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Introduction

Men have always been fascinated by the diversity of life Biodiversity is the result of
the evolutionary plasticity of living organisms which has increased geometrically through
perhaps 2.5 billion years, proliferating by trial and esror, controlled by natural selection,
fifling almost every one of the habitable ecological niches created in a likewise evolving
world environment. The diversity of these natural habitats has expanded over a period of time
through naturai selection and also through introductions. Biodiversity, in wild and
domesticated forms, is the source for most humanity food, medicine, clothing and housing,
most of the cultural diversity, and most of the intellectual and spiritual inspirations.
Biodiversity includes diversity of form right from molecular level through individual
organisms, populations, communities, ecosystems, landscapes and biosphere. Tt exists at three
different levels. These are:

1} Species diversity, which embraces the variety of living organisms on earth.




2) Genetic diversity, which is concerned with the variation in genes within a particular
species
3) Ecosystem diversity, which is related to the variety of habitats.

The world harbors an estimated over 10 million different types of organisms including
plants, micro-organisms and animals, out of wi;ich about 1.4 million species are that of plants
including algae, fungi, mosses and higher plants (Myers ef. «/,2000). The recent report of
TUCN brings out a list of 34 biodiversity hotspot regions of the world which indicates an
alarming situation the world is faced with, in terms of biodiversity resources vis-a-vis future
of mankind. Biodiversity hotspots are geographical regions which are extremely rich in
species, have high endemism, and are under constant threat The 34 biodiversity hotspots by
region are: 4 in North and Central America (California floristic province, Caribbean Island,
Madrean pine-oak woodlands, Meso-America), 5 in South America (Atlantic Forest, Cerrado,
Chilean Winter RainfallV aldivian Forest, Tumbes-Choco-Magdalena, Tropical Andes), 4 in
Europe and Central Asia (Caucasus, Irano-Anatotian, Mediterraneam, Motintains of Centiral
Asia), 8 in Africa (Cape Floristic Region, Coastal forest of eastern Africa, FEastern
A fromontane, Guinean Forest of West Africa, Hom of Africa, Madagascar and the Indian
Ocean Islands, Maputaland-Pondoland-Albany, Succulest Karoo), 13 in Asia-Pacific (Fast
Melanesian [sland, Himalaya, Indo-Burma, Japan Mowiddins of Southwest China, New
Caledonia, New Zealand, Philippines, Polynesia-Micronesia, Soutinvest Australia,
Sundaland, Wallacea, Western Ghats and Sri Lanka). Qut of the estimated total global
biodiversity of 10 million species in the world, India is one of the 17 mega-diversity in the
world. The North-Eastern region, Western (hats, North-Western, Eastern Himalayas and

Andaman and Nicobar Islands are home for rich floral and faunal diversity. India is a tropical




country with a tremendous heterogeneity of environments ranging from tropical rain forest of
Andaman and Arunachal Pradesh to the hot deserts of Rajasthan and cold desert of Ladakh. It
lies at the junction of three biogeographical provinces of Africa, temperate Eurasia and the
Orient. >

North East India lies between 21°34’N. to 29°50°N latitude and 87°32°E to 97°52°E
longitudes and covers an area of ca 262060 sq km The North-East India is part of both
Himalaya as well as Indo-Burma biodiversity hotspots in the world F forms a unique
biogeographic province encompassing major biomes recognized in the world It has the
richest reservoir of plant diversity in India and is one of the biodiversity hotspots’ of the
world supportting about 50% of India’s biodiversity (Mao and Hynniewta, 2000). Takhtajan
(1969) named the North-East region “The cradie otf flowering plamts” which i3 one of the
richest and most interesting floristic regions of India. The North-Eastern region of India is the
fountain of rich diversity of many economic important plants and also the richest reservoir of
genetic variability. North-East India is blessed with almost all types of végetation and it is
estimated that out of 1229 species of orchids known from India, about 750 to BOO species are
found in North-East region of the country (King and Pantling, 1898; Pradhan, 1979; Kataki
1986; Kumar and Manilal, 1994; Chowdhery, 1998, Hynniewta ef. al, 2000; Deb ef. al,
2003; Deb and Imchen, 2008).

In Nagaland, the angiosperm flora is represented by over 2500 species belonging to
near 963 genera and 186 families. Nagaland state fies between 25°6" - 27°4" of latitudes and
93°20° - 95°15'E longitude with geographical area of about 16, 57900 hectares and forest
covers and area of 8 62,930 hectares. It harbors a large number of plant species which are

endemic to the state or the North Eastern part of India. Though most of the species are of
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economic importance, some of the species plays a vital role i rural economy and used as
medicine, vegetables, construction materials, as dye etc Some of the important economicalily
plant species of Nagaland are: Acorus calamas, Adiantum philipinense, Aloe vera, Crateva
religiosa, Dioscorea sps., Distemon idicum, Euginia janmbula, Hedyotes scandens, H ypoxis
aureq, Lassia spinosa, Livistona jenkinsiana, Malaxis acuminata, Ponax pseudoginseng,
Paederia foetida, Strobilanthes flaccidifoliows, Taxus bacata, Trichopus zeylanicus and
many more. But the population of these economically important plant species are under seize
in their natural habitat due to over-exploitation, removal of forest cover for ‘Jhum
Cultivation’, unplanned developmental activities. Amongst the different economically
important species some of them play a vital role in rural economy.

Nature has provided a rich storehouse of herbal remedies to cure all mankind’s ill
Through out the world, people have utilized several thousands of piants and plant products as
cure for human ailments. But there are only few plants which are cultivated for commercial
purpose. Of the different medicinal plant used in modern medicine about 50% of these plants
are still collected from the wild exclusively.

In India, the ayurvedic system of medicine has been in use for more than three
thousand years. Charaka and Susruta, two of the carliest Indian authors had sufficient
knowledge of the properties of the Indian medicinal plants. Cheraka Sambita and the
Susrutz Sambita which are their medical works are one of the esteemed treasures of literature
on indigenous medicine today (Deb ef. al., 2009)

Orchids are one of the largest and most diverse groups among angiospertms and one of

the largest families of the flowenng plants comprising about 1000 genera and over more than

17,000 species which is widely distributed all over the world {Deb and Imchen, 2008, 2011)




The orchids are known to mankind for several centuries for thetr beautiful and attractive
flowers. In addition to their ornamental value, orchids are also well known far their medicinal
value especially in the traditional folk medicine. The orchids exhibit an amazing diversity in
shape, size, color of plant body and flowers. The first book on the cultivation of orchids
describing species and varieties was probably .written in Chinese around 1000 A.D. Orchids
have been used in ancient China and Indiz to cure certain ailments and as tonic. Orchid
flowers are remarkable not only i their form and beauty or in their pollination mechanism,
but also in their setting and even death. Biologically orchids are highly specialized and able to
grow on a variety of substratum and environment. According to their habitat, orchids can be
broadly classified into following groups

1) Terrestrial- growing in soil

2) Epiphyte- growing on other plants

3) Saprophyte- growing on dead organic matter.
Some of the important species are Calanthe, Habenaria, Malaxis, etc (tercestrial orchids).
Dendrobium, Bulbophyllum, Cymbidium, efc. {epiphytic orchids), Galeola falconeri, Galeola
nudifolia, Epipogium species efc. (saprophytic orchids). The seeds of orchids are exceedingly
small in size, varying in length from 0.09 to 0.27 mm consisting of a simple undifferentiated
embryo within a transparent integument or seed coat. Most of today’s important plants were
known to the early agriculturists. Modern man’s contribution to agricultural development has
been more in terms of yield improvement than in discovering new species with economic
potential The conventional propagation of the species is toc slow and unable to overcome the

threat of es-tinction. The seed germination of terrestrial orchid species under natural condition

has been considered to be more difficult than that of epiphytic species (Arditti and Ernst,




1984). In vitro propagation strategies are a viable alternative for the rapid propagation of
orchids. The in vifro germination of orchids are influenced by various factors like light
condition (Arditti and Ernst, 1984; Deb and Tem jensangba, 2006a; Steward and Kane, 2006,
Deb and Sungkurmlong, 2008, 2QO9; Pongener apd Deb, 2009), developmental stage of green
pods/embryos (Deb and Temjensangba, 2006a; iee el. al, 2007; Pongener and Deb, 201 1a),
plant growth regulators (PGRs) etc.
In addition to medicinal value of plants, it also provides us with many other useful
products such as dyes, tannins, waxes, resins, flavoring, rubber, etc. While m North East
forests provides us with fossil fuels we depend on so heavily today. Many plant parts are
pigmented, most plants do not yield good dyes because the chemicals responsible for the
colors fade or turn muddy over time. Historically, dy"es were water-soluble plant extracts and
have been used by man since ancient times for the coloring of fabiics/cloth. Plant dye-stuffs
were used by primitive man for coloring animal skins and also his own skin during religious
festivals and also during war time. A number of patural dyes are very important and are still
prized such as indigo, logwood, woad, saffiower, saffion and annatts. They are used for
dyeing textiles, leather, paints, varnishes, paper and ink and also used for coloring many
foods, beverages and medicines. The earliest authentic records of dyeing are found in the
tomb paintings of ancient Egypt, depicting every facet of contemporary life. Nearly 450 taxa
are known to yield dyes in India alone, of which 50 are considered to be the most important
10 of these are from roofs, 4 from barks, 5 from leaves, 7 from flowers, 7 from fruits, 3 from
seeds, 8 from wood and 3 from gums and resins. Some well-known dyes are blue indigo from
the leaves of Indigofera tinctoria 1., red dye made from the roots of Rubia tinctorum 1.,

yellow from stigmas of the saffron plant (Crocus sativus L.} and also from tumeric (Curcuma




longa L.). Dyes might have been discovered accidentaily, but their use has become so much a
part of man’s customs that it is difficult to imagine a modern world without dyes. The art of
dyeing spread widely as civilization advanced (Krishnamurthy ef. al., 2002, Mahanta and

Tiwart, 2005).
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The inhabitants of North-East region have been dyeing their cloth with natural dyes
from time immemorial. Almost every region seems to have discovered indigenous dye-
yielding piants, as many plants are capable of yielding dyes. Natural dyes are enviromnent-
friendly and it occurs in almost all plant families and produce dyes from almost all parts of the
plant, such as root, bark, leaf, fruit, wood, seed, flower, etc. The content or amount of dye
present in the plants varies greatly depending on the season as well as age of the plants. Some
of the dyes yielding plants are Bixa oreliana, Carthamus tinciorius, Dactylopius coccus, Ficus
altissima, Haemaoxylon campechiamun, Indigefera spp, Isatis tinctoria, Lawsonia inermis,
Pinus wallichiana, Phaius tankervilliae, Strobilanthes flaccidi folious etc. The indigenous
knowledge of using dyes has decreased to a very great extent. It has been found that the
traditional knowledge of dye-making is now confined to few surviving older people in
Nagaland. Population of the dye yielding plants is decreasing at an alarming rate due to
different anthropogenic activities. Therefore, ir vitre propagation can be used as an effective
alternative for conservation and multiplication of this species in order to ensure its existence

on the earth
Piant Tissue Cualture, Mass Mouitiplication and Conservation of

Economically Important Plants

The North-Eastern region of India is a2 home for large number of ecanomically

important plants but the plants of this regions are getting depleted due to various



anthropogenic activities such as removai of forest cover, ‘Slash and Burw’/Thum cultivation
and other developmental activities like industrialization and unplanned human activities. The
natural vegetation is under great threat, causing depletion in the population of many
economicaliy important plants. Therefore, i is necessary to develop protocols for mass
multiplication and # vifro conservation of these threatened plant species. Piant tissue culture
technique is a boon in the studies of biosynthesis of secondary metabolites and provides an
efficient means of producing many economically important plant products. Plant tissue
cuiture is a technigue of growing plant cells, tissue and organs in an artificial prepared hiquid
medium or semi-solid medium under aseptic condition.

One of the most important probiems that stands on the way of propagating is the difficuity
of raising the plant through seeds, because Wheuh the seeds are shed from the plant the
embryos inside is undifferentiated, but plant tissue culture techniques has proved io be a great
boon to combat these problems. Through this technique, the vegetative parts can be induced
to form callus on a defined nufritive medium containing appropriate quamtity of auxins and
cytokinins and can be differentiated into large number of plants or as a direct organogenesis
within a short period of time. In nature, the clonal propagation takes piace through bulbs,
corms, suckers, cuttings, offshoots, etc, but they are unabie to meet the demand of elife clones
market. Therefore, plant tissue culture technique has become extremely significant in
agriculture which has been used in various fields such as hybridization, variety development,
maintaining pathogen free plants and also for rapid clonal propagation and conserve whose
populations are facing threat of extinction. T potentially provides many production

advantages like-

1. alarge number of piantlets can be produced inexpeansively.




2. quick and easy scale-up can be achicved.
3. Short to medium-term germplasm storage via slow growth of cultures.

Knudson (1922) for the first time demonstrated the possibility of bypassing the fungal
requirements during germination of Caffleya seeds in vitro by culturing the seeds
supplemented with appropriate organic wrl;on in the medium, while Tsuchiya (1954)
discussed the possibility of germinating orchid seeds from immature pods. The discovery of
these two techniques led to the development of ‘green pod culture’ that enabled to rescue
hybrid embryos from desired mating (Sagawa, 1963). However, i calls for devising protocols
for rapid cloning for exploitation of elite hybrids. i vitro cloning of Phalaenopsis using
uninodal floral stock cuttings was developed by Rotor (1949), and Thomale (1957)
successfully cultured the shoot tips of Orchis mac:ufara, but the possibility of using aerial
roots for micropropagation was first suggested by Beechey (1970). Morel (1960) is credited
for mass propagation of virus free Cymbidium clones from apical shoot meristem on Knudson
‘C’ medium. Shoot tips remain the most commonly used explants for’ micropropagating
Cymbidium species and other sympodial orchids but their utility is limited in monopodials as
it involves the removal of the only growing apex, which endangers the survival of the mother
stock. Endeavors should, therefore, be made towards exploring an alternative but equally
effective technique which excision will not be detnimental to the survival of the mother plant.
Different workers have reported regeneration of plantlets in cultures using different explant
sources like shoots, roots, seeds, axillary buds, pseudobulbs, leaf (George and Ravishankar,
1997, Sinha and Hegde, 1997, Nayak er. al, 1997, Vi) and Pathak, 1999; Prasad ef. al, 2000;
Vij et. al, 2000; Temjensangba and Deb, 2005a, b, ¢, 2006; Deb and Temjensangba, 2005,

2007a, b, Abhyankar and Reddy, 2007, Wang X et al, 2009; Li and Xu, 2009, Deb and
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Imchen, 2010; Deb and Sungkumliong, 20i0, Dhavala and Rathor, 2010; Hong ef. al, 2010;
Negi and Saxena, 2011; Sharanappa and Rai, 2011; Swamy er. al, 2010; Dewi et. al, 2011;
Precthi et. ol, 2011) and through callus induction and somatic embryogenesis (Ishit ez al,
1998). Biotechnological tools like plant tiss?e culture techniques have thus opened new
possibilities in conservation of threatened/enda*ngered plants.

Many plant species have been propagated successfully through plant tissue culture
technique particularly the threatened orchid species and reintroduced imto the wild
ameliorating their status in nature. Different explants sources like seeds, foliar explants,
rhizome, roots, inflorescence, etc, have been used for in vitro propagation of different species
of plants by many workers for conservation programme. Following are some of the works
done by various workers: Aerides mulliflora RA;XI). (seeds- Kativar e1. al, 1987, foliar
segment- Vij and Pathak, 1990; aenal roots- Vij- 1993);, Arachmis labrosa (seeds-
Temjensangba and Deb, 2005a; foliar segments- Deb and Temjensangba, 2007a; aertal roots-
Deb and Temjensangba, 2006b), Cleisastoma racemiferum (seeds and leaf- Temjensangba
and Deb, 2005b, ¢, 2006; aerial roots- Deb and Temjensangba, 2005), Coelogyne porrecta
Lindl. (seeds- Abdul Karim and Hairani, 1990), C. swaveolerss Lindi. {seeds- Sungkumiong
and Deb, 2008, leaf- Deb and Sungkumlong, 2010), Cymbidium elegans Lindl. (seeds-
Raghuvanshi ef. al, 1991); C. dridivides D. Don (seed- Pongener and Deb, 2009; nodal
segment- Pongener and Deb, 2011b); C aloifolium (seed- Pongener and Deb, 2011a);
Dendrobium chrysanthum Wall. ex Lindi (seeds- Raghuvanshi er. al, 1986);, D. fimbriatum
var. ocudatum Hk. f (D. Don) (seeds- Devi ef. al., 1990); D. nobile Lidl. (seeds- Raghyvanshi

et. al, 1986), D. primdinum Lindi (seed- Deb and Sungh-umlong, 2009); Eulophia dlta (L)

Fawcett & Rendie (seed- Johnson et ol, 2007y, £ hormusjii Duth. (rhizome segments- Vij et.

I e e T,
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al, 1989), Haemaria discolor (Mandarin: Xue-ye-lan or Cai-ye-lan) (seeds- Shiau et. al,
2005); Luisia terefifolia Gaud. (foliar segments- Vij and Pathak, 1990), Malaxis khasiana
Soland ex Swartz (seeds- Deb and Temjensangba, 2006a), Riynchostylis gigamtia (immature
sseds- Li and Xu, 2009), Rhynchostylis retusa (L) Bl (seeds- Nath e. al, 1991; aerial roots-
Chaturvedi and Sharma, 1986; Sood and Vij, .1986; foliar segments- Vij and Pathak, 1990),
Taenia latifofia Lindl. (seed- Deb and Sungkumlong, 2008; pseudobulb- Sungkumlong and
Deb, 2009, leaf- Deb and Sungkumlong, 2010); Vamda cristata Lindl (foliar segments- Vij
and Pathak, 1990); V. testaceae (Lindl) Reichb. f (foliar segments- Vij and Pathak, 1990);
Vanda Kasem’s Delight “Tom Boykin (aerial roots- Vij and Sharma, 1997), Acacia confusa
Merr (leaf- Arumugam er. al, 2009), Solamen nigrim (1.) (leaf- Sridhar and Naidu, 2011),
Stevia rebaudiana (leaf- Preetht et al, 2011, § ph;!emnz}ms indicus L. (leaf- Yarra et al,
2010), Laelia speciosa {keaf- Ochoa et. al, 2010).

A wide range of endangered plants including orchids have now been successfully
propagated using in vifro techniques. There are many reports on in vitro' multiplication of
different types of orchids. Different workers have reported regeneration of plants in cultures
using different explant sources like shoots, -roots, seeds, axillary buds, pseudobulbs and
leaves.

Seed/Embryo Culture

The technique of seed culture in orchid is variously referred to as ovule/embryo/green
pod/green fruit culture (Sagawa, 1963), which ensures better germination freguency and
favors the production of virus free seedlings at a faster rate. Asymbiotic/non-symbiotic seed
germination is the most common approach used in the propagation of tropical orchids, which

tend to be easier to grow than their temperate relatives The media used for asymbiotic




germination are more complex than that for symbiotic germination, as all organic and
inorganic nutrients and organic carbon source must be in a form readily available to the orchid
without the intermediary fungus (Mc Kendrick, 2000). The technique isvolves an easy
procedure for sterilization, ensures better frequency of germination, and reduces the time-
lapse between pollination, sowing of seeds ar;d production of virus free seedlings. Since all
the seed/embryos are used in a single sowing in this technique, it is important fo determine the
harvest time of capsule or pod for getting optimal germination. The earliest stage at which the
embryos can be cultured successfully varies with the orchid genotype and the local
conditions. Very young ovules do not form suitable explants in orchids because the embryo
sac development 15 a post pollination phenomenon and fertiization a prerequisite for
obtaining seedlings. However, as the ovules can be ;Jsed for raising cultures immediately after
fertilization, the importance of information on time interval between pollination and
fertilization has often been stressed (Valmayor and Sagawa, 1967). Deritis ovules from
pollinated ovaries germinated readily after getting fertilized in vitrd (Yasugi, 1984)
suggesting that fertilization is a pre-requisite for germination. Yam and Weatherhead (1988)
also noted that immature embryo germinates better than the mature ones due to their
distended testa cells and metabolically awakened embryos; they also lack dormancy or
inhibitory factors. Arachnis labrosa and Cleisostoma racemiferum embryos obtained between
16 and 18, and 16 weeks afier pollination (WAP) respectively (Temjensangba and Deb,
20053, ¢, 2006), readily germinate but their germination frequency declines sharply, when
obtained from beyond this window period. Likewise, in Satyrium nepalense, Nephalaphylium
cordifolium, Phaius tankervilliae and C ymbidium species, germination frequency shows sharp

decline when the embryos are collected 3-4 weeks prior o fruit dehiscence. The fruit/capsule




that develops prominent ridges along the valves and ceases to grow in diameter is considered
a useful marker for selecting the right stage for embryo culture (Vij, 1995).

