusa (Sibin and Gangaprasad,
2012).

In Japanese orchid Liparis (Epidendroideae), the seed volumes and air spaces were
found to be significantly different between epiphytes and terrestrial species. Differences were
found in embryo volumes, seed volumes, and air spaces, as well as in the length and width of
the embryos. Therefore, it can be concluded that embryo size is correlated with the evolution
of epiphytism and that larger embryos may be an advantage for the epiphytic life form
(Tsutsumi et al., 2007).



2.2.2.6. Percentage of air space between seed testa and embryo

Orchid seeds resemble balloons, they can float in air for long periods, and that floatation
time bears a relationship to percentage air space (Gandawijaja and Arditti, 1983). A lower s/e
volume ratio (1.182 + 0.265) is observed in R. retusa which is a member of subfamily
Epidendroideae, seed air space (%) is 11.122+/-8.742 (Verma et al., 2014). 6.4% is the air
space in R. retusa reported in a study based on plant material from north east India (Tongbram
etal., 2012).

2.2.2.7. Seed viability percentage

Lal et al. (2020) based on micropropagation study of R. retusa, made an interesting
estimation that the viability of seeds was found to be 100 per cent when tested and observed
under light microscope. The capsules possess 89% viable seeds (Sibin and Gangaprasad, 2012).
The tetrazolium seed viability test on the species revealed that 97.15+0.33 of the seeds were
viable (Bhatti et al., 2016).

Tetrazolium salt- based test is the most commonly used test but Evan’s Blue test is

better reliable for viability check in orchids (Pradhan et al., 2022).
2.3. STANDARDISATION OF IN VITRO SEED GERMINATION
2.3.1. Stages of germination

Seed germination and subsequent development was categorized on a scale of 0-4
following Aggarwal et al. (2012) with slight modification. In the first stage, there is swelling
of embryo but no rupture of seed coat; further swelling of embryo and rupture of seed coat is
the next stage; following this there is development of polarity and formation of protocorm; the
next stage is the emergence of first leaf; and lastly differentiation of first root. Seeds with
enlarged embryo and ruptured seed coat were considered germinated irrespective of further
changes occurring in them. Comparatively lesser seed germination was observed for fully
mature seeds than immature green seeds (Tongbram et al., 2012).

Aseptic culture of seeds and its development process is crudely defined as: Firstly, the
seed expands with water, and the chalazal end of the embryo distends the seed coat
longitudinally to form the protocorm, which then forms a protocorm with terminal or lateral

meristem. The rhizoid first appears from the tip of the protocorm and then overgrows the entire
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surface. Next, a cotyledon forms on one side of the apical meristem. Afterward, true leaves
begin to appear, protocorm elongate into rhizomes, and eventually grow into seedlings (Xi et
al., 2021).

2.3.2. Growth of culture

Percentage of seed germination was highest in MS (72.60%) followed by Y2MS
(60.60%). Germination was marked by swelling and emergence of the embryo from the testa.
Seed germination was first evident by swelling and within 7-8 weeks the undifferentiated
embryos formed an irregular shaped cell mass as spherules. After 1-2 weeks, these spherules
turned green and formed round structures as protocorms. Protocorms became visible after 11
weeks of culture initiation and showed at the vegetative apex. This was followed by the
development of 2-3 leaf primordia when MS basal medium or half strength of MS medium or
B5 media were used. Out of four media MS showed most effective on the development of leaf
primordia than others. Protocorms cultured in PM medium did not develop beyond the
vegetative apex stage, while half-strength of MS and B5 supported only poor growth of
protocorms in comparison to MS medium. Protocorm like bodies development initiated after
30 days of culture. The maximum number of PLBs (16.00+ 0.41) per protocorm was observed
after 60 days of culture in MS medium that contained BAP (1.0 mgL™) and NAA (1.0 mgL™),
followed by BAP (0.5 mgL™?) and NAA (0.5 mgL™). Almost all the PLBs were converted into
plantlets in the following 20-30 days, giving rise to multiple numbers of shoots on the same
media (Bhattacharjee and Islam, 2015).
BAP at lower concentrations was found to be beneficial for multiplication of PLBs; however,
a decrease in BAP concentration in the medium resulted in higher conversion of PLBs into
plantlets (Kumar et al., 2002).

2.3.3. Callus formation and protocorm multiplication and secondary protocorm
formation

To assess the effectiveness of auxin and cytokinin for protocorm multiplication, 60 days
old primary protocorms were sub-cultured on fresh MS medium supplemented with different
concentrations of BAP, Kinetin, NAA, Picloram, IBA and IAA alone and in combinations. The
primary protocorms responded significantly higher in combination with 1.0 mgL™* BAP and
1.0 mgL* NAA. This resulted in the generation of secondary protocorms (PLBs) instead of
shoot formation directly (Bhattacharjee and Islam, 2015).
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Leaf and root explants of R. retusa induced callus in NAA and BAP containing medium
while root explants form callus in medium with NAA and BAP. Calli are fragile and white in
colour in the initial stage of induction. Later, after 2-3 subcultures, calli turn creamish and
PLBs are induced from the superficial portion of the cream-coloured calli (Sunitibala Devi,
and Neelashree, 2018).

In the medium containing BA, 1AA and banana puree, callus grew profoundly after
transfer to appropriate media for 20 days, and embryogenic calli were noticed. The protocorm
developed into buds and calli further proliferated after 30 days. With the occurrence of
protocorm, cluster buds were generated on each callus block and obvious rhizoids were seen
on the surface of callus after 50 days. Then, lots of cluster buds produced from the protocorm
increased, callus and protocorm proliferated continuously after 70 days. After 90 days, with
the callus proliferation, the produced cluster buds from the protocorm grew rapidly. In the
process of callus proliferation and bud induction, callus of R. retusa had a strong
embryogenesis and a lot of protocorms occurred on each callus, accompanied by the production
of rhizoids. The protocorm first inducted buds and then rooted to grow into seedlings.
Meanwhile, callus also continuously proliferated, produced more protocorms and appeared
similar to the phenomenon of adventitious cluster buds. When the material was transferred into
the 1/2 MS medium with 100 g L* banana puree, 1.0 mgL NAA, 2.0 mgL? 6-BA, and 1.0 g
L* activated charcoal around 20 days, the callus at the base began to proliferate, the roots of
the buds grew rapidly and the leaves began to extend. After that, the leaves of the buds were
further extended, and the callus at the base was also significantly increased about 40 days. After
50 days, the buds had 4-6 new leaves, and callus at the base turned green due to the large
number of protocorms proliferated. Then a lot of protocorms occurred on callus after 70 days.
After 90 days small plants grew from the young buds and more young buds came from bottom
again (Xi et al., 2021).
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3. MATERIALS AND METHODS

The present investigation was carried out at College of Agriculture, Vellayani and at
Saraswathy Thangavelu Extension Centre of INTBGRI, Puthenthope, Thiruvananthapuram
during 2021-2022.

Rhynchostylis retusa floral characters were observed and its capsules were collected for
seed characterization and in vitro seed germination study from the germplasm repository
maintained at Saraswathy Thangavelu Extension Centre of JNTBGRI, Puthenthope,

Thiruvananthapuram.

3.1. EXPERIMENT I- EVALUATION OF FLORAL CHARACTERS
3.1.1. Floral characters (qualitative)
3.1.1.1. Flower colour

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

subjective terms.
3.1.1.2. Nature of flowering — free or seasonal

Emergence of inflorescence and its blooming period during a year was observed and
recorded.

