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Chapter - 1

Introduction

Human kinds have always been fascinated by thergiiyeof life. Biodiversity is the
results of the evolutionary plasticity of living ganisms which has increased geometrically
through perhaps 2.5 billion years, proliferatingtbgl and error, controlled by natural selection,
filling almost every one of the habitable ecologicihes created in a likewise evolving world
environment. The diversity of these natural habiteis expanded over a period of time through
natural selection and also through introductioned®ersity, in wild and domesticated forms, is
the source for most humanity food, medicine, claghiand housing, most of the cultural
diversity, and most of the intellectual and spaltinspirations. Biodiversity includes diversity of
form right from molecular level through individuagrganisms, populations, communities,

ecosystems, landscapes and biosphere. It existeeatdifferent levels. These are:
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1) Species diversity, which embraces the varietywnd organisms on earth.

2) Genetic diversity, which is concerned with the a&ton in genes within a particular

species

3) Ecosystem diversity, which is related to the var@thabitats.

The world harbors an estimated over 10 millioneatight types of organisms including
plants, micro-organisms and animals, out of whibbua 1.4 million species are that of plants
including algae, fungi, mosses and higher plantgefiglet al.2000). The recent report of IUCN
brings out a list of 34 biodiversity hotspot regoaf the world which indicates an alarming
situation the world is faced with, in terms of hiegtsity resourcesis-a-visfuture of mankind.
Biodiversity hotspots are geographical regions Wwhace extremely rich in species, have high
endemism, and are under constant threat. Out oéshiemated total global biodiversity of 10
million species in the world, India is one of thé thega-diversity in the world. The North-
Eastern region, Western Ghats, North-Western, Has$tenalayas and Andaman and Nicobar
Islands are home for rich floral and faunal divigrsiindia is a tropical country with a
tremendous heterogeneity of environments rangiog ftropical rain forest of Andaman and
Arunachal Pradesh to the hot deserts of Rajasthdncald desert of Ladakh. It lies at the

junction of three biogeographical provinces of &&itemperate Eurasia and the Orient.

Plants as a Source of Medicines

Nature has provided a rich store house of herbaledies to cure all mankind’s ill.

Throughout the world people have utilized sevdralisands of plants and plant products as cure
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for human ailments. In the plant kingdom, almospkints are medicinal and the application of
medicinal plants especially in traditional mediciisewell recognized (Chaudhary and Tariq,
2006). In the developing countries, drugs are mdt expensive, but also have many side effects
during treatment for any disorders that is whyhia present era it is being emphasized to search

medicinally valuable plants.

India has one oldest, richest and diverse culttrealitions associated with the use of
plants and herbs for human, livestock and planttihedany of the ingredients of Indian
cooking which have been handed down from ages icomtedicinal properties (Chakraborty and
Das, 2010). In India, theAyurvedic System of Medicineas been in use for more than 3000
years. Charaka & Susruta two of the earliest Indian authors had sufficiégnbwledge of the
properties of the Indian medicinal plantSharaka Samhita’and ‘Susruta Samhita which are
their medical works are one of the esteemed treasafrliterature of indigenous medicine today

(Debet al.,2009).

Plants have been used in the traditional health sgstem from the time immemorial,
particularly among tribal communities. The Worldath Organization (WHO) has listed over
20,000 medicinal plants globally (Lal@b al, 2006); India’s contribution is ~20%. Accordirg t
WHO estimate, about 80% of the population in theettgping countries depends directly on
plants for their sole source of medicine (Balal, 2009). In India, about 2000 drugs used are of
plant origin (Dikshit, 1999). Though a vast ethnaotamical knowledge exists in India from
ancient times, very few plants used by locals foeditine are subjected to scientific

investigation. The need for conservation of meditiplants and traditional knowledge,
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particularly in developing countries like India,kitag into account the socio-cultural and

economic conditions is urgent (Misra, 1999).

Plants and Spices

In addition to medicinal value of plants, they afgovides us with many other useful
products such as dyes, tannins, waxes, resingritey agents, rubber, spices etc. Indian spices
are well-known all over the world for their tastedastrong aromatic flavor. There are around 80
types of species grown throughout the world buidradlone produces about 50 types of them
(Rathore and Shekhawat, 2008). The history of sgieémost as old as human civilization. It is
a history of lands discovered, empire built andulgid down, wars won and lost, treaties signed
and flouted, flavors sought and offered and the asd fall of different religions practices and
beliefs. Spices were among the most valuable ithtsade in ancient and medieval times. The
use of spices spread through the Middle East tdctstern Mediterranean and Europe. Spices
from China, Indonesia, India and Sri Lanka wergioally transported overland by donkey or
camel caravans. Arab middlemen controlled the spambe, until European explorers discovered

a sea route to India and other spice producingtcesnn the East (Hadacek, 2002).

The spices that India offers in abundancepagper, ginger, turmeric, chilli, cardamom,
celery, fennel, cumin, clove, coriandemnamon ajwain, cassiga nutmeg, macetc. Each of
these spices has its own flavor, medicinal value @her interesting facts to go with it. In fact,
the very commonly used wordromd is the ancient Greek work for spice. Spices gaprove
the palatability and the appeal of dull diets ooilgal food. Piquant flavors stimulate salivation

and promote digestion. Spices may be used groumdhole, fried or roasted, dry or as paste, at
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the end or in the beginning of the cooking, alomeénocombination (Andrewst al, 1995;

Rathore and Shekhawat, 2008).

Indian grocery stores offer almost all spices anging that are necessary for Indian
cooking. Indian spices can be mixed in specific am® to make spice mixtures used in daily
cooking, for example ‘GARAM MASALA'. Spices add zet® food, enhance the taste, and
delight the gourmet. Spices can also be used aemaives, aphrodisiacs and in traditional
medicines. Spices are derived from different paftplants e.g., flowers, fruits, leaves, seeds,
rhizomes, roots, bark etc. India produces almadstha spices, largely owing to its varying
climate and soil conditions. The classic Indianrgusften combines the following spices —
coriander, cinnamon bark and leaf (tejpaf)turmeric, cumin, ginger, garlias well as other
spices. Spices are taken from the parts of thet piemest in flavor like bark, leaf, stem, flower
buds, seeds etc. Spices and herbs are good nofaynbyr taste buds but also for our health.
Cinnamomum tamal@ also the source of calcium, iron, vitamin B, &yotene and other

antioxidants.

Importance of Seed Biology

Inside each seed is a living plant embryo thathewea state of dormancy breathes
through the exchange of gases and is consistentlgrgoing metabolic (aging) process. The
natural lifespan of a seed is influenced by sevietors including: permeability of the seed
coat, dormancy, seed physiology and storage emmieoh Seeds of many of our native plants
and weedy alien species have dormant embryos ambided coats, a condition that retards

germination and consequently enhance longevity. dilesence and degree of seed dormancy
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and subsequent metabolic rates varies considelatlyeen species and thus influences their
lifespan. For most species from temperate andddinthtes reducing and maintaining a low seed
moisture content, storing seeds at low to mode&teeratures, and taking precautions not to
damage seeds during cleaning and handling, slows dbe metabolic process and thereby

increases their longevity in storage.

Seeds are generally categorized into three types:

1. Orthodox: Seeds that can be dried, without damage, to lmistore contents, usually
much lower than those they would normally achieveature. Their longevity increases
with reductions in both moisture content and terapge over a wide range of storage

environments.

2. Recalcitrant: Seeds that do not survive drying to any largereksgand are thus not

amenable to long term storage.

3. Intermediate: Seeds that are more tolerant of desiccation thealcitrant, though that
tolerance is much more limited than is the casé withodox seeds, and they generally

lose viability more rapidly at low temperature.

Recalcitrant seeds are not only desiccation-sgrsibut also metabolically active. In
contrast, orthodox seeds, owing to their dry state, metabolically quiescent (Berjak, 2005).

One can estimate a species’ natural potentialtfmage tolerance by:

1. Seed sizeLarge seeds often have high moisture contentaaadjenerally recalcitrant in

their storage behavior.
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2. Climate and habitat conditions in which the specigeow. Seeds from plants adapted to
tropical or riparian habitats, due to a semi tonprent water source and/or consistently
mild and reliable growing conditions, may not requiong term seed viability for
survival. Conversely, plants from desert, temperaienates, where environmental
conditions suitable for germination are often igfrent, are more likely to produce seeds

capable of surviving for long periods.

3. Seed physiologyA heavy impervious seed coat even on large sesds, often found on

desert legumes and lupines, promotes long-termgabidity.

4. Life cycle Annual and perennials are more dependent onsaspant soil seed bank than

woody and long-lived shrub and tree species.

5. Ecological associationPlants that are early succession colonizer spe¢bat may occur
only after disturbances and species that dependtluer plants for their development

must maintain viability until a suitable host plamtvailable.

Recruitment of tree species on the forest flooinothe field is governed by various
factors including the seed traits and microhabitahditions (Kitajima, 2007). Likewise,
germination of seeds in nature is strongly infllehcby internal as well as external
environmental factors (Baskin and Baskin, 1998k gbrminating seeds and seedlings are most
vulnerable to predation, desiccation, developmesttde of embryos, competition and damage
as the seeds and seedlings constitute importaounes for the herbivores and pathogen.
Seedling predation and disturbance in the formrarhpling and microhabitat alternation have

direct implications for recruitment and multiplicat of species. Consistency in microhabitat
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condition, right developmental stage of the embiyothe harvested seeds, right desiccation of
the seeds and duration of post harvest storageemfssenhances seedling survival and plantlet
growth. One of the important microhabitat factansthe forest floor is light regime which is
governed by the tree canopy cover. Tree specigsocamsiderably in terms of light requirement
at seedling stage (Pacaa al, 1994; Davis, 2001). Germinating seeds, dependpan their
state such as inherent properties, developmeragé steserve food materials, moisture content,
nature of pericarp, represents their own micro@emvirents which have rarely been studied. In
some specie even if one of the factors are notrédble, though there may be initial seed

germination, seedlings fails to establish in theddeed and subsequently in the field.

Many forests have a high number of species withlogcant seeds, or seeds sensitive to
desiccation. The intolerance to desiccation leamdifficulties in conserving those seeds
(Barbedo and Cicero, 2000). Many programmes thailwe the rational and economic use of
the tree species are hampered due to the lack@fget methods of recalcitrant seeds for longer
periods. The methods in use preserve such seegefiods varying from days to months. Thus,
inclusion of several species in those programmesniged. Identification and conservation of
recalcitrant seeds as well as studies increaskig tillerance to desiccation were performed and
pointed out respectively by several authors (Begthl., 1990; Pammenter and Berjak, 1999;
Pammenteet al, 1991; Neves, 1994). In general, there is an ageeé about the desiccation
intolerance of recalcitrant seeds and their shorgévity. Moreover, differences between
recalcitrant and orthodox seeds at the end of theegs of seed formation are well known. The
orthodox seeds undergo a nearly essential prodedssication, at the end of maturation. This

process allows these seeds to change their metabdiiom development to germinate
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(Kermode, 1990). These changes are not observeecaicitrant seeds due to several factors
including hormonal balance, protein and sugar cdstand water physical properties, among

others (Kermode, 1990; Barbedo and Filho, 1998).

The available methods of seed drying are not deitdbr recalcitrant seeds, new
approaches on seed germination and storage sheutthtier of investigation. Although it is not
possible to define unequivocallgritical moisture content for viability loss in recalcitrant
seeds because they show differential response hgddstion at different drying rates, it is
necessary to maintain their water level abovecdiitlevels (Pammentest al, 1998). Under
these conditions, however, seeds may initiate gextioin and or undergo microorganism
infection, which could lead to seed deterioratidigh humidity favors the initial steps of seeds
germination processes causing damage to seeds tdr wa not supplied in sufficient.
Consequently, storage treatments maintaining higistore of the seeds are often associated
with low temperatures (Cunheat al, 1995). Nevertheless, many of these seeds hale it
tolerance to cold conditions. Therefore, studieshmse factors will give a better understanding
on seed storage, seed germination and seedlingisbtaent of the species produces recalcitrant

seeds.

Plant Tissue Culture, Mass Multiplication and Consevation of Economically

Important Plants

Indian subcontinent is a home for large numberaoinemically important plants but the
plants of this regions are getting depleted dusat@mus anthropogenic activities such as removal

of forest cover, Slash and Burn’/'Jhum’ cultivation and other developmental activitieselik
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industrialization and unplanned human activitieee hatural vegetation is under great threat,
causing depletion in the population of many ecomaity important plants. Therefore, it is
necessary to develop protocols for mass multipboatand in vitro conservation of these
threatened plant species. Plant tissue culturenigeh is a boon in the studies of biosynthesis of
secondary metabolites and provides an efficient nqieaf producing many economically
important plant products. Plant tissue culture i®@hnique of growing plant cells, tissue and

organs in an artificial prepared liquid medium ems-solid medium under aseptic condition.

One of the most important problems that standshemay of propagating is the difficulty
of raising the plant through seeds, because whemsdhds are shed from the plant the embryos
inside is undifferentiated, but plant tissue cuwdtéechniques has proved to be a great boon to
combat these problems. Through this technique végetative parts can be induced to form
callus on a defined nutritive medium containing rappiate quantity of auxins and cytokinins
and can be differentiated into large number of tslam as a direct organogenesis within a short
period of time. In nature, the clonal propagatiakets place through bulbs, corms, suckers,
cuttings, offshoots, etc., but they are unable teetmthe demand oélite clones market.
Therefore, plant tissue culture technique has becextremely significant in agriculture which
has been used in various fields such as hybridizatiariety development, maintaining pathogen
free plants and also for rapid clonal propagatiod aonserve whose populations are facing

threat of extinction. It potentially provides maprpduction advantages like-

1. alarge number of plantlets can be produced inesipely.

2. quick and easy scale-up can be achieved.
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3. Short to medium-term germplasm storage via slowgref cultures.

Many plant species have been propagated sucdgs#fubugh plant tissue culture
technique particularly the threatened orchid spgeai®d reintroduced into the wild ameliorating
their status in nature. Different explants sourltks seeds, foliar explants, rhizome, roots,
inflorescence, etc. have been usedrioritro propagation of different species of plants by many
workers for conservation programme. Following amne of the works done by various workers:
Aerides multifioraRoxb. (seeds- Katiyaet al., 1987; foliar segment- Vij and Pathak, 1990;
aerial roots- Vij- 1993);Arachnis labrosa(seeds- Temjensangba and Deb, 2005a; foliar
segments- Deb and Temjensangba, 2007a; aerial-r@mb and Temjensangba, 2006a);
Cleisostoma racemiferuigseeds and leaf- Temjensangba and Deb, 2005606, 2erial roots-
Deb and Temjensangba, 2008)pelogyne porrectd.indl. (seeds- Abdul Karim and Hairani,
1990); C. suaveolensindl. (seeds- Sungkumlong and Deb, 2008, leaf- Bxeth Sungkumlong,
2010); Cymbidium elegankindl. (seeds- Raghuvanséi al, 1991);C. iridioides D. Don. (seed-
Pongener and Deb, 2009; nodal segment- PongeneiDahd 2011a);C. aloifolium (seed-
Pongener and Deb, 2011®)endrobium chrysanthurall. ex Lindl. (seeds- Raghuvangi
al., 1986);D. fimbriatumvar. oculatumHk. f. (D. Don.) (seeds- Dewt al, 1990);D. nobile
Lidl. (seeds- Raghuvanskt al., 1986); D. primulinumLindl. (seed- Deb and Sungkumlong,
2009); Eulophia alta(L.) Fawcett & Rendle (seed- Johnsenal., 2007); E. hormusjiiDuth.
(rhizome segments- Vet. al, 1989);Haemaria discolor(Mandarin: Xue-ye-lan or Caje-lan)
(seeds- Shiaet al., 2005); Luisia teretifolia Gaud. (foliar segments- Vij and Pathak, 1990);
Malaxis khasianaSoland ex. Swartz (seeds- Deb and Temjensangb&bP0Rhynchostylis

gigantia (immature seeds- Li and Xu, 200hynchostylis retuséL..) Bl. (seeds- Natlet al,
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1991; aerial roots- Chaturvedi and Sharma, 1986d%md Vij, 1986; foliar segments- Vij and
Pathak, 1990);Taenia latifolia Lindl. (seed- Deb and Sungkumlong, 2008; pseudebulb
Sungkumlong and Deb, 2009; leaf- Deb and Sungkugnl@610);Vanda cristatalindl. (foliar
segments- Vij and Pathak, 1990); testaceadLindl.) Reichb. f. (foliar segments- Vij and
Pathak, 1990)Vanda Kasem’s Delight ‘Tom Boykin (aerial roots- Vij angharma, 1997),
Acacia confusaMerr (leaf- Arumuganet al., 2009), Solanum nigrumL.) (leaf- Sridhar and
Naidy, 2011),Stevia rebaudiandleaf- Preethet al.,2011,Sphaeranthus indicus. (leaf- Yarra

et al.,2010),Laelia speciosdleaf- Ochoeet al.,2010).