Meristemn Culture

Resident meristem: The embryo culture produces a great deal of beterozygosity in their
progeny in orchids due to its out breeding characteristic. Because of this, it appears to be a
disadvantageous proposition in cut-flower industry where pure lines of desired genotypes are
preferred. The possibility of using excised shoot-meristem of cymbidivm species for
regenerating complete plant from in vitro was first demonstrated by Morel (1960), whereas
Wimber (1963) formulated, described and published a procedure for the purpose. This
technique of using resident meristem (shoot-tips, axillary bud) has opened new wistas in
orchid micropropagation (Arditti and Ernst, 1993; Deb and Temjensangba, 2005, 2006a).
Through this technmique, up to 200,000 plants can be regenerated from a single resident
meristem within a year. However, it has limited utility in monopodial taxa as it involves the
sacrifice of the growing tip thereby, endangering the survival of the mother plant.

Adventive meristems: The ability to use an adventive meristem is advantageous as it does not
endanger the survival of mother plant The regenecrative competence or the proliferative
potential has been positively tested in many orchid taxa, viz: leaf explants (Vij ef al, 1984;
Mathews and Rao, 1985; Chaturvedi and Sharma, 1986; Seeni, 1988; Vij and Pathak 1988,
1990; Seeni and Latha, 1992; Temjensangba and Deb, 2005b; Deb and Temjensangba, 2007a;
Arnumugam ef. al, 2009; Deb and Sungkumlong, 2010; Ochoa er. af, 2010; Preethi o al,
2011; Sridhar and Naidu, 2011); root {Chaturvedi and Sharma, 1986; Deb and Tem jensangba,
2005, 2006a; Sood and Vij, 1986; Vij, 1993; Vij and Pathak, 1988); flower statks (Kaur and

Vij, 1995; Singh and Prakash, 1984; Vij er. al., 1997a). The source, genetic constitution and
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physiological age of the explants are however, some of the important factors for regeneration.
The juvenile tissues from greenhouse grown plants respond better than the mature ones grown
outdoors. Generally, the proliferative loci get activated in the sub-epidermal cells and soon
develop into somatic embryos and or Protocorm-like-bodies (PLBs). Somatic embryogenesis
is either direct or callus mediated development, and multiplication and differentiation of the
PLBs is influenced by the chemical stimulus present in the nutrient pool (Seeni and Latha,
1992; Vij and Pathak, 1990).

The advantages of leaf and root segment culture are apparent for more than one
reason: they are easy to obtain, easier to disinfect, and their excision does not endanger the
mother plant. Furthermore, as the regeneration occurs in the dermal cells, which 1s
cytologically more stable, mass production of genetically uniform plant from this is within the
realm ofreality (Vij, 2002).

Different species exhibit specific needs in respect to nutritional requirement and
treatment with plant growth regulators (PGRs) for their growth and development. So, no
standard media formulation can be prescribed for all the species. Most commonly employed
basal media for tissue culture are Knudson ‘C’ (1946), Mitra ef of (Mitra ef. al, 1976),
Musrashige and Skoog (MS) (1962), Nitsch and Nitsch (1969), Vacin and Went (1949). The
use of a-Naphthalene acetic acid (NAA) and one of the cytokinins like Benzyladenine (BA)
and Kinetin (Kn) yields a rich crop of PLBs in Luisia trichorhiza, Satyrium nepalense, Vanda
cristata and Vanda testaceae leaf segment culture (Vij, 1995). Similarly, in Rhynchostylis
retusa, a synergistic action of Kn and indole 3-acetic acid (IAA) or NAA in pepione enriched

medium favors enhanced production of PLBs, while yeast extract is obligatory for
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regeneration in Aerides multiflorum, Papilionanthe teres and Safyrimm nepalense foliar

cultures and peptone in those of Vanda (Vij, 2002).
Plant Tissue Culture Media and Substrata

Since its introduction as a gelling agePt for microbial cultures more than 100 years
ago, agar has been extensively used as gelling agent for microbial as well as plant tissue
culture media (Babbar and Jain, 2006, Deb and Pongener, 2010; Pongener and Deb, 2011b).
Agar is useful for the purposes due to its stability, high clarity, non-toxic nature and resistance
to its metabolism (Babbar and Jain, 2006; Henderson and Kinnersley, 1988; Mc Lachlan,
1985). In the recent past several attempts have been made to look for some suitable
substratum which can replace agar in the plant tissue culture media as well as microbial
culture because of doubts about iis inertness and non-toxic nature, fear of over-exploitation of
its sources and above all the exorbitant price of tissue culture and bacteriological grade agar
(Kohlenbach and Wernicke, 1978; Debergh, 1983; Amold and Ericksson, 1984; Singha,
1984; Babbar and Jain, 1998, 2006; Zimmerman et. al, 1995; Jain and Babiyar, 2002; Deb and
Pongener, 2010). Durng the last two decades, a number of substances viz. alginates
(Scheurich et. al., 1980), agarose (Johansson, 1988), gelrite (Pasqualetto e¢ a/., 1988), isubgol
(Babbar and Jain, 1998), starch (Zimmerman et. al., 1995; Nene es. al, 1996), Xanthan gum
(Jam and Babbar, 2006) etc. have been used with reasonable success as substitutes of agar.
But these are not expected o find universal acceptance, for various reasons. Alginates gel
only in the presence of specific ions and therefore are not suitable substitutes of agar, while
agarose is cost prohibitive. Starch is not expected to find universal acceptance because of its
inferior gelling ability, poor clarity and metabolizable nature, which leads to softening of the

media. Isubgol, due fo its polysaccharide nature, good gelling ability, resistance to enzymatic
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activity, and gel clarity it has a good potential to become a universal gelling agent for plant
tissue culture media. But its high melting point (~70°C) necessitates adjusting of pH and fast
dispensing (Babbar and Jain, 2006). But use of these gelling agents does not help in

substantially reducing the prodt{ction costs.

Objectives of the Present Study

Phytogeographical studies have revealed that North-East India harbors about 50% of
the total Indian flora (about 10,000 species). The region is endowed with ideal climatic
conditions for the growth of vegetation of diverse types. The forests are a rich source of plants
for food, fodder, timber, fuel, medicine and other forest products. A large area of the natural
forests has been destroyed due to “Slash and Burn Cultivation” or “Jhum cultivation”. On the
other hand, for a number of taxa of this region, potentialities are yet to be exploited.
Therefore, the preservation of plant genetic resources of promising as well as threatened types
for posterity needs top priority. The use of plant tissue culture technigue is visualized for the
conservation of rare/threatened/endangered species i mass multiplication of the species with
reproductive problems and/or having extremely reduced populations. A wide range of
economically important, threatened and endangered plants has now been successfully
propagated using # vifro techniques like micropropagation and somatic embryogenesis
(Mandal er. al, 1995, Das e. al, 1997, Murthy and Saxena, 1998, Tiwari e. al, 1998,
Cuenca ef. al, 1999; Deb, 2001; Corredoira et. al, 2002, Deb and Tandon, 2002a, b, 2004a,
b, Tyagi et. al, 2005, Sambyal et. al, 2006, Temjensangba and Deb, 2006, Deb and
Temjensangba 2006a, b, 2007a; Yarraet. al, 2010; Yapo e. al, 2011).

In vitro micropropagation technigue is costlier in comparison to conventional

propagation. To popularize the tissue culture technique for propagating the horticultural and




Figure 1. Selected plant species showing the vegetative parts with flowers. a.
Malaxis acuminata D. Don; b. Strobilanthes flaccidif olious Nees.
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other economically important species ¢ is necessary to reduce the production cost
considerably so that the technique is popular and well taken by horticulturist and other
commercial scale growers. In tissue culture one of the costliest ingredients is agar. During the
present investigation, efforts have been made to investigate into the possibility of using some
low cost substrata which could .be used as altef;lative to agar 1o reduce the production cost.

In vitre mass propagation and reintroduction fo the wild of selected rare plant will
ensure continued presence of these plants m nature and use of plant/plant parts for
commercial purpose. fn vifFo conservation of plant germplasm is increasingly being
considered as the safer and more practical option compared to conventional approaches.

For the current research work, two economically important plant species viz, Malaxis
acumingta D). Don (Orchidaceae) and Srrobilanzhes}laccitﬁ folious Nees (Acanthaceae) have

been selected. A brief about the two selected species is given below:

1. Mulaxis acuminata D. Don (Orchidaceae)

Malaxis acuminata is a small, medium-sized terrestrial orchid, up t3 30 em high, with
pseudo bulbs at the base and with fibrous roots, flower pedicellate, yellowish green, purplish
near the centre up to 1.5 cin long (Fig. 1a). Leaves have sheating leaf base and new plants
grow along the vicinity of the decaying mother plant. It grows in shady areas and in forest
litter. & usually flowers during the month of June-July. Amongst 19 species of the genus
Malaxis is present in India; most of them are components of Ayurvedic drug preparations.
The dried pseudobulbs are important ingredient of‘ Ashtavarga® drugs used m the preparation
of Chyvanprash, an energetic herbal tonic, it is also used for providing strength, enhancing
sperm formation and to cure tuberculosis, cold and cough. The propagation of orchids is

hampered because of low viability of seeds and mandatory mycorrhizal association for seed




germination. Due to over collection for herbal drugs and removal of forest cover the species is

under threat.
2. Strobilanthes flaccidi folious Nees (Acanthaceae)

It is a glabrous shrub of about 2-3 m higta, leaves elliptic acute at both ends. Fiowers in
densely lax spikes. Bracts petioled, ovale, deciduous. Calyx linear, spathulate, corolia iong
glabrous. It flowers during the month of December-January, having a light to dark purplish
flower (Fig. 1b). The leaves are pounded and boiled with water, which produces a light to
deep blue color dye and is used for dyeing cloths and fiber by the locai handloom industry.
Due to over coilection of leaves and plant parts the distribution is restricted in few patches in
Nagaland. The population of the species is very thin and demand immediate recovery.

In the present investigation for my Ph. D programme, work bas been done on the
following aspects:

1. To develop suitable protocols for rapid mass multiplication from different

explants sources (seed, leaf, nodal segments, pseudo bulh);

2. Screening of some low cost subsivata as alternative to agar to reduce the

production cost;

3. Reintroduction of the regenerates in the wild/botanical garden of the University.




Chapter-2
Malaxis acuminata D. Don

b e Lok I....ul

21. Mstbrils snd Methods
Plant Colle&ld‘i

Malaxis vicutinatd ﬁiaﬁfs were collected from the forests of Meinkong, Longkhum
and Alichen of l1¥\/I()l(()i(churi¥; district, Nagaland. The collected species were maintained in
Botanical gardét/experimental garden a a temperature of ~20/15°C (day/night). Regular
surveys were carried out in the same area at regular intervals to study their status. Though the
populations of Malaxis acuminata were found in few areas but they were less/absent in
Meinkong, Moreover, the size of seed pod of M. acuminata is very small which place

restrictions on the choice of methods.
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Selection of Explants and Sterlization

Seed: Immature seeds/fembryos of different developmental ages of 4-12 weeks after
pollination (WAP) were harvested at one wk interval from the experimental garden and were
used for the present study. The green pods were surface sterilized with a solution of HgCly
(02%, w/v) for 5 min and washed 4-5 times with sterilized distilled water. The pods were
dipped in ethanol and flamed just before scoping out the seeds.
Leaf: Ieaves were collected from 5-6 wk old plantlets from in vitro/axenic culture.
Nodal expiants: The nodal explants were collected from the i vitro raised etiolated plants.
After the plantlets were taken out in the laminar flow cabinet, the leaves were removed and
cut into segments with one or two nodes in each segment which were then used to mitiate the
culture.

Both in vitro grown leaves and nodal explants were soaked in sterilized distilled water
till used.
Pseudobuib: About 2.0 cm long freshly sprouted pseudobulbs (~3-4 Wf( after emergence)
from polyhouse grown plants were used as explants source. The pseudobulbs collected from
in vivo source were freed of leaves and scales and scrubbed thoroughly with ‘Labolene’ (a
liquid laboratory detergent, 1:100, v/v ratio} before washing under running tap water and
successively sterilized with HgCl, (0.25%, w/v) (~3 min) followed by ethanol {70%, v/v) (20-
30 Sec). The explants were subsequently rinsed 4-5 times with sterilized distilled water after
every treatment Pseudobulbs were also harvested {rom axenic sourced cuftures. Plantlets
were taken out inside the laminar flow cabinet and the leaves were removed carefully with the
help of forceps. Afler removing the leaves, the pseudobulbs were cut horizontally into 2 equal

halves and the pseudobulb segments were inoculated for culture initiation.
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Priming of Explants
After harvesting and sterilization, the leaves nodal segments and pseudobulbs were
soaked in sterilized distilled water till cultured on initiation medium/media.

Preparation of Substrata )

Besides agar as gelling agent, three other types of substrata viz.,, coconut coir, forest
leaf litter and polyurethane foam (hereafter called foam} were used as substrata/supporting
materials as alternative to agar for regeneration and mass multiplication of plantlets. ‘Foam’
was collected from the local market which is generally used for preparation of mattresses.
While coconut coir was extracted from the dried fruits and forest leaf litters were collected
from the forest floor. All the three substrata were scaked with 4abolene’ (a commercial
laboratory detergent) at 1:100 ratic (v/v) tor about two h followed by washing under running
tap water till water ran clear. The substrata were air dried and stored till used. The dried
coconut coir and forest litter were chopped into small pieces (~05 cm size), while foam was
cut iitto disks (according to the size of culture vials). Substrata were then autoclaved at1.05 kg
cm” pressare and 121°C for one fw before putting them in the culture vials.

Tissue Cultore Media

For culture of immature seeds/embryos, MS medium (Murashige and Skoog, 1962)
and Mitra ef o (Mitra ef. af, 1976} media were used. Both the basal media were fortified with
different organic carbon sources such as dextrose, glucose and sucrose {0-4%, w/v) and gelled
with agar (08%, w/v) (make Hi- media, India) and supplemented with different quality and
quantity of plant growth regulators (PGRs) like a~naphthalene acetic acid (NAA) and benzyl

adenine (BA) at concentrationts of 0-10 yM which were used either singly or in combination




For initiation of cultures from foliar and nodal explants, the basal media were fortified
with sucrose (3%, w/v) as organic carbon source and different concentrations of PGRs like
NAA and BA (0-9 uM) either singly or in combination and agar {0.8%, w/v) as gelling agent.

For pseudobulb culture, two basal media viz, MS and Knudsen “C’ (Knudson, 1946)
were tested; the basal med;a Were foﬂ‘iﬁéd with different organic carbon sources like
dextrose, glucose and sucrose (0-4%, wi/v), CH (100 mg L citric acid (1(’;‘0 mg LY as
antioxidant and activated charcoal (AC) (0-04%, w/v) The culture media was then
supplemented with different levels of PGRs like NAA and BA (0-9 M) either singly or in
combination.

The pH of the medium was adjusted to 5.6 using 0. 1N NaOH and 0. IN HCI and about
12 ml medium was dispensed m each borosilicate test tube (size: 25x156 mm) and cotton
plugged. The medium was sterilized by autoclaving at 121°C for 20 min at a pressure of 1.05
kg cm™ Besides agar, different pre-processed substrata like coconut coir, foam and forest leaf
litter were used to which about 12 ml of the liquid media were dispensesd in each test tube.

The media were autoclaved at 121°C for 20 min at the pressure of 1.05 kg cm

Plant Tissue Culture
Initiation of cultures

Seed: Immature seeds/embryos of various developmental ages were scoped out in the laminar
flow cabinet with the help of scalpel and cultured on two basal media containing different
organic carbon sources (G-4%, w/v), agar (0.8%, w/v) as gelling agent and suppiemented with
different concentrations of PGRs such as NAA and BA at different levels {0-10 uM) either
singly or in combination. Approximately 200 seeds were sown on the medium m each test

tube. For each treatiment 20 test tubes were maintained The cuitures were maintained in three




different light conditions viz. at full laboratory illumination (40 umol m?” s™), half Lght
illumination (20 pmol m™> sV and dark at 12/12 h (Light/Dark) photoperiod and a 25+2°C.
Foliar explants. Young leaves from in vitro raised planis were taken out mside the laminar
flow cabinet carefully and cultured on MS medium fortified by sucrose (3%), and different
levels of PGRs like NAA, BA (0-9 pM) eit};er singly or in combination. For each treatment
20 leaves were used. The foliar explants were cultured in three different orientations (up side
up, up side down and horizontal).

Nodal explants: In vitro grown plantlets which were etiolated were selected and the cut
segments with nodes were cultured for initiation on MS medium containing sucrose {3%)
supplemented with different concentrations of PGRs such as NAA and BA (0-9 uM) either
singly or in combination and congealed with agar EO.S%, w/v). For each treatment 20 explants
were maintained.

Pseudobulb. Pseudobulb segments from both the sources were inoculated on MS and
Knudson ‘C’ media fortified with different organic carbon sources such as dextrose, glucose
and sucrose (0-4%), CH (100 mg L'l), citric acid (100 mg L) as antioxidant The media were
further fortified with diff'erent levels of PGRs like NAA and BA (09 pM) singly or in
combination. In another set of experiments, AC (0-0.4%, w/v) was added in addition to other
adjuncts to study its effect on the morphogeneiic response. Pseudobulb segments were
cultured on agar-gelled medium as well as 3 other substrata (coconut coir, foam and forest
leaflitter).

Experimental design

A completely randomized experimental design was performed. In all the experiments

each treatment had at least 5 replicates. Except immature embryos, all other cultures were
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maintained at 25+2°C under cool white fluorescent light at 40 umol m” s and 12/12 each
(light/dark) photo pertod. All the cultures were sub-cultured at 4-5 wk interval unless
mentioned otherwise. fn vifro response was evaluated based on the percentage of explants
responded and number of propagules formed in the culture after specific period of time (as
stated in the table) and data was expressed a*s: the mean of replicates+ standard error.

The PLBs/shoot buds formed from the germinated embryos/seeds, foliar explants,
nodal segments and pseudobulb were maintained for another two passages on optimum
initiation condition for further differentiation.

Regeneration of plants and culture proliferation

The advance stage PLBs (PLBs with first set of leaflets) and young plantlets were
transferred on two differemt media namely MS and Mitra et af (Mitra et. al, 1976) media. The
media were supplemented with different organic carbon sources fike dextrose, glucose and
sucrose {0-4%, w/v) and two different PGRs (NAA and BA) at a concentration of 0-9 pM
either singly or in combination. A set of young plantlets were also ma?ntained on medium
containing AC (0-0.5%, w/v) along with optimum PGRs fo test the effect of AC on culture
proliferation and regeneration All the cultures were maintained at full laboratory
iflumination.

Apart from agar gelled media, the young tiny plantlets were also maintained on
different alternative substrata such as foam, coconut coir and forest leaf litter for regeneration
and culture proliferation. The shoot buds/plantlets so formed were separated from the clumps
in every sub-culture and transferred on fresh regeneration medium The plantlets were

maintained for 2-3 passages on regeneration medium before transferring them for hardening,

.



Different strengths of MS medium were also used for plantlet regeneration and mass
multiplication. Plantiets of about 1-1.5 cm with 1-2 leaves were cultured on Y%, Y2 3/4 and full
strength MS medium with sucrose (3%) and agar (08%) with optimized PGRs.

Hardening of regenerates

"
-

The well rooted plantlets were taken out from the regeneration medium and
transferred on ' strength MS semi gelled medium containing different substrata (as
mentioned above), sucrose (2%, w/v) and devoid of any PGRs and maintained in normal
laboratory conditions for 6-7 wk prior to transferring to the potting mix.

Potting mix and transplantation of the regenerates

The hardened plantlets were taken out from the culture vials and washed with huke
warm water 0 remove any traces of agar with the help of a fine brush. The hardened plantlets
were then transplanted onto community potting mix (CPM} containing a mixture of charcoal
pieces, chopped forest litters, coconut husk, sand and black soil (at 1:1 ratio) with a moss
topping |

The CPM were covered with holed transparent polybags and watered at week interval
for one month. The plants were fed with 1/ 1o‘h MS salt solution once n a week for 3-4 wk
and maintained in polyshade with Ca. 70% of shading sunlight, before transferring them to the
wild.

2.2. Results
Initiation of cultures

Immature embryos/seeds

The immature seeds/embdryds were cultured On OHMISIeNT Dasal MEeGIUM COGuLu

different supplements. Developmental age of immature embryos, basal media composition,




Table I: Effect of PGRs on germination of immmature embryos of Malaxis acuminata *

PGRs Conc. {(uM)** Time taken for initial Avg, Time taken % germination
NAA BA , Fesponse (days)\ for PLBs {(XSE)***
. formation (days)

0 0 s 70 - 10 +1.08

g 0 74 160 75 +2.5°

4 0 55 135 8 £20°

6 0 58 130 62430°

8 0 61 140 62 £30°

10 0 85 140 50 £2.5°

0 2 81 160 Tl 415"

0 4 T2 ) 150 66 £30°

0 6 89 150 57 +30¢

0 8 24 145 55 +20¢

0 10 93 150 50 +2.5°

2 2 i 160 40 120

2 88 155 , 40 +35'

6 93 155 62 +2.0°

Data represent the mean of five replicates.
* Immature embryos of 7-8 WAP were cultured an MS medium supplemented with sucrose (3%).