3.1.1.3. Season of flowering

Season of inflorescence emergence and blooming was observed and recorded.
3.1.1.4. Time of anthesis

Time of opening of the flowers in the inflorescence was noted.
3.1.1.5. Time of stigma receptivity

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

taken.
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3.1.2. Pollen characters
3.1.2.1. Pollen morphology

Pollinia were collected from freshly opened flowers and crushed and pollen grains were
stained in acetocarmine which was mounted on a slide and observed under microscope for

shape, ornamentation and nature of pollen grains and these were recorded.
3.1.2.2. Pollen production per pollinium

The pollen production per pollinium was estimated using haemocytometer. Pollinium
was collected in an Eppendorf tube and crushed well. The prepared pollen suspension was
gently filled into the two chambers underneath the coverslip of the haemocytometer and the
pollen grains were observed under microscope and counted in four sets of sixteen corner
squares and centre square of 25 sub squares calculated the average number of pollen grains

present in pollinium.
3.1.2.3. Pollen fertility percentage

Pollen fertility was estimated using acetocarmine staining technique. Pollinia were
crushed with needle and pollen grains liberated were transferred into acetocarmine stain for
one minute. These were mounted on a slide and the pollen grains were observed under the
microscope. Stained pollen grains were counted as viable and unstained ones as non-viable.
The viable pollen grains were counted from five different microscopic fields at random and

mean was expressed in percentage.

Pollen fertility percentage = (Number of stained pollen grains / Total number of pollen

grains) x100
3.1.2.4. Pollen germination percentage

Pollinia was crushed in 10 per cent sucrose solution and kept it for one day. After that
slide was prepared and observed under the microscope. Pollen germination and pollen tube

formation is noted.

Pollen germination percentage= (Number of germinated pollen / Total number of
pollen) x 100

3.1.3. Capsule characters

3.1.3.1. Days taken for pod setting after anthesis
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Number of days taken from the day of pollination to greening of ovary and swelling of

column or gynostegium (mainly ovary) was recorded.
3.1.3.2. Days to mature capsule harvest

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

recorded.
3.1.3.3. Length of capsule (cm)

Distance from the base of pedicel to the base of distal end of the capsule from ten plants

was measured. Observation taken at longest axis with a ruler and mean was calculated.
3.1.3.4. Width of capsule (cm)

Diameter of capsule was measured at the broadest axis. Measurements were taken from

ten plants using a ruler and mean was worked out.
3.1.3.5. Percentage of filled seeds

Matured capsules were taken and seeds were scooped out. It was dipped in water and
five samples were taken and it was mounted on a slide. From each sample five microscopic
fields were observed and counted total number of seeds and number of seeds with well filled

embryo inside seed coat and estimated percentage of filled seeds.

_ Total number of filled seeds
Percentage of filled seeds = X 100
Total number of seeds

Statistical analysis was done using the software application GRAPES of KAU.

3.2. EXPERIMENT - MORPHOLOGICAL AND MORPHOMETRIC
CHARACTERIZATION OF SEEDS

3.2.1. Morphological characters

3.2.1.1. Seed colour

The colour of seed mass inside the capsule was observed. After opening the capsule it
was visually assessed and compared based on the general orchid seed colour proposed by
Barthlott et al. (2014). The colour of seed and embryo was also observed under compound

light microscope.
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3.2.1.2. Seed shape

Seed shape was visually assessed under a light compound microscope and recorded.
Then it was compared based on the general orchid seed shape proposed by Barthlott et al.
(2014).

3.2.1.3. Seed testa ornamentation
Seed testa was visually assessed under a light compound microscope and recorded.
3.2.2. Morphometric characters

3.2.2.1. Seed length (um)

Seed length was measured under light microscope and using Leica LAZ 500
microscope software from five plants and mean was calculated. Length was measured at the

longest axis of the seed.
3.2.2.2. Seed width (um)

Seed width was measured under light microscope using Leica LAZ 500 microscope
software from five plants and mean was calculated. Width was measured at the widest axis of

the seed.

3.2.2.3. Seed length/width ratio

From the estimated seed length and seed width measurements, the ratio was calculated.

3.2.2.4. Seed volume (um®)
The approximate seed, embryo and air-space volume were calculated following
Prasongsom et al. (2017) as below:

Based on seed length and width measurements, seed volume was calculated for

fusiform seeds as below:

SV=2[(SL/2)(SW/2)?(1.047)] where, SV is seed volume, SL is seed length, SW is seed
width.
3.2.2.5. Embryo volume (um?®)

Based on seed length and width measurements seed volume was calculated for prolate
spheroid embryos as:

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

3.2.2.6. Percentage of air space between seed testa and embryo

16



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

. N
Percentage of air space = VSVEV x 100

where, SV is seed volume, EV is embryo volume.

3.2.2.7. Seed viability percentage
Method for testing viability of seed was done as per reported by Pradhan et al. (2022).
3.2.2.7.1. Using Tetrazolium salt

Seeds were extracted from mature capsules and were dipped in 1 per cent tetrazolium
solution for 24 h. Seeds were mounted on slides and observed through microscope. Count was
taken for total number of seeds, total number of seeds stained and total number of seeds
unstained present in each microscopic field and it average was worked out. From this estimated

seed viability percentage by the following formula.
Seed viability (%) = Total number of stained seeds (embryo) / Total number of seeds x 100
3.2.2.7.2. Using Evan’s Blue stain

The seeds were soaked for 16 h in distilled water, following which the water was
discarded and the seeds were suspended for one hour in 1% (w/v) Evan’s blue solution. The
syringe was shaken frequently to facilitate proper contact between the seeds and the Evan’s
blue solution. Finally, seeds were rinsed thoroughly several times with distilled water to
remove excess stain and the seeds were placed on a microscopic glass slide, and viewed under
the compound light microscope. The seeds with unstained embryos were considered as viable

and those with embryos stained blue as non-viable.

Seed viability (%) = Total number of unstained seeds (embryo)/ Total number of seeds x 100

Total number of unstained seeds (embryo) % 100

Seed viability (%) = Total number of seeds

Hand pollination procedure

Selected freshly opened flower and the pollinium from the flower was removed and
collected on a clean paper from the tip of anther cap and placed in the flower’s own stigma
with the help of a needle. Different ages of flowers were selfed to observe maximum receptivity

at different interval of time from 6 am to 6 pm. Artificially pollinated flowers were monitored
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for flower senescence, capsule development, and capsule dehiscence. Capsules were harvested

at different maturity for asymbiotic seed germination.

3.3. EXPERIMENT I1I- PREPARATION OF IN VITRO SEED GERMINATION MEDIA

The immature capsule of R. retusa used as source of seed for seed (embryo) culture and
these were collected from JNTBGRI, Puthenthope.

In the present investigation four different media both solid and liquid were examined
for in vitro seed germination. Full-strength Murashige and Skoog (MS) media (Murashige and
Skoog, 1962), half-strength Murashige and Skoog (1/2 MS) media, Knudson C media
(Knudson, 1946) and Woody Plant Media or WPM (Lloyd and McCown, 1980)

The pH of the medium was adjusted to 5.7 with either 1.0 N sodium hydroxide (NaOH)
or 1.0 N hydrochloric acid (HCI) before being solidified with 8 gL* agar in case of solid media.
Thereafter, approximately 10/50 ml of the medium was dispensed into culture tubes/bottles

and sterilized using pressure cooker.

Sterile glasswares, chemicals, additives, plant growth regulators, a precision weighing
balance, precision pH meter, distilled water, spatula, tissue paper, microwave oven were the
materials and equipments required for media preparation. Inoculation is carried out in Laminar
Air Flow Chamber.

3.4. EXPERIMENT IV- STANDARDISATION OF IN VITRO SEED GERMINATION

The prepared media was transferred to sterile glasswares in an immaculate environment
and autoclaved before taking to the Laminar Air Flow Cabinet. pH of the medium was adjusted
to 5.8 before autoclaving. The mature capsules before dehiscence were collected in paper bags.
The capsules were first washed in running tap water followed by cleaning in solution of liquid
detergent for 3-5 minutes. The seeds were surface disinfected with 0.1 per cent mercuric
chloride for 3 minutes with occasional agitation, and rinsed with distilled water three to four
times followed by dipped in 70% ethanol for 10-30 sec and flaming under spirit lamp with the
help of a sterilized spatula and burned off alcohol. Flaming was repeated two to three times.
This was to burn off any bacteria or fungi on its surface. The capsules were kept in a sterile

petri plate near to the spirit lamp. The sterilized capsules were cut longitudinally with a sterile
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surgical blade in the laminar air flow cabinet. Feathery seeds were collected with the help of a
sterilized spatula and small mass of the aggregated seeds were inoculated on different culture
media for in vitro asymbiotic seed germination. Observations were made by using five

replicates for each medium.