A wide range of endangered plants have now beesessfully propagated usimg vitro
techniques. There are many reportsionvitro multiplication of different types of orchids.
Different workers have reported regeneration ohfgdan cultures using different explant sources

like shoots, roots, seeds, axillary buds, pseudisbahd leaves.

Seed/Embryo Culture

The technique of seed culture is variously refeteds embryo culture, which ensures
better germination frequency and favors the pradooof virus free seedlings at a faster rate.
For establishment of culture from the seed/embrybds important to identify the right
development stage of the embryos. Seeds of manyt pleecies undergo dormancy after
maturation and at times fail to give response umdeitro condition. Because of this for many
species it is necessary to harvest the immaturastsabryos for successful culture
establishment. The earliest stage at which the yosbtan be cultured successfully varies with

the orchid genotype and the local conditions. \enyng ovules do not form suitable explants in
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orchids because the embryo sac development istgepltisation phenomenon and fertilization a
prerequisite for obtaining seedlings. However, l&s dvules can be used for raising cultures
immediately after fertilization, the importance afformation on time interval between
pollination and fertilization has often been stegsgValmayor and Sagawa, 196TDoritis
ovules from pollinated ovaries germinated readitgragetting fertilizedn vitro (Yasugi, 1984)
suggesting that fertilization is a pre-requisitedgermination. Yam and Weatherhead (1988) also
noted that immature embryo germinates better thamtature ones due to their distended testa
cells and metabolically awakened embryos; they &s% dormancy or inhibitory factors.
Arachnis labrosaand Cleisostoma racemiferurambryos obtained between 16 and 18, and 16
weeks after pollination (WAP) respectively (Temjangba and Deb, 2005a, ¢, 2006); readily
germinate but their germination frequency decliskarply, when obtained from beyond this
window period. Likewise, inSatyrium nepalense, Nephalaphyllum cordifolium, iBha
tankervilliae and Cymbidium species, germination frequency shows sharp declinen the

embryos are collected 3-4 weeks prior to fruit deénce.

Meristem Culture

The embryo culture produces a great deal of hegygosity in their progeny due to cross
pollination in many species. Because of this, ppesgps to be a disadvantageous proposition in
cut-flower industry where pure lines of desired @gpes are preferred. This technique of using
resident meristem (shoot-tips, axillary bud) hasrsgal new vistas in micropropagation (Arditti
and Ernst, 1993; Deb and Temjensangba, 2005, 2006ejugh this technique, up to 200,000
plants can be regenerated from a single residensta® within a year. The source, genetic

constitution and physiological age of the explarshowever, some of the important factors for
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regeneration. The juvenile tissues from greenhgusen plants respond better than the mature
ones grown outdoors. Generally, the proliferativei Iget activated in the sub-epidermal cells
and soon develop into somatic embryos and or shods. Somatic embryogenesis is either
direct or callus mediated development, and muttgtion and differentiation of plantlets is

influenced by the chemical stimulus present inrthgient pool (Seeni and Latha, 1992; Vij and

Pathak, 1990).

The advantages of leaf, nodal segments culture@gparent for more than one reason:
they are easy to obtain, easier to disinfect, aed excision does not endanger the mother plant.
Furthermore, as the regeneration occurs in the @ecalls, which is cytologically more stable,

mass production of genetically uniform plant frdmstis within the realm of reality (Vij, 2002).

Different species exhibit specific needs in resper nutritional requirement and
treatment with plant growth regulators (PGRs) fbeit growth and development. So, no
standard media formulation can be prescribed fothal species. Most commonly employed
basal media for tissue culture are Knudson ‘C’ @)%4r orchids, Mitraet al. for orchids (Mitra
et al, 1976), Murashige and Skoog (MS) (1962) for défertypes of plantd\itsch and Nitsch
(1969), Vacin and Went (1949). The useadfaphthalene acetic acid (NAA) and one of the
cytokinins like Benzyladenine (BA) and Kinetin (Kyields a rich crop of propagules. Similarly,
in Rhynchostylis retusaa synergistic action of Kn and indole 3-acetidg¢AA) or NAA in
peptone enriched medium favors enhanced producfi@bBs; while yeast extract is obligatory
for regeneration inAerides multiflorum, Papilionanthe tereend Satyrium nepalenséoliar

cultures and peptone in thoseMEnda(Vij, 2002).
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Cinnamomum tamala (Buch.-Hum.) T. Nees. & Eberm. : A Valuable

Multipurpose Tree
The genusCinnamomunbelonging to the familyLauraceaé comprises 270 species

which occur naturally in Asia and Australia (Sharara Nautiyal, 2011). They are evergreen
trees and shrubs and most species are aromatimamyg are economically important. About 20
species occurs in India (Anonymous, 1950). The etggy is derived from the Greek word
‘Kinnamomon (meaning spice). The Greeks borrowed the wordmfrthe Phoenicians,
indicating that they traded with the East from yéirhes. The specific epitheiamald is after a
local name of the plant in Indi€innamomum tamaléBuch.-Hum.) T. Nees. & Ebern(Fig. 1)

is locally called astéjpat and also known adejpatra in Sanskrit (Kirtikar and Basu, 1981).
The species is known by many names in differergudages e.gArabicb —zarnah Assamese-
tez pat Bengali— tejpat, tezpatGaro - tez-pafHindi —barahmi, dalchini, dalchunu, darchini,
tajkalam, tajpat, talispatar, tomal pattae etKannada —dalchini, lavangadapattiSanskrit —
ankusha, chhadana, coca, dala, ishtagandha, kateddda, patram, suranigandha, surasa,
tamala, tejpatraetc.

Cinnamomum tamalés a medium-sized tree found in India along withrthé/Nestern
Himalayas, Sikkim, Assam, Mizoram, Meghalaya, Trgpand other places. The species also
found in tropical and sub-tropical Asia, AustralRgcific region and South Asia (Showlatal.,
2004). This evergreen species occurs as asso@psgies in transitional evergreen broad leaf
forest and is confined between sub-montane broafldebrophilous forest (below 1000 m
above MSL) and mid montane broad leaf ombrophifousst up to 3000 m (Singh and Singh,
1992). According to Gaur (1999. tamalacommonly occurs on moist-shady ravine slopes,
often associated with Oak-Rhododendron forest, fil8® m to 2200 m MSL altitude in

Himalaya.
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Figure 1: A part of the Cinnamomum tamalaree showing mature and immature twigs.

The species is a perennial or small evergreen #ategning 8-12 m height and a girth of
~150 cm. Stem rough with gray-brown, soft wrinkkettk which produces mucilagé. tamala
has bisexual flowers. Flowers whitish, numerousalsnn axillary cymegqFig. 2a). The plants
produce flowers during April-May. The fruits ardig$oidal drupe(Fig. 2b) and contain one
seed in each fruit. The fruits require ~4 monthsafittaining maturity (present study). Ripe fruits

are dark purple in coldqFig. 2c).

The leaves o€. tamala(tajpat) are widely used as a spice and also yield am#akeil
on distillation. The essential oil of the leavedlazh ‘tajpat oil'’ is medicinally used as
carminative, anti-flatulent, diuretic, and in cadidisorders (Showkat al, 2004). Ayurveda
describes the use of leavestajpatra in the treatment of ailments such as anorexiajdaa

disorder, dryness of mouth, diarrhea, nausea &tpdor, 2000). It has hypoglyacemic and
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hypolipidemic properties and but is commonly usedfdod industry, because of its special
aroma (Chang and Cheng, 2002). The main constguehC. tamalaleaves arex-pinene,
camphene, myrcene, limonene, eugenol, p-cymendyyimaigenol, eugenol acetate and methyl

ether of eugenol (Sairet al, 2003).

Eugenol (4-hydroxy-3-methoxy allylbenzyme) is dhe main constituents of cinnamon
oil (Fischer and Dengler, 1990; Digle¢ al, 2005). Cinnamon bark oil possesses the delicate
aroma of the spice and a sweet and pungent tasteajor constituent is cinnamaldehyde but
other minor components impart the characteristar @ahd flavor. It is employed in the flavoring
industry where it is used in meat and fast foodseeimg, sauces and pickles, baked foods,
confectionery, tobacco flavors and in dental andrpiaceutical preparations (FAO, 1995).

Tejpathas been used as a natural food preservativedoy finuit juice (Kapooet al, 2008).

Figure 2: a. A twig of C. tamalashowing inflorescencesp. Immature green seedsg.

Mature seeds ofC. tamala
Its leaves and bark are aromatic and traded asca @pharet al, 2002; Anonymous,
2006). Indian bay-leaves (trade name of the speeaies closely related to cinnamon. These

tough, three-veined leaves are very popular in idort India, Bengal but are little known in
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South and elsewhere. Its leaves and bark are amarat fragrant and therefore it is a common
species in trade. It is regarded as carminativeused for treatment of diarrhea and colic pain.
In Kashmir it is used as a substitute for beteVésa The bark o€. tamalais coarser than the
bark of C. zeylanicunand is one of the common adulterants of uenamon The essential oll
from bark is pale yellow, and contains 70-80% cimitaaldehyde. The leaf oil €. tamala
resembles cinnamon leaf ofl. tamalais one of the three ingredients afijalapatra’ with C.
zeylanicum (dalchini) and Elettaria cardamom mentioned byBhavaprakasa Trijata is
commonly used iyurvedicpharmacy irasavaandarista preparation to augment the fragrance
and to promote the appetite and digestion. It lenbreported the crude drug from unripe fruit

of C. tamalais being sold under the nameagkesarain different parts of India (Vaidya, 1971).

Parts ofC. tamalaare also used in mamyyurvedicpreparations e.gudarshan choorna
and chandraprabhavati The leaf extracts are used as clarifiers in dyegamocedures with
myrobalans. Traditionally green dye has been etddafrom its leaves (Gaur, 2008). Besides its
high economic importance, this species provideselextt habitat for a large number of
frugivorous birds and small mammals, which fadiétés regeneration in turn (Sharretal,

2009).

Owing to its high medicinal value and being an amg@nt ingredient of the spices the
demand ofC. tamalais increasing day by day and the species is bexptpited from its natural
pockets illegally (Samargt al, 2001, Sharma and Nautiyal, 2009). Therefore etiea need to
raise high quality individuals in large scale tdfifuthe increasing demand on the one hand and
help the conservation of the species on the othiénough a lot of literatures was found about

the pharmacological and chemical characteristic€.afamalawhich are cited in the previous
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sections, but very few works are done on physialaigiRawatet al, 2009), micropropagation

(Sharma and Nautiyal, 2009) and conservation aed hather research.

Objectives of the Present Study

Studies on seed biology, the use of plant tissleire technique are visualized for the
conservation of rare/threatened/endangered spetiegmss multiplication of the species with
extremely reduced populations. A wide range of eaanally important, threatened and
endangered taxa has now been successfully propagamg in vitro techniques like
micropropagation and somatic embryogenesis (Maetdall., 1995, Dat al.,1997, Murthy and
Saxena, 1998, Tiwast al.,1998, Cuencat al.,1999; Deb, 2001; Corredoiet al., 2002, Deb
and Tandon, 2002a, b, 2004a, b, Tyagal., 2005, Sambyaét al., 2006, Temjensangba and
Deb, 2006; Deb and Temjensangba, 2006a, b, 200a@a#t al., 2010; Yapoet al., 2011).In
vitro mass propagation and reintroduction to the wildedécted rare plant will ensure continued
presence of these plants in nature and use of/plant parts for commercial purpoda.vitro
conservation of plant germplasm is increasinglyngeionsidered as the safer and more practical

option compared to conventional approaches.

Cinnamomum tamals a multipurpose plant used for medicines, spicatjral dyes etc.
In view of the wide range of its uses, the specsebarvested from the wild under different
systems of regulations that vary with the statdsis Thas put great pressure on the natural
resources of the species. In addition, degradatitime natural habitat areas of the species owing
to a variety of reasons, similar to many other $oreee species, has also contributed to the

threats to the species. Some threats to the speaes identified by Vedet al. (2003) in
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Himalayan states of India. According to the repGrttamalahas been found vulnerable in
throughout the Himalayan region and North Eastegion of India, endangered in J&K. On the
basis of identified threats and considering theneauc potential and dwindling natural
populations ofC. tamalain several ranges, this species has been reconatidéodn situ as well

as ex situ conservation (Samargt al. 2001). However, in the absence of standard agro-
techniques and owing to lack of information on sgednination behaviors, conservation efforts
have not succeeded so far. In view of these, thegnt study was undertaken on seed biology
and development of culture systems for productibelanal planting materials undém vitro
condition.In the present investigation for my Ph. D. prograne, work has been done on the

following aspects:

1. Study on seed biology like effect of developmentatages onin vitro morphogenetic
response, effect of desiccation of seeds on seedrgeation both under in vivo as well as
in vitro condition, post harvest storage of seeds at diffent temperatures.

2. Initiation of in vitro culture from different explants like embryos of vaious
developmental stages, nodal explants, cotyledonasggments, leaf etc.

3. Optimization of physico-chemical factors forin vitro culture initiation.

4. Production of clonal planting materials.

Introduction the regenerates in the poly-house andatural habitat.
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Chapter - 2

Studies on Seed Biology adfinnamomum tamala

A number of different plant species, both of togpiand temperate origin, produce seeds
considered as recalcitrant because, differentlynfarthodox seeds, they are shed from the
mother plant with high moisture content and ardogasion-sensitive. They generally directly
pass from development to germination, even if imsa@ases a dormant phase occurs (€hin
al., 1984; Berjak and Pammenter, 1994; Tomnetsal, 2006). There are many types of
recalcitrant seeds with different desiccation tmhee; moreover some species produce seeds
with a behaviors intermediate between orthodoxrawdlcitrant (Berjak and Pammenter, 1994).
For few recalcitrant seeds, there is consisteatditire on some aspects of seed development, on
the basic physiology and response to desiccatiomeisas ecology (Farramtt al, 1993; Finch-

Savageet al, 1996; Pammenter and Berjak, 1999; 2000; DB=val, 2004; Pritcharcet al.,
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2004). However many questions are still open, f@ngple concerning the life-span of seeds,
long-term storage, temperature during storage, ldprreental stage of the seeds at which they
should be harvested (Pammeng&tral, 1994), and also because there are a wide range of
differences in the post harvest responses of néealt seeds. Some data report that many
recalcitrant seeds, particularly those of tropmadjins, are also chilling sensitive and cannot be
stored at temperatures below’@5 The storage life span is quite short varyingrfrisvo weeks

to some months (Chin and Roberts, 1980; PammenteBarjak, 1999).

Recruitment of tree species on the forest floourathabitat is governed by various
factors including the seed traits, developmentafjes of the embryos, desiccation tolerance of
the embryos, microhabitat (Kitajima, 2007). Likegjigermination of seeds in nature as well as
underin vitro condition is strongly influenced by internal asliwas external environmental
factors. The germinating seeds/embryos and seedlarg most vulnerable to predation,
desiccation, competition and damage as the seedsemullings constitute important resource for
the herbivores and pathogens. Disturbance in tha fof trampling and habitat alternation,
change in internal environment of the seeds havecdiimplications for recruitment and
multiplication of the species. Consistency in mi@bitat condition enhances seedling survival.
One of the important microhabitat factors in thedsbed is light regime which is governed by
the canopy cover in the forest. But in the artdfickeed bed it may be compensated by
appropriate cover of the seed bed. Tree specigscoasiderably in terms of light requirement at
seedling stage (Davies, 2001). Germinating sedgisending upon their state such as inherent
properties, internal moisture content, reserve fatVelopmental stage at which they may be

germinated optimally which have been rarely beeestigated.



31

In terms of their ability to be stored seed-beanants fall into two categories, those
that produce what are termedrthodox’ desiccation-tolerant seeds and those that have
‘recalcitrant’, desiccation-sensitive seeds. The ability of @ittix seeds to undergo maturation
drying and withstand lowered temperatures has edafaimans to store this type of seed and,
intact seed storage can be considered as ancierasilture itself. Orthodox seeds include
most grain and legume types. Recalcitrant seedsgseutheir orthodox counterparts, do not
undergo a period of maturation drying during tldgwelopment, and as a consequence, they are
shed from the parent plant at high water conteimceSthese seeds are sensitive to desiccation
and also to chilling, they cannot be stored underconditions that facilitate storage of orthodox
seeds. At present the only practical method ofsepration of these seeds is by storage at
ambient temperatures and a relative humidity alhgwnaintenance of the seed water content at
that characterizing, or only a little below, themhe shed state. This approach which is termed
‘wet storage’is useful only in the short-term. Because the&dseare short lived, and in order to
maintain desirable varieties of crop species tmatiyce recalcitrant seeds they are propagated

vegetative means.