** Only the significant treatments arc computed.

#5% Standard error. Values followed by the same /effers are not significantly different from each other.




Table 2: Effects of PGRs on germinatien of immature emhbryos ol Malaxis acuminata on
Mitra et af mediom

PGRs Conc. (uM) Time taken for initial Time taken for PLBs % germination

NAA BA response {days) formation {days) ESE)*

0 0 155 180 05 (05)¢
2 0 ) . 174 53 (1.0)"
4 0 62 148 85 (15)
6 0 69 146 50 (2.5)°
8 0 71 165 43 (1.5)°
10 0 88 157 35 (25)°
0 ) 91 170 50 (L.0)"
0 4 82 159 55 (2.0)b
0 6 102 174 40 (1.0)¢
0 8 114 155 35 (2.5)°
0 10 110 T155 25 (0.5)°
2 2 85 170 30 (1.0)°
p. 4 95 165 35 (L)
6 110 175 45 (30)°

* Standard error, Vahies followed by the same letfers are not significantly diﬂ‘erenat from each other.
Immature embryos of 7-§ WAP were cultured on medivm with sucrose (3%)

Data represents the mean of 5 replicates each

Only significant treatments are compuied.




Figure 2: Asymbictic immature seed/embryo germination of Malaxis
acuminata. a. Immature seed/embryo showing nodular swelling;
b. PLBs and advanced stage PLBs formed from the germmated
embryocs;, c. Regeneration of plantlets and multiple shoot bud

formation on regeneration medium.
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quantity of organic carbon, quality and quantity of PGRs were found to be crucial factors for
successful culiure initiation. Nodular swelling of seeds was the first sign of germination,
Effat of green pod age. In the present study, asymbiotic germination of immature
embryos/seeds largely depended on developl_}'iental stage of immature embryos at which they
were harvested and cultured. Sceds of 7-8 WAP exhibited germination of ~85% after 135
days (19 wk) of culture initiation. Nodular swelling of embryos/seeds followed by bursting
out from testa was observed after 8 wk of culture (¥ig. 2a). Seeds younger than 6 WAP either
did not germinate or exhibited delayed germination while, seed age >9 WAP, germination
frequency was comparatively lower (data not presented),

Effets of basal media on asymbiotic seed germinatiom First sign of germination was
observed as nodular swelling of the embryos after 55 days of culture followed by healthy and
green PLBs formation after 135 days of culture (Table 1, Fig. 2a, Zb). Amongst the two basal
media used for asymbiotic germination of seeds i the present study, MS medium was found
to be superior over Mitra ef ol medium (Table 1, 2). Under optimum cofxditian germination
rate of ~85% was achieved on MS medivm against 65% on Mitra & ol medium (Table 2).
Embryos culiured on MS medium supporied into green and healthy protocorm like bodies
(PLBs) formation while, cultures maintained on Mitra ef a/ medium resulted smaller PLBs.
Effeds of different organic carbon sources and other adjuncts on asymbiotic culture of
embryos. Different concentrations of various organic carbon sources viz., dextrose, glucose
and suacrose (0-4%, w/v) were also incorporated in the germination media. Incorporation of
one of the organic carbon in the initiation medium was prerequisite for successful germination
of seeds/embryos. Only nodular swelling of embryos was observed on medium devoid of any

organic carbon but no PLBs developed. Amongst the different quality and guantity of organic




Table 3: Effects of different organic carben sources on germination of immature

embryos/seed of Maluxis acunidiata

Organic carbon Avg, time taken to Type of vesponse*
source & Conc.(%) germinate (days)

*

0 115 Few PLBs formed.

Dextrase

1 71 Few small green PLBs formed.

7, 80 As above.

3 75 Nodular swelling with white hatry structurcs observed.
4 78 As above.

Glucose

1 80 Very few PLBs are formed

2 75 As above

3 73 Seed swelled but fow green PLBs formed

4 85 Delaved germination and few healthy PLBs formed
Sucrose

1 62 Few small groen PLBs developed. °

2 68 Moderate germination but few green PLBs formed
3 55 Embryos germinated well followed by PLBg

formation and few plantiets

4 75 Moderate germination but few green PLBs formed

* On MS medium containing NAA (4 pM) and seed pod of 7-8 WAP.
Data represents the mean of five replicates.




Table 4: Effect of different light intensities on asymbiotic embryo germination of Malaxis

acuminaia

Light Time taken for Time taken for % Germination Type of respomse**

conditions Initial response PLBs formation (+SE)*

Dark 38 170 70£2.0° Embryos germinated, round hairy
structures formed

Diffizsed light 50 148 72+£20° Nodular swelling with white hairy

20 pmolm'zs'l) structurcs observed, few converted
to healthy PLBs

Full light 55 135 852 OF Embryos germinated well followed

(4{lumolm'zs") by PLBs formation and few
plantlets

-

* Standard error, Values followed by the same leffers are not significantly different from cach other.
** Op MS medium with sucrose (3%) and NAA (4 pM)

Data represents the mean of five replicates cach.




Figare 3: Different stages of i vitro morphogenetic response of fohar explant
of Malaxis acuminata. a. Cultured leaf explant, b. Cultured leaf
explant swelling at the basal part and formation of shoot Guds;
¢. Plantlets/multiple shoot buds formed from the cuttured leaf.
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carbons used, sucrose at a concentration of 3% supported optimum germination and seeds
germinated early (Table 3). At lower concentration of sucrose, fewer PLBs were formed
while at higher concentration, there was delayed germination. Both dextrose and giucose
could not support healthy germination.
Effats of quafity and quaniity of PGRs on asymbiotic germination of embryos. Amongst
the different levels of PGRs used for non-symbiotic seed germination, the MS medium
containing NAA (4 yM) singly supported optimum germination {~85%) after 55 days of
culture and formation of healthy PLBs after 135 days of culture. At lower concentrations of
NAA germination delayed while at higher concentrations germination rate was poorer (Table
1). The lone treatment of BA across the concentrations and in combination with NAA delayed
germination and formed fewer PLBs.
Effat of light on in vitro culture of imnature embryos. In the present study, three different
light conditions were tested for in vitro seed germination Nodular swelling of embryos was
observed within 38 days m the dark and within 55 days a similar r&epj)nse was registered
under full laboratory illumination (ie, 40 pmol m® s1 light intensity) {Table 4). Though
nodular swelling of seeds was faster in the dark, optimum germination was registered with
cultures maintained under full light conditions (40 umol m™” s™). While, culiures maintained
in the dark delayed germination And cultures maintained in diffused light supported
moderate germination.
Foliar explants

Cultures were also initiated from the foliar explants of ~5-6 wk old from in vitro
source (Fig. 3a). Direct shoot buds/PLBs were induced from the basal part of the foliar

explants. The foliar explants were cultured in different orientations with the objective to study




Table 5: Effect of orientation of leaf of Malwds acuminate on morphogenetic response

Orientatien No. of shoots % respomse Average time Type of response™*
ofleaf formed (ESE)* taken to respomse
Upside up 18 75 (2.00° 38. Hairy structures, shoots small,

developed from petiole

Upside down 12 50 (2.5)° 46 Leaf curfed, shoots smali, unheaithy,
degencrated gradually
Horizontal 26 65 (20)° 28 Shoots developed from the petiole,

shoots healthy, hairy structures, shoots
formed in clusters, healthy

* Standard errer, Values followed by the same Jerrers are not significantly differeni from each other,
** On MS medium with sucrose (3%) and NAA+ BA (346 Min combination)
Data represents the mean of five replicates.




Table 6 Effects of PGRs on morphogenetic response of foliar explants (5 wk old) of M.

acurtingia firom in vifro source

PGRs Cone. (gM) Time for initial % response Ne. of shoots Type of response*®

NAA BA response (days) (ESE)* formed

0 0 - S .- No response

0 3 35 63 (1.0  *25 Leaf curled followed by hairy structures,
shoots formed

0 6 47 30 (1.5¢° 3 Cuiting of %af, shoots developed from
vein

0 9 52 45 (2.5)¢ 6 Yeaf curled, shoots developed from
petiole, white in color. Degenerated
gradually

3 0 46 55 (2.5)° 15 Hairy structure. Few healthy plantlets
developed, shoots small

6 0 - - 0 No response

9 0 - - 0 As above

3 3 31 60 (1.7)° 21 . Swelling at petiole, healthy shoots
developed from  petiole.  Roofs
developed,

3 & 28 &5 (L3Y 26 Shoots hedlthy, hairy structures, shoots
Formed in clusters, healthy plantlets

3 9 34 60 (2.0)° 14 Shoots  small,  round structures,
degenerated gradually

6 3 42 55 20y ) Hairy structures, shoots small, developed
from petiole

6 6 55 25 (1LY 0 Skght  swelling, but  gradually
degenerated

6 9 55 45 3.0)° 10 Shoots smalf

9 3 - - 0 No response

9 6 60 30 20)° 3 Leaf curled, shoots small, unhealthy

9 9 - - 0 No response

* Standard error, Values followed by the same lerfers are not significantlv different from each other.
** On MS medium wiih sucrose (3%0)

Data represents the mean of 5 replicates

Data collected after 50 days of culture




Figure 4: Differeni stages of in vitro morphogenetic response of nodal
explants of Malaxis acuminata. a. Cultured nodal explants;
b. Sprouting of new shoot buds from the cuitured nodal explants;
¢. Multiple shoot buds/PLBs formed from the cultured nodai

.t

explants.
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the effect of explants orientation on morphogenetic response, Of the different orientations, the
explants placed horizontally on culture medium exhibited better morphogenetic response in
comparison to other two orientations i€., up side up and reverse orientation {Table 5). After
4-5 wk of culture initiationt of meristematic activity was invoked at the basal ends of the
explants. Mostly the meristematic activity was restricted towards the lower basal parts (Fig.
3b). In general, of the various PGRs tested in different concentrations for the imitiation of
culture, the single treatment of NAA and BA did not support healthy morphogenetic response.
Single treatment with NAA did not support healthy organogenesis and m most of the cases
explants callused while, lone treatment with BA supported moderate organogenesis. But
optimum morphogenetic response was recorded on basat medium enriched with NAA (3 uM)
and BA (6 yM) m combination (Table 6). About 65% of cultured explants responded
positively after 28 days of culture mitiation on MS medium containing sucrose (3%) and
NAA + BA ( 3 and 6 uM respectively in combination) where a many as 26
meristemoids/shoot buds invoked and formed shoot buds/FLBs (Tnl;\le 6, Fig. 3 c}. But at
higher concentrations morphogenetic response declined significantly and in many cases
explants degenerated.
Nodal explants

Cultures were also initiated witlt nodal segments from im vitro source (Fig. 4a)
Sprouting of the shoot buds/PLBs from the nodal region of the segments was mitiated within
3 wk of culture (Fig. 4b). When used singly, NAA proved to be nferior against BA. Medium
enriched with NAA supported fewer shoot buds/PLBs formation while, BA enriched medium
supported moderate response. But optimum number of shoot buds/PLBs formation and per

cent response was registered on medium fortified with NAA and BA in combinations. As



Table 7: Effects of PGRs on morphogenetic response of nodal explants of M. acuminata from

if VifFo source

PGRs Conc. (uM) Time for initial No. of shoots No. of roets Type of response™*

NAA BA response (days) formed (£SE)*formed (£SE)*

0 5 30 F (1.0) <0 Swelling of explants, shoots formed in
cluster from node

0 6 25 51 (0.5) 2 (02) Shoot buds formed from node, few
converied to rooted plantlets.

0 9 35 16° (0.5) 0 Shoot buds light green, many converted
to plantiets.

3 0 28 4 (1.0) 58 (0.3) Plantlets with healthy roots, shoots
etiolated and small leaves.

6 0 18 51 (0.3) & (0.2) Shoot bud formed from node, few
converted to plantlets with small leaves.
Plantlet thin and clongated.

3 g 21 187 ¢15) P(43) Shoot bud formed in clusters, many
converted fo tiny plantlets.

3 6 32 Q.0 19(0.2) Shoot buds formed in cluster and ali
converted to plantlet.

6 3 18 4 (05) 2 {620 Shoots small, formed from node,
unhealthv.

6 6 49 16° (1.5) 2° (020 Shoots/PLBs aevcloped from node.

9 30 & (L0) 0 Shoots formed from node m cluster. Fow

converted to planilet with small leaves.

9 6 40 5 (1.0) 0 Shoots formed at the node. Few shoots

converted o healthy plantiets.

* Standard error, Values followed by the same letfers are not significantly different from each other.
** On MS medmum with 3% sucrose

Data represents the mean of 5 replicates

Data collected after 35 days of cuiture.

Only the significant treatment are computed



Figure §: Culture of pseudobulb segments of Malaxis acuminata from in vivo
and in vitro sources and their morphogenetic response. a. Shoot bud
formation from the basal part of the pseudobulb segment cultured
from in vivo source; b. Shoot buds formation {tom the basal part of
the pseudobulb segment cultured from i vitro source, ¢. Multiple
shoot buds and plantiets formed from the cultured pseudobuib
segment, d. Multiple shoot buds and plantlets with roots formed from
the pseudobuib segment cultured on activated charcoal enriched

mediam.






Table 8 FEffect of different orgamic carbon seurces en pscudsbulb culture of Malaxis

ACHITErGET

Organic Carbon No. of shoots % response Type of response*”

Sources & Conc. (%) formed (XSEy*

0 0 0 Mo response

Dextrose * i

1 3.3+02¢ 50.5+1.5 Fseudobulb sepments curled, small shoot buds formed
from Ieaf scar.

2 72401° 755420  Small shoot buds developed frem leaf scar and base of
the pseudobulb.

3 6.5£01° 60.0+25° Shoots small, round, formed from lkaf scar. One root
formed. Shoot buds formed hairy structures

4 324024 50.4+1.5¢ Shoot small, round formed from base, tip and leaf scar

Glucese

1 22+02° 502+30°  Shoot buds small

2 40+02° 553+£20°  As above

3 2.040.1° 50.3+10°  As above

4 5,240,387 60.6x£1.2°¢ Shoots formed from kaf scar. Shoot comverted to
plantlet. Hairy structares at base.

Sucrose

1 4.340.5¢ SERLo B Shoots devzloped from leaf scar and base

2 81+0.5" 752+1.0°  Healthy shoots

3 11.0+£0 4° 98.0+10°  Pseudobulb segment swollen, shoot buds/PLBs formed
in cluster through out (ke segment

4 7.4+03° 70.7£10°  Shoot very small, formed from keaf scar

* Standard error, Values followed by the same Jerfers are not significantly different from cach other.
**(On MS medium containing NAA + BA (6+6 p respectively in combination)
Data represents the mean of 5 replicates each




Table 9: Effects of PGRs on merphogenetic response of pseadobuld segments of

Malaxis acumiingta trom in vitro source.

PGRs Cone. (uM) % response NO. of shoot budsf/ Type of response™*
NAA BA {£SE*) PLBs formed
per segment®

0 0 - ¢ - ; -
3 0 30 +0.5° 3+0.4° PLBs formed from the cut ends
6 ) 50+1.5¢ 4+072¢ PLBs and shoot buds formed from aut ends
9 0 50+1.0° 2405 As above but degencrated
0 3 90+1.7° 704" Shoot buds formed from all over the
pseudobulb segment
90+2.0° 6:£02° As above
PS54 6104 As above but degencrated subsequently
3 55+0.6° 8+0.5 Shoot buds formed at the tip and few
converted into plantlets
6 3 45+15¢ 5+0.2° " As above but not healthy
9 3 43+2.0° 4202¢ As above
6 75+0.5° 3+0.2° PLBs and shoot buds formed from the leaf
scar and eut ends
6 & 98+1.0° 11£0.4° Pseudobulb  segment  swollen,  shoot
buds/PLBs formed in cf uster through oul the
segmernt
9 6 67+Ll.5° 6+02° Cultures tumed brown and degenerated
88+1.5° 5+0.1° Shoot buds formed in cluster but
degenerated
6 9 87+1.0° 3402¢ As above
9 9 67+£20° 304 As above

* Standard error, Vatues followed by the same Jeffers are not significantly different from each other.
# On MS medium eontaining 3% sucrose, 106 mg L' CH and 100 mg L citric acid.

Data represents the mean of five replicates.

Data scored after 70 days of culture;



many as 18 shoot buds/PLBs developed at a single node on MS medium supplemented with
sucrose (3%) and NAA + BA (3+3 pM in combinations) (Table 7, Fig. 4¢). About 90%
explants resporded positively with the sprouting of shoot buds/PLBs from the nodal regions
under optimum conditions. Positive TESPORSE Was recorded with both single and combined
treatments of NAA and BA.
Pseudobulbs

Besides immature embryos, foliar explants and nodal explants, culiures were also
initiated from the pseudobulb segments both from in vitro as well as i vivo sources. In the
preliminary study it was found that of the two basal media tested, MS medium supported
better morphogenetic response. Hence further studies were conducted only with MS medium.
The explants from the two sources exhibited differential response. The pseudobulb segments
from in vivo source were cultured on two different media containing different concentrations
of NAA and BA. About 15% explants responded positively and an average of 2-3 shoot buds
formed per segment on medium enriched with sucrose (3%) and NAA (56 uM) and BA (6 pM)
in combination (data not presented) (Fig. 5a).

In comparison to pseudobulb from # vivo source, pseudobull harvested from in vitro
source exhibited a contrasting response. Within 7-8 wk of culture, the explants from the i
vifro source developed multiple shoot buds/PLBs from the cut ends, leaf scar and tip of the
explants (Fig. 5b). Of the three different organic carbon sources incorporated in different
concentrations, sucrose (3%) suppoited optmum response {Table 8). As many as I1 shoot
buds developed in ~98% of culture on MS medium containing sucrose (3%), NAA and BA (6
pM each in combination) (Table 9, Fig. Sc). Pseudobulb segments were also cultured on

medium containing optimum PGRs and AC (0-0.4%) to study its effect on morphogenetic



Figure 6: Effect of activated charcoal on & vitro morphogenetic induction of

pseudobulb segments of Malaxis acuminata. 1
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Figure 7: Effect of media and different alternate substrata on in vitro
morphogenetic induction of pseudobulb segmenis of Malaxis

acuminata.
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Figure 7: Effect of media and different alternate substrata on i vitro

morphogenetic induction of pseudobulb segments of Malaxis acuminata.



response. Incorporation of AC in the medum did not support healthy morphogenetic
response. On AC control medium there were as many as 11 shoot bud/PLBs formation while
on AC enriched medium under optimum condition (0.3% AC) there were only 8 shoot bud
formation (Fig. 6). Though incorporation of AC in the medium did not support opiimum
shoot buds/PL.Bs formation but it support:ed invocation of roots in the shoot buds (Fig. 5d).
As many as 5 roots developed per plantlets while there was no root formation in AC control
medium.

Besides agar gelled medium, the pseudobulb segments from in vitro source were also
maintained on three other substrata viz, foam, coconut coir and forest leaf litter in two
different basal media i.c., MS and Knudson ‘C’ media. it was observed that in both the media,
agar gelled media supported better morphogenetic response followed by foam as substrata
(Fig. 7). While, coconut coir and forest litter as substrata did not support healthy response.

The PLBs and shoot buds formed from the cultured immature embryos/seeds, foliar
explants, nodal segments and psendobulbs were maintained for ancther two passages for
further differentiation and proliferation on optimum growth conditions. The advanced stage
PLBs, shoot buds developed from the germinated seeds, foliar explants and cultured nodal

explanis and pseudobulbs were transferred on regeneration medium for regeneration of

plantlets and culture proliferation.
Plantiet regeneration and culture proliferation
The advanced stage PLBs/shoot buds developed from different explants were

maintained further for two passages on the optimum mitiation conditions for further

diff erentiation.