Cultures were maintained at 25 + 5°C. Germination percentage was calculated on the
basis of seed germinated out of total seeds inoculated (Approximately). Growth characteristics
of the plantlets in every media were observed to check that which medium is the best for
germination and plantlets development. The data of different stages of germination were

recorded on a particular week like week 6 and week 14 etc.

The following observations were recorded in frequent intervals.

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

inoculation

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

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

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

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

Number of days taken for forming first leaf from the day of seed inoculation was
observed and average was worked out in days.

3.4.4. Number of days taken for root initiation

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

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

Number of seeds with chlorophyll embryo per culture bottle was approximately

counted and average was worked out.
3.4.6. Number of protocorm with shoot apex

Number of protocorm with shoot apex per culture bottle was counted and average was

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

Number of protocorm with 1-2 leaves was counted and average was worked out.
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3.4.8. Number of protocorm with two or more leaves and root (plantlet)

Number of protocorm with leaves and roots was counted and average was worked out.

Statistical analysis was done using GRAPES 1.0.0 (General R based Analysis Platform

Empowered by Statistics) software developed by Kerala Agricultural University.
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4. RESULTS

4.1. EVALUATION OF FLORAL CHARACTERS
4.1.1. Floral characters (qualitative)
Rhynchostylis retusa inflorescence is pendant, racemose. The anthesis is not in strict acropetal

or basipetal succession.

4.1.1.1. Flower colour

Flowers were white in colour with purple blush or purple spots on dorsal and lateral
sepals and lateral petals. Labellum was deep purple colour with white colour at tip on the
frontside and purple color with central median band of white colour on the backside. Labellum

was spurred towards the base; spur was white in colour (Plate 1).
4.1.1.2. Nature of flowering — free or seasonal

R. retusa was noted as a seasonal and annual flowering orchid.
4.1.1.3. Season of flowering

In the present investigation, the species came to bloom during June to August when the
southwest showers were plentiful.
4.1.1.4. Time of anthesis

Flower opening was between 5 pm and 8 am, i.e., flower opens at dark hours of the day,
during early morning or late evening.

4.1.1.5. Time of stigma receptivity

Stigma remains receptive upto five days after anthesis. It was found to be highly
receptive during morning hours when the pollinia sticks easily on the stigmatic surface. After
10.30 to 11.00 am during daytime receptivity declined considerably and gradually drying up

of stigmatic surface occurred after five days.
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Plate 1: Flower morphology (A) Flower with purple spots; (B) Flower with purple blush;
(C) Dissection of a flower, 1. Dorsal sepal, 2. Laterala petal, 3. Lateral sepal, 4. Anther cap,
5. pollinia, 6. Stigma, 7. Labellum, 8. spur.
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Plate 2: Pattern of anthesis (A) First flower opening (B) Variable pattern of blooming in an
inflorescence
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Plate 3: Post pollination changes in flower (A) after one day, (B) after one week
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Post pollination changes in a flower:

Pollination if effected can be noticed within a day. Visible signs observed were stigmatic
closure, flower begins to fade and wilt, sepals and petals wither and dry, stigmatic end of
column bulges, labellum retracts closer to column, proximal end of pedicel i.e., ovary turns

light greenish colour (Plate 3).

4.1.2. Pollen characters

4.1.2.1. Pollen morphology
Pollen grains were obovoid to triangular in shape. Exine or outer layer was smooth and
thin and intine was thickened. Mostly pollen grain was present as tetrad. Triad and dyad stage
were also present (Plate 4).
4.1.2.2. Pollen production per pollinium
The pollen load was estimated to be 2,06,000 pollen per pollinia (Plate 4).
4.1.2.3. Pollen fertility percentage
Most of the pollen (99.6%) was found to be fertile (Plate 4).
4.1.2.4. Pollen germination percentage

73.64 percent of pollen in a pollinia germinated under suitable conditions (Plate 4).

4.1.3. Capsule characters
4.1.3.1. Days taken for pod setting after anthesis

Under natural conditions pod setting was observed within seven days of anthesis.

4.1.3.2. Days taken to mature capsule harvest
The days to harvest of yellowish green mature pods varied from 135 to 180 days i.e.,

between four and half to six months duration.
4.1.3.3. Length of capsule (cm)
Length of the capsule measured was 2.18 cm on an average (Plate 5).

4.1.3.4. Width of capsule (cm)
Average capsule width was measured to be 0.86 cm (Plate 5).
4.1.3.5. Percentage of filled seeds

The percentage of embryonated seeds was 41.85. Rest of the seeds were without embryo and

or non-viable one (Plate 7).
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Plate 4: Pollen characters (A, B) Pollen morphology (C) Viable pollen (D) Growing pollen
tube (E) Microscopic field view of 25 central squares in haemocytometer

26



Table 1. Correlation analysis of capsule and pollen characters

Capsule Capsule Percentage Pollen Pollen
length (cm) | width (cm) of filled fertility germination
seeds percentage percentage

Capsule 1

length (cm)

Capsule 0.177 1

width (cm)

Percentage -0.61 -0.134 1

of filled

seeds

Pollen 0.452 -0.077 0.129 1

fertility

percentage

Pollen 0.541 0.076 -0.268 0.888* 1

germination

percentage

* Correlation is significant at 0.05 level (two tailed)- significant

Correlation analysis has shown that pollen germination is significantly positive correlated
with pollen fertility (Table 1).

4.2. MORPHOLOGICAL AND MORPHOMETRIC CHARACTERIZATION OF SEEDS

4.2.1. Morphological characters

4.2.1.1. Seed colour

When the capsules were cut open the mass of millions of seeds present inside appeared as white
to visible eye. A seed when observed under microscope had yellowish green colour which was
the seed coat colour. The embryo inside had deep purple to violet colour. Embryo of seeds of
immature capsules had yellowish colour when viewed through microscopic lens (Plate 6).

4.2.1.2. Seed shape

R. retusa was observed to have fusiform shaped seeds tapered at one end and blunt at the other
end. The embryo is spheroid shaped i.e., prolate spheroid (Plate 6).
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Plate 5: Capsule formation and its characteristics (A, B) Size of mature capsule (C) Capsules

formed after selfing (D, E, F) Stages of growth of inflorescence: (D)elongation of axis,
(E) flower bud differentiation, (F) after bloom.
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4.2.1.3. Seed testa ornamentation

Testa or seed coat appeared reticulated or net like, testa cells longitudinally oriented with
transverse testa cells connecting them at short distance looking like irregular rectangles (Plate
6).

4.2.2. Morphometric characters
4.2.2.1. Seed length (um)
Seeds were 242.42 um long.
4.2.2.2. Seed width (um)
Width of seed was 46.88 um.

4.2.2.3. Seed length/width ratio

From the dimensions of seed, its length and width ratio were worked out to be 5.29, i.e., R.

retusa has truncated to slightly elongated seed shape.

4.2.2.4. Seed volume (um?3)

The amount of room inside a seed was 202600.65 um3.

4.2.2.5. Embryo volume (um?)

39963.94 um? was the estimated embryo volume in seed of the species.

4.2.2.6. Percentage of air space between seed testa and embryo

Air space inside a seed was averaged to 78.74 per cent. Almost three fourth of the seed volume

was space of air and embryo occupied only a small space in most of the seeds.

4.2.2.7. Seed viability percentage
78.87 per cent of seeds in a capsule were viable (Plate 7).
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Plate 6: Seed morphology (A) Opened capsule (B) Mature seed (C) Immature seed (D) Seed
testa ornamentation
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Plate 7: Seed morphometry (A) A well embryonated seed (B) Filled and unfilled seeds (C)
Viable seed of tetrazolium test (D) Viable seed of Evans blue test (E) Size of seed
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Plate 8: Seed differentiation in capsules at different ages (A) Immature seeds cluster from 3.5
months old capsule, (B) Seeds from 4.5 months old capsule with undifferentiated embryonic
region, (C) Mature seed with developed embryo and maximum air space.
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Table 2. Correlation analysis of seed morphometric characters

Seed Seed SL/SW | Embryo | Embryo | Seed Embryo | Air
length | width length | width volume | volume | space
(um) | (um) (um) | (um) | (um®) | (um?)