Cinnamomum tamalacommonly called asTejpat is an evergreen monoecious species
distributed in the lower Himalayan zone. It is amportant species in the transitional evergreen
broadleaf forest. Natural stands ©f tamalaare mostly found in shady moist habitats. Leaves
are aromatic and traded as spice (Anonymous, 280é)lso as a source of various Ayurvedic
formulations (Sarin, 2008). It flowers during Masbtay and usually pollinated by small insects
such as honey bees. The fruits are ellipsoidal elripe fruits are dark purple in color and

contain single seed. The seeds are primarily dsgpleby frugivorous birds, which feed on them
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for nutritious pulp and egest the seeds intact.adidition, strong winds, hail storms and
sometimes arboreal mammals such as primates mpyrheiechanical dispersal of fruits. Seeds
are also secondarily dispersed by rodents and sthall mammals (personal observation). Thus
seeds of this species are deposited on the se#tféloor in two states i.e., with or without pulp

exhibiting different patterns of germination antbétishment.

Considering the economic importance and dwindliatyral populations of. tamalain
several ranges, the species demandsitu as wellex situconservation. However, due lack of
sufficient information on standard agro-technigseed characters, seed germination behavior,
conservation efforts have not succeeded complebelyiew of the above, present study was
aimed to study the role of various developmentfiess of the embryo, desiccation tolerance of
the seeds, temperature, effect of different lightdition on seed storage, seed germination,

seedling morphology both under seed bed conditnatiravitro condition.

Materials and Methods

Site description The study was conducted in the Department of Bgtdlagaland University,
Lumami located in Zunheboto district of Nagaland®(2'37” N altitude and 92928 E
longitude; altitude 1150-1200 m asl). For the pnéstudy three different types of seed beds
were prepared viz. 1. Seed bed with normal day,lighSeed bed in the poly shade with 50%
filtered light and 3. Seed bed in the poly shadth wb% filtered light. All the seed beds were
prepared by mixing humus (decomposed forest ljtteojl, sand, decayed wood powder at
1:4:1:1 ratio respectively. The mixture was surdifeefore putting them in the seed bed (poly-

bags).
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Seed collection and transporThe details of collection and transport of diffiet types of seeds
for experimental purpose may materially affect kedtor the present study, the intact mature
fruits of about 16 weeks old were harvested rangidroim the trees from two trees available in
Mokokchung town, Nagaland during 2007-2009. Thalseeere also collected from the ground
near the selected trees which were freshly shatleel.collection was completely randomized
without seeing the size and color of the fruitseptdhe damage by the insects, microorganisms
or birds. The collected seeds were transportedetd aboratory within 24 hours of collection in
the plastic bags. In each fruit there was only ee&d. On receipt, seeds were removed from the
fruits, cleansed by rubbing with soft cloth towdisiefly surface cleansed with soft Laboratory
detergent (1%, v/v, Extron a commercially availathgergent, make: Merck, India) and stored
in plastic bags at 2&. The time leg between removal of the seeds fiwarfruits and initiating
experiments was 1-2 days. The seeds were madedifiément sub-lots/groups for different

experiments. In each lot there were 50 seeds.

Experimental processThe processed seeds were sowed immediately afteedtan the seed

bed while rests of the seeds were treated diffeignas described below:

1. A set of freshly processed seeds were sowed i tight conditions viz. normal light
(5000 lux), poly house with 50% shade (2500 Iuxd poly house with 75% shade (1250

lux).

2. To test the desiccation tolerance to the embryedi&separt of the seeds were desiccated/

dehydrated at various levels (100 to 30%, freshgitebasis). The rapid drying of the
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seeds was achieved by exposing to cool blowingmdt slow drying was achieved by

exposing to the normal sunlight before they areesbte the seed beds.

3. After processing one sub lot of seeds were stoiidtbut desiccating for various periods
(0-18 days) at % (in the refrigerator) and 26 (in the Laboratory) in sealed poly-bags

before they were sowed in the seed beds.

To study the emergence, survival and growth of lgegsl of C. tamalaunder each
condition, three replicates of 50 seeds each wsed.un each experimental condition 50 poly-
bags (15 cm long and 7.5 cm diameter) were useehdh poly-bag the soil mixture was packed.
In each poly bag only one seed was sowed. The bedd were watered weekly. The
experimental design was completely randomized. ddte was collected daily basis for seed

germination, seedling morphology, per cent respetse

The seedlings were maintained in the respectiWelpag and watered at regular interval
and studied the seedling morphology for six montBsice the seedling showed normal
functioning like formation of normal leaves, seadligrowth etc., the seedling were transferred

to the nature.

Results

Seeds sowed in the experimental seed beds sggtednating and emergence of radicals
within 10 days. The seed germination rate, gernunatime, morphology of seedlings was
greatly influenced by illumination in the seed hel@gsel of desiccations, temperature of post

harvest storage and duration. There was a signtficariation in time taken for initial response
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(10 to 15 days) and germination rate/seedling eemerg (52.2 to 72.2%) across the seed beds
with different light intensitiesKig. 3). Seeds sowed in the seed bed under higher iltom
(5000 lux) under performed as there was delay iitrairtime taken for germination and overall
germination rate (15 days and ~52% respectivelgngared to normal irradiation, seeds sowed
under lower irradiations performed better. Of tliféecent light conditions studied in the present
study, optimum response was achieved from seedsdsowder 50% shade (2500 lux) where
within 10 days of sowing radical started emerging eegistered 72.2% seed germinatibig(

3). Seeds sowed under normal light condition delayexnination and leaves were curly and
exhibited stunted growth of the seedlings, whilkeeds sowed under 75% shaded condition,

seedlings were healthy but comparatively etiolaecbmparison to 50% shaded condition.

70
60
50

40 |

[ Time taken for initial response (days)

30 - I (%) germination)

20

10 |
Normal light 50% shade 75% shade
(5000 lux) (2500 lux) (1250 lux)

Light Conditions

Figure 3: Effect of different microclimatic conditions (light intensities) on seed germination
of Cinnamomum tamalan the seed bed.
Besides light requirement for seed germinatioredsewere also tested for their

desiccation tolerance, post harvest storage angeeture tolerance during storage. In the

present study withC. tamalg the seeds sowed immediately after harvest exdibitighest
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germination frequency (72.2%) after 10 days of smwiTable 1). The germination rate
decreased considerably as the storage period seteachibited <50% germination aftét éay

of storage and after f6day no seed germinated. As the storage periogased, germination
period also delayed significantly. The seeds weveed in two different temperatures’@and
25°C). There was no significant difference in germimatperiod as well as germination rate
when compared in both the temperatures though Emeets conducted at°@ performed
showed slightly betteiT@ble 2).

Table 1: Effect of desiccation of seeds on seed bility and seed germination of

Cinnamomum tamalan the seed bed.

Desiccation level (%) Time for first sign % germiration Type of response

(fresh weight) germination (days) (+SE)*

100 10 72.241.5) Healthy seedlings with healthy
roots

90 16 70.542.07 As above

80 19 71.5 (x1.5) As above

70 25 58.3 (J_rl.(?) Delayed germination and
seedling were stunted in growth

60 32 42.5 (x1.5) Dwarf seedlings with shorter
leaves and poor rooting

50 35 35.2 (+1.5) As above

40 37 12.0 (x2.6) Seedlings with shorter leaves and
roots but degenerated
subsequently

30 - - No germination

* Standard error from mean.
Data represents the mean of three replicates.

In the same column, figures followed by the santterlavere statistically identical to the
threshold of 5% (Newman-Keuls, + standard ejror
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Table 2: Effect of post harvest storage of seeds 4iC and 25'C on seed viability and
germination in the seed bed.

Storage period (days) Time taken for germination
(days) from seeds stored at

Y%germination (xSE)*
from seeds stored at

4°C 25°C 4°c 25°C

0 10 10 72.2 (+1.8) 72.2 (+1.5%
2 10 14 71.5 (+1.8) 69.5 (+1.0%
4 15 16 65.2 (+2.0) 55.0 (+1.5%
6 15 17 50.5 (+1.6) 51.3 (+2.0%
8 18 21 35.5 (+1.6) 33.5 (+1.5)
10 30 35 22.2 (+2.6) 21.5 (+1.59
12 30 36 10.5 (+1.5) 10.0 (+1.0§
14 45 50 07.5 (¥2.8) 04.5 (+1.5)
16 47 50 5.0 (+0.8) 03.0 (+0.5)
18 - - - -

* Standard error from mean; Data represents thenrakthree replicates.

In the same column, figures followed by the santierlavere statistically identical to the
threshold of 5% (Newman-Keuls, + standard ejror

In the present investigatidd. tamalaseeds exhibited desiccation intolerance. The seeds
sowed immediately after harvest without desiccatiegistered highest germination within
minimal period of time. With desiccation, the vidlyi decreased and registered poorer
germination rateTable 2). It was found that when the moisture content ceduto <60% (fresh
weight basis) the germination rate decreased b8&% and abnormal seedling morphology was

recorded which ultimately affected the seedlingleisthment in the seed beds as well as in the
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nature. The seedlings developed from the seedsadésd up to 70% exhibited normal seedling
morphology and normal growth in naturéid. 4a). The seeds were desiccated following two
methods i.e., rapid desiccation and slow desiceatipwas found that the seeds desiccation
achieved by rapid method performed better in coraparto slow method. The seedlings formed
from the seeds desiccated by rapid method werdhierahnd seedlings established better in the

seed bed as well as in the natw¥eg(4b).

Figure 4: a. Healthy seedlings in poly-bags germinated from theeedsp. An established

seedling converted into young plant in the field.

Discussion

The practice of seed preservation is as old agural practices but systematic
collections and storage facilities have been aldeweent of the 20 century. Presently there is
an estimate over 1500 seed or gene banks arounddHd containing over 6 million seed
accessions. For some plant species, using rehatikesh seeds gives superior germination over

stored seeds. Viability of a seed lot declines divee and though old seed may germinate, the



39

resulting seedlings may have reduced vigor andidadstablish as well as seedlings from fresh

seed (Walters, 2004).

The time for emergence of radicals from the gerteth@eeds, germination rate, seedling
morphology and seedling establishment is influenbgdvarious many factors. Plant species
differ greatly in their habit preference, temperatvequirement, post harvest storage, specific
pre-treatment for seed germination, seedling enmeeg@nd survival. A number of tree species
exhibit positive as well as negative correlationtwsen canopy cover/light requirements,
temperature etc. (Kwit and Platt, 2003; Page¢sal, 2003). The requirement of light for
successful seed germination and healthy seedlingghotogy appears to be species specific.
Seedling survival on the seed beds/forest flogoigerned by the availability of light, water and
nutrients (Kitajima, 2007). Increase in light andtrrents in mesic gaps stimulate the growth of
the competing shrubs and fast growing herbaceownt9l In general, the varying
microenvironment had a significant effect on suaVief seedlings of French Alps (Pagesal,
2003). According to Onen (1999), germination petage was almost independent from light
conditions. In mugwort the germination values atedifrom light conditions were similar at the
same incubation temperatures. Therefore, it wapasgu that presence or absence of light had
no effect on both germination percentage and getioin speed of mugwort seeds. But, the
fresh achenes germinated in room temperature wadlgrlight were 14 per cent higher than that
of under the dark condition (Onen, 1999). Howeweehrief exposure to low intense light was
found sufficient to stimulate germination. But &e seeds aged, they became less dependent on
light and eventually could germinate also in dadsnfHolmet. al, 1986). In the present study

with Cinnamomum tamalahere was moderate germination in seeds sowessathne different
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light conditions. In higher illumination the gernation was slightly delayed compare to lower
light intensity. From the other experiments, it wiasind that the seeds &. tamala are

recalcitrant in nature and does not go for dormamgsent result is in agreement with the
previous reports which describes that the non-dotmsaeds of many species germinate well

more or less equally in light and dark (Baskin &adgkin, 1988).

During the present study, investigations wereiedrout on the relationships among rate
of drying, dehydration tolerance, post harvestagjerand storage temperatures. From the results
obtained in the present study clearly shows @atamalaseeds are desiccation-sensitive. The
seed material dried at the two rates used in thitysshowed considerable difference in seedling
morphology and seedling establishment. The seesllileyeloped from the seeds desiccated by
rapid desiccation method were healthy. The preslesgrvation is in agreement with Pammenter

et al.(1991) where they have reported a similar respamsle working withLandolphia kirkit

To determine seed type the seeds should be tpstadto storage. Seeds that tolerate
desiccation to 5% moisture content or below (10-¥E&86h weight of seeds) are likely to show
orthodox seed-storage behavior. Seeds that toldestiecation to 10-12% moisture content (40-
50% of fresh weight), but whose viability is reddaghen subjected to further desiccation to a
lower moisture content are likely to show internateliseed storage behavior. Seeds that are
killed by desiccation to 15-20% moisture contem0% fresh weights of the seeds) are likely to
be recalcitrant (Raet al, 2006). InC. tamaladehydration of seeds below 60% reduced the
viability of the seeds and germination. In additimndrying, another form of controlling the
biological activities is the use of low temperatugtoring the seeds af@ exhibited slightly

higher percentage of viability and germination omparison to storage at @5 The lowest
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temperature withstood by the recalcitrant seedsisde vary with the species (few. al, 1990;
Oliveira and Valio, 1992; Barbedo and Cicero, 2000mmasiet al, 2006).Ginkgo biloba
seeds could be stored dC4for one year but when stored at’@5seeds died after 6 months
(Tommasiet al, 2006). Present study with. tamala also exhibited a similar response where

seeds stored af@ germinated better over seeds stored ¥ 25

The findings in the present study reveals thatgbeds ofC. tamalaare desiccation-
sensitive i.e., they are recalcitrant in nature #redseeds cannot be stored over a period of one
week either at room temperature or at low tempega(dC). No differences were observed
among germination rates of seed lots stored atreifit temperatures. Besides these, the seeds of
this economically important species exhibit optinga@rmination and seedling establishment
under diffused light condition. Further studiesmachanism of seed dispersal, seed storage and
temperature tolerance will help in developing tlemservation strategies of this economically

important spice yielding species.
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Chapter - 3

In Vitro Propagation of Cinnamomum tamala

Cinnamomum tamales an economically important plant in India and mhaidistributed
in North-Western Himalayas, Sikkim, Assam, MizoraMeghalaya, Tripura and adjoining
places. The leaves @f. tamala(Tejpa) are widely used as a spice and also yield amgakaeil
on distillation. The essential oil of the leavedlezh ‘tejpat oil' is medicinally used as
carminative, anti-flatulent, diuretic, and in cadidisorders (Showkat al, 2004). Parts o€.
tamala are also used in manyyurvedic preparations e.g.sudarshan choornaand
chandraprabhavati The leaf extracts are used as clarifiers in dyeprocedures with
myrobalans. Traditionally green dye has been etddafrom its leaves (Gaur, 2008). Besides its

high economic importance, this species provideselexat habitat for a large number of
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frugivorous birds and small mammals, which fadiétés regeneration in turn (Sharretal,

2009).

Owing to its high medicinal value and being an amiant ingredient of the spices the
demand ofC. tamalais increasing day by day and the species is bexpipited from its natural
pockets. Therefore, there is a need to raise higtlity individuals in large scale to fulfill the
increasing demand on the one hand and help theeo@i®n of the species on the other.
Successfuin vitro establishment of aseptic cultures of any planciggedepends on various
factors like developmental stages of the explaatsces, type of the explants, nutrient media,
quality and quantity of the organic carbon sourgaant growth regulators, microclimatic

conditions in the laboratory etc.

Materials and Methods

Plant collection

The present study was aimed for establishment ttireusystems for production of
cloning planting materials under vitro condition and propagation &f. tamala To achieve the
overall objectives of the present study and indiaof cultures, the experimental materials like
seeds of various developmental stages, young fekplants and nodal explants were collected
at different time interval from the two plants dahie in Mokokchung town, Nagaland, which is
about 22 KM away from the Department of Botany, &lagd University. The experimental
materials were collected and transported to theotagbry within three hours with appropriate

care as described below and processed befordimmtiaf culture.



44

Selection of Explants and Sterilization

Plant materials

Seed explants The immature seeds of various developmental stége 16 week after
flowering, WAF) were harvested randomly from thetplants as mentioned above. The mature
fruits of about 16 weeks old were harvested rangtddnam the trees available in Mokokchung
town, Nagaland during 2007-2009. After harvest fileshly harvested fruits were soaked in
citric acid solution (100 mgt) and brought to the Laboratory and processedduriir culture
initiation. The collection was completely randondzeithout seeing the size and color of the
fruits except the damage by the insects, microasgasor birds. On receipt in the Laboratory,
seeds were removed from the mature fruits, cleabgedibbing with soft cloth towels, briefly
surface cleansed with soft Laboratory detergent, (1%, Extron a commercially available
detergent, make: Merck, India) and stored in ptabigs at 2% but the seed coats of the

immature seeds were left untouched.

Desiccation of mature seed§he mature seeds were desiccated at variouss|€¥8D-30%,
fresh weight basis) by exposing the seeds to bigwimol air at 2%C to test their desiccation

tolerance and effect an vitro morphogenetic response.