Table 10: Effect of basal media and PGRs on plant regeneration and culture proliferation of
M. acaminata®

PGRs Conc. (b Plant height (cm)®  No. of leaves” No. of shoots™ Ne. of roots”

NAA  BA M M M My M M M M

0 0 5 . - i - = - =

0 3 21403° 13+02° 32403° 33+0.2° 32+04° 20£03°  10+01° 10x0T
0 6 154029 15201°  20:02¢ 20404 432037 81£10°  1.0x02° 1.0£02°
0 9 16+03° 14201° 31£03° 20+£00° 85+05° 63+0.5°  10x01° 20+02°
3 0 244072° 12402°  32+01° 23+03  20203° 105+£15° 10x01¢ 2001
6 0 31403° 11£02°  32+02° 21402°  31x04% 83x10°  40:01° 3.0+03°
9 0 1140.2¢ 1.0£01° 20201 20+£02° 20+02° 6.1+11° 10402 1.0+£01°
3 3 244010 15:£03°  4.5102° 31£03  18.0+10°3.0:£05°  4.0+02° 20+02°
3 6 1940.4° 16:03°  30+02° 30+03%  61x10° 71x03%  40+03° 2.0+01°
3 9 18402° 08+02° 21+01° 32:04* 312059 55205° 102017 1.0+01°
6 3 20+03" 15+01° 42+02° 21x03° 92415° 55200°  60£04° 2.0+01°
6 6 16401° 12401°  31203° 21:02° 101157632055 20:02° LOX0N°
6 9 19401° 1.2401°  31+03° 2.1+£03°  85:10° 53+03°  20+02° 10x01°
9 3 17402° 14402° 31202° 21£01°  103+10°65:04° = 104010 10+0F
9 6 21403 15:03*  31£02° 20+02° 30£05% 20+02° 00 0.0

9 9 18403° 13+02° 21+02% 20+01° 83405 41+03° 00 0.0

* Media containing sucrose (3%) and AC (0.3%).
# M On MS medium, Mi: On Mitra et ol medium.
Data represents the mean of five replicates and data collected after 70 day of culture on the medium,

Values followed by the same feffers are not significantly different from cach other.



Table 11: Regeneration of M. acuminata on different streagth of MS medinm

Different Height of | No. of 1 No.of | No. of | Type of response* .
Strength of plantlet | leaves | shoois | roots i
(cm)
MS mediom . N
14 14 4 1 2 Leaves small, dark green Pigmentation
developed at the base
1/2 1.8 4 5 4 Leaves small, dak green, opened
|‘ Pigmentation developed at the base. Hairy
1ooIs
3/4 2] 5 Y 3 Leaves small, dark green, opened. Plantlets
healthy.
Full 24 5 13 4 Healthy plantlets with many shoot buds,
violet pigmentations formed, psendo bulb
swollen

* On MS medium containing sucrose (3%) and NAA+BA (3 yMeach in combination)
Data harvested after 40 days of culture

Data represents the mean of 5 replicates




Table 12: Effect of different organic carbon sources on plant regeneration and culture

proliferation of M. acsiinata .

Seurce of organic Avg, Plantlet Avg. Neo. of Avez, No. of shigots Avg, No. of reots
carbon & Conc.(%) height (cm)** leaves per plant**  formed per subcalinre®* per plant**

i
-

0 0 0 0 i}
Dextrosc

1 13+0.20¢ 3.5+0.10° 06 3320 27 154010
v 2.0+0.15° 43+015 105040 15° 26+0.20°
3 1.740.20° 3.3+0.13° 03.3340.10¢ 2.6+0.10°
4 L.6£0.10° 2540354 02 50+0,12¢ 15+0.10°
Glucose

1 1.410 05¢ 3.5+0.10° 03.000. 10 43+0.20°
2 1.4+0.10¢ 2.5%020¢ . 0650+0.20° 4.6+0.15"
3 1.620.15° 2.5+0.15¢ 05.66:0.24° 554010
4 1440 10¢ 2.34.0.10¢ 03.33+0.25° 33+0.20¢
Sucrose

! 1.5 +0.15° 3.5+0.15° 67.50+050° 3.04:0.15¢
2 1.5+010¢ 3.3:0.20° 10.00:£0.50° 34.3:+.25°
3 2440 10° 4.5£0.20° 18.006+1.00° 44+020°
4 2.0+0.10° 404020 06.33+1.00° 2.540.10°

* On MS medium containing NAA and BA (3 + 3 uMin combination) and AC (0.3%).
Data represents the mean of five replicates and data covlected after 70 day of culture on the medium,
**¥ Standard error. Values followed by the same letters are nok significantly different from each other.
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Effect of basal medim The differentiated PLBs/shoot buds and young plantlets were
maintained on two different media viz, Mitra e @/ and MS media with different growth
adjuncts. In the preliminary study it was observed that MS medium supported better
regeneration and multiplicatican of culture (Table 10} compared io the Mitra ef al media. The
cultures maintained on MS medium differ;ntiated faster and supported higher number of
secondary shoots/PLBs formation Subsequent experiments were conducted to study the
effects of different strengths of MS medium on plant regeneration and plant growth. Amongst
the different strengths of MS medium studied in the present investi;gation, it was found that at
lower strengths (1/4™, 1/2 strengths) plant growth was stunted accompanied by fewer new
shoot bud formation (Table 11). Optimum plant height (~24 cm) as well as maximal shoot
buds formation (18 shoot buds per plant per subc-ulture) were achieved on full MS medium
(Table 10, 11, Fig. 2¢). At lower strengrths of MS medium, plants exhibited stunted growth
along with fewer leaves and roots.

Effat of different organic carbon sources: The basal medium was forfified with different
quality and quantity of organic carbon sources like dextrose, glucose and sucrose (0-4%). Of
the three different organic carbon sources incorporated in the regeneration medium, in general
culfures maintained on sucrose enriched medium outperformed the cultures maintained on
medium with other organic carbon sources under otherwise identical conditions. The cultures
maintained on glucose enriched medium did not support regeneration and cultures
degenerated subsequently while, dextrose nourished medium supported poorer regeneration
with fewer secondary shoot buds formation. Under the conditions provided, the optimum
culture differentiation and plant regeneration was achieved when MS medium was conjunct

with sucrose {3%]) (Table 12). Under this condition as many as 18 shoot buds formed per
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plant per subculture where the average height of the plantlets, number of leaves and number
of roots were 2.4 em, 4.5 and 4.0 respectively (Fig. 2c).

Effed of PGRx. The advanced stage PLBs from culiured seeds started converting into young
rooted plantlets and repetitive PLBs within 3-4 wk on regeneration media. The different
quality and quantity of PGRs incorporated i; the regeneration medium exhibited differential
response on regeneration and mass multiplication. it was observed that the single treatments
of different PGRs at lower concentrations resulted stunted growth of the regenerates while at
higher concentrations, the regenerates showed etiolated growth WNone of the single
concentration treatment could support the formation of multiple shoots and only the combined
treatments of different PGRs produced multiple shoots/propagules. Amongst the different
quality and quanfity of PGRs used, NAA and BA (3+3 uM in combination) supported
optimam regeneration and mass mulfiplication of plantlets which produced multiple
shoots/buds. As many as 18 shoots/shoot buds developed per explants per subculiure (Table
10).

Effax of activaied charcoal: Apart from all the optimum conjuncts, AC was also
incorporated at different concentrations (0-0.5%) in the regeneration medium. Incorporation
of AC in the multiplication medium facilitated the culture proliferation, induction of newer
shoot buds and enlargement of pseudobulbs. While under AC control there was only about 13
shoot buds/PLBs formation (Fig. 8) in comparison to ~i8 shoot buds formation on AC (0.3%)
enriched medium. It was observed that, when cultures were maintained on AC enriched
medium, it accelerated plant regeneration, culture proliferation and pseudobulb enlargement

and root formation. The optimum response was achieved on MS mediuin enriched with




Figure 9: Plantlets regeneration and multiple shoot buds formation of Malaxis
acuminata on regeneration medium containing different substrata. a.
Multiple shoot buds/PLBs formed on regeneration medium coniaining
foam as substrata; b. Multiple shoot buds/PLBs formed on agar gelled
regeneration medium; c¢. Multiple shoot buds/PLBs formed on
regeneration medium containing coconut colr as substrata; 4. Multiple
shoot buds/PLBs formed on regeneration mediwm containing forest

feaf litter as substrata.
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Table 13: Effects of PGRs and different substrata on plantlet regeneration and mass multiplication of Malaxis acuminatat,

PGRs Conc, (pM)  Plantlet height {cm)* No. of leaves per plantlet*® No. of shoots formed per subculture*®
NAA BA A F c L A F C L A F C L
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 3 2,1£0.3° 1.7%0.2° 13301  1.6+0.1 3.2203° 33£0.2° 22+0.1° 3.0202b  3.2+04% 11.0£1.5° 2.240.1° 1.040.1°
0 6 1.5+0.2% 1.4£04° 1.5£02 15802  2.0:02% 3.0203° 33x03° 4.2=02° 43203° 852059 4.0:02° 1.0£0.2°
0 9 16+03° 1.24¢03% 13201 14202  3,120.3° 2.5£03% 30202° 3.2401°  8.5:0.5° 6.5:0.5° 5.080.2° 1.0+0.1°
3 0 2.4+02° 15£02° 13202 13202  3.2+0.1° 4.2:04° 3.0802° 33402°  2.0203° 8007 2.0+0.1° 1.0402°
6 0 3.1£0.3* 2.2+03° 12403  1.740.2 3.240.2° 3.5+02° 2503 3.040.1°  3.1:04% 10.0£15° 1.0£0.1° 1.020.1°
9 0 112020 1.1403% 10501 12201  2.020.1° 24201 2240.1° 25502°  2.0£02° 6.5£1.0° 1.050.2° 1.040.2°
3 3 2.450.1° 2.2402° 22602  1.8402  4540.2° 50:0.3° 50£0.2° 3.0£02°  I80LLOP 14.0+05° 3.5:0.2° 3.040.2°
3 6 1.920.4° 1.5202° 12403  1.2:0.1 3.0£0.3° 3.0+04° 6.0£0.3" 3.0£01°  6.1£1.1° 12.0:0.7° 8.0+04° 2.0:02°
3 9 1.8£0.2° 14403° 12202 12401 ° 2.1x01° 3.020.2° 3.020.2° 2.5:0.1°  3.120.5° 5.040.5° 2.0£02° -
6 3 2903 1.6£02°  10+0.2 L1001  42402° 45:02° 3020.1° 2.5201° 92415 12.0+1.0° 5.0+03° -
6 6 1.6£0.1° 3.0£0.4° 09201 13201 31203 62+04° 20+02% 3.0+01"  10.1x1.5" 11.5¢15° 1.0=02° -
6 9 1.9:0.1° 2.5:02° 11+03  1.040.1 3.120.3°  3.0+£0.2° 20+0.1° 20£0.1°  85%10° 9.0+£05° - .
9 3 1.7£0.2° 22£0.1° 12402 - 3.1£02°  3.2203° 3.120.2° 3.0+02°  10.321.0° 9.0+10° - -
9 6 2.1£03% 2003 1.1#02 - 3.1202° 3.020.2° 2.5+02% 3.0%0.1°  3.0+0.5° %.5+06° - -
9 g 1.8+0.3° 12£03% . - 2.120.1% 2.020.1° 2.0£0.1° 20£01° 83+05 - - .

# In MS medium containing 3% sucrose; Data represent the mean of five replicates; * A: Agar gelling medium, F: Foam as substratum, C: Coconut coir as
substratum, L. Forest litter as substratum; @ Standard error. Values followed by the same lesters are not significantly different from each other.



Figure 10: Hardenming of regenerated planis of Malaxis acwuminate and
transplanting to community potting ‘mix. a. One of the well rooted
plant; b. A rooted plant on hardening condition; ¢. Hardened planis

transferred to community poiting mix.
k
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sucrose (3%), NAA and BA (3 uM each in combination) and AC (0.3%) where average 4.5
leaves, 4 roots per plants and 18 shoot buds were formed per subculture.
Effats of different alternative substraia on regeneration and celture proli feration: In the
present study, foam was successfully used as alternative to agar for regeneration and culture
differentiation Amongst the different substrate incorporated in the regeneration medium,
better regeneration and multiple shoot buds formation were registered on medium containing
foam disk as substratum and agar gelled medium (Table 13, Fig. 9a, b). Of the different
substrata, coconut coir and forest leaf Litter were found to be inférior compared to agar and
foam disk (Fig. 9¢, d). As many as 18 shoot buds developed on agar gelled medium against
14 shoot buds on foam disk. On media with coconut coir 2nd forest leaf hitter as substrata, the
number of shoot buds produced was much lower than on agar gelled and foam containing
media (Table 13). Besides this, cultures maintained on these two conditions required
prolonged period for differentiation.

The regenerated planilets were maintained on optimum regeneratién condition for 2-3
passages for culture proliferation and plantlet growth. About 3 cm long plantlets with distinct

pseudobulb, 4-5 leaves and 4-5 roots from regeneration medium were taken ocut from the
regeneration medium and subjected o i vitro hardening (Fig. 10a).
Hardening and field trial of the regenerates

The well developed plants with characteristic pigmentation of Malaxis acuminaia
were fransferred to Y% strength MS medium containing sucrose (2%) but freed from any PGRs
and maintained for ~6-7 wk under normal laboratory condition (Fig. 10b). The hardened

plants were transferred to CPM (Fig. 10c). To transplant the hardened plantlets, the CPM was




prepared by mixing different substrates like charcoal pieces, chopped forest hitters, coconut
husk, sand and black soil (at 1:! ratio) with a moss topping The hardened plants were
transferred to CPM which was then covered with holed transparent poly bags. The potted
plants were maintained in poly house (ca 70% filtered light) and fed with MS liquid salt
solution (1/10"™ strength) weekly for 2-3 wk The potted plants were left in the normal full dav
light conditions which were kept for about 7-8 wk before transferring to the wild. During this
process plantlets turned deep green and developed pigments. About ~75% of the transplants

survived to form fully developed plants after two months of potting,

2.3. Discussion

Imitiation of culture -

Immature seeds/embryos

A single orchid capsule contains millions of seeds which are microscopic and lack any
metabolic machinery. As orchid seceds possess fhittle or no endosgenn, their natural
germination is limited and the development of seeds in orchid is very poor even at maturity.
They need a symbiotic association with specific mycorrhizal fungus which provides an
essential physico-chemical stimulus for initiating germination (Harley, 1959, Pongener and
Deb, 2011a). This fungal requircment can, however, be compensated by the i virro
incorporation/supplements of sugars/different organic caibon scurces and adjuvants.
Knudson (1922) demonstrated the possibility of by passing the fungal requirement of orchid
seeds during in vitro germination and since then asymbiotic/non-symbiotic seed germination
has emerged as an important tool far propagating a large number of orchid species and

hybrids (Arditti es al., 1982). In vitro germination of orchid seeds is an important part of the
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propagation and conservation programme, as the ‘dusf seeds are tiny and contain limited
food rteserves. The fertilized ovules/immature embryos are used successfully for
micropropagation and rapid mass multiplication of several commercially viable and or
threatened orchids (Devi er. al, 1998; Pathak et al, 2001; Sharma and Tandon, 1990;
Temjensangba and Deb, 2003a, ¢). The orchids are also propagated by vegetative means like
keikis and or shoot buds.

The successful non-symbiotic seed germination and or immature embryo culture of
orchids are greatly influenced by several factors like seed pod age, different nutrient media,
different media supplements, plani growth regulators and other culture conditions (Deb and
Sungkumlong, 2008, 2009, Deb and Temjensangba, 2006b, 2007b; Sharma and Tandon,
1990; Suagkumlong and Deb, 2008; Temjensangba and Deb 2005a, 2006, Pongener and Deb,
2009, 201 1z). However, ihe media used for asymbiotic germination is more complex than that
for symbiotic germination, as all organic and inorganic nutrients and sugars must be n a form
readily available to the cultured immature embryos/seeds without the iétermediary fungus
(Mc Kendrick, 2000). But none of these basal nutrient media with different adjuvant fulfill the
requirements of the entire orchidaceous group.

Effats of basal media on immature seeds germination: In the present investigation, two
different basal media viz, Mitra er al and MS were used for culture initiation from immature
seeds/embryos. Of the two media tested, optimum germination was achieved on MS basal
medium. Under optimum condition a germination rate of ~85% was achieved on MS medium
followed by Mitra et ol (65%) media. The orchids of different species exhibit a preferential
requirement to specific nuirient media for seed germination but as such no standard media can

be prescribed for all the orchid taxa. Deb and Temjensangba (2006a) reported better seed
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germination of Malaxds khasiona on MS medium while, Arachnis labrosa on Mitra el al
medium (Temjensangba and Deb, 2005a), Cleisostoma racemiferum on MS medium
(Temjensangba and Deb, 2006), Coelogyne suaveolens on MS medium (Sungkumlong and
Deb, 2008), Cymbidium aloifoliurm on MS mediim (Pongener and Deb, 2011a), Cymbidium
macrerhizon on Mitra ef o/ medium (Vij and Pathak, 1988), Cymbidium iridivides on MS
medium (Pongener and Deb, 2009), Dactylorhiza hatagirea m Knudson ‘C’ medium (Vij ef
al, 1995), Dendrobium chrysotoxim in Vacin and Went medium (Rao e al, 1998),
Dendrobium prinmudimim on MS medium (Deb and Sungkumlong 2009), fulophia alia on
‘PhytoTechnology Orchid Seed Sowing Medivm’ {Johnson ef al, 2007}, Geodorum
densiflorem on PM medium (Bhadra and Hossa'ifl, 20033, Habenaria macroceratitis on LC
and KC media (Stewart and Kane, 2006), Rhynchostylis gigantea on MS medium (Li and Xu,
2009), Taenia latifolic on MS medium (Deb and Sungkumlong, 2008}, Varda coerulea in
Ichihashi & Yamashita (Rao ef o/, 1998) and VW media (Devi ef al, 19983, Aerides rosea in
Knudson ‘C’, VW and MS media (Sinha ef o/, 1998). In the present ztndy, with Malaxis
acuminaia MS medium was found to be superior for i vitro seed germination. A similar
response was also reported with other orchid species like Cymbidiums (Nagaraju and
Upadhyaya, 2001), Geoedorum densifiorum {(Sheelavanthmath er. al, 2000} and Kenanthera
imschootiana (Laishram and Dewvi, 1999).

Effeds of green pod age on in vitro cilture of seeds. A key factor for successful non-
symbiotic seed germination in the present study was the physiological age of the green
pod/capsule. Different species of orchids exhibit a particular threshold, a factor genetically
structured in the organism. The influence of physiological age varies with the genus, species

within the genus (Jamir er. -al,, 2002; Temjensangba and Deb, 2005a; Deb and Temjensangba,
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2006a; Sungkumlong and Deb, 2008; Godo et. al, 2010; Pongener and Deb, 201 1a). There is
a window period of seed develcpment for every orchid species, which supports optimum in
vitro germination. The earliest stage at which the embryos can be cultured successfully varies
within the orchid genotype and local conditions (Sauleda, 1976; Temjensangba and Deb,
2005a, Deb and Temjensangba, 2006b; Pongener znd Deb, 2009, 2011a)). Therefore it is
desirable tc determine the right stage to harvest the green capsule/pods fo achieve an optimal
germination. The culture of immature green pod/embryos ensures sterility but may require
prolong period for germination as the seeds are immature. While, the culture of comparatively
mature capsules/embryos before dehiscing may support beiter germination but the chances of
contamination mncreases due to establishment cf mycorrhizal association (Mc Kendrick,
2000). In the present investigation, the green pod age of 7-8 WAP supported optimum
germinaticn (85%). The green pcd age <6 WAP either did not germinate or exhibiied delayed
germination while, seeds age >9 WAP, germination frequency was comparatively lower, In
Dacylorrhiza hatagirea, seeds of 16 WAP (Vij of al, 1995), in Malaxis khasiana, seeds of 8
WAP (Deb and Temjensangba, 2006a), in Rhynchostylis gigantea, 4 months old seeds (Li and
Xu 2009) exhibited better germination but 12 WAP was ideal planting materials in
Cymbidium macrorhizon (Vi] and Pathak, 1988). The ability of immature embryos to
germinate better than the mature ones is due to their distended testa cells and metabolically
awakened embryos and lack of dormancy and inhibitory factors (Yam and Weatherhead,
1988, Pongener and Deb, 2009, 2011a).

Effat of organic carbon sources. Three different organic carbon sources at differential
concentrations (viz. dexfrose, glucose and sucrose at 0-4%) were incorporated in the medium

for in vitro culture of immature embryos. It was observed that incorporation of at least one of




the organic carbon sources was prerequisite for successtul i vitro culture of immature
embryos/seeds. In absence of organic carbon source, only nodular swellings of embryos were
observed. The swelled seeds failed to convert into PLBs and degenerated subsequently.
Presence of organic carbon sources such as dextrose, glucose and sucrose in the initiation
media showed a marked effect on the germir_;ation of seeds. The different levels of the organic
carbon sources showed diff'erential effect on seed germination The requirements of the
quality and quantity of exogenous supply of the organic carben sources vary with the species,
the media compositions used, the endogenous level of organic carbon and the developmental
stage of the cultured embryos (Temjensangba and Deb, 20035c, Pongener and Deb, 2009,
201 1a). Sharma and Tandon (1990) reported that 2-3% sucrose, D-Fructose and D-Glucose
were the suitable organic carbon sources for in vifio seed germination of Cymbidium elegans
and Coelogyne punciulota while, 3% sucrose was found to be suitable for immature sced
germination of Geodorum densiflorum (Bhadra and Hossain, 2003). In the present study,
amongst the different organic carbon sources tested, optimum seed agerminaticn of M.
acunminaia was obtained on basal media containing 3% sucrose. Both dextrose and glucose
enriched medium delayed germination compared o sucrose enriched medium. Amongst the
three sources of organic carbon tested, glucose proved to be least preferred but in Cymbidium
aloifolium and C. iridioides dextrose was least preferred (Pongener and Deb, 2009, 2011a).