Seed 1

length

(um)

Seed 0.521 1

width

(um)

SL/SW | 0.642 -0.321 |1

Embryo | -0.982 |-0.351 |-0.774 |1

length | **

(um)

Embryo | -0.445 | 0.533 -0.972 | 0.605 1

width *x

(um)

Seed -0.994 |-0.428 |-0.719 |0.997 0.536 1

Volume **k* **k*

(um?)

Embryo | -0.682 | 0.269 -0.999 | 0.807 0.958* | 0.755 1

volume falaled

(um®)

Air 0.61 -0.359 | 0.999 -0.748 |-0.981 |-0.69 -0.996 |1

Space * k% ** *k*k

*** Correlation is significant at 0.001 level (two tailed)- very highly significant
** Correlation is significant at 0.01 level (two tailed)- highly significant

* Correlation is significant at 0.05 level (two tailed)- significant

Correlation among seed morphometric characters is depicted in Figure 1. Length of the embryo

was negative and highly significant and seed volume was negative and very highly significantly

correlated with the length of the seed. Embryo width was negative and highly significantly
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correlated with the seed length/ width ratio. Embryo volume was negative and highly
significant and air space was positive and very highly significantly correlated with the ratio of
seed length and width. Seed volume was positive and very highly correlated with embryo
length. Embryo volume was positively significant to embryo width and air space was
negatively and highly significant to embryo width. Embryo volume and air space was very

highly and negatively significantly correlated (Table 2).
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1. Seed length .
Negative
2. Seed width
3. SL/SW Negative Significant
4. Embryo length Dositive
5. Embryo width
6. Seed volume  =meee- Positive significant
7. Embryo volume
8. Air space

Figure 1: Diagrammatic representation showing correlation of seed characters
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4.3 STANDARDISATION OF IN VITRO SEED GERMINATION

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

inoculation

Seeds were scooped out from capsule and inoculated to liquid media. In MS and half MS
media seed greening was observed after 60 days. It took about 75 days in Knudson C medium

for the same change.

4.3.2. Number of days taken for protocorm development

Protocorm like bodies developed in 60 days for MS and half MS media. In Knudson C
medium it took 90 days for formation of protocorm.

4.3.3. Number of days taken for first leaf

Root and leaf primordia emerged from protocorm and leaf was developed in 160 days for MS
medium. While it took only 120 days for culture in half MS medium to show the same
growth.

4.3.4. Number of days taken for root initiation

Root development was noted in 240 days and 210 days for half MS and MS media

respectively.

4.3.5. Number of seeds with chlorophyll embryo

In half MS media liquid- 91, Knudson C liquid- 20.5, MS media liquid -55.67 were the number
of green embryos.

Analysis of variance revealed treatment means were significantly different. Half MS (liquid)
was the best media for formation of seeds with chlorophyll embryo. Next best result was for
MS media followed by Knudson C media for chlorophyllous embryo formation (Plate 9).

Table 3. Analysis of variance for number of seeds with chlorophyll embryo

Media Treatment means
HMS (1) 91.000°2
KC () 20.500°
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55.667¢

MS (1)

Table 4. LSD test Matrix of CD values for number of seeds with chlorophyll embryo

HMS KC MS
HMS 0 24.993 22.354
KC 0 0.000 24.993
MS 0 0.000 0.000

4.3.6. Number of protocorm with shoot apex
Number of protocorm with shoot apex in different media was observed as follows: MS
medium liquid with 0.5 mgL™ BAP- 54.33, half MS liquid with 0.5 BAP- 88 and Knudson C
liquid media- 3.5.

Analysis of variance revealed that the best media for protocorm formation and development
were half strength MS media with 0.5 mgL* BAP (liquid) followed by liquid MS media with
0.5 mgL? BAP (Plate 9).

Table 5. Analysis of variance for number of protocorm with shoot apex

Media Treatment means
HMS + 0.5 BAP (1) 88.000%
KC (1) 3.500°
MS + 0.5 BAP (I) 54.333°

Table 6. LSD test Matrix of CD values for number of protocorm with shoot apex

HMS+0.5BAP KC MS+0.5 BAP
HMS + 0.5BAP 0 27.51 24.605
KC 0 0.00 27.510
MS + 0.5 BAP 0 0.00 0.000

4.3.7. Number of protocorm with 1-2 leaves

Number of protocorms in half MS media solid media with 0.5 mgL™ BAP and 1 mgL! NAA

was 84.333, while in MS solid medium with 0.5 mgL* BAP and 1 mgL! NAA - 53.
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Analysis of variance revealed that the treatment means of culture media for protocorm
formation with 1-2 leaves was significantly different and half MS media supplemented with
0.5 mgL! BAP and 1 mgL* NAA was found to be the best (Plate 10).

Table 7. Analysis of variance for number of protocorm with 1-2 leaves

Media Treatment means
HMS + 0.5 BAP+1NAA (s) 84.333¢
MS+0.5 BAP+1 NAA (s) 53.000P

Table 8. LSD test Matrix of CD values for number of protocorm with 1-2 leaves

HMS+0.5 MS+0.5 BAP+1 NAA
BAP+1NAA

HMS + 0.5 BAP + INAA 0 26.209

MS + 0.5 BAP + 1 NAA 0 0.000

Seeds from three months maturity to dehisced capsules of present and previous years

pods were used for inoculating culture medium.

Within a few weeks (2-3 weeks) of inoculation for in vitro culture of seeds in yellowish
green capsules, the embryo inside the seed began to swell and as size increased seed coat
ruptured and released the embryo. There was chlorophyll synthesis and seeds began to be
visible as very minute green spherical structures (spherules) to the visible eye. This stage was
seed greening which was observed in between 1-2 months. Protocorm like bodies (PLBs) were
formed green in colour after two months. Greening and protocorm development coincided for
some culture bottles. As they developed and became grain like protocorm colour was cream to
greenish yellow. If the protocorm like bodies were not subcultured at proper time or if they
were left for more than forty to sixty days without subculture progressive degeneration of these

structures were the result as depicted in Plate 9.

Protocorms when subcultured to solid media grew and root and shoot primordia was
developed. Shooting occurred from calloid like structure also after four months of subculturing.
Multiple shoots arose from each of these. Each shoot was transferred to new medium to develop
to individual plantlets after rooting after 7-8 months from inoculation. Flow chart showing

different stages of in vitro seed germination and plantlet development is depicted in Figure 2.
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Basal liquid media without additives was effective for seed germination upto protocorm
stage. For further development and support solid (agar- 8 g L™) or semisolid (agar- 5 g L™)

media with hormones such are BAP and NAA gave good results.

In half MS media fast and better results were obtained for asymbiotic embryo culture.
In Knudson C media though germination occurred, developing to plantlets were noted in MS
and half MS media only. WPM media did not give satisfactory results in in vitro culture.

Best media for seed greening and protocorm formation was found to be liquid half
strength MS media. Best media for callusing and shoot proliferation was found as solid half
MS media with 0.5 mgL™ BAP. Best media for multiple shoot and root formation was found
as half MS media with 0.5 mgL™? BAP and 1 mgL* NAA.
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Plate 9: Stages of in vitro seed germination (A) Greening (B) Chlorophyll embryo

(C) Protocorm like bodies (D) Typical grain like protocorm, insight enlarged protocorm
(E) Initiation of primordium in protocorms (F) Degeneration of protocorms




Plate 10: Development of plantlets (A) Individual plantlets with root and leaf (B) Callusing
and shooting (C) Multiple shoot formation in liquid media (D) Multiple shoot formation in
solid media
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Stages of in vitro
plantlet development

Figure 2: Flow chart showing stages of in vitro seed germination and plantlet development
(A) Seed (B) Seed greening (C) Protocorm formation (D) Leaf and root primordia (E)
Callusing and shooting (F) Multiple shoot formation (G) Plantlet
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5. DISCUSSION

The Orchidaceae, one of the largest families of angiosperms, has great value in the
market. Orchids are a fascinating group of flowering plants with an astonishing number of
species of more than 22000 and remarkable ability to thrive and adapt. They are evolved to
have many unique characteristics and adaptations which help them in the evolutionary race.
Orchids represent to be the epitome of angiosperm evo'ution. The reproductive biology of the
Orchidaceae family of plant which aid in perfect ecological interaction with pollinators and

elements of nature has left botanists and breeders in amazement for a long time.