Cotyledonary segmentShe collected seeds were sterilized and embryare wxcised out for
culture. The cotyledons from these seeds were atetleseparately and cultured separately on

basal medium with different growth adjunct.
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Nodal explants The newly flushed twigs/shoots were collected frone mature plants
throughout the year at one month interval and pdireeitably. Immediately after harvest, the
twigs were transferred to different antioxidantusimins like water, citric acid solution (100 mg
L™, ascorbic acid solution (100 mg'Land polyvinyl pyrollidone (PVP) (100 mg*) till they

are brought to the Laboratory and sterilized appatgly. The leaves and scale etc. were
removed from the twigs and nodal explants was lgtedi suitably and soaked in sterilized
distilled water till cultured on medium. The preaked and primed nodal segments were used

for initiation of culture.

Foliar explants The young leaves (within 2-3 days of opening)eveollected from the freshly

flushed twigs, soaked in distilled water and brdugtthe Laboratory.
Sterilization of explants

In the Laboratory the well expanded leaves weneoreed before nodal segments were
scrubbed with diluted ‘Labolene’ (a commercial leddory detergent, 1:100 ratio, v/v) and soft
brush and washed under running water for 10 mire ptocessed seeds, nodal explants were
sterilized with aqueous solution of HgGD.3%, w/v) while for 5 min while 0.1% Hgg&for 5
min for foliar explants and subsequently rinsed #irtes with sterilized distilled water. Finally,
the explants were dipped in ethanol (70%, v/v)+80 sec and rinsed with sterilized distilled

water. After sterilization, the explants were sahkesterilized water till culture.

Tissue Culture Media

For initiation of cultures from different explantsill strength MS medium (Murashige

and Skoog, 1962) was used. The basal medium waieidmwith three different organic carbon
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sources (viz., dextrose, glucose and sucrose)fateht concentrations (0-4%, w/v). The basal
medium was further fortified with different qualignd quantity of PGRs like-naphthalene
acetic acid (NAA), benzyl adenine (BA), kinetin (K{®-12 M) either singly or in combination
and agar (0.8%, w/v) was used as gelling agened different antioxidant types like ascorbic
acid, citric acid and PVP at different concentnasig0-200 mg L) with an increment of 50 mg
L™ was incorporated in the initiation medium. Forflealture, MS medium were fortified with
sucrose (0-4%) and agar (0.8%, w/v), PVP (200 g The medium was further fortified with
different levels of PGRs like NAA, BA and Kn (0-12V) either singly or in combination.

The pH of all the media was adjusted to 5.6 using 0.1&0N and 0.1N HCI and about
12 ml medium was dispensed in each borosilicatetibg (size: 25x150 mm) and plugged with
non-absorbent cotton. The media were sterilizeduigclaving at 12°C for 20 min at a pressure
of 1.05 kg crif.

Plant Tissue Culture

Initiation of Cultures

Immature embryosThe embryos of various developmental stages (WA&) were excised out
from the sterilized seeds and cultured on mediuntaioing various levels of MS inorganic salts
solution (0, 1/4, 1/2 , 3/ and full strength) but full strength of organigjwatts. The basal
media were fortified with different organic carbsources like dextrose, glucose and sucrose (0O-
4%, wiv), different antioxidants (ascorbic acidyiciacid and PVP, 0-200 mg'j. and different
quality and quantity of PGRs like BA and Kn (0-11either singly or in combination and agar
(0.8%, wi/v) as gelling agent. In each test tube @méryo was cultured and for each treatment
20 embryos were maintained. To study the effedhefseed cotyledons on the morphogenetic

response of the immature embryosCoftamala,a set of the embryos was excised with the lower
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part of the cotyledons attached with the embryod emtured while, the another set of the
embryos was dissected out without the cotyledodisth& cultures were maintained at 25€2
under cool white fluorescent light provided by veh@FL bulbs at an intensity of 40 umofs*

and 12/12 hr (light/dark) phase.

Culture of desiccated mature embryofhe mature seeds were also collected from thetpla
and seeds were desiccated at different levels 80D00; fresh weight basis) following the process
described above in chapter two. The dehydratedsseede sterilized suitably and cultured on

optimum initiation medium developed from the expernts with immature embryos.

Cotyledonary segment3 he cotyledons were dissected out from the mageeels. A part of the
cotyledons were cut into two equal halves whilegther part of the cotyledons were cultured
intact. For initiation of culture, the cotyledoresgsnents were cultured on MS medium fortified
with sucrose (3%), PVP (100 m@'Land different PGRs like BA, Kn and TDZ (0-12 pédther
singly or in combination). The cultures were maimd in the normal Laboratory conditions.
For each treatment 20 cotyledons/segments wereuredltand in each test tube one

cotyledon/segment were cultured.

Nodal explants Sterilized nodal segments from distilled watereviaken out and wiped on a
sterilized tissue paper and cultured on differérength of MS medium (0, 174 1/2, 3/4" and

full strength inorganic salts and full organic adjts) fortified with different organic carbon
sources (0-4%, w/v), different antioxidants (0-266 L") and different quality and quantity of
PGRs like NAA, Kn and BA (0-12 uM) either singly or combination and agar (0.8%) as

gelling agent. About 1.0 cm long sterilized nodafments were cultured on initiation medium



48

and the cultures were maintained at Z&x2nder cool white fluorescent light at an intensit
40 pmol n? st and 12/12 hr (light/dark) phase. A set of nodajnsents were also cultured
immediately after harvest and sterilization butheiit priming as described above.

Leaf: The young leaves were collected from the freshighHed shoots and sterilized suitably.
The half of the leaves was cut into two halves aiither half of the leaves were left
uncut/intact. The whole leaf and leaf segments veedeured on MS medium enriched with
sucrose (3%, w/v), PVP (100 mg'Land BA, Kn and NAA (0-12 pM either singly or in
combination). The cultures were initially maintaine the dark for 2 days followed by in the
normal Laboratory light condition (at 40 umolra™ light intensity and 12/12 hr, light/dark
photo phase).

Initiation of callus culture

Besides the embryos cultured on cytokinin enriamedium, embryos were also cultured
on auxin enriched medium. The embryos were cultaredS medium fortified with sucrose
(3%), PVP (100 mg t), 2,4-D and NAA (0-9 uM) either singly or in comition. The calli
formed on the initiation medium were maintainedM8 medium supplemented with sucrose
(3%) and optimum auxin concentrations from theiatibsn medium and BA (2 uM) for further
proliferation. The cultures were maintained in thermal Laboratory condition as described
above.

The resultant calli developed from the leaf exgaimbryos and nodal explants were
separated from the parent explants and maintaimreivb more passages on respective optimum
initiation culture conditions for further prolifdran. After adequate culture proliferation the call
were transferred on MS medium fortified with suer¢d3%), PVP (100 mgt) and BA (6 pM)

for two passages.
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Experimental Design

A completely randomized experimental design wasopered. In all the experiments, for
each treatment 20 explants were maintained anth@lexperiments were repeated thrice. The
cultures were maintained at 25€2 under cool white fluorescent light at 46nol m? s*
intensities and 12/12 hr each (light/dark) photeiquke unless mentioned otherwise. All the
cultures were sub-cultured at 4-5 wk interva. vitro response was evaluated based on the
percentage of explants responded and number ohgubgs formed in the culture after specific
period of time (as stated in the table) and dataexpressed as the mean of replicates + standard

error.
Culture Proliferation and Plantlets Regeneration

The shoot buds/micro-shoots developed from theucedt embryos, cotyledonary
segments and nodal segments were maintained omwnptinitiation medium for another two
passages. The young plantlets and shoot buds hwemdransferred on different strengths of MS
medium containing different concentrations of sser§0-4%, w/v) and different PGRs such as
BA and Kn (0-9 uM) either singly or in combinatioFhe micro-shoots were separated at every
sub-culture and transferred on fresh regeneratiediuim. The calli resulted from different
explants were maintained on auxin free MS mediurncleed with sucrose (3%) and BA and Kn

(0-9 uM) for shoot bud formation and plant regehera

Rooting of Micro Shoots

Though there was some roots formation in some egéed shoots on regeneration
medium, but roots were not fully developed and s&oin length. About 4-5 cm long

plantlets/shoots with well expanded leaves from riageneration medium were selected for
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inducing rooting. The micro-shoots were maintainedMS medium containing sucrose (3%),

and NAA (0-8 uM) and maintained in normal laborgtoonditions.

Hardening of Regenerates

The well rooted plantlets were taken out from theting medium and transferred on
medium containing half strength MS inorganic saltsl full strength organic additives fortified
with sucrose (2%, w/v) devoid of any PGRs and naam&d in normal laboratory conditions for

6-7 wk.
Potting Mix and Transplantation of the Regenerates

The hardened plantlets were taken out from theislials and washed with luke warm
water to remove any traces of agar. The hardereatlets were then transplanted on to plastic
pots containing a mixture of soil, sand, decayeddvpowder at 1:1 ratio with a moss topping.
The pots were covered with holed transparent pglylend watered at week interval for two
months. The transplants were fed with Y20S salt solution once in a week for 3-4 wk and
maintained in poly-shade with Ca.75% of shadindighh After two months the acclimatized

transplants were finally transferred to the fiefdlar normal full day light condition

Results

Initiation of culture
Zygotic embryos

The immature embryos were cultured on differergrgiths of MS medium containing
different supplements. Developmental age of imne®mbryos, moisture content/desiccation
level of the seeds/embryos, presence or absenoatydédons attached to the embryos, strength

of the nutrient medium composition, quality and mfitst of organic carbon, quality and quantity
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of PGRs were found to be crucial factors for susftésculture initiation. Swelling of the
embryos followed by the induction of meristematiocil was the first sign of

germination/morphogenetic response.

Effect of developmental stage of the embryo the present study witiinnamomum tamajan
vitro morphogenetic response from immature embryos hamgbended on developmental stage
of the embryos at which they were harvested andi@d on medium. During the present study
the seeds were harvested from 4-16 WAF and usedhitoation of culture. Embryos upto 6
WAF did not show any sign of morphogenetic resporideugh the embryos of 7 WAF
exhibited initiation of morphogenetic response ywf swelling of explants and invocation of
meristematic loci, but failed to convert into shdotds/micro-shoots development and cultures
degenerated subsequentlyable 3). The healthy shoot buds formed from the embrylodlo
WAF and optimum response was registered from therygws of 12 WAF where ~60% embryos
registered morphogenetic response where multipt®tshuds developed. The morphogenetic
response initiated within 10 days of culturBig{ 58). Morphogenetic response declined
significantly beyond the embryo age of 12 WAFRable 3). It was found that the morphogenetic
of embryos significantly governed by the presencalisence of the cotyledon attached to the
embryos. In the present study, it was found thatdbtyledon attached with the embryos out
performed in terms of morphogenetic response inpasison to the embryos without the
cotyledon attached with them. The resultant shaadshmicro-shoots from the cotyledon

attached embryos were healthier as well as higheuinber against its counterpédftd. 5 b, 9.

Effects of antioxidants The embryos cultured on antioxidant free medialtedun release of

phenolics in the medium and tissues turned necrioiborporation of antioxidant in the medium
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improved the condition. Of the different qualitydaquantity of antioxidants used in the present
study, PVP at a concentration of 100 mgfound to be most suitable. Compare to PVP, other
two antioxidants (ascorbic acid and citric acidjoss the concentrations tested under performed
as far as controlling of browning is concernéalfle 4). Though both ascorbic acid and citric
acid could reduce the phenolic oxidation, but diisupport healthy culture initiation.

Table 3: Effect of developmental age of immature ebryos of Cinnamomum tamalaon in
vitro morphogenetic response.

Age of the embryo % response Morphogenetic Type @ésponsé

(WAF) (xSE)* pathway**
4 - - No response
5 - - No response
6 - - No response
7 10 (+0.5) Ca Callus of embryo but failed to proliferate
and degenerated
175 (+1.0§ Ca As above
23.2 (+1.5) Ca-Sb Shoot buds developed from the callus
10 27.6 (x2.0) Sb, Ca-Sb In some cases shoot buds developed but
in most of the cases callus developed
11 455 (+1.5) Sb Direct shoot buds developed but failed
to convert into plantlets
12 60.5 (+(1.5) Sb, PI Shoot buds followed by plantlets
formed
13 46.5 (+2.0) Sb, PI As above but poor plant health
14 455 (+1.5) Pl Single plantlet formed with single root
15 45.0 (+1.5) Pl Cultures degenerated subsequently
16 45.0 (+0.5) Pl As above

* Standard error from mean; ** Ca: Callus; Sb: Shbads; PI: Plantlets; # On MS medium
supplemented with sucrose (3%, w/v), PVP (100 ritydnd BA (12 uM); Data represents the
mean of three replicates.

In the same column, figures followed by the santterlavere statistically identical to the

threshold of 5% (Newman-Keuls, +standard ejror
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Table 4: Effect of quality and quantity of antioxidants onin vitro culture initiation from
immature embryos of Cinnamomum tamala

Antioxidant type Type of response*
& concentration mg L™)

0 Release of phenolics and browning of medium asaexg| stunted
growth of cultures

Ascorbic acid

50 As above.

100 Moderate browning of medium, did not supposltig growth of
culture.

150 As above.

200 Browning controlled, but stunted growth of audt

Citric acid

50 Moderate browning of medium, did not supportlthgagrowth of
culture.

100 As above.

150 No browning of medium and explants, but fatledupport healthy
growth of culture.

200 No browning of medium but tissue became nexroti

M

50 Supports health growth of culture but slightamong of medium.

100 No browning of culture medium, the growth of @bt buds
developed is healthy

150 As above but growth stunted slightly.

200 No browning of medium but did not support hHeattulture growth.

** On MS medium supplemented with sucrose (3%, and)BA (12 uM).
Response compiled from the observations from tie@eates of experiments.

Effects of basal mediaFirst sign of germination was observed as sweltighe embryos
within 10 days of the culture which followed by sihduds formation after 35 days of culture.

The embryos were cultured on various strengths 8frivedium. Of the different levels of the
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MS medium tested, full strength of MS medium wasni to be superior over other strength
(Fig. 6). At lower strengths of the basal medium delayedrnttorphogenetic response as well as
the per cent response. On full strength of MS medi®0.5% of the embryos responded

positively.

Figure 5: Different stages involved onn vitro immature embryo culture of C. tamala a.
Initiation of morphogenetic response from the cultued embryo, b. Performance of
cultured embryos not attached to cotyledonsg. Initiation of multiple shoot buds from
cultured embryos attached with cotyledons,  d. Multiple shoot buds developed from the

cultured embryos (advanced stage).
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Figure 6: Effect of strengths of MS medium onin vitro culture initiation of Cinnamomum

tamalausing embryos as explants source

Effects of different organic carbon source®ifferent concentrations of various organic carbo
sources viz., dextrose, glucose and sucrose (0#%,were also incorporated in the initiation
media. Incorporation of one of the organic carbomhie initiation medium was prerequisite for
successful germination of embryos or induction afrphogenetic response. There was no
morphogenetic response on organic carbon controfiedium. In general the morphogenetic
response was very poor on medium fortified withtdese as well as glucose as organic carbon
source in across the concentrations tested. Amahgdifferent quality and quantity of organic
carbons used, sucrose at a concentration of 3%os@gpoptimum morphogenetic response and
early differentiation Table 5. At lower concentration of sucrose, fewer shootl$ formed

while at higher concentration, the response waseoatively poorer.
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Table 5: Effect of quality and quantity of organic carbon sources onin vitro culture of

Cinnamomum tamalaembryo.

Organic carbon source

% response Type of response*

& concentration (%) (xSE)*
0 - No response
Dextrose
1 5.2 (x0.5) Only slight swelling of embryos but no shoot buds
formed
2 14.5 (+2.0) As above
3 36.6 (1.5} Only few shoot buds formed but not healthy
4 35.4 (+2.5) As above
Glucose
1 7.7 (x1.09 Shoot buds etiolated
2 19.2 (+1.0) As above
3 46.6 (+1.5) Cultures were moderately healthy and fewer shoot
buds formed
4 37.0 (1.5} As above and culture turned brown
Sucrose
1 32.4 (+2.5) Cultures were moderately healthy and fewer shoot
buds formed
54.2 (+2.0) Healthy shoot buds formed
60.5 (x1.5) Healthy and multiple shoot buds formed
51.7 (+1.5) Cultures were moderately healthy and fewer shoot

buds formed

* Standard error from mean.
** On MS medium supplemented with PVP (100 miy and BA (12 pM).

Data represents the mean of three replicates.