Effat of light intensity. In the present study, different light intensity exhibited differential
effect on nodulation of seeds, per cent germination and time for PLBs formation Though
cultures maintained under dark condition swelling of seeds started within 38 days of culture
against 50 and 55 days under diffused light and full light conditions respectively (Table 4) but

the seeds failed to form PLBs in the same speed Cultures maintained in the full light
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condition supported early PLBs formation (135 days) against 170 and 148 days under dark
and diffused light conditions. In C. aloifolian and C. iridioides, cultures maintained in dark
exhibited early nodulation but, optimuimn germination (90% in C. aleifolium and 95% in C.
iridioides) was registered under full light (40 pmol m” sV compared to cultures maintained
in the dark and diffused fight (20 wmol m2 s conditions (Pongener and Deb, 2009, 201 1a).
While, in Arachnis labrosa (Temjensangba and Deb (20035a) and in C. racemiferum (Deb and
Termjensangba, 2007b, Temjensangba and Deb, 2006), diffused light condition of20 pmol m™
s was found suitable for initiation of asymbiotic germination followed by full light 40 pmol
m? 57 conditions at 12/12 h photoperiod. But in Habenaria macroceratitis (Stewart and
Kane, 2006) 8/16 hr (L/D) photoperiod was preferred over 0/24 and 12/12 hr photoperiod. On
the other hand Deb and Temjensangba (2006a) observed that diffused light condition
supported higher rate of germination in Madaxis khasiana. Tslam et al. (2003) reported that the
Phalaenopsis callus growth and development of PLBs were better in illumination than in
dark. The effect of light far embryogenic culture initiation in conifers s well documented
(Deb and Tandon, 2004; Gupta and Grob, 1995; Von Amold, 1987). In Pinus kesiya, light
was reported inhibitory far imitiation of embryogenic cultures and produced more non-
embryogenic cultures. Dark was optimum while diffused light formed moderate embryogenic
cultures {Deb and Tandon, 2004).

Effact of PGRs In the present investigation, even in the absence of PGRs, nodular swellings
of the immature embryos were possible but failed to differentiate further. The PGRs in the
germinating medivm showed a marked effect on the growth, differentiation and development
of PLBs. Although BA and NAA had stimulated the germination of immature embryos of M.

acuminata, NAA was more effective then BA (Table 1). The germination was accelerated by




addition of NAA to the medium. Seed germination of M. acuminaia on NAA enriched
medium was evident after 8 wk of culture and formed PLBs after 135 days of culture. While,
seeds maintained on BA rich medium either singly or in combination with NAA delayed
germination and germination ﬁ'equencief were also significantly lower. The present
observation is in contradiction with Sharma and Tandon (1986); Li and Xu (2009) where they
reported the stimulatory effect of NAA in conjunction with cytokinins. In Rhynchostylis
gigantea NAA (0.2 mg L and BA (005 mg |55 supported optimum germination. But
Nagaraju ef al. {2004) reported that in Dendrobium hybrid, ihe single leaflet in the PLB
developed when basal medium was supplemented by BAP alone while, BA singly supported
better germination in Malaxis khasiana (Deb and Temjensangba, 2006a).
Initiation of culfure from leaf

I the current investigation cultures were also initiated from the foliar expiants from
vitro source. Wimber (1965) successfully developed PLBs from the leaves of C ymbidiums,
which opened up an effective aiternative to apical shoot meristem cglture. Since then the
regenerative competence of foliar explants were positively tested for more than 60 orchid
species (Temjensangba and Deb, 2005b). However, the success 15 restricted mostly with
epiphytic orchids and only few species from {errestrial orchids suggesting thereby that the
ground orchids are less amenable to in vitro regeneration {(Deb and Sungkumlong, 2010). In
the present study, initiation of morphogenelic response was restricted to the basal parts of the
foliar explants. The morphogenetic potential of leaf base has been reported in Coelogyre,
Dendrobium, Oncidium and Phalaenopsis (Abdul Karim and Hairani, 1990), Acampe
praemorsa (Nayak et al., 1997), A. labrosa (Deb and Temjensangba, 2007a), C. racemiferum

(Temjensangba and Deb, 2005b), C. suaveolens and Taenia latif olia (Deb and Sungkumlong,
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2010), V. coerulea (Vij and Aggarwal, 2003). Mathews and Rao (1985) considered the leaf
base to be the decisive factor for culture initiation from: foliar explants. Sintha and Hegde
(1999) reporied the development of meristematic activity along the entire leaf in Renades
Arunoday Hybrid. In the present sty the og‘;ientatiou of explarits was observed to be another
crucial factor for morphogenetic response. IExplants cultured horizontally exhibited better
response compared to upside up and upside down orienlation {Table 5). Earlier, Nayak e ol
(1997) in Acampe praemorsa reporied the influence of explants orentation of shoot
development.

The incorporation of PGRs to the basal medium was obligatory for the initiation of
culture. The explants failed to respond, when cultwred on PGRs free medium. The role of
growth hormones in stimulating meristematic activity and promoting proliferation in leaf
explants is well documented in orchids {Abdul Karim and Hairani, 1990; Vij and Pathak,
1990; Yam and Weatherhead, 1991; Arditti and Grnst, 1993; Vij ef al, 1994; Nayak ef al,
1997; Temjensangba and Deb, 2005b; Deb and Temjensangba, 2007a; Li imd Xu, 2009; Deb
and Sungkumlong, 2010). Murashige (1974) opined that in vifro plant regeneration occurs
frequently through adventitious shoot formation and rarely through somatic embryogenesis. In
M. acuminata meristematic loci invoked afier about 28 days of culture initiation where as
many as 26 shoot buds/PLBs formed per explents in about 65% of cultures (Table 6).
Amongst the different PGRs tested, optimum response was registered on MS medium
containing sucrose (3%), NAA and BA (3 and 6 yuM respectively in combination).

Initintion of culture from nedal explants
In the present study, cultures were also initiated with nodal segmienis of M. acuminata

from ién vifre source. Morphogenetic response and sprouting of shoot buds/PLBs from the




nodal region of the segments were initiated within 21 days of culiure. A combined treatment
of NAA and BA was more effective over single treatment of either of the PGRs for culture
differentiation (Table 7). About 18 shoot buds/P1.Bs developed from each node on MS
medium supplemented with sucrose (3%) and BA + NAA (3 pM each) in combination.
Present study is in agreement with the reporis in Phalaenopsis where a combined treatment of
BA (2 mg L") and NAA (0.5 mg L) was found to be optimum for breaking axillary buds and
formation of multiple shoot buds (Kosir ef al, 2004) and observed that incorporation of NAA
was promotory. Other workers like Tisserat and Jones (1999), Roy and Banerjee (2003) also
observed that an appropriate combination of NAA and BA stimulated multiple shoot buds
formation. But, Arditti and Ernst (1993), Pongener and Deb (2011b) reported that BA
promote morphogenetic response but addition of NAA reduced induction and regeneration.
Initiation of culture from pseudobulbs segments

Besides other explants, cultures were also initiated from the pseudobulb segments
from both # viro and i vive sources. The explants from the two sources exhibited
differential response. The formations of meristematic loci were registered through out the
cultured segments of pseudobulbs from im vitro source. But, invocation meristematic loci
were restricted from the leaf scar in limited numbers of explants (~15%) in the segments
collected from the i# vive sourced. The pseudobulb segments from in vitro source produced
as many as 11 shoot buds on medium containing NAA and BA (6+6 uM respectively in
combination). While the explants from in vivo source, resulted 2-3 shoot buds after 10 wk of
culture when enriched with NAA and BA (6+6 uM respectively i combination) but

degenerated subsequently. Under optimum condition, ~98% explants responded positively.

The healthy shoot bud induction was registered on medium supplemented with both NAA and
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BA. The present study is in line with the reports of (Seeni and Latha, 1992; Vij and Aggarwal,
2003; Deb and Temjensangba, 2006a, b; Sungkumlong and Deb, 2009}. Addition of AC in the
medium proved to be inhibitory for culture initiation. Barlier AC was used positively for
culture initiation in Coelogne viscosa (Vij et o, 1997b), Malaxis khasiana (Deb and
Temjensangba, 2006a), Taenia latifolia (Sungkumlong and Deb, 2009},

Effed of different alternative substrata: Aparl from agar, other materials like coconut coir,
foam disk and leaf litter could be successfully used with differential success for culture
initiation from pseudobulb segments. In M. acumrinato, medium gelled with agar supported
highest sumber of shoot buds formation followed by on foam as substratum, As many as 11
shoot buds formed on agar gelled medium against ~6 shoot buds on foam as substratem. But
the response on coconut coir and forest litter was far below compare io other twe substrata.

Regeneration of plantlets and culture proliferation

The PLBs and shoot buds formed from the cultured immature embryos/seeds, foliar
explants, nodal segments and pseudobulb segments were maintained for an;)ﬁxer two passages
for further differentiation and proliferation on optimum initiation conditions. The advanced
stage PLBs, shoot buds, tiny plantlets developed on initiztion medium were transferred on
regeneration medium for plantlets formation and culture proliferation.

Eff et of basal media: Tn the preliminary siudy, the P1.Bs/shoot buds and tiny plantiels were
maintained on two different basa! media viz,, Mitra ef & and MS in conjunction with different
adjuvant for regeneration of plantlets and mass multiplication. The PLBs/shoot buds
differentiated into plantlets afier 2-5 wk of transfer. Amongst the two media tesied, MS

medium supported highest numbers of plantiets formation and better culture proliferation




whereas, Mitra ef o/ medium supported poorer culture growth, culture differentiation and
proliferation.

Further experiments were conducted to study the effect of different sirengths of MS
mediuin on regeneration of plantiets and culture proliferation. it was found that full strength
MS medium supported the formation of n:aximum well rooted plantlets, shoot buds and
secondary PLBs. At lower strength of MS medium (1/4™ and 1/2 strengths) most of the
plantlets were either stunted in growth with fewer new shoot buds/PLBs formation or cultures
degenerated. At 3/4™ strength of MS medium the plantlet height was comparatively better
than /4™ and 1/2 strength media. In this condition, though regenerated plants were healthy
with well developed roots but supported fewer shool huds formarion. Tlus perhaps could be
due to difference of chemical constituents with M8 medium or deficient as to the requirement
of the developing seedlings. Chen et of (2004), George and Sherrington (1984),
Temjensangba and Deb (2005a), Pongener and Deb (2009, 201 1a) argued that the change in
culture conditions and media could alter the paitern of organogenesis it orchids and such
behavior can be judiciously exploited to achieve desirable response in many orchid taxa by
altering the nutrient regime.

Effea of diff erert orgamic carbon sources. Various organic carbon sources such as dextrose,
glucose and sucrose (0-4%) were incorporated in the regeneration mediun: where sucrose rich
medinm was found to be superior for this plant species. Incorporation of at least one of the
organic carbon sources was obligatory for regeneration and mass mulliplication of plantlets.
There was no regeneration in the absence of the organic carbon sources (Table 12). The
requirements of the quality and guantity of exogenous supply of the organic carbon sources

varies with the species, the media compositions used, the endogenous level of organic carben

-
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and the developmental stage of the cultured embryos (Temjensangba and Deb, 2005a, c,
Pongener and Deb, 20! la). Sharma and Tandon (1990} reporied that 2-3% of sucrose; D-
Fructose and D-Glucose were the suitabie organic carbon sources for i vitro seed
germination of C ymbidium elegans and Coq!ogjme punctulata. In the present investigation,

amongst the different organic carbon sources tested, optimum regeneration and shoot bud

formation in M. acuntinala were obtained on basal media containing sucrose (3%) where as
many as 18 shoot buds were formed per subculture. The media enriched with dextrose
supported fewer shoot bud formation (6-10} whereas, glucose enriched media did not sepport

healthy regeneration.

Effas of PGRs. Different quality and quaniily of PGRs marked a pronousiced effect and elicit

different responses in the seedling development Inclusion of PGRs in the regeneration
medium was obligatory for successful regeneration of plantiets and mass multiplication. In the
absence of PGRs, there was no regeneration and cuitures degenerated subsequently. Amongst
the different concentrations 6f NAA and BA tesied, a combined treatment .:of NAA and BA at
3 puM each supported healthy regeneration and muitipie shoot formation {Table 10). Cultures
with single ireatments of BA were found to be betler as compared with NAA Cultures
mainiained on NAA singly supported more root formation but suppressed multipie shioot
formation and leaf formation while, cuitures on BA enriched media, although number of
shicots were moderately high, i did not support healthy root formation. Whereas, when both
NAA and BA were incorporated m combinalion, &t supported healthy shoot formation with
multiple roois. Pongener and Deb (201 1a), Temjensangba and Deb (20605a) and Chen et of
(2004) argued that the change in culture condilions and wedia could alter the pattern of.

organogenesis in orchids. Vij and Aggarwai (2003} reported ithat NAA favored the



development of multiple shoots/Pl.Bs in Vaida coernlea. Bhadra and Hossain (2004)
reported highest number of multiple shoot buds formation from nodal segment of Micropera
pallida when medium was supplemented with 2.0 mg L™ NAA and 2.0 me 1" BA. While the
PGRs like BAP singly or in combination with 1AA were best used for initiation of cultures
and development of healthy plantlets from leaf explants of Saccelabinum papiliosum (Kaur and
Vij, 2000).

Effat of AC: Besides above factors, AC at different concentrations was icorporated (0-
05%) i the regeneration medium. Tncorporation of AC in .the regeneration medium
facilitated the culture proliferation, induction of newer shoot buds and enlargement of
pseudobulbs. While under AC control there was only about 13 shoot buds/PLBs formation in
comparison to ~18 shoot buds formation on AC enriched medium {Fig. 8). It was observed
that, whea cultures were maintained on AC eanriched medium, AC accelerated plant
regeneration, culiure profiferation and pseudobulb enlargement. The optimum response was
achieved on MS medium enriched with sucrose (3%), NAA and B?& (3 uM each m
combination) and AT €0.3%). As in the present study, positive modification of AC in shoot
induction has also been documented in Afalaxis khasiane (Deb and Temjensangba, 2006),
Coelogyne viscose (Vij et. al., 1997a).

Effext of alternasive substraia: The advanced siage PLBs/shoot buds were also maintained oa
the regeneration medium containing different alternative substrata such as coconut coir, foam
and forest leaf litter besides agar. Within 2-3 weeh:s of cultire on regeneration medium the
advanced stage PLBs started differentiating wito rooted plantieis and multiple shoot buds, For
culture differentiation as well as proliferation, agar gelied medimn and foam supported

medium were found to be superior over other two subsirata. In the present study with M.




a7

acuminata, amongst the different substrata incorporated in the optimum regeneration medium,
better regeneration and multiple shoot bud fonmation were registered on medium containing
agar as gelling agent where as many as 18 shoot buds were formed. This was followed by
foam (14 shoots buds), cocoiiut coir (8) as substratunt. Of the different subsirata used, forest
leaf litter was found to be most inferior where there was no proper regeneration of plantlets
and culture proliferation. Though cultures maintained on agar gelled medium produces more
secondary shoot buds/PLBs, cultures maintained on foam establish faster, plantlets are taller,
leaves are dark green and culture proliferation is faster. Earker Deb and Pongener (2010)
while working with Cymbidiurn aloifoliun reported that the initial response was betler on agar
as gelling agent as cultures established faster under this condilion compared on the other
substrata. However, once the cultures establish themselves on the alternative substrata
especially on foam and cocouut coir, they exhibited healthier growth and rapid culture
proliferation compared to cultures on agar gelled medium.

During the last two decades, a number of substances viz, agarose (Johansson, 1988),
alginates (Scheurich ef al., 1980), gelrite (Pasqualetto e al., 1988), guar gum (Babbar ef al,
2005, Jain et al, 2005), isubgol (Babbar and Jain, 1998; Jain e al, 1997), starch
(Zimmerman et al., 1995; Nene e al, 1996), xanthan gum (Babbar and Jain, 2006) etc, have
been used with reasonable success as substitutes of agar. However, these are not expected to
find universal acceptance fir various reasons. Alginates gel only in the presence of specific
ions and therefore are not suitable substitute of agar in many circumstances, while agarose is
cost prohibitive. Starch has inferior gelling ability, poor clarity as well as a metabolizable

nature which can result in softening of the media. Isubgol, due to its polysaccharide nature,

good gelling ability, gel clarity and resistance to enzymatic activity, has the potential to




become a universal gelling agent for plant tissue culture media, but due to its high melting
point (~70°C) it needs pH adjustment and fast dispensing (Babbar and Jain, 2006).

Effeci of substrata and their cost effectiveness

In the present study different substrata (viz, coconut coir, foam and forest leaf litter)
were used as alternative to agar for culture initiation from pseudobulb segments, plant
regeneration and mass multiplication. However, foam supported cubture outperformed
coconut coir and leaf litter supported culture in all the three stages. It was observed that the
number of plantlets/shoot buds formed was higher on agar gelled medium, but cultures
established faster on foam as substratum. Besides this, cultures maintained on foam supported
healthier plantlet formation and rapid culture proliferation though the peiformance of cultures
on coconut coir and leaf litter were significantly inferior compared to the others,

The hunt for the cheap substratum could be that which is/are of very low cost. In the
past some efforts have been put nto to use other low cost substratum to replace agar. In most
of the cases success was restricted to initiation of culture only. Agg‘:;rwal et al (2006)
reported the use of coconut coir as substratum for seed germination of Cymbidium pendulum
and success was restricted to germination stage only. Deb and Temjensangba (2006b), Deb
and Imchen (2010}, Temjensangba and Deb {2005a, 2006) cculd successfully use forest litter
and moss as substratum in the hardening medium.

In the present study, we could successfully use coconut coir and foam disk as
alternative to agar for initiation and regeneration phase. Superior regeneration of plantlets,
multiple shoot bud formation was achieved on foam disk compared to other substrata.

According to the estimation in the present study, the overall production cost could be




successfully reduced to ~24% compared to agar gelled culture. This distinct cost advantage is

mostly due to:

(i) The agar gelled cultures demands subcultures at every 3-4 wk on fresh medium which
many a times invites unwanted microbial coptamination. But with the cultures on alternative
substratum this problem could be ruled out as the fresh medium can be poured in the same
culture vials at regular interval and only the proliferated propagules are transferred to fresh
culture vials. Besides this, it cuts the manpower costs.

(ii) As most of the substances used in the present study is either fne waste of houscholds or
are very cheap.

(iii) One litre of tissue culture medium with tissue_ culture grade agar is ~8.0 US$ where the
cost of the agar is ~2.0 USS. But the cost of the foam for one litre medium is ~0.5 US$ and
we could successfully recycle the foam disk up to 10 cycles. Therefore, the cost of 10 litres of
medium with agar as gelling agent would be ~80 US$ but with foam as substratum i could be
~60.5 US$ only. Hence the medium cost with foam is 76% in comparaison to agar gelled
medium thereby reducing the production cost by~24%.

Apart from costs effectiveness, use of these substrata as in the present study does not exert
pressure on nature and environment as most of the substrata are natural and renewable sources
except ‘foam’ which is synthetic. Their increased demands can be met without any fear of
exploitation of its resources and also does mot pose much threat to environment on being
disposed after use. & is further observed that the cultures maintained on alternative substratum
establish better in the community potting mix compared to the cultures maintained on agar
gelled medium as in most of the cases the roots of the regenerates adheres to the subsiratum as

does by roots of orchids in their natural habitats.




Hardening and field trials of the regenerates

The hardening of in vitro raised piantiets is essential for better survival and successfui
establishment. In other words, the survival percentage is determined by the hardening of the
plantlets. Losses of micropropagated plants after transferring to nature are attributed to low
humidity, high levels of light and non-sterile condition of the i vivo environment (Deb and
Imchen, 2010, Lavanya ef al, 2009; Paul, 1999). Couventionally, the tissue-raised plants are
hardened by transferring on a low nutrient medium having low organic carbon sources and
maintained at high light intensity. Different matrix or substrates with manipulation i salt
solution were employed for hardening of different angiospermic i vifro raised planis by
various workers viz: soilrite for Carica papaya (Agnihotri ef al, 2004), soaked cotton for
Saccharum o fficnarum (Gill et al., 2004) etc.