Under the tribe Vandeae, sub tribe Aeridinae, and family Orchidaceae (Dressler, 1993),
the Rhynchostylis is a small genus consisting of only four species. The genus is closely allied
to the genus Vanda. Three species, R. gigantea, R. retusa and R. coelestis are reported as
endemic in southeast Asian countries. R. retusa species was originally found in Indonesia. The
most common name is fox-tail orchid due to the appearance of the inflorescence. R. retusa is
an epiphytic orchid with a monopodial growth type that has exotic and potential interest for

commercial production.

The present investigation focused on the reproductive aspects of the plant,
morphological characters of flowers, and characterization of seeds qualitatively and
quantitatively. A protocol for in vitro germination of seeds and its development was also

standardized.
The results pertaining to the investigation done are discussed herewith.

5.1. EVALUATION OF FLORAL CHARACTERS

5.1.1. Floral characters (qualitative)
5.1.1.1. Flower colour

The flower colour of R. retusa was observed to be white with purple blushing or
spotting on sepals and lateral petals, labellum being deeper purple and spur was white. This
result is in close correspondence with other authors. Polymorphism in terms of flower colour
has also been reported.

The purple flowers of R. retusa consist of dark purple labellum, and purple blotches on

the lateral petals (Buragohain et al., 2015). The colour of R. retusa exhibiting polymorphism,
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including red, pink, white, blue, orange and other colours (Arditti, 1967). Inflorescence is
arching or pendent, flowers white marked with pink, red or violet, spur is not bent (Higgins,
2012).

Polymorphism in terms of flower colour is a cue to attract different pollinators each
preferring a different colour or pattern of floral parts in order to visit them. It could be seen as
a sign of widening ecological adaptation of a plant species (Ortiz et al., 2015).

5.1.1.2. Nature of flowering — free or seasonal

The species was observed to be flowering once in a year during particular season only.
Anthesis was between rainy and spring months. Similar was the observation of other authors.

In China, owing to the unique flower shape, long flowering period and the opening
around the Spring Festival can be used as a spring festival gift, deeply loved by people (Xi, et
al., 2021). However, flowering was also reported in summer to autumn seasons i.e., May - June

months according to Sinha and Jahan (2012).
5.1.1.3. Season of flowering

R. retusa flowering was during South West monsoon rains or shortly after it i.e., during

the spring. The months of blooming were from June to August.

Authors like Thakur and Dongarvar (2019) and Tongbram et al. (2012) agreed that June
and July months, the flower opens in Indian conditions. Higgins (2012) also reported that in
Java blooming is in February where the rainy season is from October to April. However,
according to Buragohain et al. (2015), the anthesis in R. retusa initiates from the last week of

March and persists up to early May in Assam state, India.

5.1.1.4. Time of anthesis

Flower opening was between 5 pm to 8 am, i.e., flower opens at dark hours of the day,

during early morning or late evening.

Sanford (1971) concluded that anthesis in at least some orchids is a genetically

controlled trait. White colour of flower should be related to flower opening at dark.

Night and dusk have abiotic features particularly weather parameters that differ from
the day. Light intensity, wind speeds, turbulence, and temperatures are lower while humidity
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may be higher at night. Nocturnal pollination occurred in thirty percent of angiosperm families
across 68% of orders. Out of these 97% of families are equipped with Cz photosynthetic
pathway, two-thirds of families with crassulacean acid metabolism (CAM), and 71% among
dicot families with C4 photosynthesis. Nocturnal pollination occurs in more angiosperms with
xerophytic adaptations than halophytes or mesophytes, suggesting that nocturnal flowering is
primarily an adaptation to water stress because flowering is one of the water-intensive

processes (Borges et al., 2016).
5.1.1.5. Time of stigma receptivity

Stigma remained receptive upto five days after anthesis. It was found to be highly
receptive during morning hours when the pollinia sticks easily to the stigmatic surface. Present
study also made a notice that after 10.30-11.00 am during daytime receptivity declines
considerably and gradually drying up of stigmatic surface occurs after five days.

In R. retusa young pollinia and stigma shows maximum receptivity and high effective
pollination percentage. Morning time from 6 am to 10 am was the best time for pollination
success from the rest of day (Thakur and Dongarwar, 2019). Knowledge of this fact could lead
to higher success in hand pollination according to them.

5.1.2. Pollen characters
5.1.2.1. Pollen morphology

Pollen grains were observed to be obovoid to triangular in shape. Exine or outer layer
was smooth and thin and intine was thickened. Mostly pollen was present as tetrad. Triad and

dyad stage were also present.

The pollen grains as monads, or single grains, seen in Apostasioideae, Cypripedioideae,
the Vanilleae, some Diurideae, and a few Neottieae. In all other orchids, the pollen grains either
remain in tetrads or are united into larger masses. Some Epidendroideae with soft pollinia also
have more or less heavily sculptured pollen grains, but the more advanced members of the
Epidendroideae have thick but relatively smooth exine on the outer walls of the pollinia
(Dressler,1993).
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When the pollen grains are clustered into tetrads or even larger units, the grains usually
have thick exine on the outer surface of the pollinium or aggregation, though there may be little
or no exine developed on the surfaces between the grains within the aggregation (Dressler,
1993).

5.1.2.2. Pollen production per pollinium

The pollen number per pollinium in the species was calculated to be 2,06,000 in this
investigation.

Given the fact that there are millions of ovules in orchid flower, to obtain a substantially
good number of fertile seeds sufficient pollen load has to be ensured. In orchids pollen to ovule
number ratios are several orders of magnitude lower than in other angiosperms with powdery
pollen due to the lack of wastage during transport to the stigmatic surface (Lukasiewicz, 1999).

The number of pollen grains per pollen dispersal unit has both genetic and ecological
consequences. The most important being the more grains per pollinia, the greater probability
that seeds in a pod will have the same male parent; the greater the amount of pollen adhering
to the stigma and fertilizing it, the greater the male competition inspiring greater female
competition leading to reproductive fitness of the species in its ecology (Pacini and Franchi,
1999).

5.1.2.3. Pollen fertility percentage

Pollinium of one to four days old was most viable for effecting pollination in R. retusa
(Nitin and Uma, 2014).

Pollen grains maintain a prolonged capacity for in vitro germination, even 100 per cent
fertilization and embryonate seed development five days after their dislodgement from the
original flowers (Bellusci et al., 2010). Present research is in accordance to this understanding

where 99.6 per cent pollen was viable.
5.1.2.4. Pollen germination percentage

73.64 percent of pollen in a pollinia can germinate under suitable conditions. This is in
correspondence to the pollen germination in the species as reported by Seeja (2018).
5.1.3. Capsule characters

5.1.3.1. Days taken for pod setting after anthesis
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Young flowers of upto eight days shows maximum receptivity and high pollination
percentage under natural conditions (Shiau et al., 2002) and (Proctor, 1998). This justifies that
the symptoms of pod setting if any could be noticed within a week or ten days of anthesis of

each flower in an inflorescence.
5.1.3.2. Days to mature capsule harvest

The days to harvest of yellowish green mature pods varied from 135 to 180 days i.e.,
between four and half to six months duration.

To be successful through in vitro mass propagation of R. retusa, the appropriate age for
collecting fruits in days was identified as 180 by Fosenka (2020). Afterwards the pod dehisces
as per the study. Eight months old capsules when harvested and cultured immediately got

maximum seed germination in R. retusa (Sibin and Gangaprasad, 2012).
5.1.3.3. Length of capsule (cm)

Length of the capsule measured was 2.18 cm on an average.