In the same column, figures followed by the santierlaevere statistically identical to the
threshold of 5% (Newman-Keuls, + standard ejror
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Table 6: Effects of PGRs onin vitro morphogenetic response of cultured embryos of
Cinnamomum tamala

PGRs Conc. (UM) % response No. of loci Type of respse**

BA Kn (xSE)* developed

0 0 - No response

3 - 52.5(+1.0f 3.3 (0.3 Small shoot buds formed

6 - 56.2(+x1.7 3.0 (+0.6) As above

9 - 58.6(+2.3 4.6 (+1.0§ Healthy shoot buds formation

12 - 60.5(x1.5¢ 7.3 (0.6} Healthy shoot buds formation followed by
plantlets formation

- 3 32.1(+0.6f 2.0 (0.3§ Rooted shoots developed

- 6 57.5(+1.5 5.3 (+0.6Y As above but shoots were healthy

- 9 42.5(+0.9f 3.3 (x0.3Y As above

- 12 18.2(+1.0" 1.6 (+0.3§ Shoot bud not healthy

3 3 25.2(+0.6F 3.3 (+0.3f Healthy shoot buds

3 6 27.5+1.5¢ 3.0 (0.7 Shoot buds with root primordia

3 9 22.0(+1.0)' 2.0 (+0.6§ As above

3 12 - - Cultures turned brown

6 3 31.7(+2.0) 3.6 (+0.3f Shoot buds swelled at the base

6 6 37.0(x2.0f 4.5 (+0.6§ As above

6 9 24.0(x1.0f 2.0 (+0.6§ Swelling of propagule

6 12 - - No response

9 3 32.3(20.6) 2.3 (+0.5§ Shoots moderately healthy

9 6 30.0(+1.0) 2.0 (+0.3§ As above but callusing at the base

9 9 30.0(+1.0) 2.0 (+0.3§ As above but callusing at the base

9 12 - - No response

12 3 34.0+2.0° 2.6 (+.3f Poor shoot growth

12 6 - - Callusing of the explants

12 9 - - No response

12 12 - - No response

Immature embryos of 12 WAF; * Standard error froneam; **On MS medium supplemented with
sucrose (3%), PVP (100 mg'); Data represents the mean of three replicates.

In the same column, figures followed by the sarterlevere statistically identical to the threshalti5%
(Newman-Keuls, +standard errpr
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Table 7: Effect of desiccation of seeds dn vitro morphogenetic response o€innamomum

tamalaembryos’.

Fresh weight Time for initial % response  Type ofesponse**

of seeds (%) response (days) (xSE)*

100 10 45.0 (+0.5) Healthy shoot buds developed with open
leaf blade

90 12 45.00 (+2.6) As above

80 19 446 (+1.5) Few stunted shoot buds formed and
leaves were curled

70 20 41.0 (+1.0) As above

60 25 32.0 (#2.0) As above

50 35 225 (+1.0) Only one shoot released but failed to
produce leaves and degenerated

40 35 12.0 (+1.6) As above

30 - - No response, cultures degenerates

# Embryos of 12 WAF; * Standard error from mean;®h MS medium supplemented with
sucrose (3%, w/v), PVP (100 mg*Land BA (12 uM); Data represents the mean of three
replicates;n the same column, figures followed by the sarterlevere statistically identical to
the threshold of 5% (Newman-Keuls, +standard exror

Effects of quality and quantity of PGRdor invocation of morphogenetic response from the
cultured embryos, incorporation of PGRs was prastgu Amongst the different levels of PGRs
used for culture initiation, Kn was found to beenbr over BA. Of the different quantities and
combinations tested, singly treatment of both t&&RB was found to be superior over combined
treatment. When tested singly, Kn at a concentmatio6 M supported 57.5% response where
as many as 5.3 shoot buds developed. But optimsponse was registered on M&dium

enriched with sucrose (3%) and BA (12 uM) whereb®® explants registered morphogenetic
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response and as many as 7.3 shoot buds developegptents Table 6, Fig. 59. Amongst the
combined treatments, optimal response was registeitt BA and Kn (6 uM each) where 37%

explants registered positive response and averagaeristematic loci invoked per explants.

Effect of desiccation of seedDuring the present investigation on seed gerrnunaof C.
tamalain the seed bed, it was found that mature seedgddaed below 60% (fresh weight
basis), declined the germination significantly shayvthe recalcitrant nature of th& tamala
seeds. To test the same, the mature seeds werdedmzated at different levels and embryos
were cultured on optimum initiation medium vitro. There was no significant difference in
morphogenetic response with reduction of moistargent of embryos up to 80% (fresh weight
basis) Table 7). Seeds desiccated below 50% reduced the resmogseicantly and fresh
weight of ~40% and below, morphogenetic responsepld to 12% and there was inovitro
morphogenetic response at fresh weight of 30%.
Cotyledonary segments

The cotyledons were excised out from the stedligeeds, separated and cultured on MS
medium fortified with sucrose (3%), PVP (100 mg)las antioxidant and different quality and
quantity of PGRs. A part of the cotyledons wergigto two halves horizontally while the other
half was cultured intactHg. 78). In general, the intact cotyledons were foundhécbetter over
cotyledon segments. Within two week of culture, theponding cotyledons/segments started
swelling and invoked meristematic lockFig. 7b). Amongst the three PGRs at different
concentrations tested, BA across the concentrafmnsd to be superior followed by TDZ and
Kn respectively Table 8). Under the given conditions, optimum response veggstered on

medium fortified with singly treatment of BA (6 pMYUnder this condition 43.2% cotyledons
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responded positively where as many as 6.6 shod imwbked per cotyledorFi{g. 7b, 9. This
was followed by 9 uM TDZ where 44.4% morphogenetgponse was achieved. Incorporation

of TDZ along with BA and Kn did not improved the rpbogenetic response.

Figure 7: Different stages ofin vitro morphogenetic response ofC. tamala cotyledonary

segmentsa. A cultured cotyledon showing swellingp. Multiple shoot bud formation from

cultured cotyledon, C. Advanced stage/differentiated shoot buds develogdrom cotyledon.

Nodal explants

The newly flushed shoots @f. tamalawere collected from the mature trees throughout
the year. Thén vitro morphogenetic response was greatly influenceddoiypus factors like post
harvest treatments, seasonal effect of explantsatmn, strengths of basal medium, quality and

guantity of organic carbon sources, PGRs, incotpmraf antioxidants in the initiation medium.

Effect of post harvest priming of nodal segmentsnmediately after collection of the newly
flushed shoots, the nodal segments were soakeiffénetit antioxidant solutions till used. The
explants cultured from antioxidants control corafitiresulted into excessive browning of

medium, tissue became necrotic and degeneratececpudnstly. Of the different antioxidant
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solutions tested for pre-culture treatment, cifréid at a concentration of 100 mg keduced

browning of medium and supported healthy culturgaition (Table 9).

Table 8: Effect of quality and quantity of PGRs onin vitro morphogenetic response of

cotyledons ofC. tamala

PGRs Conc. (uM) Morphogenetic No. of loci % respores
BA Kn TDZ Pathway* invoked/explants**  (£SE)***

0 0 0 Sw - 09.2 (+0.6)g
3 - - Sw-Sb 3.3 (+0.8) 22.5 (+1.5§
6 - - Sh 6.6 (+0.6) 43.2 (+1.4%
9 - - Sb 3.0 (x0.3) 16.6 (+1.2)
12 - - Sw-Ca-Sb 2.2 (¥02) 14.2 (+0.7)
- 3 - Sw-Sb 2.0 (x0.5) 38.0 (1.7
- 6 - Sw-Sb 4.3 (+0.8) 40.6 (+1.3)
- 9 - Sw - 15.6 (+1.3)
- 12 - - - -

- - 3 Sw - 16.2 (+0.7)
- - 6 Sw-Sb 4.4 (+0.2) 33.3 (+1.6Y
- - 9 Sw-Ca-Sb 5.6 (+0.2) 44.5 (+1.73
- - 12 Sw-Sb 3.3(x0.9) 22.2 (+1.25
3 - 3 Sb 3.3 (x0.3) 34.2 (+1.09
6 - 3 Sb 4.6 (+0.6) 41.0 (+1.5)
9 - 3 Sb 4.0 (x0.3) 36.6 (+1.2)
12 - 3 Sw-Sb 3.2 (+0.2) 26.3 (+1.6§
- 3 3 Sw-Sb 2.0 (+0.8) 23.2 (+1.8§
- 6 3 Sw 2.1 (x0.6) 22.0 (+1.5§
- 9 3 Sw - 18.0 (+1.5)
- 12 3 Sw - 20.2 (¥1.2)

* Ca: Callus, Sb: Shoot buds, Sw: Swelling; **On M#dium enriched with sucrose (3%), PVP (100

mg L%); *** Standard error from mean; Data representsitirean of three replicates.

In the same column, figures followed by the sarterlevere statistically identical to the threshatl5%

(Newman-Keuls, +standard errpr
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Table 9: Effect of post harvest priming of nodal eglants of Cinnamomum tamalaon in

vitro morphogenetic response

Type of pre-treatment Type of response in culture*

Control Excessive browning of medium, tissue becamecrotic and
degenerated subsequently.

Plain water Reduced browning of medium, few nodgdlants responded under
optimum culture condition.

Citric acid (100 mg %) Reduced browning of medium, less tissue necrosigmot buds formed
were healthy.

Ascorbic acid (100 mgt) As above but cultures are healthier.

PVP (100 mg [ No browning of explants but did not support haaltulture growth.

Seasonal effect of explants collectinihe first objective towards the establishmenino¥itro
regeneration protocol fa€. tamalawas to optimize the time of nodal explants colk@ttirom
the field grown plants. After sterilization, theda explants were soaked in sterilized distilled
water till culturing on nutrient medium. Soaking nbdal explants in water improved the
morphogenetic response over non-soaked segmentgasitobserved that pre-soaked nodal

segments leached lesser phenolics in the mediwonparison to non-soaked segments.

The nodal segments were collected round the yeanatmonth interval starting from
January till December. The explants were colletbedhree repeated years. In the present study
with C. tamala,season of explants collection greatly influendeel éxplants establishmeimt
vitro and successful initiation of culture. It was obgerthat amongst the different collection

seasons, the nodal explants collected during OctobApril were least responding and tissues
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turned necrotic. While, explants collected duringne}August responded optimally where as
much as 45.6% nodal explants responded by sprodkiagaxillary buds T{able 10. The

explants collected September decreased the morpatigeesponse significantly.

Table 10: Effect of season of collection of nodakplants of Cinnamomum tamalaonin vitro
morphogenetic response

Month of collection % response (+SE)* Type of respa™

January - No response, explants degenerated.

February 5.2 (x0.5) Excessive browning of medium, only swelling of
axillary buds.

March 5.1 (x0.5) As above

April 8.5 (0.6¥ As above

May 22.7 (x0.9) Moderate browning and few shoot buds sprouted
from the axil.

June 445 (+1.0) As above.

July 45.6 (+1.5§ Less leaching of phenolics, healthy shoot buds
formed.

August 43.4 (+1.0) As above.

September 35.4 (+x15) Excessive browning of medium and tissue became
necrotic.

October 12.3 (+1.5) As above.

November - No response, culture degenerated.

December - as above.

* Standard error from mean; **On MS medium supplated with sucrose (3%), PVP (100 mg)land
BA (9 pM); Data represents the mean of three replicates.

In the same column, figures followed by the sarterlevere statistically identical to the threshatl5%
(Newman-Keuls, +standard errpr

Effects of antioxidants Under the conditions employed, the primed nodahseds were free
from phenolic exudates; the resident axillary buegse induced to proliferate into shoot buds.
On the antioxidant controlled medium the culturedial segments released excessive phenolics

in the medium and tissue became necrotic. Fromotieaxplants morphogenetic response was
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very poor and in most of the cases explants degtetersubsequently. For inducing
morphogenetic response from the nodal explantgast prerequisite to stop the exudation of the
phenolic compounds in the medium. Various antioxisaiz. PVP, ascorbic acid and citric acid
at various concentrations (0-200 myLwere incorporated in the initiation medium to
stop/reduce the exudation of phenolic compouii@blé 11). Both ascorbic acid and citric acid
across the concentrations tested though stoppedxtindation effectively, but did not support
healthy morphogenetic response. Under the conditovavided, PVP at a concentration of 100

mg L™ reduced the leaching moderately and also supphealthy morphogenetic response.

Effects of basal mediaStrength of basal medium played a vital role onphogenetic response
from nodal explants. At lower concentrations of M&dium delayed in the invocation of
meristematic loci. With increase in strength of Mi®dium, morphogenetic response was also
improved. Within 9 days of culture axillary budsarséd swelling on full strength of MS
medium. About 46.5% explants exhibited morphogenetisponse on full strength of MS
medium Fig. 8).

° i I Time for initial response (days)
a0 L I % response

25 -
20 |-
15

10 -

Control 14" 1/2 3/4" Full
Strength of MS medium

Figure 8: Effect of basal medium strength orin vitro culture initiation from nodal explants

of Cinnamomum tamala
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Table 11: Effect of quality and quantity of antioxidants onin vitro culture initiation of
Cinnamomum tamalanodal explants

Antioxidant type Type of response*
& concentration mg L™

0 Explants became dark brown and necrotic, releaphefolics and
browning of medium as explants, explants degengrate
Ascorbic acid

50 Medium became dark due to phenolic exudation emidures
degenerated.

100 Moderate browning of medium, did not suppodltig growth of
culture.

150 As above.

200 Browning controlled, but stunted growth of audt

Citric acid

50 Moderate browning of medium, did not support phagenetic
response.

100 As above.

150 No browning of medium and explants, but fatlecdupport healthy
growth of culture.

200 No browning of medium but tissue became nexroti

PVP

50 Moderate morphogenetic response but slight birayvof medium.

100 No browning of culture medium, the growth of @bt buds
developed is healthy

150 As above but growth stunted slightly.

200 No browning of medium but did not support hHeattulture growth.

** On MS medium supplemented with sucrose (3%, vaiwjl BA (9 1 M)
Response compiled from the observations from trepkcates of experiments.

Effects of organic carbon sourcesncorporation of at least one of the organic carbources in

the initiation medium was obligatory. In the orgamarbon control medium, there was no
morphogenetic response and all the explants degigerin the present study, three different
organic carbon sources (viz., dextrose, glucosesanmbse) at differential concentrations (0-4%)
were incorporated. In general, amongst the thrgarac carbon sources used, glucose across the
concentrations found to be inferior compared toepotbwo sources. When glucose was
incorporated as organic carbon, ~32% of the explamvoked meristematic loci on basal
medium enriched with 3% glucose where as many &ssHoot buds developed from each

explant Table 12. But when dextrose used as organic carbon, uag&mum concentration
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(4%) ~32% explants responded positively where ayeeBanumbers of shoot buds developed per
nodal explants. Amongst the three carbon sourced irsthe initiation medium, sucrose at a
concentration of 3% supported optimum morphogenmesponse in 45.6% nodal segments after

6 wk of culture.

Table 12: Effect of different organic carbon source on initiation of in vitro morphogenetic
responses from nodal explants a€innamomum tamala*

Organic carbon source % response No. of shoot priandial

& concentration (%) (xSE)** developed (xSE)**
0 - -

Dextrose

1 6.2 (+0.5) 1.3 (+0.33§
2 14.5 (+2.09 1.7 (+0.33§
3 31.6 (+1.5) 3.0 (+0.20)
4 32.4 (+2.5) 3.0 (+0.33)
Glucose

1 10.7 (+1.05 1.7 (+0.33§
2 25.2 (+1.09 3.0 (+0.33§
3 32.2 (+1.5) 4.5 (+0.33Y
4 23.4 (+1.09 3.2 (+0.60
Sucrose

1 23.5 (+2.5) 2.5 (+0.60
2 32.5 (+2.0) 4.5 (+0.70%
3 45.6 (+1.5° 5.4 (+0.40Y
4 33.4 (+1.5) 5.0 (+(0.40)

* On MS medium supplemented with PVP (100 mf) Bnd BA (9 pM)
* Standard error from mean; Data represents thearakthree replicates.

In the same column, figures followed by the santierlavere statistically identical to the
threshold of 5% (Newman-Keuls, +standard ejror
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Effects of PGRs Swelling of the axillary buds was observed witlanweek followed by
differentiated into shoot buds/micro shoots formatwithin 5-6 wk Fig. 9a, b. Presence of
PGRs in the medium was necessary for morphogerestponse. In the absence of PGRs, there
was only greening of the explants but degenerat#itbut morphogenesis. Of the three PGRs
incorporated at different concentrations, Kn inggahfound to be inferior over BA either singly
or in combination with NAA. In the Kn enriched madi under optimum concentration (12 uM)
only 36% explants responded positively where onighaot buds formed per explants. When
NAA (3 uM) was incorporated with Kn supported calliormation but when NAA was added
with BA, supported shoot buds formation though oese was not significantTéble 13. Under
the given conditions the optimum response was tesgid on MS medium enriched with sucrose
(3%), and BA (9 uM) where 45.6% nodal explants oesied positively and formed 5.4 shoot
buds per explants={g. 99. When BA and Kn used in combination registeredrporesponse in

comparison to singly treatment of BA.