During the present investigation, the well rooted healthy plantiets were removed from
the regeneration medium and transferred into culture vials containing 1/2 strength of MS sait
soluticn supplemented with 2% (w/v) sucrose devoid of any PGRs. The .;cuitures were then
maintained for ~6-7 wk under identical culture conditions and then the hardened plants were
transferred to CPM. To transplant the hardened plantlets, the CPM was prepared by mixing
different substrates like charcoal pieces, chopped forest litters, coconut husk, sand and black
soil (at 1:1 ratio) with 2 moss topping. After transferring the hardened plants to CPM they
were covered with holed transparent poly bags. The potted piants were maintained in poly
house (ca 70% filtered light) and fed with MS liquid salt solution (1/10" strength) weekly for
2-3 wk. The potted plants were left in the normal fuli day light conditions which were kept for
about 7-8 wk before transferring to the wild. During this process plantlets turned deep green

and developed pigments. About ~75% of the transplants survived to form fully developed
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plants after two months of potting. Feeding the planilets with nutrient salt solution has been
reported to be beneficial for the promotion of orchid swrvival and growth (Deb and
Temjensangba, 2005, 2006b, 2007b; Mukherjee, 1983; Kumaria and Tandon, 1994;
Temjensangba and Deb, 20052; Fongener anf! Deb, 2009, 2011a, b). The acclimatized planis
were transferred to Departmenta! botanical garden and the performances of these fransplants
were monitored at regular interval

in the current investigation, the piantlets in the hardening condition were found to
develop new roots. These newly developed roots get attached fo the suppoit medium with the
passage of time and vigorous growth of the plantlets were observed. The roots attached
themselves mostly to the charcoal pieces and moss, which strongly suggest the suitability of
the material for the purpose. it was also observed that the transplanted regenerates were dark
green and healthy with emergence of new roots and leaves just afier one month of transfer in
the potting mix.
2.4. Cenclusion

During the present investigation, protocols were estabiished for culture initiation from
immature embryos of various developmental ages foliar eaplants, nodal explants and
pscudobutb segments from both # vive and @ vifro sources of Malaxis acuminala,
regeneration of plantlets and mass multiplication. These techniques open new routes for in
vitro mass muitiplication of this economicaily important orchid species of North-East India in
general and Nagaland in particular. The protocols established for culture mitiation from folar
explants, nodal explants and pseudobulb segments indicates the possibility of using
alternative expiants. Results from the pscudobulb segments from in vivo source demands

further research to exploit this explant source. The profocols may be used by the local




commercial orchid growers, NGOs and Government agencies associated with floricuiture,

which wiil add to economic development of Nagaland. The present investigation also offers a
newer possibility of using the low costs raw materials like foam, coconut coir as alternatives
to agar which will reduce the production cost considerably and will help in popularizing the

£ ]

piant tissue culture technique.




Chapter -3.

Strobilanthes flaccidifolious Nees

3.1. Materials and Methods

Plant Collection

Strobilanthes flaccidifolious plants have been collected from Meinkong fore.st,
Akhoya, Alichen and Longkhum area of Mokokchung district, Nagaland. The collected
species were maintained in Botanical garden/experimental garden at a temperature of
~20/15°C (day/night). Regular survey was carried out in the same area at regular intervals to
study their status.

Selection of Explants and Sterilization

Nodal explants: The nodal segments were collected from the tender parts of the mature plants
through out the year at one month interval The well expanded leaves were removed before

nodal segments were scrubbed with diluted ‘labolene’ (a commercial laboratory detergent,




1:100 ratio, v/v) and soft brush and washed under running water for 10 min. Subsequently
explants were sterilized with aqueous solution of HgCl, (03%, wh) for 5 min and
subsequently rinsed 4-5 times with sterilized distilled water. Finally, the explants were dipped
in ethanol (70%, v/v) for ~30 seconds and rinsed with sterilized distilled water. After
sterilization, the nodal explants were soaked in sterilized water till culture.
Foliar explants: 1 .eaves were collected from 5-6 wk old from in vitro/fazenic culture and were
used directly without sterilization.
Priming of Explants

The sterilized nodal explants and leaf were soaked in sterilized distilled water till
cultured on medium. A part of the pre-soaked sterilized nodal explants were maintained on a
‘Growtak Sieve’ (Make: Hi-Media) containing MS medivm containing sucrose (2%, w/v) and
polyviny!l pryolidone (PVP) (200 mg %) as antioxidant for 48 hr to remove the dye from the

explants. The pre-soaked and primed nodal segments were used feor initiation of culture

3

Preparation of Substrata

Beside agar as gelling agent, three other types of substrata viz., coconut coir, forest
leaf litter and polyurethane foam (hereafter called foam) were used as substrata/supporting
materials as alternative to agar for regeneration and mass multiplication of plantlets. ‘Foam’
was collected from the local market which is generally used for preparation of matiresses.
While coconut coir was extracted from the dried fruits and forest leaf litters were collected
from the forest floor. All the three substrata were soaked with ‘labolene’ (a commercial
laboratory detergent) at 1:100 ratio (v/v) for about two hr followed by washing under running
tap water till water ran clear. The substrata were air dried and stored il used. The dried

coconut coir and forest leaf litter were chopped mto small pieces {~05 cin size), while foam




was cut into disk (according to the size of culture vials). All the substrata were then
autoclaved atl.05 Kg cm™ pressure and 121°C for one hr before putting them i the culture
vials.

Tissue Culture Media

For initiation of cultures from nodal explants full strength MS medium was used. The
basa] medium was fortiﬁed‘ with three dit%erent organic carbon sources (viz, dextrose,
glucose and sucrose) at different concentrations (0-4%, w/v), different concentrations of
PGRs jike NAA and BA (0-15 yM) cither singly or in combination and agar (0.8%, w/v) as
gelling agent. Three differeni anticxidants like ascorbic acid, citric acid and PVP at different
concentrations {0-400 mg L’i) with increments of 100 mg was incorporated in the mitiation
medium. For leaf culture, MS medium were fortified with sucrose (0-4%) and agar (08%),
PVP (200 mg L™). The medium was further fortified with different levels of PGRs like NAA,
BA and Kn (0-9 uM) either singly or in combination.

The pH of the medrum was adjusted to 5.6 using 0.1N NaOH and 0. IN HCI and about
i2 ml medium was dispensed in each berosilicate test tube (size: 25x150 mm) and cotton
plugged. The medium was sterilized by autoclaving at 121°C for 20 min at a pressure of 1.05
kg cm™ Besides agar, different pre-processed substratum like coconut coir, foam and forest
leaf litter were used. To which about 12 m! of the liquid media were dispensed in each test

tube. The media were autoclved at 121°C for 20 min at the pressure of 1.05 kg cm™

Plaut Tissue Culture
Initiation of cultures

Nodal explants. The primed nodal segments from “Growtak seive' were curtured on tull

strength MS medium fortified with different organic carbon sources (04%, w/v), different




antioxidants and different quality and quantity of PGRs like NAA and BA (0-15 uM) either

singly or in combination and agar (0.8%, w/v) as gelling agent. About 1.0 ¢m long sterilized
nodal segments were cultured on initiation medium and the cultures were maintained at
25+2°C under cool white fluorescent light gt an intensity of 40 pmol m™ s and 12/12 hr
(light/dark) phase. A set of nodal segments were also cultured immediately after harvest and
sterilization but without priming as described above.

Leaf: Leaves of S flaccidifolions (~50 om long) were isolated from in vitro stock plants
(donor plants). The donor plants were raised from nodal segment cultured on MS medium
containing sucrose (3%, w/v) and w-naphthalene acetic acid (NAA) (3 pM) and benzyl
adenine (BA) (3 yM) in combination. The isolated leaves were soaked in sterilized distilled
water till used, 1o wash off the dye released from the petiole. The leaf explants were cut
transversely into ~1.0 cm pieces. Besides leaf segments, whole leaf was also cultured for
comparative study. The leaf segments were cultured on MS medium containing sucrose (0-
4%, wiv}, PVP (200 mg L'l) and supplemented with different concentraiioixs of diffierent plant
growth regulators (PGRs) such as NAA, BA and kinetin (Kn) (09 uM) either singly or in
combination.

Experimental design

A completely randomized experimental design was performed. In all the experiments,
cach treatment had at least 5 replicates and they were maintained at 25+2°C under cool white
fluorescent light at 40 pmol m™” s* and 12/12 Ir each (light/dark) pﬁoto period. All the
cultures were sub-cultured at 4-5 wk interval unless mentioned otherwise. fn vitro response

was evaluated based on the percentage of explants responded and number of propagules
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formed i the culture after specific period of time (as stated in the table) and data was

expressed as the mean ofreplicates + standard error.
Regeneration of plantlets and culture proliferation

The shoot buds/micre shoots developed from the cultured nodal segments and foliar
explants were maintained on optimum initiation medium for another two passages. The young
plantlets and shoot buds were then transferred on MS medium containing different PGRs such
as BA and Ku (0-9 uMj either singly or in combination. In the regeneration medium, different
organic carbon sources like dextrose, glucose and sucrose (0-4%, w/v) were also incorporated.
The micro shoots were separated at every sub-culture and transferred on fresh regeneration
medium. A part of the shoot buds were also cultured on optimum regeneration medium (with
optimum PGRs) fortified with different concentrations of AC (0-04%, w/v) to study the role
of AC in plant regencration and culture proliferation Apart from agar gelled media, the
cultures were also maintained on different alternate substrata such as foam, coconut coir and
also forest leaf litter. ’

Rooting of micro shoots

Though there were some roots formation in some regenerated shoots on regeneration
medium, but roots were not fully developed and shorter in length. About 4-5 an long
plantiets/shoots with well expanded leaves from the regeneration medium were selected for
inducing rooting. The selected shoots were treated differently for inducing roots. One set of
shoots were pulse treated with NAA (0-20 pM) for 3 hr followed by culturing on MS plain

medium containing sucrose (3%, w/v) while, another set of shoot buds were cultured on MS




medium containing sucrose (3%, w/v) and NAA (0-8 pM) and maintained in normal

laboratory conditions.
Hardening of the regenerated plantiets or regenerates

The well rooted plantdets were taken out from the rooting medium and transferred on
medium containing ' strength MS inorganic salts and fall strength organic additives fortified
with sucrose (2%, w/v) devoid of any PGRs and maintained in normal laboratory conditions
for 6-7 wk.

Potting mix and transplantation of the regenerates

The hardened plantlets were taken out from the culture vials and washed with luke
warm water {0 remove any traces of agar. The hardened plantlets were then transplanted onto
plastic pots containing a mixture of soil, sand, decayed wood powder at 1:1 ratio with a moss
topping. The pots were covered with holed transparent polybags and watered at week interval
for two menths, The plants were fed with 1/10™ MS sait solution once m a week for 3-4 wk
and maintained in polyshade with Ca.70% of shading sunlight and ﬁl’laﬂ;}f after two months,

the plantlets were left in the normal full day light condition.

3.2. Results

Initiation of culture

Nodal explants

Seasonal effect of explanis collection and priming of explants. The first objective towards
the establishment of én vitre regeneration protocol for S, flaccidif ofious vras to optimize the
time of nodal explants collection from the field grown plants. After sterilization, the nodal

explants were soaked in sterilized distilled water till culturing on nutrient medium. Soaking of



Table 14: Seasenal effect of explants collection on in vifro morphogenetic response of

nodal explants of Straolilanilies flaccidifolious

Time of explants

%o respense

Type of response**

collection {(£SKy*

January 25 (1,50) Sprouting of axillary buds, leaves crowded at the
top, fewer shoot buds formation

February 25 (1.00) As above

March 30 {0.50) Sprouting of axillary buds fiom both side of the
node, leaves light green, fewer shoot buds
formation.

April 30 {(0.75) Greening of nodal segments, sprouting of axillary
buds i both side of the node, leaves light green,
plantlets healthy.

May 15 (1.50) Release of phenolics and dye mn media, Callusing of
explants and in most cases tissue become necrotic

June 14 {2.00) As above.

July 15 {(1.00) Release of phenolics and dye in media, tissue
become necrotic, only swelling of node and no
shoot buds formation.

August 25 (0.7%) As above but few shoot buds sprouted.

September 40 (2.00) As above. 3

October 75 (2.00) Release of dye and phenolics reduced, m most cases
explants callused and fewer shoet buds formed

November 80 (1.00) Axillary shoot buds sprouted, muitiple shoot buds
formation, no release of dye, plantlets were healthy,
leaves were dark green.

December 57 {1.00) As above but fewer shoot buds formed,

* Standard error, ** On MS medium containing sucrose (3%), NAA and BA (3 uM each in

combination).

Data represents the mean of five replicates.




Figure 11: Different stages of i vitro morphogenetic response of nodal
explants of Strobilanthes flaccidifolious Nees. a. Nodal segments
priming in a Growtak Seive; b. Nodal segment without priming
cultured on initiation medium releasing dye in the medium; ¢.
Sprouting of shoot buds from primed nodal segment; d. Multiple
shoot buds formation from the cultured nodal segment.

T
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nodal explants in water improved the morphogenetic response over non-soaked segments. It
was observed that pre-soaked nodal segments leached lesser dye in the medium in comparison
to non-soaked segments. Alternatively, a part of the pre-soaked nodal segments were also
maintained on a ‘Growtak Seive’ containing MS medium containing sucrose {2%) and PVP
(200 mg L") as antioxidant Tor 48 hr befote transferring on initiation medium (Fig. 11a).
During this period, the blue dye released in the liquid medium of the ‘Growtak Sieve’ and
better morphogenetic response was achieved as compared {0 control and pre-soaked explants.
The nodal segments were collected round the year at one month interval starting from
January tili December. The explants were collected for three repeated years. Seasonal changes
greatly influenced the explants establishment E was observed that amongst the different
collection seasons studied, the nodal explants” collected during May-July were least
responding and tissues turned necrotic. While, explants collected during October-November
responded optimally where as much as 80% nodal explanis responded by sprouting the
axillary buds (Table 14). It was observed that explants collected during May to July released
dye in the culture and tissue became necrotic (Fig. 11b). This is probably due to the fact that
during this period due to favorable rainfall and temperature, dye production is maximal With
the decrease in rainfall during October and November the leaching of dye is also decreased
considerably and explants yielded morphogenetic response.
Effects of antioxidants: Under the condition employed, the primed nodal segments from
mature plants were free from phenolic exudates and dye; the resident axillary buds were
induced fo proliferate into multiple shoot buds. As S. flaccidifolions is a dye yielding plant,
the cultured nodal segments released excessive dye in the medium and tissue became necrotic.

From necrotic explants morphogenetic response was very poor and in most of the cases




Table [5: Effect of different antioxidanis on imitiation from nedal explants of 8

§ Type of response

flaccidi folious

Antioxidant t¥pe & % response
Cone. (mg L*

0 L0

PVP

100 70 (1.0)

200 80 (10)

300 55 (2.0)

400 45 (2.0

Ascerbic acid

100 40 (20)
200 50 (1.5)
300 30 (1.0)
400 25 (1.0)
Citric acid

100 45 (12)
200 35 (1.7
300 55 (20)
400 50 (2.5

Browning of medwmm and larpe amount
of dve released, tissue became necrotic
& degenecrated.

Browning controlled but slight release
of dve.

Healthy explamts, no browning. No/less
dye in the media. Axillary bud sprouted
out from both the side of the node

Media became brown, dye released in
the media, axillary bud developed from
one side of the node

As above

Large amount of dve rcleased m the
media, explants degenerated

Dve released in the media bat also new
leaves spronted out

Moderate browning but no further
TESponse

As above

Stops browning and (ew dve reieased in
the media

As above

Media became bhrown due to release of
dve in the media

As above

On MS medium with sucrose (3%) and NAA+ BA (3+3 pMin combination)

Data represents the mean of 5 replicates
Data collected after 45 days of culture.




Table 16: Effect of different orgamic carben seurces on inifiation of nodal explants of
Strobilanthes flaccidi fdlious

Organic Carbon No. of sheot % respanse Type of response**
Sources & Cone. %) buds formed (XSE)*
0 0 0 No response
Dextrose ‘ :
1 2 20+1.5° Shoot buds developed but stunted m growth
2 i 33120 Shoot tud degenerated
3 6 43430° Multiple shoots developed, light green in color
4 1 1541.0° Shoot buds smaller
Glucose
1 1 15+1.0° As above
2 1 18+2.0° As above
3 4 40+xl.5° Multiple shoot buds sproutcd but callusing at the
base.
4 3 35+1.0° Shoot buds developed but degenerated.
Sucrose :
1 3 35+1.0 As above
2 8 65+2.0° Shoots developed from the nodal region but
i smaller
3 12 8010 Greening of nodal segments followed by sprouting

of shoot buds at both side of the node. leaves are
well ex panded and green, partial swelling of the
base.

4 5 50+1.0° Greening of nodal explants and shoot formation,
swelling ofleavces.

* Standard ecrror. Values followed by the same leffers are not significantly different from cach other.
** On M8 medium with sucrose (3%) and NAA + BA (3+3 pMin combination)

Data represents the mean of 5 replicates each

Data scored after 6 wk of cuiture




explants degenerated subsequently. For inducing morphogenetic response from the nodal
explants, it was prerequisite to stop the leaching of dye and other phenolic compounds i the
medium. Various antioxidants like PVP, ascorbic acid and citric acid at various
concentrations (0-400 mg L) were incorporated in the initiation medium to stop/reducing the
exudation of dve and phenolic compounds (Table 15). Both ascorbic acid and citric acid
across the concentrations tested though stopped the exudation effectively, but did not support

morphogenetic response. Under the conditions provided, PVP at a concentration 6£200 mg L
! reduced the leaching of dye moderately and alsc supported the morphogenetic response.
Under optimum condition ~80% nodal explanis responded positively (Table 15).

- Effats of arganic carbon sources. Incorporation of af least one organic carbon source in the
initiation medium was obligatery. In the organic carbon control medium, there was no
morphogenetic response and all the explants degenerated. In the present study, three different
organic carbon sources (viz, dexirose, glucose and sucrose) at differential concentrations (0-
4%) were incorporated In general, amongst the three organic carbon sources used glucose
across the concentrations found to be inferior compared to other two sources. When glucose
was incorperated as organic carbon, ~40% of the explants invoked meristematic loci on basal
medium enriched with 3% glucose where as many as 4 shoot buds developed from each node
(Table 16). But when dexirose used as organic carbon, under optimum concentration {3%)
~43% explants responded positively where average 6 numbers of shoot buds developed per
nodal explants. Amongst the three carbon sources used in the initiation medium, sucrose at a
concentration of 3% supporied optimum morphogenetic response in ~80% ncdal segments

after & wk of culture.




Table 17: Effects of PGRs on in vitro merphogenefic respense of nodal segrments of

Strobitanthes flaccidif olious,

PGRs Conc. (uM) % re_s.pons: No. of sheet buds

Type of response

NAA BA (£SEY” formed/explants
0 0 0 0 Greemng of explants but degenerated
- B 43+20° 14* Greening of explants followed by sprouting of

. 6 44430° 6"
= 9 4342 5° 4°
. 12 2041.5° 14
: 15 0 0
3 0 67+0.5° i
6 0 404£1.0° ¥
9 0 0 1°
15 0 25+2.0° it
3 3 80+1.0° i2°
3 6 57+25° .
3 9 33+2.0¢ ¢

axillary buds, maltiple shoot buds formation,
leaves green.

Multiple shoot buds sprouted but callusing at
the base.

As above.
Shoot buds formed but degenerated
No response.

Swelling of explants at nodal zene and fewer
shoot buds formed

As above.

Sweiling of nodal explants but degenerated
subsequently.

As above.

Greemng of nodal segiments followed by
sprouting of shoot buds at both side of the
node, leaves are well expanded and green,
partial swelling at the base.

2
Greening of nodal explanés and shoot
formation, swelling ofleaves.

Greening  of modal explants followed by
callasing of explants.

* Only the significant treatments are computed;

*% Standard error, In the same cotumn, figures followed by the same letter are statistically identical to the

threshold of 5% {(Newman-Keuls).

*** Opn MS medium containing sucrose (3%, w/v);

Data represents the mean of five replicates,
Data scored after 5 wk of culture inihation.




Table 18: Eifect of guality and guantity of PGRs on inducing morphogenetic response
in foliar explants of Strobitantles flacddi folious’.

NAA BA KN

0
3
6
9

]

PGRs Cenc, (nM)* Time for imitial % response Morphogenetic  Ne. of shoot buds
response (days) (FSE)** pathway** formed /fexplants

0 0 - - < g
T 15 " 250,508 Ca-Rt |
" . 7 66+100° Rt 1
- = 7 6620.75° Ri |
3 = 70+1.50° Ca 3
6 = 0 751075 Ca-Sh 9
9 s 7 70+2.50° Ca-Sb-Rt 6
= 3 15 60+2.00¢ Sb 4
z 6 20 50+1.50° Sb 3
- 9 20 5041.75° - .
3 " 12 25.41.008 Ca

6 - 10 75150 Ca-Rt

9 . 8 654+2.50° Ca =
3 - 10 60-£3.00° Ca <
6 - 7 60+2.50° Ca -
9 : 10 50£1.00° Ca 1
6 - 10 63+2.50¢ Ca -
9 - 20 48+1.00° Ca-Rt i
- 3 25 45+200° Ca 2
= 6 30 5541.50° Ca 2
= 6 30 201062 Ca 1

(=B VSRRV~ = T = = S LTS e

# On MS medimn-containin;g, sucrosc (3%, wiv), PVP (200 mg LD
* Only the significant treatments arc computed.

** Standard crror, in the same column, figures followed by the same letter are statisticallv dentical to
the threshold of 5% (Newman-Keuls).