Six-month old mature green capsule has an average length of 2.86 cm long (Sibin and
Gangaprasad, 2012). Both length and girth of pods were averaged to about 3.8 cm at maturity
(Fosenka, 2020).

5.1.3.4. Width of capsule (cm)

Average capsule width was measured to be 0.86 cm.

Capsule width reported by Sibin and Gangaprasad (2012) and Fosenka (2020) were
almost equal to length of the pod which were 2.06 and 3.8 respectively. Average pod length
was maximum after 11 weeks (Fosenka, 2020).

However, capsules taken for the present research had much lower width. This might be
because pods of different maturity duration were harvested for standardization of asymbiotic
embryo culture leading to bias in analysis and at the time maximum length was already attained
but not maximum width. When yellow or brown coloured capsule was harvested because of

start of drying and pod lose dry weight along with moisture and shrink.
5.1.3.5. Percentage of filled seeds

The proportion of embryonated seeds out of the total seed in a capsule was found as 41.85%.
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Female reproductive success in orchids can be highlighted by the proportion of seeds with
embryos (Proctor and Harder, 1994; Lock and Profita, 1975; Nilsson, 1980; Patt, et al., 1989).

5.2. MORPHOLOGICAL AND MORPHOMETRIC CHARACTERIZATION OF SEEDS
5.2.1. Morphological characters
5.2.1.1. Seed colour

When the mature capsule was cut open the mass of millions of seeds present inside appears
white to visible eye. This is in agreement with the findings of Fosenka (2020). According to
Thomas and Michael (2007), immature seeds obtained from 50 days old pods were light green

in colour and can be differentiated from mature seeds easily.

A seed when observed under microscope had yellowish green colour which was the colour of
the seed coat. The embryo inside had deep purple to violet colour. Embryo of seeds of immature
capsules was yellowish colour when viewed through microscopic lens. Individual seeds were
pale yellow in Rhynchostylis retusa when observed under light microscope (Tongbram et al.,
2012).

During maturation, in the seeds of the capsules, there is an increase in percent air space.
Increase in the air space is due to an increase in the cell length of the testa and not because of
an increase in the number of cells in the seed coat (Swamy et al., 2004). This variation in seed
space with age might be the reason why in immature seeds the region of embryo cannot be seen
with a definite boundary in light microscope and region of undifferentiated embryo appears

yellow as a reflection of colour from intact testa cells.

5.2.1.2. Seed shape

R. retusa was viewed to have fusiform shaped seeds tapered at one end and blunt at the
other end. Same was the finding of Verma et al. (2014) who reported Rhynchostylis to be

fusiform shaped with embryo spheroid in shape i.e., prolate spheroid.

The shape of the seeds is also thought to have phylogenetic significance. Fusiform seeds
that are found in all of the orchid subfamilies (Arditti et al., 1979; Arditti, 1980; Healey et al.,
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1980; Rasmussen, 1995; Verma et al., 2014) appear to be basic form in orchids, from which

all other seed shapes might have evolved.
5.2.1.3. Seed testa ornamentation

Testa or seed coat was reticulated or net like, testa cells running longitudinally with
transverse testa cells connecting them at short distance. Similar was the observation of
Tongbram (2012) that testa cells of “Vanda type’ orchids are always so strongly elongate that
the longitudinal anticlinal walls are in contact with the surface of the seed.

Testa walls of Rhynchostylis retusa is straight or sinuous. Some orchids possess uneven
deposition of thickening materials on their periclinal or anticlinal walls, and such

ornamentation(s) is of taxonomic importance (Verma et al., 2014).

5.2.2. Morphometric characters
5.2.2.1. Seed length (um)

Seeds were 242.42 um long was the result of the present investigation. Rhynchostylis
retusa has a seed length of 275 um (Tongbram et al., 2012). Even greater average length (282.4
um) of the seeds was reported by Sibin and Gangaprasad, (2012).

On the basis of classification of seed size based on seed length by Dressler (1993), R.

retusa falls in the range of small (200-500 um) sized seed.

5.2.2.2. Seed width (um)

Width of seed that used for in vitro culture was 46.88 um. However, seed width of
81.25 um and 138.95 um was presented by Tongbram et al. (2012) and Sibin and Gangaprasad
(2012) respectively.

5.2.2.3. Seed length/width ratio

From the dimensions of seed, its length: width ratio was calculated as 5.29 indicating that

Rhynchostylis has truncated to slightly elongated seed shape.

L/W ratio of seed comes to 5.583 +/- 0.377% for R.retusa (Verma et al., 2014).
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Seeds with length/width (L/W) ratio of >6.0 were designated as elongated by Verma et
al. (2014). While if the value was > 5 the seed was classified elongated according to (Barthlott
et al. (2014) and Diantina et al. (2020).

5.2.2.4. Seed volume (um?3)

The seed volume of Rhynchostylis was estimated to be 202.6 x 103 um?3 in present

inquiry and a seed volume of 479.4 x 103 um3 was reported by Tongbram et al. (2012).
5.2.2.5. Embryo volume (um3)

Estimated embryo volume of the species was 39.96 x 103 um3. A much bigger embryo of

447.4 x 103 um3 volume was found by Tongbram et al. (2012).

In R. retusa, EL/EW is 3.705+/-0.851 and embryo volume (mm3 x 1073)= 0.094+/-
0.021 (Verma et al., 2014).

EL/EW ratios above 1 show that the orchid species have prolate spheroid shaped embryos
Diantina et al. (2020) where EL is embryo length and EW is embryo width.

5.2.2.6. Percentage of air space between seed testa and embryo

Air space in a seed was averaged to 78.74 per cent of the seed volume. Contrary to this,
6.4 per cent is the air space inside the seed coat of the species according to Tongbram et al.,
(2012). Also, Verma et al. (2014) studied the seed morphometry of some threatened Himalayan
orchid species and found that R. retusa has lower air space volume (11.122%) than many other
members of the subfamily Epidendroideae. Seed volume/ embryo volume for R. retusa was
1.182 in their estimation. The larger space for air in this research study might be because of
inappropriate storage of capsules.

Seeds with higher ratio of seed volume/embryo volume are expected to more buoyant than
those with a lower ratio of seed volume/embryo volume. There is a direct correlation apparent
between the seed buoyancy and distribution pattern (Swamy et al., 2004). Morphometric
characterization of seeds point that the seeds used for the present enquiry was generally smaller

in size (length, width and volume) than expected based on previous reports.

5.2.2.7. Seed viability percentage
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78.87 per cent of seeds used for asymbiotic seed germination was viable according to
tetrazolium test in the present research. Similar tetrazolium test by Bhatti et al. (2016) revealed
that 97.15+0.33 of the seeds of the species was viable. The viability of seeds of R. retusa was
found to be 100 per cent as observed under light microscope after staining with tetrazolium

(Lal et al., 2020). Each capsule possesses 89% viable seeds (Sibin and Gangaprasad, 2012).

Considerable reduction in viability in present investigation would be due to prolonged
storage especially of dried pods, inappropriate storage or refrigeration and inadequate pre-
treatment before viability testing or bias in sampling or estimation.

Correlation analysis was performed for eight characters- seed length, seed width, seed
length/ seed width ratio, embryo length, embryo width, seed volume, embryo volume and air
space. Seed length showed highly significant and very highly significant negative correlation
with embryo length and seed volume respectively. Seed length by seed width ratio had negative
highly significant correlation with embryo width. Ratio of seed length and width is positively
correlated with air space volume and negatively correlated with embryo volume, both
characters very highly significant with the ratio. Embryo length is positive and very highly
significantly correlated with seed volume. Embryo width is significantly positive correlated
with embryo volume and air space is negative highly significant with embryo width. Air space
is negative very highly significant to embryo volume. Monroy et al. (2017) reported a
significant positive correlation between the seed size and embryo size and suggested that larger
seeds with larger embryos might contribute to higher success in germination.