Figure 9: Stages involved onn vitro induction of morphogenetic response from the cultted
nodal segments ofC. talmala a. Cultured nodal explants showing swelling of node ral

invocation of meristematic responsef. Nodal explants showing a shoot bud formationg.
Multiple shoot bud formation.
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Table 13: Effects of PGRs onin vitro morphogenetic response from nodal explants of
Cinnamomum tamala

PGRs Conc. (UM® % response Regeneration  No. of Shoot buds/loci foed

BA Kn NAA  (#SE)** pathway***
0 0 0 - - -
3 15.6(+0.6F  Sb 1.0 (+0.3)
6 26.5(x1.0f° Sb 2.3 (x0.3)
9 - - 45.6(x1.5) Sb-PlI 5.4 (x0.4)
12 - - 43.0(+1.0f  Sb-PI 4.6 (+0.6)
22.0(+0.6)  Sb 1.0 (x0.3)
- 32.6(+1.6Y  Sb 2.0 (x0.3)
12 - 36.0(x1.0Y Sb-PI 2.0 (0.3
3 15.5(+1.0) Ca-Sb 1.0 (z0.15)
3 23.5+1.0f  Sb 2.3 (+0.3)
3 32.6(+1.5¢  Sb 2.6 (+0.6)
12 3 28.0x1.5) Sb 2.0 (x0.3)
3 15.0(x1.0Y Ca -
3 31.6+1.5f Ca -
3 32.0+1.0f  Ca-Sb 1.6 (+0.3)
12 3 24.6+2.0)  Sb 1.3 (x0.3)
3 21.5+1.5f  Sb 1.6 (0.15)
3 17.0(x1.0f Sb 2.0 (x0.6)
3 15.0(x1.0Y Sb 2.0 (x0.3)
3 12 - - -
6 22.0(+1.5)  sb 2.3(+0.6f
6 27.6(x1.5°  Sb 2.6 (x0.3)
6 156+1.37  Sb 1.0 (0.0)
6 12 - - -
9 3 23.3+x0.6)  Sb 2.3 (+0.6)
9 6 17.3(20.3Y Sb 1.3(+0.3)’
9 9 - - -

@ Only the significant treatments are computed; MB1 medium supplemented with sucrose (3%), PVP
(100 mg I;l); ** Standard error from mean; *** Ca;: Callus, SBhoot buds, PI- Plantlet.

Data represents the mean of three replicates.

In the same column, figures followed by the sarterlevere statistically identical to the threshatl5%
(Newman-Keuls, +standard errpr
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Table 14: Effect of PGRs on initiation of in vitro culture from foliar explants of
Cinnamomum tamaldrom in vivo source

PGRs Conc. (uM) Morphogenetic % response Type oésponse

BA Kn NAA pathway* (£SE)**

0 0 0 - - No response, explants degenerated

3 - - - - As above

6 - - - - Swelling of explants

9 - - - - As above

12 - - - - No response, explants degenerated

- 3 - Ca 5.6 (x0.3) Swelling of explants and poor callusing from
the basal part of the leaf

- 6 - Ca 12.0 (+0.6) As above

- 9 - - - No response

- 12 - - - As above

3 - 3 Ca 25.6 (+1.6) Initiation of callusing from the basal part of
the leaf

6 - 3 Ca 28.5 (+0.6) Initiation of callusing throughout the
leaf/segments

9 - 3 Ca 23.0 (+1.6) As above but comparatively harder

12 - 3 Ca 15.6 (+1.8) As above

- 3 3 Ca 21.0 (x2.0) Initiation of callusing in the mid vein of the
leaf

- 6 3 Ca 23.2 (+1.8) Callusing from the leaf base as well as from
leaf vein

- 9 3 Ca 18.0 (x0.6) As above but cultured turned brown

- 12 3 - - Cultures turned brown

*On MS medium supplemented with sucrose (3%), PMI® (mg L); ** Standard error from mean.
*** Ca: Callus; Data represents the mean of theg@icates.

In the same column, figures followed by the sarterlevere statistically identical to the threshatl5%
(Newman-Keuls, +standard errpr

Foliar explants

Soaking of leaf explants in water after excisingnirthein vivo grown plants improved

the morphogenetic response over non-soaked expldntgas observed that pre-soaked leaf
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explants leached phenolic in the water and promdtealthy culture initiation. The foliar
explants/segments were cultured on MS medium fedtifvith sucrose (3%), PVP (100 mg)L
and three different PGRs (BA, Kn and NAA) eithengdy or in combination. In general when
used singly BA across the concentrations failethtoke any response and Kn enriched medium
supported partial swelling of the explants. But wkeither of the cytokinins was conjunct with
NAA supported callus formationTéble 14). A part of the leaves was cut into two trans-
segments and the other half was cultured intacth®two different types of explants cultured,
better morphogenetic response was achieved frormthet leaves. Within 3 days of culture the
responding leaves curled and callus formation wadesl from after 15 days of culturEidg.
10a). The callus formation was started from the basaal f the leaf which extended throughout
the leaf Fig. 10b) In the present study with the leaf explant€otamala,~28% leaf exhibited
callus formation on basal medium fortified with B8 uM) and NAA (3 pM) in combination

(Table 14).

Initiation of callus culture from embryosThe zygotic embryos cultured on auxin rich medium
exhibited differently in comparison to cytokininrexmed medium. In the present study two
different auxins (2,4-D and NAA) either singly ar combination was incorporated. All the
treatments were further fortified with BA (2 uMn Qeneral the embryos cultured on 2,4-D
fortified medium under performed in comparison tAANfortified medium when incorporated
either singly or in combination. On 2,4-D fortifi@dedium optimum response was recorded with
9 uM 2,4-D TTable 15 where 45.6% explants formed callus after 48 dadyaulture. Across the
concentrations of combined treatment of 2,4-D andANdid not support healthy callus

initiation. In the present study optimum responsesachieved on MS medium fortified with
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sucrose (3%), PVP (100 mg'}, NAA (6 uM) and BA (2 pM) where within 35 days cfilture

55.5% of cultured embryos converted into calllishje 15, Fig. 10%.

Figure 10: Callus induction from different explants of C. tamalaand shoot bud formation.a.
callus formed throughout the leaf surfacep. Callus proliferation and induction of shoot buds
from leaf raised callus, C. Callus formed from cultured embryo, d. callus formed from

cultured nodal explants, e. Callus proliferation and shoot bud induction andf. Shoot buds
developed from the cultured callus.
The calli developed from the leaf explants, embrgod nodal explants={g. 10d) were

separated from the parent explants and maintaimetivb more passages on optimum initiation

condition for further proliferation (on MS mediurarfified with 3% sucrose, 6 uM BA and 3
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UM NAA). After adequate culture proliferation thellc were transferred on MS medium
fortified with sucrose (3%), PVP (100 mg*Land BA (6 uM) for two passages. On this
condition shoot buds developed from the prolifedatalli (Fig. 10e, J.

Table 15: Effect of quality and quantity of auxinson initiation of callus culture of C. tamala
from immature embryos of 12 WAF.

PGRs Conc. (uM) Morphogenetic Time taken for % respnse
2,4-D NAA pathway* response (days)** (xSE)***
0 0 - - -

0 3 Sw-Ca 55 38.2t1.6)Y
0 6 Ca 35 55.%+2.5¥
0 9 Ca 32 52.Qt1.57
3 0 Ca 56 32.5+1.5)
6 0 Ca 50 44 %+2.0Y
9 0 Ca 48 45.6+2.5Y
3 3 Sw-Ca 42 38.&1.5¢f
3 6 Ca 40 48.6+1.5)
3 9 Ca 42 41.2+2.2¥
6 3 Sw-ca 45 39.23.6)
6 6 Ca 40 41.6+1.7f
6 9 Ca 40 41.%+1.2¥
9 3 Ca 49 37.6£1.2f
9 6 Ca 45 32.8+0.7)
9 9 Ca 45 30. 1.3y

* Ca: Callus, Sw: Swelling; **On MS medium enrichedth sucrose (3%), PVP (100 mg)Land BA (2
uM); *** Standard error from mean; Data represahtsmean of three replicates.

In the same column, figures followed by the sarterlevere statistically identical to the threshalti5%
(Newman-Keuls, +standard errpr
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Culture Proliferation and Plant Regeneration

The meristematic loci/shoot buds/micro-shoots dgwedl from explants like embryos,
cotyledons and nodal segments on initiation mediere maintained for another two passages
for culture differentiation and proliferation onetlmespective initiation media and supplements.
The micro-shoots/shoot buds were then maintaineddifferent strengths of MS medium
containing various level of sucrose as organic @adource (0-4%) and two different cytokinins
(BA and Kn) at various concentrations (0-9 uM syngt in combination) for plant regeneration
and culture proliferation. The regeneration of gits and culture proliferations were influenced

by various factors.

35 |-
30 -
25 -

20 -

15 |
[ Time taken for 1st shoot formation

I No. of shoot buds formed

10

Sucrose concentration (%)

Figure 11: Effect of different concentrations of sarose on regeneration of plantlets and

culture proliferation of Cinnamomum tamala
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Effects of sucrose concentrationlt was found that presence of sucrose carbonhm t
regeneration medium was prerequisite by the faat ith the absence of sucrose there was no
regeneration of plants and cultures degeneratelinv2-3 week after culture. Presence of
sucrose at lower concentrations delayed the cuttifferentiation. At 1% sucrose differentiation
started after 35 days of transfer on regeneratiedimm where ~1.4 shoots buds per explants
developed. With increase in sucrose concentrattmn culture differentiation and proliferation
improved considerablyg. 11). Under the given conditions optimum response reasstered

on MS medium enriched with 3% sucrose, where hgalléintlet regeneration was recorded. At
higher concentration the regenerative responséngekcl

Table 16: Effect of different strengths of MS medim on regeneration of plantlets and
culture proliferation of Cinnamomum tamala

Strength of medium No of shoot buds formed Type aksponse**

per subculture (zSE)*

0 - No regeneration, culture degenerated.

1/4" strength 1.0 (x0.3) Single plantlet, no prolifesat poor growth of the
plant.

1/2 strength 2.4 (£0.5) Poor plant growth, leavearly developed.

3/4" strength 3.2 (x0.3) Moderately healthy plantletgh well expanded
leaves.

Full strength 5.4 (x0.4) Healthy plantlets withwee shoot buds formation.

* Standard error from mean; **On MS medium supplated with sucrose (2%), PVP (100 mg)land
Kn (3 uM); Data represents the mean of three raf@

Effect of strength of basal mediumThe strength of nutrient medium influenced siigaihtly

the culture differentiation and plant regeneratidhlower strength of MS medium delayed the
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response and shoot growth was poorer. With increasmsal medium strength improved the
plant growth as well as culture proliferation. @muiim response was registered on full strength

MS medium Table 16).

Table 17: The role of different cytokinins on plantregeneration and culture proliferation
of Cimmamomum tamala

PGRs Conc. (uUMJ No. of shoot buds Mean plantlet  Type of response**

BA Kn formed/explant height (cm.)*
0 0 Growth stunted and degenerated
3.2 3.2+0.f Plantlets with dark green small leaves but
plantlets etiolated
0 2.8 4.0+0.7 Plantlets slightly light green and not healthy
2.2 3.6+0.2 Small leaves and slight callusing at the base
0 3 53 4.5+0.2 Healthy plantlets with dark green and broad
leaves, plantlets with few roots
3.2 3.0+0.3 Poor plant growth, yellowish-green leave
2.1 2.9+0.2 Stunted plant growth
3.2 4.3+0.17 Dark green leaves, stunted growth with fewer
roots
3 6 3.3 3.520.3 As above
3 9 3.2 3.6+0.2 As above
6 3 3.4 3.0+0.2 Stunted plant growth and leaves light green
6 6 2.3 2.7x0.2 As above
6 9 3.2 3.2+0.5 Many small leaves crowded at top, leaves light
green
9 2.5 2.7+0.1 Broad green leaves, healthy plantlets
3.2 2.5+0.2 As above
2.3 2.9+0.2 Leaves light green and plantlets unhealthy

# Only the significant treatments are computedtan8ard error from mean; Data represents the mian o
three replicates; Data scored after 8 wk of cultare regeneration medium; * On MS medium,
supplemented with sucrose (2%), PVP (100 rif}j In the same column, figures followed by the same
letter were statistically identical to the thresti@f 5% (Newman-Keuls, +standard eryor
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Table 18: NAA stimulatedin vitro rooting of micro shoots ofCinnamomum tamala

NAA Conc. No. of roots No. of secondary Type of repnse*
(uM) formed/plantlet shoot formed/shoot
0 g - Roots were very small and degenerated.
1 5 2 Plantlets etiolated, roots short.
2 g 3 Slightly etiolated plantlets, shoots branched bu
short
3 1G 3 Healthy plants with profuse rooting with distihc
root hairs
4 o 2 Healthy roots but poor root hairs
5 6 2 Swelling at the basal part of plants as weloats.
6 6 - As above.
7 5 - Roots swelled and callusing at the base of tioets
8 vig - As above

* On MS medium containing sucrose (3%, w/v); Dagpresents the mean of three replicates.
Data scored after five wk of culture on the abovedimm;In the same column, figures followed by the
same letter are statistically identical to the tsheld of 5% (Newman-Keuls).

Effect of different cytokinins For regeneration of plantlets, incorporation at®f the PGRs
was obligatory. In medium freed of any growth regaots, cultures exhibited stunted growth and
degenerated subsequently. Presence of BA acrosscaheentrations either singly or in
combination did not promote healthy plant regenenabr culture proliferation and plantlets
exhibited stunted growth. Singly treatment of BAU®!) supported mean 3.2 numbers of shoot
bud formation after 7 wk of culture where mean heigf plantlets was 3.2 cm. While BA and
Kn in combination exhibited a more or less a simié&sponse in the entire range studied and did
not support optimum plant regeneration and culpsadiferation. Under optimum condition at a

concentration of 6 uM BA and 3 uM Kn formed 3.4 ghbuds and mean plant height was 3.0
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cm. But incorporation of Kn singly proved to be bBaal under the given conditions for shoot
proliferation and plant growth. A maximum of 5.3osh buds/micro-shoots of average 4.5 cm
height was achieved recorded on MS nutrient mediantaining Kn (3 uM) singlyTable 17,

Fig. 129. The regenerated micro-shoots were maintaineth@mptimum regeneration medium

for another two passages for further growth.
Rooting of Micro Shoots

Though there was roots formation in some regengratero shoots on regeneration
medium, but roots were not fully developed and &ran length. Regenerated micro shoots (~4-
5 cm in length, sourced directly from regeneratimedium) were transferred on medium for
inducing roots in micro-shoot§&ig. 12b) The micro shoots were treated differently foruaithg
roots. The micro-shoots were cultured on MS medanified with sucrose (3%) and NAA (0-8
uM). Of the different strengths of NAA tested, hikglplant growth as well as roots was
achieved on medium supplemented with NAA (3 uM) rehas many as 10 roots per micro
shoot developedT@able 18, Fig. 12 after 5-6 wk of culture. At higher concentratiohNAA

stimulated swelling as well as callusing of thesthat the base.

Figure 12: a. Shoots buds cultured on regeneration medium devgded on initiation medium

from different explants, b. Regenerated plants on regeneration mediung. A plant showing
formation of rooting.
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Hardening of the Regenerates and Transplantation t€PM
The well rooted plants from rooting condition weransferred on medium with ¥2MS

salt solution containing sucrose (2%) and freechfemy PGRs and maintained for 6-7 wk under
normal laboratory condition. The hardened plantie¢se taken out from the culture vials and
washed with luke warm water to remove any traceagair. The hardened plantlets were then
transplanted oncto plastic pots containing a metoir soil, sand, decayed wood powder at 1:1
ratio with a moss topping={g. 139. The pots were initially covered with holed trpasent
poly-bags for retaining moisture and watered atkneterval for about two months. The plants
were fed with 1/18 MS salt solution once in a week for 3-4 wk and mteihed in poly-shade
with Ca.75% of shading sunlight. Finally after twaonths of acclimatization the transplants
were transferred to the natural habitat under nbswa light Fig. 13b). About 200 plants were

tested for survival and about 70% survival wassteged after two months of transfer.

Figure 13: a. Rooted plants transferred to potting mix establiskd in the poly housep. A

transplant established in the natural habitat.
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Discussion

Initiation of culture
Zygotic embryos

The immature embryos of several commercially viabid or threatened taxa were used
successfully for micropropagation and mass mutigtion (Sharma and Tandon, 1990;
Temjensangba and Deb, 2005a, c). The successful gaggenination and or immature embryo
culture are greatly influenced by several factike developmental age of the embryos/seed,
quality and quantity of nutrient media, differenedin supplements, quality and quantity of
PGRs and other culture conditions (Deb and Sungingyl2008, 2009; Deb and Temjensangba,
2006b, 2007b; Sharma and Tandon, 1990; Sungkundoddyeb, 2008; Temjensangba and Deb

2005a, 2006, Pongener and Deb, 2009, 2011a).