¥¥* Ca: Callus, Sb: Shoot buds, Rt Roots.
Data represents the mean of five replicates, Data scored after 5 wk of culture initiation.




Figure 12: Different stages of in vitro morphogenetic response of foliar
explants of Strobilanthes flaccidifolious. a. Cultured leat explants
showing swelling and curling of leaf segments; b. Callusmg and
direci shoot buds formation from the cultured leaf explants; c.

Multiple shoot buds formation from the cultured leaf explants.
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Effats of PGRs Swelling of the axillary buds was observed within a week followed by
differentiated into multiple shoct buds/micro shoois formation within 5-6 wk (Fig. 11ic).
Presence of PGRS in the medium was necessary for morphogenetic response. In the absence
there was only greening of the explants but degenerated without morphogenesis. Of the two
PGRs incorporated at differential concentrations, NAA singly did not impact impressive
morphogenetic response and in most of the cases explants callused, while BA singly at a
concentration of 3 uM supported maximum rruinber of shoot bud formation. But when NAA
and BA used in combination, highest number of nodal explants responded positively. About
80% of the nodal explanis responded positively on medium containing sucrose (3%) and
NAA + BA (3 uM each in combination) where as many as 12 shoot buds/micro shoots
formed without callus formation (Table 17, Fig. 11¢). At higher concentrations of combined
ireatments explants callused i most of ihe cases.
Foliar explants

Soaking of leaf explants in water after excising from the in vitro raised cultures
improved the morphogenetic response over non-soaked explants. Tt was observed that pre-
soaked leaf explants leached dye i the water and promoted healthy culture mitiation. While,
the leaf explants which were not soaked released dye and phenolic compounds in the medium,
became necrotic and degenerated subsequently. Under the condition employed, the primed
leaf explants were free from dye and phenolic exudates; the meristemetic loci were invoked
foliowed by shoot bud formation. Swelling of foliar segmentis was observed within 7 days of

culture from the cut ends followed by either shoot buds formation or callus formation within

3-4 wk (Table 18, Fig. 12a) The highest percentage of culiivaied leaf segments forming
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protuberances/shoot buds was 75% and highest mean mumber of protuberance regenerating
buds per segment was ¢ (Table 18, Fig. 12b).

Incorporation of sucrose in the medium was prerequisite for induction of
morphogenetic response. On, medium free of sucrose, leaf ex-plants failed to respond and
degenerated subseguently. Of the different concentration of sucrose tested, better
morphogenetic response was achieved on medium fortified with sucrose (3%) (data not
presented). Medium containing higher concentration of sucrose, explants turned brown while,
at lower concentration fewer shoot buds formed. For morphogenetic induction, three different
PGRs were incorporated at different concentrations. All the concentrations of NAA either
singly or in combination with BA and Kn support_ed callus induction while both BA and Kn
supported either shoot bud formation or callus formation Lower concentrations of BA
supported callus formation while at higher concentration of BA shoot bud induction was
recorded. At a concentration of 6 uM BA, ~75% of explants responded positively where as
many as 9 shoot buds/micro shoot formed (Table 18) accompanied by cgllus formation. For
morphogenetic response, leaf segments as well as whole leaf was tested In the present study,
morphogenetic response was initiated from the cut ends of leaf segments while response was
comparatively poorer in whole leaf The shoot buds so formed converted into plantlets and
also formed multiple shoots when maintained for another two passages on optimum initiation
medium {Fig. 12¢).

Plant regeneration and culture proliferation

The meristematic loci/shoot buds/micro shoots developed from nodal segments and
foliar explants on initiation medium were maintained for another two passages for culture

differentiation and proliferation. The micro shoots are then maintained on MS medium




Table 19: Effects of different quality and quantity of organic carbon sources on regeneration
of plantlets and cultare proliferation of Strebifanthes flaccidi folious

Organic carbon ~ Height of

No. of No. of

Ne. of Type of response

Sourece & conc{%) plantlet {em) leaves shoois roots

0 0 ) 0 0 0 No response

Dextrose

1 1.8 5 6 1 Leaves datk green, fow curled,

2 1.9 6 5 1 Leaves light to dark green, unhealthy

3 1.8 5 1 1 Leaves light to dark green, broader leaves
4 19 5 3 5 Leaves broad, dark green, opened
Glucose

1 1.6 5 1 1 Smallerieaves opened

2 19 6 2 1 Leaves dark preen, opened

3 1.8 6 6 1 . Shoots small, leaves small

4 23 (] 2 4 Leaves dark green, opened.

Sucrose

1 26 6 5 1 Leaves light green, OPened

3 34 i 3 2 Leaves smali, unhcalahy

3 45 3 7 10 Leaves dark green with broad leaves

] 2.9 5 3 2 Leaves small, unhcalthy and degenerated

gradually

*On MS medium with Kn 3 pM)
Data represents the mean of 5 replicates
Data collected aftor 7 wk of culture




containing different organic carbon sources {dextrose, ghicose and sucrose) at different
concentrations (0-4%) and two different cytokinins (BA and Kn) at various concentrations (0-
9 pM singly or in combination) for plant regeneration and culture proliferation. The
regeneration of plantiets and culture prolifi era:etions were influenced by various factors.

Effects of quality and quantity of organic carbon sources. 1t was found that presence of at
least one of the organic carbon sources in the regeneration medium was prerequisite by the
fact that in the absence of any of the organic sources there was no regeneration of plants and
cultures degenerated within 2-3 week afier culture. Presence of dextrose at a concentration of
1% exhibited better response where as many as 6 shoot buds with an average 5 leaves per
plant formed after ~7 wk of culture, but in this concentration only one root per plantlets
developed But higher concentration {4%) though number of shoots was lesser (3 number) but
it resulted in more roots (5 numbers per plant). When glucose was added as carbon source, at

lower concentrations (1 and 2%) did not support healthy plant regeneration and multiple shoot

3
buds formation. But at higher conceniration (3%) supported more numbers of shoot bud

formation where as many as 6 shoots developed. But presence of sucrose in the regeneration
medium out performed both dextrose and glucose (Fable 19). Sucrose across the
concentrations was found to be superior over other sources. Under optimum concentration of
sucrose (3%) produced ~7 shoots and there was 10 roots per plants.

Effad of diff erent cytokinins. For regeneration of plantlets, incorporation of one of the PGRs
was obligatory. In medium freed of any PGRS, cultures exhibited stunted growth and
degenerated. Presence of BA across the concentrations either singly or in combination did not
promote healthy plantlet regeneration or culture proliferation and plantlets exhibited stunted

growth. Singly treatment of BA {3 pM) supported mean 4.2 numbers of shoot bud formation




Table 20: Effects of different cytokinins on plantlets regenerafion and culture

proliferation of Strobilantives flaccidifolious.

PGRs Conc. (WM} No. of shoot buds Mean plantlet Type of response*=

BA Kn formed/explant height (em.)*
0 0 0 0 Growth stunted and degenerated
3 42" 3.2+0.1° Plantlets with dark green small leaves but
planticts etiolated
6 0 31° 40+01° Plantlets slightly light green and not healthy
22¢ 3.6£02° Small leaves and slight callusing at the base
3 73 4.5+£02° Hedlthy plantlets with dark green and broad
leaves, plantleis with few roots
0 6 325 306+0.3° Poor plant growth, yellowish-green leave
0 o b 2.040.2° Sumted plant growth
3 3 590 43101° Dark green leaves, stunted growth with fewer
roots
3 6 33° 3.5+0.3° As above
3 9 3.2° 3.6+02° As abeve
6 3 34° 3.0£0.2° Stimted plant growth and leaves light green
6 6 o 27402 As above
6 9 525 3.2305° Many small leaves crowded at top, leaves
light grecn 5
9 3 2.5¢ 274014 Broad green leaves, healthy plantlets
34° 25102 As above
¥ 2940 56 Leaves light green and plantlets unhealthy

# Only the significant treatments are computed.
* Standard error, in the same column, figures foliowed by the sawme Ictier are stanistically identical to

the threshold of 5% (Newman-Keuls).

** On MS medium containing sucrose (3%, w/v);
Data represents the mean of three replicates.
Data scored after 3 wk of culiure on regeneration mediunt.




Figure 13: Plantlets regeneration and multiple shoot buds formation of
Strobilanthes flaccidifolious on regeneration medium containing
different substrata. a. Multiple sho;)t buds formed on agar gelled
regeneration medium; b. Mulliple shoot buds formed on
regeneration medium contaiming foam as substratum; ¢. Multiple
shoot buds formed on regeneration medium containing goconut COIr
as substratum; d. Multiple shoot buds formed on fegelleratiOH

medium contatning forest leaf litter as substratum.
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Figure 14: Effect of Aciivated charcoal on regeneration of plantiets of
Strobilanthes flaccidifolious.
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Figure 14: Effect of activated charcoal on reseneration of plantiets of

Strobilarthes flaccidif olious.




Table 21: Regeneration of Strobifanthies flacadi folious on different alternative substrata

Type of Mean height of No. of leaves No. of shoot No. of roots Type of response
substratum  plantlets (cm}  per plantiet per plantlet per plantiet

Agar 45 8 7 10 Healthy plaatlet leaves many,
dark green, broad. Roots long
and healthy

Cocoaut coir 1.52 5 2 1 Leaves dak green, small
Plantlet degenerated
gradually.

Foam 1.65 7 5 3 Leaves dark green, opened,

shoots small Leaves small
dark green, opened

Forest Iitter 148 5 - - Plantlets unhealthy &
degenerated gradualfly.

*On MS medium with sucrose (3%) and PGR- Kn (3 pM)
Data represents the mean of 5 replicates each
Data collected after 35 days of culture




after 7 wk of culture where mean height of plantlets was 3.2 cm While BA and Kn in

combination exhibited a more or less a similar response in the entire range studied and did not
support optimum plant regeneration and culture proiiferation. Under optimum condition at a
concentration of 3 pMeach qfboth BA and Kn formed 5.2 shoot buds and mean piant height
was 4.3 cm. But incorporation of Kn singly proved to be optimuin under the given conditions
for shoot proliferation and plant growth. A mean of 7.3 shoot buds/micro shoots of ~4.5 cm
height were formed on medium containing Kn (3 uM) (Table 20, Fig. 13a).

Effed of AC on plant regeneration. Tn one set of regeneration medium with optimum PGRs,
AC was incorporated t study its effect on plant regeneration and plant morphology. It was
observed that incorporation of AC had very littlt? or no effect on culture prokferation and
plant growth. Though AC had very little effect on muitiple shoot formation but, on AC rich
medium plantlets developed roots which was absent in AC control medium. As many as 8
roots per plant formed on medium containing ¢.1% (w/v) AC. While at higher concentrations
of AC culture prokiferation as well as culture growth inhibited (Fig. 14).

Effeds of alternative substrata on plant regeneration and culture proliferation As
described with M. acuminata, different substrata like coconut coir, foam and forest litter were
also used against agar in the regeneration medium. When compared the regenerative
performance on different substrata including agar, it was found that agar as gelling agent
performed better compared to other substrata. On agar gelled medium, there was as many as 7
plants with about 10 roots per plant and piant height was ~4.5 cm. But on foam as substratum,
there was only 5 shoots with 3 roots per plant and plant height was ~2.0 cm (Table 21). On
the other hand, cultures maintained on coconut ceir supported only 2 plantlets formation

while, there was no regeneration on forest leaf litter and cultures degenerated When




Figure 15: Rooting, hardening of rooted plants of Strobilanthes flaccidif olious .
and transplanting to community potting mix. & Regenerated plantlet

transferred for rooting on medium enriched with NAA (3 uM); b.

—— ORI .

Plantiet transferred for rooting on plain medium after pulse treatment
with NAA (10 uM); ¢. A rooted plant on hardening condition; d.
Hardened planf transferred to community potting mix.
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Table 22: NAA stimulated irr vitro rooting of micro shoots of Strobilamtkhes flaccidif olious.

NAA Conc. No. ofroots No. of secondary Type of response*
(M) formcd/plantlet shoot formed/shoot
0 3" - Roots were very small and degenerated.
| 5° 2 . Plantlets etiolated, roots short.
2 B 3 °  Slightly eiiolated plantlets, shoots branched but
short
3 4 3 Healthy plants with profuse rooting with
distinct root hairs
4 g® Heatthy roots but poor root hairs
5 6 2 Swelling at the basal part of plants as well as
TCOLS.
6 & - As above.
7 ! - Roots swelled and callusing at the base of the
shoot
8 4 - As above

* Oo MS medium contai_ni;lg Sucrose m, w/\_!)._
Data represents the mean of five rephicates.

Data scored afier 4 wk of culture ca the above medium

In the same column, figures followed by the same letter are statistically idenfical to the threshold of
5% (Newman-Keuls).
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Figure 16: Effect of plus treatment with NAA on inducing roots of S

Mlaccidi f olious micro shoots,




compared the plant morphology on the four different substrata, it was observed that plants

cultured on agar geiled medium and foam disk were healthy and dark green while cuitures on

coconut coir and leaflitters were not healthy and pale green in color (Fig. 13, b, ¢, d).

Rooting of micre sheots:

Ll

Though there were some roots formation in some regenerated shoots on regeneration
medium, but roots were not fully developed and shorter in length. Regenerated shoots (~4-5
cm in length, sources directly from regeneration medium) induced roots when transferred on
rooting medium. The shoots were treated differently for inducing roots. In general, pulse
treatment with NAA was found to be inferior over mcorporatiion of NAA m the medium (Fig.
15a and 15h). Of the different concentration of NAA used for inducing roots, a concentration
of3 uM supported maximum root growth where as many as 14 roots per plant developed after
4 wk of culture (Tabk 22, Fig. 15a). At lower concentrations roots were shorter and plantlets

were etiolated while, at higher concentrations, roots formation was impaired accompanied by

3
swelling of plants as well as roots.

In comparison to above, the pulse treatment of micro shoots with NAA, roots
formation as well as shoot growth was poor (Fig. 15b, 16). Under optimum condition, only 8
roots were formed after ~4 wik of culture against 14 roots when NAA was incorporated in the
medium (Table 22). Amongst the different pulse treatments given for inducing roots, pulse
treatment with NAA at concentrations of 10 and 15 uM were equally effective for inducing

Toots and vertical increase in plant height.
Hardening of the regenerates and transplantation to CPM

The well rooted plants from rooting condition were transferred on medium with V/2MS

salt solution containing sucrose (2%) and freed from any PGRs and maintained for 6-7 wk
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under normal laboratory condition (Fig. 15¢). The hardened plantlets were taken out from the
culture vials and washed with luke warm water to remove any traces of agar. The hardened
plantlets were then transplanted onto plastic pots containing a mixture of soil, sand, decayed
wood powder at 1:1 ratio with a moss tGppiI}g {(Fig. 15d). The pots were covered with holed
transparent polybags and watered at weck interval for two months. The plants were fad with
1/10" MS salt solution once in a week for 3-4 vk and maintained in polyshade with Ca.70%
of shading sunlight and finally after two months, the plantlets were left in the normal full day
light condition. About 200 plants were tested for survival and about 70% survival was

registered afier two months of transfer.

3.3 Discussion

Seasonal effect of explants collection and priming: S. flaccidifolious is a natural dye yielding
plant and releases the dve instalntly from the cut ends. For successful culture initiation from
both nodal explants as well as foliar explants, it was necessary io stop/reduge the exudation of
dye and phenolic compounds in the medium. The fifst objective towards the establishment of
in vitro regeneration protocol for 8 flaccidifolions was to optimize the time of nodal explants
collection from the field grown plants. The nodal segments were soaked in sterilized distilled
water after sterilization tift cultured on nutrient medium. Soaking of nodal explants in water
improved the morphogenetic response over non-soaked segments. The pre-soaked explants
released comparatively less dye in the medium in comparison to non-soaked segments. Earlier
Lakshmanas e. al. (2006) in sugar cane leaf culture observed that soaking of leaf explants
after excision promoted morphogenetic response in vitro,

A part of the pre-soaiked nodal explants were also primed by maintaining on a

‘Growtak Seive’ containing MS medium with sucrose (2%) and PVP (200 mg L™ as
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antioxidant for 48 hr before transferring on initiation medium. During this priming period, the
blue dye released m the liquid medium of the ‘Growtak Sieve® and better morphogenetic
response was achieved as compared to control and pre-soaked explants. Earlier Deb and
Tandon (2004b) treated the apical dome section at 4°C for 24 hr on mMS medium containing
0.4% AC before transferring to initiation medium for raising successful embryogenic culture
of Pinus kesiya.

Round the year, the nodal explanis were collected af one month interval starting from
January till December. In the present study with S. flaccidi folious, seasonal changes greatly
nfluenced the explants establishment. Generally, the actively growing season i known to be
more responsive for bud break (Dhar and Upret;, 1999) which is contrary to the present
repott, where maximum establishment was achieved just before the onset of winter season. It
was observed that amongst the different collection seasons studied, the nodal explanis
collected during May-July were least responding and tissues turned necrotic. While, explants
collected during October-November responded optimally where as much as 80% nodal
explants responded by sprouting the axillary buds while explants collected during May to July
released dye in the culture and tissue became necrotic and cultures degenerated in most of the
cases. This is probably due to the fact that duning this period due to favorable rainfall and
temperature, dyve production is maximal. With the decrease in rainfall during October and
November the leaching of dye is also decreased considerably and explants vyielded
morphogenetic response. Mangal ef. al. (2008} in Guava nodal ex-plauts culture reported the

effect of time of year on culture imtiation and reporied that explants collected during February

responded optimally under culture condition. While, in Embelia ribes minimum culture




contamination and less browning of explants were cbserved when explants were collected
during March tc May {Dhavala and Rathore, 2010).

Effects of antioxidants. In woody species exudation from of the explants and browning of
medium is a common problem and is generally considered due to oxidation of phenolic
compounds released from the cut ends of the explants (Bhat and Chandel 1991). In the
present study, release of dye and browning of medium was one of the bottlenecks for
successful establishment of cultore from both the explants sources in general and nodal
explants in particular. The release of dye and browning of medium could be prevented by
incorporating antioxidant like PVP (200 mg 1.). Deb and Tandon (2004b) could successfully
control the browning of medium by incorporating 2_00 mg L™ PVP and 100 mg L™ citric acid
in combination but, in Embelia ribes incorporation of PVP did not reduce the browning of the
medium (Dhavala and Rathore, 2010). Gupta (1980) reported that in case of shoot tip culture
of apple and teak, agitating the plant materials for an hour or incorporation of PVP and -
mercaptoethanol {0.5-2%) helped in preventing oxidation of phenolic czmpounds_ While,
Narayanaswamy {1994) discussed that culture medivmn fortified with antioxidant like ascorbic
acid and citric acid (500-2000 mg 1.V could curtailed the effects of phenolic exudation.
Effects of organic carbon sources. The growth and multiplication of shoot i vifro are
affected by many factoss, one of which is the quakity and quantity of exogencusly supplied
carbon source added to the medium (Anwar e al, 2005). The carbon sources serves as
energy and osmotic agents to support the growth of plant tissues. The process of in vitro
culture establishment is a highly energy requiring processes that can occur a the expense of

available metabolic substrates like organic carbon sources. In the present study, quality and

quantity of organic carbon sources in the initiation medium had pronounced effect on in vitro



morphogenetic response from both nodal explanis as well as foliar explants. For culture
initiation from nodal explants, three different organic carbon sources at differential
concentrations (viz, dextrose, glucose and sucrose at 0-4%) were incorporated in the medium.
In absence of organic carbon source, all explants degenerated. Optimum response was
recorded on medium containing sucrose {3%) while other carbon sources did not support
optimal culture initiation. A similar response was also recorded with foliar explants. Of the
different concentrations of sucrose tested, better morphogenetic response was achieved on
medium fortified with sucrose (3%) Medium containing higher concentration of sucrose
(4%), explants turned brown while, at lower concentrations, fewer shoot buds formed Earlier,
the effect of organic carbon source on # vitro morphogenetic response was described in
Stevia rebaudiana (Preethi ef. al, 2011), in Solamen nigram {Sridhar and Naidu, 2011) and in
Pogostemon cablin (Swamy ef. al, 2010). The requirements of the quality and quantity of
exogenous supply of the organic carbon sources vary with the species, the media
compositions useﬂ, the endogenous level of organic carbon and the devélopmental stage of
the cultured embryos (Temjensangba and Deb, 2005¢, Pongener and Deb, 2009, 2011a). In
Cymbidiem elegans and Coelogyne punctulata 2-3% sucrose, D-Fructose and D-Glucose were
found to suitable for culture initiation (Sharma and Tandon, 1990) while, 3% sucrose was
found to be suitable for immature seed germination of Geodorum densiflorwn (Bhadra and
Hossain, 2003). In Solarnum wigrum nodal explants culture, presence of fructose (4%) in the
initiation medium was found to be optimum where as many as 24 shoot buds formed from
each node followed by sucrose {4%) and glucose was found to be least preferred (Sridhar and

Naidu, 2011)
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Effects of PGRs Swelling of the axillary buds was observed within a week followed by
differentiated into multiple shoot buds/micro shoots formation in 3-4 wk from nodal segments
while, within one wk of culture the cultured foliar explants started swelling. In the present
study, presence of cytokinin was obligatory for inducing morphogenetic response in both the
explants. Many stimuli are communicated across the plant body by PGRs which consequently
play an important role in diverse aspects of plant growth and development (Mereier ef. al,
2003). At a cellular level, auxin affects division, expansion and differentiation. Cytokinins are
necessary in concerts with auxin in many cases for cell division at G1-S and G2-M (ransitions
in a variety of cultured plant cells as well as in plants. Progression through the cell cycle is
central to cell proliferation and fundamental to growth and development of higher plants
(Stals and Inze, 2001, Merewer ef. al., 2003; Abhyankar and Reddy, 2007, Dhavala and
Rathore, 2010; Mir ef. al., 2011).