5.3. STANDARDISATION OF IN VITRO SEED GERMINATION

5.3.1. Effect of pod age

Capsules of different age were harvested for standardizing in vitro seed (embryo)

culture. Fully matured yellowish green capsules showed results in asymbiotic culture.

Comparatively lesser seed germination was observed for fully mature dry seeds than
mature green seeds. This can be attributed to the high maturity level of inoculated seeds; the
immature seeds have been reported to exhibit better germination because of their distended
testa cells, metabolically awakened embryos and absence of dormancy factors (Linden, 1980;
Yam and Weatherhead, 1988; Arditti et al., 1981).
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The inner integument of the ovule usually fails to develop further after fertilization, the
cells then collapse around the embryo proper forming a hard ‘shell’, termed as ‘carapace’ and
it wraps the embryo (Veyret, 1969; Yam and Weatherhead, 1988). The carapace can offer
protection to the embryo. Additional deposition of phenolic compounds and wax like materials
further reduces the permeability of the carapace. The low percentage of mature seed
germination observed in C. falcata is attributed to the accumulation of substances such as lignin
in the inner integument, a possible cause of germination inhibition (YYamazaki and Miyoshi,
2006). In easy-to-germinate species such as Orchis morio and Serapias lingua, a carapace is
incompletely formed around the embryo (Veyret, 1969). In the native environment, carapace
closely surrounding embryo prolong seed survival, enhancing their chance of finding a suitable
mycorrhizal symbiont. However, it can be one of the major causes in inhibiting germination of

mature seeds in vitro (Yeung, 2017).

5.3.2. Protocorm development

Greening of culture bottles and prominent green embryo stage of irregular sized
spherical structures were seen in one to two months in the present investigation.
Germination was marked by swelling and emergence of the embryo from the testa. Seed
germination was first evident by swelling and within 7-8 weeks the undifferentiated embryos
formed an irregular shaped cell mass as spherules (Bhattacharjee and Islam, 2015).

Spherules and protocorm formation were around the same time in many culture bottles.
This might be because some seeds are more responsive and show greater vigour than others.
After 1-2 weeks these spherules turn green and formed round structures as protocorms.
Protocorms became visible after 11 weeks of culture initiation and showed at the vegetative
apex (Bhattacharjee and Islam, 2015).

Development of protocorms was observed after 12.50 + 0.50 weeks after inoculating
(Bhatti et al., 2016).

5.3.3. Liquid consistency of medium
Germination of seeds in in vitro culture was allowed in liquid media upto protocorm
stage and there was good result. However, earlier works in the species for micropropagation

concentrated on solidified media for embryo culture. It can be concluded that liquid media can
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facilitate better hydration of embryos and nutrient availability. Periodic light agitation of
culture bottles helps to maintain homogeneity of ions in solution.

Sibin and Gangaprasad (2012) did their investigation in liquid Knudson C medium in
the same field and reported good result for seed germination but not for protocorm formation

and further growth. It is in agreement with present results.

5.3.4. Protocorm death

Protocorm like bodies (PLBs) in some culture bottles were green initially but turned yellow
and later degraded and turned brown (Plate 10). This process once initiated led to progressive
of PLBs one after the other. This might be because of phenolic oxidation which release
polyphenol oxidase another toxic compounds for the plants to the medium. Another possible
reason might be nutrient competition or exhaustion or failure of completion of maturity

program in seeds used for culture.

Segmentation made in leaf segments of Phalaenopsis to induce PLBs results in a
process called phenolic oxidation, which is the release of polyphenol oxidase (PPO) and other
compounds toxic to plant tissue, which may cause its death, consequently reducing the
induction of PLBs (Cardoso et al., 2020; Chuanjun et al., 2015).

The advantage of activated charcoal can be considered by at least two aspects, reduction
of light at the base of explants, which provides an environment conductive to the accumulation
of auxin or cofactors (Druart and Wulf, 1993) and or absorption of inhibitory substances such
as polyphenols which can be harmful to plant growth and proliferation (Fridborg and Eriksson,
1975).

Browning followed by death of the protocorm were a common occurrence after seed
germination in many terrestrial orchids (Stoutamire, 1974; Harvais, 1982). Protocorm death
may be due to imbalance among nutrient sources or insufficiency of growth stimulating
compounds in the culture medium (Stoutamire 1974). The degenerated protocorm usually lacks

a well-differentiated meristematic region (Perner et al., 2022).

5.3.5. Effect of nutrient composition

Percentage of germination varied with different media tested. The present study found

that the half MS medium promoted better seed germination and PLB’s formation was higher.
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The concentrations of ions in basal medium can influence the growth and development
of explants, using a suitable basal medium can be a key factor for successful in vitro cultures
(Ichihahsi, 1992). Nutrient requirements for orchid seed germination are thought to be species
specific (Kauth et al., 2008).

Nitrogen is a very critical component for growth of plants and its source has been shown
to have an effect on the germination of different orchid species. The MS medium contains
nitrate nitrogen and ammonium stimulated seed germination (Popova et al., 2003). It is
reported that seed germination of orchids could be improved by the addition of amino acids to
the media and the reduction of inorganic nitrogen sources (Malmgren, 1992; Anderson, 1996).
These researchers have suggested that organic sources of nitrogen (i.e., amino acids) may be
more readily available to a seed than an alternative inorganic nitrogen source. In R. retusa both
organic and inorganic form of nitrogen is helping in seed germination and seedling
development % MS initiated seed germination and supported advanced protocorm

development (Thakur and Dongarwar, 2019).

5.3.6. Growth and development

First leaf developed after 18.00+0.71 weeks, and first root after 26.80+0.57 weeks.
After development of one or two green leaves, and emergence of first root, the developing
entities were subcultured. Seedlings with 2-3 leaves and 1-2 roots were obtained after
31.50£1.12 weeks (Bhatti et al., 2016).
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Summary



6. SUMMARY

Orchids are known for their floral exquisiteness, a very important component of the
total floricultural trade at national and international level. The unique assembly of floral organs
and superior shelf life makes them best commodity for the market as cut flowers and potted
plants. However, their reproduction by sexual means is difficult because of the seed’s
dependency on a fungal symbiont for germination.

Rhynchostylis retusa is a traditionally important orchid species in our country. Its
significance is deep rooted in our culture especially of people in north east India where the
plant is a symbol of sanctity and religious purity. Though it has medicinal importance, but the
ornamental usage outweighs its medicinal ones. Its fragrant plump inflorescence with a large
number of closely spaced flowers is a thing of absolute beauty. However, in depth and
comprehensive understanding of the species in all dimensions is not yet attempted. Difficulties
in conventional propagation methods and unrestrained commercial exploitation have led to a
rapid deterioration of the orchid in its forest home. Unstable weather parameters and fast
penetrating climate change effects might be other reasons which threaten the species. Being an
epiphytic orchid, it is more exposed to the risk of extinction due to forest fires, clearing, etc.

Actions for conserving this endangered species is an urgent call.

The present experiment was aimed at documentation of morphological and
morphometrical seed characters and standardization of in vitro seed germination protocol in
Rhynchostylis retusa (L.) Blume. It was conducted at College of Agriculture, Vellayani and
Saraswathy Thangavelu Extension Centre of Jawaharlal Nehru Tropical Botanic Garden and
Research Institute during 2020-2022 period.

The study included four experiments viz., (i) evaluation of floral characters; (ii)
morphological and morphometric characterization of seeds; (iii) preparation of in vitro seed

germination media and (iv) in vitro seed germination in culture media and evaluation

Qualitative characters of inflorescence, pollinia and capsules were subjectively
described. Seed and pollen characters were studied using a compound light microscope and
software application Leica LAZ 500. All experiments were carried out in five replications
including 10 plants in total. R. retusa was found to be seasonal in flowering behaviour, the

season of blooming being June to August. Based on flower colour patterns there are two types
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of plants, one with purple spots or tessellation and other with blush of purple on white
background for both types. The anthesis of the species is not at daytime but between late
evening and early morning when it was dark. The stigma is receptive in young flowers upto 5
days after anthesis after which there is considerable decline in effecting pollination. Moreover,
morning hours until 10.30 am showed maximum receptivity compared to other times of the
day. This s in line with the finding that in natural conditions pod setting is noticed within seven

days of flower open.