Effects of developmental stage of embryds key factor for successfuh vitro initiation of
culture to a great extend depends on the rightldpmeental stage of the embryos. Different
species exhibit a particular threshold, a factonegjeally structured in the organism. The
influence of physiological age varies with the gerspecies within the genus (Jamtial, 2002;
Temjensangba and Deb, 2005a; Deb and Temjensa2@béa; Sungkumlong and Deb, 2008;
Godoet al, 2010; Pongener and Deb, 2011a). There is a winmwd of seed development for
every species, which supports optimimvitro morphogenetic response. The earliest stage at
which the embryos could be cultured successfullyiegawithin the genotype and local
conditions (Sauleda, 1976; Temjensangba and De®5a20Deb and Temjensangba, 2006b;
Pongener and Deb, 2009, 2011a). Therefore it isadds to determine the right developmental

stage of the seeds/fruits to harvest the greersfeats for achievement of an optimal response.
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The Cinnamomum tamalaeed reaches maturity after ~16 WAF. In the press@ds up to 6
WAF did not exhibit any response while, the cultuneature seeds did not respond optimally. In
the present investigation, the seeds age of 12 WAdported optimum morphogenetic response
where ~60% of the cultured embryos responded pekitand formed shoot buds (Table 3). The
ability of immature embryos to respond better tttnmature ones is due to their distended testa
cells and metabolically awakened embryos and ldafoomancy and inhibitory factors (Yam

and Weatherhead, 1988, Pongener and Deb, 2009aR011

Effects of strength of basal mediumin the present investigation, different strengttfisvis
medium were tested for culture initiation from timemature embryos o€. tamala Of the
different strengths of the MS medium tested, optimmorphogenetic response was registered
on full strength of MS medium. Lower strengths oS§Nhedium were found to be inferior in
comparison to full strength of MS medium. The difiet species exhibit a preferential
requirement to specific nutrient media for seedmyeation/morphogenetic response but as such
no standard media can be prescribed for all tha.tBeb and Temjensangba (2006a) reported
better seed germination bfalaxis khasianan MS medium whileArachnis labrosan Mitraet

al. medium (Temjensangba and Deb, 2005@)eisostoma racemiferunon MS medium
(Temjensangba and Deb, 2006pelogyne suaveolemsn MS medium (Sungkumlong and Deb,
2008), Cymbidium aloifoliumon MS medium (Pongener and Deb, 20l1lafymbidium
macrorhizonon Mitra et al. medium (Vij and Pathak, 1988Fymbidium iridioideson MS
medium (Pongener and Deb, 200@actylorhiza hatagirean Knudson ‘C’ medium (Vigt. al,
1995), Dendrobium chrysotoxurm Vacin and Went medium (Razt al, 1998),Dendrobium

primulinumon MS medium (Deb and Sungkumlong, 20@)lophia altaon ‘Phytorechnology
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Orchid Seed Sowing Medium’ (Johnset al, 2007), Geodorum densifloruron PM medium

(Bhadra and Hossain, 2003).

Effects of antioxidants In many plant species release of phenolic comg@sdrom the cultured
explants in the medium followed by browning of medi and tissue necrosis is a common
problem. In the culture d@. tamalathe exudation of phenols and browning of mediumabe
prevented by incorporating antioxidant like PVPQafig L'*). Deb and Tandon (2004b) could
successfully control the browning of medium by immating 200 mg t PVP and 100 mgt
citric acid in combination ifPinus kesiydn the present study with the immature embryo€ of

tamalaincorporation of citric acid and ascorbic acid dat improve the culture condition.

Effects of organic carbon sourceBesides the other factors, quality and quantftprganic
carbon sources present in the culture medium ekgrtenounced effect on morphogenetic
response ofC. tamalaimmature embryos. The carbon sources serves agyeaad osmotic
agents to support the growth of plant tissues. difoeess ofn vitro culture establishment is a
highly energy requiring processes that can occtiteaexpense of available metabolic substrates
like organic carbon sources. In the present sttatyculture initiation from immature embryos,
three different organic carbon sources at diffeaérmoncentrations (viz., dextrose, glucose and
sucrose at 0-4%) were incorporated in the mediumabsence of organic carbon source, all
explants degenerated. Optimum response was recandededium containing sucrose (3%)
while other carbon sources did not support opticdture initiation. Earlier, the effect of
organic carbon source on vitro morphogenetic response was describe8tavia rebaudiana
(Preethiet al, 2011).The requirements of the quality and quantity ofgetwus supply of the

organic carbon sources vary with the species, #xgiarcompositions used, the endogenous level
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of organic carbon and the developmental stageeottiftured embryos (Temjensangba and Deb,

2005c, Pongener and Deb, 2009, 2011a).

Effect of PGRs In the present investigation, for invocation of plmwgenetic response from the
cultured embryos, incorporation of PGRs was pertguith the absence of PGRs there was no
response and all the explants degenerated. The PGRe initiation medium showed a marked
effect on the growth, differentiation. Kinetin esthsingly or in combination with BA across the
concentrations found to be inferior. Optimum momgeetic response and healthy culture
growth was registered on MS medium fortified witlcse (3%) and BA (12 uM). The present
observation is in contradiction with Sharma and dican(1986); Li and Xu (2009) where they
reported the stimulatory effect of NAA in conjurati with cytokinins. InRhynchostylis
giganteaNAA (0.2 mg L') and BA (0.05 mg 1) supported optimum germination. But
Nagarajuet al. (2004) reported that imDendrobiumhybrid, the single leaflet in the PLB
developed when basal medium was supplemented by &aMe while, BA singly supported

better germination iMalaxis khasiangDeb and Temjensangba, 2006a).

Effect of desiccation of embryos on morphogenetsponseRecruitment of tree species in the
forest is governed by various factors includingelegmental stages of the embryos, desiccation
tolerance of the embryos. Similarly threvitro response of the cultured embryos also could be
influenced by external as well as internal factitke moisture content etc. (Kitajima, 2007).
During the present study attempt was made to bestvater stress tolerance ©f tamalaseeds
and embryos. Initially the mature seeds were detigdrat different level and tested for their
germination in the seed bed. It was found that neaieeds dehydrated <60% (fresh weight

basis) declined the germination significantly shagvihe recalcitrant nature of ti@& tamala
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seeds. To confirm the same, the mature seeds vesiecdted at different levels and embryos
were cultured on optimum initiation medium. Thedsedehydrated up to 80% did not show any
significant difference iimorphogenetic response but below 80% of fresh weaifjthe embryos
thein vitro response declined and desiccation below 50% rediheeesponse significantly and
at 40% moisture level, morphogenetic response @épp 12% and there was no response at
moisture content of 30%. The lowest moisture cantéthstood by the recalcitrant seeds seems
to vary with the species (Barbedo and Cicero, 2008¢ finding of the present study clearly

shows the recalcitrant nature of tietamalaseeds.

Initiation of Cultures from Cotyledonary Segments,Leaf Explants and Nodal

Segments

Seasonal effect of explants collection and priminGinnamomum tamal& a spice yielding
plant and rich in many secondary metabolites inolgdphenolics. For successful culture
initiation from both nodal explants as well as dliexplants, it was necessary to control the
exudation of phenolic compounds in the medium. fiils¢ objective towards the establishment
of in vitro regeneration protocol fo€. tamalawas to optimize the season of nodal explants
collection from the field grown plants. The nodagments were soaked in different antioxidant
solutions immediately after collection and soakedistilled water after sterilization till cultured
on nutrient medium. Soaking of nodal explants inewamproved the morphogenetic response
over non-soaked segments. The pre-soaked exptatsed comparatively less phenolics in the
medium in comparison to non-soaked segments. E&adieshmanaret al. (2006) in sugar cane
leaf culture and Deb and Arenmongla (2012)Strobilanthes flaccidifoliousobserved that

soaking of leaf and nodal explants after excisimmmted morphogenetic responsevitro.
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Immediately after harvest, the nodal explantsewsoaked in different antioxidant
solutions. Of the different solutions, citric a¢itb0 mg L) soaked explants supported healthy
morphogenetic response. During this priming peritte phenolic compounds and other
secondary compounds released in the antioxidantisol Earlier Deb and Tandon (2004b)
treated the apical dome section &€ 4or 24 hr on mMS medium containing 0.4% AC before
transferring to initiation medium for raising susstil embryogenic culture d?inus kesiya
While, in Strobilanthes flaccidifoliousiodal explants the sterilized explants preculturada
‘Growtak Sieve’ containing PVP (200 mg?)L suppoted better morphogenetic response as

compared to control (Deb and Arenmongla, 2012).

Round the year, the nodal explants were collectesha month interval starting from
January till December. In the present study Wdthtamala,seasonal changes greatly influenced
the explants establishment. Generally, the activglgwing season is known to be more
responsive for bud break (Dhar and Upreti, 1999civis contrary to the present report, where
maximum establishment was achieved just beforeotiset of winter season. It was observed
that amongst the different collection seasons etydihe nodal explants collected during
January-May and September-October were least rdsgpand tissues turned necrotic. While,
explants collected during June-July responded @dtymvhere as much as ~45% nodal explants
responded by sprouting the axillary buds. Thigragbably due to the fact that during this period
due to favorable rainfall and temperature explaesponded optimally. Present observation is in
contradiction with Deb and Arenmongla (2012) wh#rey reported that the nodal explants
collected after the end of the rainy season supgodptimum response iftrobilanthes

flaccidifolious Mangalet al (2008) in Guava nodal explants culture reportexidffect of time
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of year on culture initiation and reported that lergs collected during February responded
optimally under culture condition. While, Bmbelia ribesminimum culture contamination and
less browning of explants was observed when explamre collected during March to May

(Dhavala and Rathore, 2010).

Effects of antioxidants In woody species exudation from of the explams &rowning of
medium is a common problem and is generally comsilelue to oxidation of phenolic
compounds released from the cut ends of the explanthe present study, release of phenolic
and browning of medium was one of the bottlenecksificcessful establishment of culture from
all the explants like leaf, cotyledons, and nodagdlants. The release of phenolic and browning
of medium could be prevented by incorporating addiant like PVP (100 mg t). Deb and
Tandon (2004b) could successfully control the briogrof medium by incorporating 200 mg'L
PVP and 100 mg L citric acid in combination but, iEmbelia ribesincorporation of PVP did
not reduce the browning of the medium (DhavalaRathore, 2010). Gupta (1980) reported that
in case of shoot tip culture of apple and teakta#igg the plant materials for an hour or
incorporation of PVP ang-mercaptoethanol (0.5-2%) helped in preventing atxah of
phenolic compounds. While, Narayanaswamy (1994¢udised that culture medium fortified
with antioxidant like ascorbic acid and citric a¢gD0-2000 mg L) could curtailed the effects

of phenolic exudation.

Effects of organic carbon source§ he growth and multiplication of shomt vitro are affected
by many factors, one of which is the quality andrmjity of exogenously supplied carbon source
added to the medium (Anwat al, 2005). The carbon sources serves as energy andtios

agents to support the growth of plant tissues. difoeess ofn vitro culture establishment is a
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highly energy requiring processes that can occtiieaexpense of available metabolic substrates
like organic carbon sources. In the present stqdglity and quantity of organic carbon sources
in the initiation medium had pronounced effectiorvitro morphogenetic response from nodal
explants. For culture initiation from nodal expknthree different organic carbon sources at
differential concentrations (viz., dextrose, gluea@sd sucrose at 0-4%) were incorporated in the
medium. In absence of organic carbon source xalbats degenerated. Optimum response was
recorded on medium containing sucrose (3%) whitertarbon sources did not support optimal
culture initiation. A similar response was alsoargled with foliar explants. Of the different
concentrations of sucrose tested, better morphdigenesponse was achieved on medium
fortified with sucrose (3%). Medium containing heghconcentration of sucrose (4%), explants
turned brown while, at lower concentrations, fewhoot buds formed. Earlier, the effect of
organic carbon source on vitro morphogenetic response was describe8tavia rebaudiana
(Preethiet al, 2011), inSolanum nigrun{Sridhar and Naidu, 2011) and Bogostemon cablin
(Swamyet al, 2010).The requirements of the quality and quantity ofgemous supply of the
organic carbon sources vary with the species, tdiancompositions used, the endogenous level
of organic carbon and the developmental stageeottiftured embryos (Temjensangba and Deb,
2005c, Pongener and Deb, 2009, 2011afymbidium eleganandCoelogyne punctulatd-3%
sucrose, D-Fructose and D-Glucose were found ttatslei for culture initiation (Sharma and
Tandon, 1990) while, 3% sucrose was found to b&alska for immature seed germination of
Geodorum densifloruntBhadra and Hossain, 2003). $olanum nigrumrmodal explants culture,
presence of fructose (4%) in the initiation mediwams found to be optimum where as many as
24 shoot buds formed from each node followed byasec (4%) and glucose was found to be

least preferred (Sridhar and Naidu, 2011).
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Effects of PGRs In all the three explants types, incorporatiérableast one of the PGRs was
pre-requisite forin vitro culture initiation. On PGRs control medium the oréd cotyledons
showed only swelling but degenerated subsequeritihout any morphogenetic response. Of the
three PGRs incorporated in different concentratiand combinations, optimum response was
registered on BA (6 uM) enriched medium where asyras 6.6 shoots buds developed per
cotyledons in ~43% explants followed by TDZ (9 uB46 shoot buds per cotyledon) (Table 8).
Swelling of the axillary buds was observed withinwaek followed by differentiated into
multiple shoot buds/micro shoots formation from alcgegments while, within one wk of culture
the cultured foliar explants started swelling felld by callus formation. In the present study,
presence of cytokinin was obligatory for inducingrmphogenetic response in both the explants.
Many stimuli are communicated across the plant bogyPGRs which consequently play an
important role in diverse aspects of plant growtt development (Mereiet al, 2003, Deb and
Arenmongla, 2012). At a cellular level, auxin atiedivision, expansion and differentiation.
Cytokinins are necessary in concerts with auximany cases for cell division at G1-S and G2-
M transitions in a variety of cultured plant cedls well as in plants. Progression through the cell
cycle is central to cell proliferation and fundanaio growth and development of higher plants
(Stals and Inze, 2001; Mereiet al, 2003; Abhyankar and Reddy, 2007; Dhavala and dkath

2010; Miret al, 2011).

Of the three PGRs incorporated at differential emtiations for culturing nodal
explants, Kn in general found to be inferior ovek &ither singly or in combination with NAA.
Under the given conditions the optimum response negstered on MS medium fortified with

BA (9 uM) (Table 13). Earlier Brittet al (2003) and Karuppusangt al (2007) also reported
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the synergistic effect of NAA and BA on nodal exghka culture ofCeropegia bulbosand
Hydrocotyle confertaespectively. Dhavala and Rathore (2010) repotied cytokinin alone
could not promote axillary bud breakingimbelia ribesunless one of the auxin especially IAA
is incorporated in the medium in conjunction witytakinin. While in Guava nodal segment
culture, incorporation of GAalong with BA was prerequisite for axillary bucebking (Mangal
et al, 2008). But inAdhatoda vasicaNees. axillary bud proliferation and multiple shoo
initiation were optimum on MS medium containing Bfne (Abhyankar and Reddy, 2007). In
case of sugarcane leaf culture, NAA and BA in corabon promoted shoot bud formation but

NAA alone induced somatic embryogenesis (Lakshmananh, 2006).

For leaf explants singly use of BA across the cotre¢ions failed to invoke any
response and Kn enriched medium supported pawllisg of the explants. When both BA and
Kn were conjunct with NAA, resulted into callus fieation and optimum callus (~28%)
formation was registered on MS medium fortifiedhmsucrose (3%), BA and NAA (6 and 3 uM
respectively) in combinatio.akshmanaret al. (1997) noted that the cytokinin (BA) treatment
is required during the induction period of six ddgs fully competent cells to enter into a
caulogenicallydetermined state in leaf explants@facinia mangostanaln Steviarebaudiana
leaf culture, a combination of BA and IAA; BA andAM promoted multiple shoot buds

formation (Sridhar and Naidu, 2011).

Plant Regeneration and Culture Proliferation

The shoot buds/micro shoots developed on initiatiedium from the cultured zygotic

embryos (direct morphogenesis and callus medialeal) callus, cotyledons and nodal segments
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were maintained for another two passages. The nsicomts are then maintained on different
strengths of MS medium containing different lewva&isucrose (0-4%) as organic carbon sources

and different PGRs.

Effect of strength of basal mediumAmongst the different strengths of MS mediumeddiull
strength MS medium supported highest numbers ofitlets formation and better culture
proliferation followed by 3/4 strength and 1/2 strength. At lower strength & Medium (1/%
and 1/2 strengths) most of the plantlets were egheted in growth with fewer new shoot buds
formation or cultures degenerated. At t@/Qtrength of MS medium the plantlet height was
comparatively better than #)4and 1/2 strength media. In this condition, thoughenerated
plants were healthy with well developed roots hygported fewer shoot buds formation. This
perhaps could be due to difference of chemical tdolesits with MS medium or deficient as to
the requirement of the developing shoot buds. Céteal. (2004), George and Sherrington
(1984), Temjensangba and Deb (2005a), PongenerDatd (2009, 2011a) argued that the
change in culture conditions and media could alter pattern of organogenesis and such
behavior can be judiciously exploited to achievsiddle response in many taxa by altering the

nutrient regime.

Effect of quantity of sucroseSucrose at various concentrations (0-4%) wasrpwated in the
regeneration medium. Incorporation of sucrose whbgatory for regeneration and mass
multiplication of plantlets. There was no regeneratn the absence of sucrose. The requirement
of the quality and quantity of exogenous supplytht@f organic carbon sources varies with the
species, the media compositions used, the endogefemel of organic carbon and the

developmental stage of the cultured embryos (Tesajegba and Deb, 2005a, ¢, Pongener and
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Deb, 2011a). Sharma and Tandon (1990) reported 24886 of sucrose; D-Fructose and D-
Glucose were the suitable organic carbon sources feitro seed germination o€ymbidium
elegans and Coelogyne punctulataln the present investigation, amongst the differe
concentrations of sucrose studies, optimum regéoerand shoot bud formation i@. tamala

was obtained on basal media containing sucrose. (3%)

Effects of PGRsFor regeneration of plantlets, incorporation of ofi¢the PGRs was obligatory.