Of the two PGRs incorporated at differential concentrations for culturing nodal
explants, NAA singly did not imipact impressive morphogenetic response, ﬁwhile BA singly at
a concentration of 3 uM supported maximum aumber of shoot buds formation But when
NAA and BA used in combination, highest number of nodal explanis responded positively.
About 80% of the nodal explants responded positively on medium containing sucrose {3%)
and NAA + BA (3 pMeach in combination) where as many as 12 shoot buds/micro shoots
formed without callus formation. Earlier Britio et al. (2003) and Karuppusamy et. al. (2007)
also reported the synergistic effect of NAA and BA on nodal explants culture of Ceropegia
bulbosa and H ydrocotyle conferta respectively. Dhavala and Rathore {2010) reported that
cytokinin alone could not promote axillary bud breaking in Embelia ribes unless one of the

auxin especially TAA is incorporated in the medium in conjunction with cytokirin While in
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Guava nodal segment culture, incorporation of GA; along with BA was prerequisite for
axillary bud breaking (Mangal e al, 2008). But in Adhatoda vasica Nees. axillary bud
proliferation and multiple shoot initiation were optimum on MS medium containing BA alone
{Abhyankar and Reddy, 2007). In case of sugarcane leaf culture, NAA and BA in
combination promoted shoot bud formation but NAA alone induced somatic embrycgenesis
(Lakshmanan et. af., 2006).

While working with the foliar explants, & was cbserved that uptake of BA by S
flaccidif olious leaves cultured on MS mediurm promoted partial callus followed by shoot bud
formation. Tt is important to highlight that mother plants which provided the leaves for the
present study were cultured on MS medium containing BA and NAA. Thus, in the absence of
NAA in the initiation medium, BA singly could promote shoot bud formation and this might
be related to absorption of NAA from medium and accurmulation in the mother plants. As a
result, when NAA used either singly or in combination with BA or Kn promoted callusing,
Lakshmanan ef. af (1997) noted that the cytokinin (BA) treatment is ;equired during the
induction period of six days for fully competent cells to enter into a caulogenically
determined state in leaf explants of Gracinia mangostans. In Stevia rebauadiana leaf culture, a
combination of BA and TAA; BA and NAA promoted multiple shoot buds formation (Sridhar
and Naidu, 2011).

Plant regeneration and culture proliferation

The shoot buds/micro shoots developed on initiation medium were maintained for
ancther two passages. The micro shoots are then maintained on MS medium containing

different organic carbon sources and different PGRs.




Effeas of PGRs For regeneration of plantlets, incorporation of one of the PGRs was
obligatory. In the absence of PGRs all the cultures degenerated. Amc-sngst the two PGRs
tested, BA in the entire range did not support opiimum culture profiferation When BA tested
singly, at concentration of 3 yM supported 4 shoot bud formation after 8 wk of culture where
plant height was stunted (~3.2 cm) with only two roots. But incorporation of Kn singly proved
to be superior for shoot proliferation, root formation and plant height. About 7 shoot buds
with an average of 8 roots were formed on medium containing Kn (3 wM) where average
plant height was ~4.5 cm {Table 20). While BA and Kn in combination exhibited a more or
less similar response in the entire range studied and did not support optimum plant
regeneration and culture proliferation

The effectiveness of cytokinin on plant regeneration and culture proliferation is
reported by many earlier workers (Selvaraj er. «l, 2006, Baskaran ef. al, 2009). In Acacia
confuse, BA, NAA and Kn in combination (0, 0.05 and 0.05 mg L respectively) produced
maximum shoot buds where as many as 25 shoot buds developed in cult?:lre {Arumugam ef.
al., 2009).
Effat of AC on plant regenerationr While working with woody species, incorporation of AC
in the culture medium promotes morphogenetic response. It is believed that AC in the
medium can absorbs growth inhibitors/retardants, phenolic substances from the explants
resulting in early morphogenetic response {Bonga and Aderkas, 1992). In the present study,
AC was added in the regeneration medium at different concentrations {0-G4%). In general,
incorporation of AC in the regeneration medium had little or no impact on culture
proliferation and plant growth. It was observed that on AC rich medium plantlets developed

roots which is absent in AC control medium. As many as 8 roots per plani formed on medium




containing 0.1% (w/v) AC. While at higher concentrations of AC, cuiture proliferation as well
as culture growth inhibited. But the positive effect of AC is described in Coelogyne viscose
(Vij et. al, 1997b).

Rooting, hardening and. transplantation to petting mix

Though there were some rocts formation in some regenerated shoots cn regeneraticn
medium, but roots were not fully developed and shorter in length. Regenerated sheots (~4-5
cm in length, sources directly from regeneration medium) induced roots when transferred on
rooting medium. The shoots were treated differentially for inducing roots. In general, pulse
treatment with NAA was found to be inferior over incorporation of NAA in the medium. Of
the different concentration of NAA used for inducing roots, a concentration of 3 uM
supported maximum root growth where as many as 14 roofs per plant developed after 4 wk of
culture. At lower concentrations, roots were shorter and plantlets were cticlated while, at
higher concentrations, rcots formaticn was impaired accompanied by swelling of plants as
well as roots. ﬂ

In comparison to above, the pulse treatment of micro shoots with NAA, roots
formation as well as shoct growth was poor (Fig. 2). Under optimum condition, only 8 roots
were formed after ~4 wk of culture against 14 rocts when NAA incorporated in the medium.
Amongst the different pulse treatments given for inducing roots, pulse treatment with NAA
concentrations of 10 and 15 pM were equally effective for inducing roots and vertical
increase in plant height. Auxin pulse treatment, as a method to replace the induction phase
and thus, to simplify and improve the rooting system, has been described in several species,
including apple {Moncousin et. al, 1992, (Quercus suber (Manzanera and Pardos, 1990),

olive (Peire e&. al., 2007). Auxins have been shown fo act as a local morphogenetic trigger on
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the formation of lateral roots in Arabidopsis, leading to the specification of founder cells of
the new organ from previous differentiated cells (Dubrovsky et. al, 2008). The promotory
effect of NAA on rooting is also described in rice (Biswas and Mandal, 2007), in Populus
euphratica (Ferreira e. al, 2009). 1 was rg:ported that NAA was better option followed by
IAA and TBA. While in some other reports, IBA was found io be superior over other PGRs for
rooting {Abhyankar and Reddy, 2007; Baskaran et. af, 2009, Arumugam ef. o, 2009).

The rooted plants were hardened on medium with 2MS sali solution containing
sucrose (2%) and mamntained for 6-7 wk under normal laboratory condition. The hardened
plants were transferred to plastic pots as mentioned i the materials and methods. The plants
were successfully transferred to a shade-house and then to field. About 200 plants were tested
for survival and about 70% survival was registered after two months of transfer.

Ef jats of alternative subsirata: The shoot buds/micro shoots developed on initiation medium

were aiso maintained on three different substrata as aliernative to agar In general agar as

3
gelling agent was found to be superior over other substrata. Though the alternative substrata

were found to be inferior, foam as substrata was found o be competitive with agar. Earlier
reports suggest that these substrata could be successfully used as alternative to agar in orchid
(Deb and Pongener, 2010, Pongener and Deb, 2011b). Present study was aimed to extend
their use as alternative to agar in non-orchid species and could be used with partial success.
The advantages and cost effectiveness of using these substrata is described in the previous
chapter with Malaxis acuminata.

3.4. Conclusion

During the present investigation, protocols were established for culture initiation from

nodal explants from i vivo source, foliar explants of i vifro source. These techniques open
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new routes for i vitro mass muktiplication of this economically important species of North-
East India in general and Nagaland in particular. The protocols established for culture
initiation from foliar explants and nodular explants indicates the possibility of using
alternative explants. The protocols may be used for production of clonal planting material in
commercial scale and could be used by the handioom industry. During the present
investigation, some alternative substrata could be used as alternative to agar with partial
success for reducing preduction cost. Fuiure research warranis on utility of these and other

fow cost materials as alternative substrata so that the production cost could be reduced

substantially.
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Chapter-4

Summary

The state Nagaland is located in North Eastern region of India and lies between 25°6'-
27°4" of latitudes and 93°20°-95°15" E longitude with geographical area of about 16, 57,900
hectares and forest covers an area of 8 62,930 hectares. The state has': rich plant genetic
resources and represented by over 2500 species belonging to near 963 genera and 186
families of angiosperm flora including many endemic plant species of the region. The natural
vegetation of the region is under great threat and causing depletion in the population of many
economically important plants. Therefore, it is necessary to develop protocols for mass
multiplication and in vitro conservation of these threatened plant species. During the current
study, I have worked with two economically important plant species viz., Malaxis acuminata
D. Don (Orchidaceae) and Strobilanthes flaccidifolions Nees (Acanthaceac) of Nagaland,

India for their i vitro propagation and establishment in the natural habitats. The cultures were




initiated from different explants sources lke immature embryos/seeds, nodal explants, foliar

explants and pseudobulb segments of the two selected plant species.
1. Malaxis acuminata 13. Don (Orchidaceae)

Cultures were initiated from immature embryos/seeds of 7-8 weeks afier pollination
(WAP). The seed cultured from green pod of 7 WAP exhibited germination of ~85% after
135 days (~19 wk) of culture imitiation. Nodular swelling of embryos/seeds followed by
bursting out of'testa was observed after 8 wk of culture. Seeds younger than 6 WAP either did
not germinate or exhibited delayed germination while, seed age >9 WAP, germination
frequency was comparatively lower.

Germination rate of ~85% was achieved on MS medium against 65% on Mitra ef of
medium containing sucrose (3%, w/v). Amongst the different quality and guantity of organic
carbont used, sucrose at a concentration of 3% supported optimum germination and seeds
germinated early. At lower concentration of sucrose, fewer PLBs were formed while at higher
concentration, there was delayed germination. Both dextrose and giucosé could not support
healthy germination.

Amongst the different levels of PGRs used for non-symbiofic seed germination, MS
medium containing NAA (4 uM) singly supported optimum germination {~85%) after 55
days of culture and formation of heaithy PLBs after 135 days of culture. At lower
concentration of NAA germination delayed while at higher concenirations germination rate
was poorer. The lone treatment of BA across the concentrations and m combination with
NAA delayed germination and formed fewer PLLBs. The cultures were maintained under full

fight condition (40 pmol m™ s™ light intensity) at 12/12 br (D/L) photoperiod and al 25+2°C
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supported better germination followed by cultures maintained in diffused light condition (20
u mlo fn ).

Cultures were also initiated from the foliar explants (~5-6 wk old), nodal explants and
pseudobulb explants from in vifro source. After 4-5 wk of culture initiation, meristematic
activity was invoked at the basal ends of the cultured foliar explants. About 65% of cultured
explants responded positively after 28 daysqof culture initiation on MS medium containing
sucrose (3%) and NAA + BA (3 and 6 uM respectively in combination) where as many as 26
meristemoids/shoot buds invoked and formed shoot buds/PLBs.

Sprouting of the shoot buds/PLLBs from the nodal region of the segments was initiated
within 3 wk of culture where as many as 18 shoot buds/PLBs developed at a single node on
MS medium supplemented with sucrose (3%) and NAA + BA (3+3 uM in combinations).
About 90% explants responded positively with the sprouting of shoot buds/PLBs from the
nodal regions.

Cultures were also initiated from pseudobulb segments both from # vitre as well as
from in vivo sources. About 15% explants from /n vivo source responded positively with an
average of 2-3 shoot buds formed per segment on medium enriched with sucrose (3%) and
NAA (6 uM) and BA (6 uM) in combination. In comparison to pseudobulb from # vivo
source, pseudobulb harvested from # vitro source exhibited a contrasting response. About
95% explants responded positively with about 11 shoot buds formed per segment on medium
containing sucrose {3%), NAA and BA (6 pMeach in combination). Incorporation of AC in
the medium did not support healthy morphogenetic response. On AC control medium there
was as many as 11 shoot bud/PLBs formation while on AC enriched medium under optimum

condition {0.3%) there were only 8 shoot buds formation. Though incorporation of AC in the




medium did not support optimum shoot buds/PLBs formation but it supported invocation of
roots in the shoot buds. As many as S roots developed per plantlets while there was no root
formation in AC control medium.

Begides agar gelled medium, the pseudobulb segments from in vitro source were also
maintained on three other substrata viz., foam, coconut coir and forest Jeaf litter in two
different basal media i.e., MS and Knudson ‘C’ media. In both the media, agar gelled media
supported better morphogenetic response followed by foam as substrata. While, coconut coir
and forest litter as substrata did not support healthy response.

The shoot buds/PLBs formed from asymbiotic seed germination, foliar explants, nodal
explants and pseudobulb explants were cultured on two different basal media viz, MS and
Mitra e of media with different adjuncts for regeneration of plantlets and culture
proliferation. Better growth, development and differentiation into rooted plantlets were
recorded on MS basal medium. Further studies with different strengths of MS medium (1/4%,
5 34" and full strength) were conducted on regemeration of pl;ntlets and culiure
proliferation and it was found that full strength MS medium supported the healthy
regeneration and culture proliferation compared to other strengths. The basal medium was
supplemented with different quality and quantity of different organic carbon sources
(dextrose, glucose and sucrose af a concentration of0-4%) and it was found that the optimum
regeneration and shoot buds formation were obtained on basal medium containing sucrose
(3%).

When cultures were maintained on AC enriched medium, it accelerated plant
regeneration, culture proliferation and pseudobulb enlargement and also root formation. The

optimum response was achieved on MS medium enriched with sucrose (3%), NAA and BA (3




uMeach in combination) and AC (0.3%) where average 4.5 leaves, 4 roots per plants and 18
shoot buds formed per subculture,

Besides agar, the advanced stage PLBs/shoot buds were also maintained on the
regeneration medium containing different alternate substrata such as coconut coir, foam and
forest leaf litter. Amongst the different alternate substrata used, better regeneration and
multiple shoot buds formation were registered on medium containing foam disk as substratum
and agar gelled medium where as many as 18 shoot buds developed on agar gelled medium
against 14 shoot buds on foam disk. On media with coconut coir and forest leaf litter as
substrata, the mumber of shoot buds produced was much lower. Besides this, cultures
maintained on these two conditions required prolonged period for differentiation. Though
cultures maintained on agar gelled medium produces more secondary shoot buds/PLBs,
cultures maintained on foam establish faster, plantiets were taller, leaves are dark green and

culture proliferation was faster.

3
The well rooted plantlets on the regeneration medivm were maintained for about 2-3

passages for further growth followed by transferring them in the hardening medium. The well
rooted healthy plantlets were hardened for 6-7 wk in normal laboratory condition in culture
vials containing 1/2 strength MS medium supplemented with sucrose (2%) but freed from any
PGRs. The hardened plants were transferred to community potting mix containing a mixture
of charcoal pieces, chopped forest litters, coconut husk, sand and black soil {at 1:1 ratio) with
a moss topping. The transplants were covered with holed transparent poly bags and
maintained in poly house {ca 70% filtered light). The plants were fod with MS lguid salt

solution: (1/10™ strength) weekly for 2-3 wk. The potted plants were left in the normal full day
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light conditions which were kept for about 7-8 wk before transferring to the wild. About 75%

of the transplants survived to form fully developed plants after two months of potting.
2. Strobilamthes flaccidif olious Nees (Acanthaceae)

The first objective towards the establishment of in vitro regeneration protocol for S
Saccidifolious was to optimize the time of nodal explants collection from the field grown
plants. The nodal segments were collected round the year at one month interval starting from
January till December. Of the different collection seasons studied, nodal explants collected
during May-July was least responding and tissues turned necrotic. While, explants collected
during October-November responded optimally where as much as 80% nodal explants
responded by sprouting the axillary buds. The sterilized nodal segments were primed by
maintaining on a ‘Growtak Seive’ containing MS liquid medium, sucrose (2%} and PVP (200
mg L as antioxidant for 48 hr before transferring on initiation medium.

About 80% of primed nodal explants responded positively on MS medium enriched
with sucrose (3%, w/v), NAA and BA (3 pMeach in combination) and for;led shoot buds. Of
the two PGRs incorporated at differential concentrations, NAA singly did not impact
impressive morphogenetic response and in most of the cases explants caliused, while BA
singly at a concentration of 3 yM supported maximum number of shoot buds formation. But
when NAA and BA used in combination, highest number of nodal explants responded
positively. About 80% of the nodal explants responded positively on medium containing
sucrose (3%) and NAA + BA (3 pM each in combination) where as many as 12 shoot
buds/micro shoots formed without caflus formation.

Cultures were also initiated from the foliar ex-plants of i vitro source. Swelling of

foliar segments was observed within 7 days of culture from the cut ends followed by either
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shoot buds formation or callus formation within 3-4 wk The highest percentage of cultivated
leaf segments forming protuberances/shoot buds was 75% and highest mean number of
protuberance regenerating buds per segment was 9. Of the different conceniration of sucrose
tested, better morphogenetic response was a‘chieved on medium fortified with sucrose (3%).
For morphogenctic induction, three different PGRs were incorporated at different
concentrations. Optimum morphogenetic response was recorded on medium supplémented
with BA (6 uM). Under optimum condition ~75% of explants responded positively where as
many as 9 shoot buds/micro shoot formed accompanied by callus formation.

The shoot buds developed from the nodal segments and foliar explants were
maintained on regeneration medium for culture proliferation and plantlets regeneration. The
basal medium was supplemented with different quality and quantity of different organic
carbon sources (dextrose, glucose and sucrose at a concentration of 0-4%) and it was found

that sucrose enmriched mediom supported optimum regeneration and culiure proliferation

3
Optimom regeneration of plantlets and culture proliferation was achieved on MS medium

fortified with sucrose (3%) and Kn (3 uM) with a mean of 7.3 shoot buds/micro shoots of
~4.5 cm height,

Activated charcoal was also incorporated in the regeneration medium to study its
effect on plant regeneration and plant morphology. % was observed that incorporation of AC
had very little or no effect on culture proliferation and plant growih. Though AC had very
little effect on multiple shoot buds formation but, on AC rich medium plantlets developed
better roots. As many as 8 roots per plant formed on medium containing AC (0.1%).

Different substrata like coconut coir, foam and forest leaf litter were also used against

agar m the regeneration medium. When compared the regenerative performance on different




substrata including agar, agar gelled medium outperformed the other substrata. On agar gelled
medium, there was as many as 7 plants with about 10 roots per plant and plant height was
~4.5 cm. But on foam as substratum, there was only 5 shoots with 3 roots per plant and plant
height was ~2.0 cm. On the aother hand, cultp‘lres maintained on coconut coir supported only 2
plantlets formation while, there was no regeneration on forest leaf litter and cultures
degenerated.

The microshoots shoots were treated w two different ways for inducing roots, viz, (i)
directly incorporating NAA in the medium and (i) pulse treating the micro shoots for 3 hr at
different concentration of NAA. Pulse treatment with NAA was found to be inferior over
incorporation of NAA in the medium. Of the different concentration of NAA used for
inducing roofts, a concentration of 3 uM supported maximum root growth where as many as
14 roots per plant devetoped after 4 wk of culture.

The well rooted plants from rooting condition were transferred on ¥2MS salt solution
containing sucrose {(2%) and devoid of any PGRs and maintained for 6-??7 wk under normal
laboratory condition. The hardened plantlets were taken out from the culture vials and washed
with luke warm water to remove any traces of agar before transplanting to plastic pots
containing a mixture of soil, sand, decayed wood powder at 1:1 ratio with moss topping. The
pots were covered with holed transparent polybags and watered at week interval for two
months. The plants were fed with 1/10™ MS salt solution weekly for 3-4 wk and maintained in
polyshade with Ca.70% of shading sunlight and finally after two months, the plantlets were
left in the normal full day light condition. About 200 plants were tested for survival and about

70% survival was registered after two months of transfer.
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