Morphology of pollinia was observed with visible eye and they were crushed and
stained using acetocarmine to understand the individual pollen structure, number, arrangement,
viability etc. Pollen grain is obovoid to triangular shaped, mostly present as tetrad with smooth
exine and thick intine. The pollen number per pollinium was estimated using a haemocytometer
and the value averaged to 2,06,000. Furthermore, almost all the pollen was found to be viable
and 73.64 per cent of them germinated in sucrose solution of 10 per cent strength when kept in
it for a day. The pollen characters study is important because it has a profound influence on
character of the pod and seed formed after selfing. The fruit or capsule is 2.18 cm long and
0.86 cm wide after ripening. Hand pollination was practiced to collect capsules for embryo
culture. Undehisced mature capsules of 145-180 days of pollination was found to be best for

in vitro culture.

Seeds of R. retusa were characterized morphologically under compound light
microscope and morphometric data analysed using microscopic software package Leica LAZ
500. The seeds are fusiform shaped, long, with prolate spheroid embryo of violet colour without
staining. The testa cells are yellowish white and reticulated. At maturity 78.74 percent of the
seed volume is air and only one-fourth of the volume is occupied by embryo which may or
may not be present at the center. The viability of seeds used for embryo culture was worked
out to be 78.87 percentage. Out of the millions of seeds in a capsule 41.87 percentage of seeds

were well embryonated with embryo of regular shape.

For the in vitro seed germination studies four basal solid and liquid media viz., MS,
half-strength MS, Knudson C orchid medium and WPM medium were made with different
combinations of plant growth hormones such as BAP, NAA, IBA, etc. The minor nutrients and
vitamins were added from stock solutions. At protocorm stage they were transferred to fresh
solid media supplemented with additives to promote further growth and development. The

seeds from mature capsules were disinfected and inoculated under sterile conditions in 250 mL
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culture bottles each containing about 50 mL of the prepared media. Five replicates of each
media were inoculated. The capsules at different stages of maturity were inoculated. Dry and
dehisced capsules were tied with a thread to cover the grooves before disinfection and
culturing. Surface sterilization was done by laboratory detergent (5min), 0.1% mercuric
chloride (2-3 min), distilled water to wash off these agents, followed by dipping in 70% alcohol

and flaming for 2-3 times.

Observations were recorded on the number of days for showing growth at initial stage
of seed greening and chlorophyll embryo, number of days for protocorm development, number
of protocorms per culture bottle and number of protocorms with shoot apex and multiple

shoots, number of days for root and leaf initiation was registered.

The above study revealed that liquid half MS medium is the best among the media used
for asymbiotic seed germination of R. retusa. Initiation of germination became evident within
two months of culture inoculation as seed greening and spherule formation. At around the same
time within 70 days PLBs (Protocorm-like bodies) developed. The grain shaped protocorm
needed to be subcultured at proper time and growth regulators were needed for further growth.
Shoot and root primordia was developed from the protocorm, leading to development of shoots
and roots. Calloid like growth of protocorm was also seen. Analysis of variance have shown
that there is significant difference between treatment means for seed germination and further
development of protocorm like bodies (PLBs). The best media for seed germination is liquid
basal half MS media. The best culture media for calloid formation and shooting from protocorm
was solid half MS with 0.5 mgL™* BAP. Callus with multiple shoots was divided to separate
units and each unit sub cultured to grow as separate plantlets. For multiple shooting and
establishment half MS media (solid) with 0.5 mgL™ BAP and 1 mgL* NAA gave good results.

Standardizing of the in vitro seed germination protocol helps in the restoration of the
species in its habitat. Additionally, hybrids without sterility could be developed by embryo
rescue and mass multiplication of plant propagule for commercial purposes could be effected.
Selfing of this naturally cross-pollinated species gave hundred percent results with fruits of
good viability seeds which revealed that this species is self-compatible and there is no presence
of male- sterility. Characterization of seeds is the initial step towards maintaining variability.

It helps in understanding distribution patterns, adaptive features and taxonomic position.
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ABSTRACT

The present study entitled “Seed characterization and standardization of in vitro seed
germination protocol in Rhynchostylis retusa (L.) Blume.” was carried out in the Department
of Plant Breeding and Genetics, College of Agriculture, Vellayani during the year 2020-22.
The experiment was aimed at seed characterization and standardization of asymbiotic seed
germination protocol in Rhynchostylis retusa (L.) Blume.

Germplasm repository maintained at Saraswathy Thangavelu Extension Centre of
JNTBGRI, Puthenthope, Thiruvananthapuram was utilized to observe the flower characters

and the capsules for the characterization and in vitro seed germination study.

The research work was divided into four experiments. Experiment | - evaluation of
floral characters, experiment Il -morphological and morphometric characterization of seeds,
experiment I11- preparation of in vitro seed germination media, and experiment IV -in vitro
seed germination in culture media and evaluation. All the experiments were carried out in five

replicates and mean was calculated.

In the first experiment, various floral, pollen and capsule characters were noted and
qualitative characters were expressed descriptively after observing the plants behaviour closely
and quantitative characters were assessed and mean was worked out. Rhynchostylis retusa was
seasonal (June-August) in flowering behaviour. Two types of plants were observed, one with
white flowers having purple spots or tessellation and other with blush of purple on white
background. Anthesis was between late evening and early morning. The stigma was receptive
in young flowers until five days after anthesis and after which the stigma become dried out.
Morning hours until 10.30 am showed maximum receptivity than other times of the day. Under

natural conditions capsule setting was noticed within seven days of flowering.

Morphology of pollinia was observed visually. They were crushed and stained using
acetocarmine to understand the individual pollen structure, number, arrangement, viability etc.
The pollen load per pollinium estimated by haemocytometer averaged to 2,06,000.
Furthermore, almost all the pollen was found to be viable and 73.64% of them germinated in
sucrose solution of 10 per cent strength. The fruit or capsule at maturity was 2.18 cm long and
0.86 cm wide. Undehisced mature capsules of 145-180 days of pollination was found to be best

for in vitro culture.
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In experiment Il, seeds of R. retusa was characterized morphologically under
compound light microscope and morphometric data analysed using microscopic software
package Leica LAZ 500. The seeds were fusiform shaped, elongated, with prolate spheroid
embryo of violet colour. The testa cells were yellowish white and reticulated. At maturity 78.74
percent of the seed volume was filled with air space. The viability of seeds used for seed culture
was worked out to be 78.87 percentage. Out of the millions of seeds in a capsule 41.87

percentage of seeds were found to be well filled with large embryo of regular shape.

In experiment I11- for the in vitro seed germination studies four different media viz.,
MS, half-strength MS, Knudson C orchid media and WPM including liquid and solid with and
without growth hormones were prepared and used.

The seeds from mature disinfected capsules were scooped out and inoculated under
sterile conditions. Five replicates of each media was inoculated with seeds. Observations were
recorded on the number of days for showing seed greening and chlorophyll embryo, for
protocorm development, for number of protocorms produced and number of protocorms with
shoot apex and multiple shoots, number of days for root and leaf initiation. Half MS medium
(liquid) was observed to be the best among the different media used for asymbiotic seed
germination of Rhynchostylis retusa. Half MS was best media for greening and protocorm
development. If we compare the overall response for different stages of development half MS
with 0.5 mgL* BAP (solid) was found best for callusing and shoot proliferation. Half MS with
0.5 mgL! BAP and 1 mgL' NAA (solid) for multiple shoots, small leaves and root
development. Initiation of germination was seen within two months of culture inoculation. The
grain shaped protocorm needed to be subcultured at proper time and calloid like structures with

multiple shoots could be divided to separate units and each unit developed to separate plantlets.

Seed characterization provides an insight into understanding biology, ecology and
evolutionary background. Mass multiplication by asymbiotic seed culture can be a viable
option for restoring this threatened species and can be utilized for further genetic improvement

programme.
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