In the absence of PGRs all the cultures degenerAradngst the two PGRs tested, BA in the
entire range did not support optimum culture pevation. When BA tested singly, at

concentration of 3 uM supported 3 shoot bud foromatifter 8 wk of culture where plant height
was stunted (~3.2 cm) with only two roots. But immration of Kn singly proved to be superior
for shoot proliferation, root formation and plamidght. About 5 shoot buds with an average of 8
roots were formed on medium containing Kn (3 pM)evehaverage plant height was ~4.5 cm.
While BA and Kn in combination exhibited a moreless similar response in the entire range

studied and did not support optimum plant reger@rand culture proliferation.

The effectiveness of cytokinin on plant regeneratnd culture proliferation is reported
by many earlier workers (Selvaraj al, 2006, Baskaraet al, 2009). InAcacia confuseBA,
NAA and Kn in combination (0, 0.05 and 0.05 m{ tespectively) produced maximum shoot

buds where as many as 25 shoot buds developedtumec(Arumuganet al, 2009).

Rooting, Hardening and Transplantation to Potting Mix

Though there were some roots formation in somenegeed shoots on regeneration

medium, but roots were not fully developed and &hdn length. Regenerated shoots (~4-5 cm
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in length, sources directly from regeneration megiinduced roots when transferred on rooting
medium. The shoots were treated differentially ifaducing roots. Under optimum condition,
only 10 roots were formed after ~5 wk of cultureM8 medium fortified with NAA (3um). The
role of auxin in rooting of thé vitro raised micro shoots have been shown in severalespec
including apple (Moncousiret. al, 1992), Quercus suber(Manzanera and Pardos, 1990),
Strobilanthes flaccidifoliugDeb and Arenmongla, 2012). Auxins have been shmaact as a
local morphogenetic trigger on the formation ofetat roots inArabidopsis leading to the
specification of founder cells of the new orgamirprevious differentiated cells (Dubrovsky
al., 2008). The promotory effect of NAA on rooting its@ described in rice (Biswas and
Mandal, 2007), inPopulus euphraticgFerreiraet al, 2009). It was reported that NAA was
better option followed by IAA and IBA. While, in see other reports, IBA was found to be
superior over other PGRs for rooting (Abhyankar d&webdy, 2007; Baskaraet al, 2009,

Arumugamet al, 2009).

The rooted plants were hardened on medium with “4&ISsolution containing sucrose
(2%) and maintained for 6-7 wk under normal labamatcondition. The hardened plants were
transferred to plastic pots as mentioned in theeras and methods. The plants were
successfully transferred to a shade-house and tthéeld. About 200 plants were tested for

survival and about 70% survival was registered @ite months of transfer.

3.4. Conclusion

During the present investigation, protocols weraldshed for culture initiation from

immature zygotic embryos, leaf explants, cotyledand nodal explants fronm vivo source.
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These techniques open new routes iforvitro mass multiplication of this economically
important spice yielding species. The protocolal@ghed for culture initiation from cotyledons,
foliar explants and nodular explants indicates gbssibility of using alternative explants. The

protocols may be used for production of clonal ptanmaterial in commercial scale and could

be used by the spice industry.
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Chapter - 4

Summary

Cinnamomum tamalgBuch.-Hum) T. Nees. & Eberm (Lauraceae) is anrgreen
medium-sized tree found along with North-Westermélayas, North Eastern region of India.
C. tamalais a multipurpose plant used for medicines, spinagjral dyes etc. The leaves@f
tamalaare widely used as spice and also source of@pdt oil) which is medicinally used as
carminative, anti-flatulent, diuretic and in camlidisorder. Tejpatrd is also used in different
‘Ayurvedic’ medicine preparation. Owing to its high medicimalue and being an important
ingredient of the spices the demandCoftamalais increasing day by day and the species being
exploited from its natural pockets illegally. Acdorg to the recent repor@. tamalahas been
found vulnerable in throughout the Himalayan regiomd North Eastern states and endangered

in Jammu and Kashmir. Therefore, there is a needise high quality individuals in large scale
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to fulfill the increasing demand in one hand ani hiee conservation of the species on the other
hand. However, in the absence of standard agratigebs and owing to lack of information on
seed germination behaviors, conservation effort® mat succeeded so far. In view of these, the
present study was under taken on seed biology awtlapment of culture systems for

production of clonal planting materials.

During the present investigation, the mature $ruitere collected and seeds were
extracted. The seeds were desiccated at varioads|€¥00 to 30% fresh weights) following
rapid and slow drying methods to test their desiocnaolerance. Besides desiccation tolerance,
effect of microclimatic conditions like light inteity on seed germination, seed storage
temperature and duration on seed germination wis@ tasted. Within 10 days of sowing,
radical started emerging from the germinated se@fithe different light conditions tested, 50%
shading in the seed bed supported highest germimeaand healthy seedling growth in

comparison to full light and 75% shading and urafgimum condition ~72% seeds germinated.

In the present study, the seeds could be desttegieto 80% (fresh weight) without
significant change in the germination rate. Thedsedesiccated below 70%, germination rate
decreased significantly and desiccation below 408ondt support any germination. The seed
stored for variable period af@ and 25C before sowing in the seed beds. The seeds cotild n
be stored beyond 4 days dCAwithout effecting their germination. The findings this study
clearly indicate that th€innamomum tamalaeeds are desiccation sensitive and recalcitnant i

nature.
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For developingin vitro culture systems, different explants like embrydsvarious
developmental stages, foliar explants, nodal setgnend cotyledonary segments were used.
Successful morphogenetic response (~60%) was azhiéwom embryos of 12 week after
flowering (WAF) on MS medium fortified with differ¢ adjuncts. The embryo age <12 WAF
failed to give significant response. The embryosenaso desiccated at various levels before
culture to confirm the desiccation sensitivity whiwas observed from the seed germination
experiments in the seed beds. A similar response al&0 recorded with thie vitro culture
where seeds desiccated below 70% (fresh weight)cestl the morphogenetic response and
confirms the desiccation intolerance characte€ofamalaseeds. Of the different strengths of
MS medium, organic carbon sources and plant groketijulators incorporated, optimum
morphogenetic response was achieved on full stnelki® medium fortified with sucrose (3%,
w/v) and BA (12 uM). While, the cultured cotyledostarted swelling and invoked meristematic
loci within two week of culture. Of the differentulture conditions provided, shoot buds

developed in ~43% explants on MS medium fortifigthwucrose (3%), BA (6 uM).

The newly flushed shoots were collected in the tmaf July and nodal segments were
cultured on different strengths of MS medium adjaneith different supplements. Shoot buds
invoked from the cultured nodal explants on MS ragdconjunct with sucrose (3%), PVP (100
mg L") and BA (9 uM) where ~45% explants responded pe$jt Under optimum condition,
as many as 5.4 shoot buds developed per nodedaitevk of culture. The shoot buds developed
from the different explants were maintained fortheo 2 passages at 4-5 wk interval for further

growth and differentiation.
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The cultured foliar explants developed callus o Medium enriched with sucrose (3%)
and BA (6 uM) and NAA (3 uM) where ~28% explantdluseed within two week of culture.
Initiation of callusing started at the basal pattich subsequently spread the entire leaf. The
intact leaf performed better over the leaf segmeite calli developed from the zygotic
embryos, nodal segments and foliar explants wermtenaed for two more passages on the
respective optimum initiation media for further [fieration. Thereafter the calli were
transferred on MS medium supplemented with sucf8%g, BA (6 M) and maintained for two
passages where shoot buds developed.

The resultant shoot buds were maintained on reggae medium for plantlet formation
and culture proliferation. The micro shoots, shoads developed on MS medium fortified with
sucrose (3%), kinetin (3 uM) where ~5 shoot budsehiped per sub-culture. The micro shoots
(size: ~4.5 cm) were rooted on MS medium enrichédd WAA (3 uM) followed by hardened
for 6-7 wk. The hardened plants were transferreghdtting mix and maintained in the poly
house (75% shade) for two months followed by tramsfg to the natural habitat. About 70% of
the transplants survived after two months of transf

During the present investigation, protocols weriatdshed for culture initiation from
immature zygotic embryos, leaf explants, cotyledand nodal explants fronm vivo source.
These techniques open new routes iforvitro mass multiplication of this economically
important spice yielding species. The protocolal@ghed for culture initiation from cotyledons,
foliar explants and nodular explants indicates gbssibility of using alternative explants. The
protocols may be used for production of clonal ptanmaterial in commercial scale and could

be used by the spice industry.
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Plate 1 : Temperate forest of the study area.

Plate 2 : Burning down of forest for shifting cultivation.



Plate 3 : Terrace Cultivation

Plate 4 : Jhum Cultivation
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Plate 5: A. Traditional house of Tangkhul tribe,
B. Inside view of the kitchen,

C. Bamboo containers for preserving fermented food materials,
D. Store house of fire woods.

E. Chutney grinder.
F. Wooden plate with stand (Seichang Khongphei).



Plate 6 : A. Traditional palanquin made of Teona woods used for carrving
dignitaries during auspicious ceremonies, B. Village chief performing the ritual
ceremony during L uira festival, C. Village couple showing the scene of sowing the
first seed of the vear during Luira festival, D. La Khanganui (Virgin's dance).

E. Rai pheichak (War dance), F. Interview with the village elders.
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Plate 7 : A. Tangkhul couple attires traditional dress & ornaments,
B. Upper garment for both sexes (Raivar Kachon),

C. Upper garment for male {Chongkhom),

D. Lower garments for female (Kashon),

E. Weaving in a loin loom,

F. Interview with handloom weavers.



Plate 8 : A-D. Tangkhul Ornaments,
E. Tangkhul vouths in traditional dress,
F. Tangkhul headgear.



Plate 9 : Edible Underground parts.

A. Alpinia galanga Willd., B. Colocasia esculenta (L.) Schott.,
C. Dioscorea alata L., D. Hedyvchium corenarium Koening,
E. Manihot esculenta Crantz., F. Sechium edule Sw.



Plate 10 : Leafy Vegetables.

A, Antidesma acidum R etz., B. Elatostema lineolafum Wight.,
C. Ficus tsjakela Burm.f., D. Persicaria perfoliatum L.,

E. Pelygonatum cirrhifolium Royle, F. Viela pilosa Blume
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Plate 11 : Leafy Spices
A, Allium hookeri Thw., B. Allium chinense G.Don..

C. Allium fuberosum Roxb., D. Apium graveslens L.,
Y. Elsholizia blanda Benth., E. Eryngium foetidum L.



Plate 12 : Edible Flowers/Inflorescences

A. Bauhinia purpurea L.,

B. Clerodendrum farinosum (Roxb.) Steud.,

C. Cucurma angustifolia Roxb.,

D. Philogacanthus thyrsiformis (Roxb. ex Hardw.) Mabb.,
E. Rhododendron arboreum Sims.,

F. Strobilanthes auriculatus N ees.



Plate 13 : Fruit Used As Vegetables
A. Capsicum chinense Jacq., B. Ciyphomandra betacea Cav.,

C. Parkia timoriana Merr.. D. Psophocarpus tetragonolobus DC,,
E. Solanum spirale Koxb., F. Solanum torvum Schitdl



Plate 14 : Edible Fruits

A. Citrus medica L., B. Dacynia indica (Colebr.) Decne.,
C. Myrica esculenfa Ham., D. Prunus salicina Lindl.,
E. Rhus semialata Nuarr., F. Vibumum foefidum Wall.



Plate 15 : Edible Fruits
A. Calamus renuis Roxbh., B. Citrus maxima (Burn.) Merr.,

C. Garcinia pedunculata Roxb., D. Prunus nepalensis Steud.,
E. Tamarindus indica L., F. Fruit beer display for sale



Plate 16 : Edible Plant Parts Display For Sale

A. Shoot of Arundinaria callosa Munro, B. Young shoot of Calamus sp,

C. Fruit of Hibiscus sadbariffa L.. D. Fruit of Lenucana giauca Benth.,
E. Spadix of Musa spp, F. Pod of Vicia faba L.



Plate 17 : View Of Makeshift Market In Different Localities Of Ukhrul District

A. Selling of leafy vegetables,

B. Selling of Esholtda communis (Coll. & Hemsl.) Diels,

C. Selling of leafy spices & vegetables,

D. Selling of Colocasia sp,

E. Selling of tender bamboo shoot,

F. Selling of Euryale ferox Salisb., fruits of Oroxylum indicum Vent.



Plate 18 : Edible Fungi

A. Lactarius princeps Berk.,

B. Lentinula edodes (Berk.) Pegler,

C. Ramaria sanguine (Pers.) Quel.,

D. Termitomyces clypeaius Heim.,

E. Termitomyces eurrhizus (Berk.)) Heim.,

F. Interview with woman vendor in Lambui market.



Plate 19 : Ethnomedicinal Plants

A. Debregeasia longifolia (Burm.i.) Wedd., B. Dendrobium denudans D. Don,
C. Pogostemon benghalensis kuntze, D. Scutelleria discolor Colebr.,

E. Swertia chirafa Buch.Ham.



Plate 20 : Ethnomedicinal Plants

A Plafycodon grandiflorum (Jacq.) A. DC., B. Pratia nummularia Benth..
C. Stephania hernandifolia (Willd.)Walp., D. Tacca laevis Roxb.,

E. Taxus baccata L., F. Thalictrum foliolesum DC.



Plate 21 : Ethnomedicinal Plants

A Clerodendrum colebrookianum Walp., B. Enfada pursaetha DC.,

C. Hibiscus sabdariffa L.. D. Homskioldia sanguine Retz.,
E. Paris polyphyila Sm., F. Pavefta indica L.



Plate 22 : Ethnomedicinal Plants

A. Woman collecting Crassecephalum crepidiodes 5. Moore for medicinal uses,
B. Tangkhul man showing medicinal plant Pouzplzia viminea W edd.

C. Herbal medicine kept ready for sale,

D-F. Interview with different healers during the study.



Plate 23 : Dve Yielding Plants
A.Bixa orellana L.,

C. Isodon hispidus Benth.,

E. Pasania pachyphyilla Schot.,

B. Mallatus philippensis (Lam.) Mull.,
D. Mahenia manipurensis Takeda.,
F. Strobilanthus cusia Knntze



Plate 24 : Fish Poisoning Plants

A. Dillenia indica L.,

B. Engelhardtia spicata Blume,

C. Juglans regia L.,

D. Millettia pachycarpa Benth.,

E. A man showing stem of 4 cacia pinnafa Dalzell & A. Gibson,

F. Girls practicing fish poisoning by using plant parts of Millettia pachycarpa Benth.



Plate 25 : Plants Used For Hair-Care

A. Artemisia nilagarica (C.B. Clarke) Pamp., B. Boehmeria sidaefolia Wedd.,
C. Cymbopogon citratus Stapf, D. Phyiianthus emblica L.,

E. Perilla frutescens Britton, F. Sapindus emarginaius Vahl.



Plate 26 : Different Carrying Baskets And Household Equipments Made
Of Bamboo And Cane

A. Kharing (Transporting basket). B.Lungkai (Transporting basket),

C. Bangrah (Transporting basket), D.Changuei (Iraditional shield),

E. T'abu (Clothe keeping basket), F. Clhum (For storing Oryza safiva L.)



Plate 27 : Different Household Equipments Made Of Bamboo And Cane

A. Luk (Container for keeping crains), B. Kamu (Basket for storing dry fish),

C. Tebam (Basket for keeping thread), D. Paipek (Basket for keeping caught fish),
E. Yamkek (Wnnowing plate), F. Liphang (Traditional dinning table)



Plate 28 : A. Traditional helmet (Luiheo pasi).

B. Bamboo basket (For keeping dry fish for sale),

C. Bamboo mug (Made from Dendrocalamus gigantfeus Nunro),
D. An old man knitting cane basket,

E. An old woman Knitting bamboo basket,

F. Tangkhul lady carrying grains in Kharing & Luk



Plate 29 : A-D. Diffrent shapes and sizes of

Lagenaria seciraria (Molina) Standl. spp. for domestic uses,
E. Drinking rice beer from Khorshon (Gourd rice beer pot).
F. Traditional rice beer pot



Plate 30 : A, Tingreila ( Traditional stringed instrument),

B. Different agriculiural implements,

C. Decoration items made from bamboo sp

D-E. Decoration items made from Gmelina arborea Roxb..
F. Flower vase made from Dendrocalamus giganfeus Munro



Plate 31 : Plants Of Miscellanous Uses

A, Aconitum nagarum stapf ., B. Coix lacryma-jobi L.,

C. Curcuma caesia Roxh. D. Averrheoa carambola L.
E. Duabanga grandiflora Walp., F.Phrmium capitatum Wild.
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