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Chapter — 1

Introduction

Earth has a unique form, where life existed sinceenthan two and half billion
years ago. During this period life forms have clehfjom simple, unicellular organism,
to the present day multi-cellular organisms, peshidgpough long evolutionary trend by
natural selection. Plants, animals and the micraesthe main domains of the earth
found living as individuals, populations and comiityiin the ecosystem of biosphere
almost in all the sphere of planet earth. Thusuhability among living organisms
from all habitats such as terrestrial, aerial, maand other aquatic ecosystems and the
ecological complexes which includes genetic diwgrsspecies diversity and of
ecosystems diversity. Of these, plant is one, foeopahlly diverse in their geographical
distribution and its organization, which makes fien depend directly or indirectly with
significant complexity manifested in supportinglité as sources of food, cloths, houses,

medicines, fuel, decorative articles, recreatiod amen the remarkable intellectual and
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spiritual inspirations, which influence to lead rkandl diverse in traditional and cultural
practices.

The account of living organisms in the world is apgmately 15 million,
comprises of plants, microbes and animals. Of wiabbut 1.9 millions of species of
varied forms have been identified (Chivian and B&im, 2010). These plant and animal
species, their products are of immense importargravliew hundred of species were
agriculturally employed in food industry. Howeveatout twelve plant species serves
nearly 75% of total food supply and 90% of globahstic livestock production, from
fifteen mammals and bird’s species. These divessad of life are also in the course of
extinction where it is estimated that 15 speciegeHzecame extinct since the inception
of men on planet Earth. The diverse forms so digoways of uses serves benefits in
growth and development contribute to men’s socigétyus complex relationships of
dependency form the services, where some societyarfkind highly valued while
others not. It involves the direct provision on eratl and non-material goods provide
by directly with the presence of particular spedgplants, animals or micro organisms,
and also always been an integral part of long huergreriences and moral conduct
(Daiz et. al., 2006). Man’s life become more comfortable anduties than ever since
with the use of plants species, remarkably by t#nadr scientific and technological
advancement exploitation, perhaps leads to dettier vast world at very fast rate to
under various threats and restrictions.

Man brought about habitat destruction, environmemallution, excessive
exploitation of economically important speciesyonfuction of invasive alien species;
climate change etc increases with the ages fawts benefits rather response passively
to other living forms which are actively involves Earth’s life-support systems.

Biodiversity is sensitive to global changes whidfe& the interactions among every
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ecosystem and in turn its services to men are doatrhigh. Study suggests that three
main drivers (climate change, land-use pattern aiibgen deposition) affects the
organisms, particularly vascular plant species amgdr scales, where their relative
abundance may decrease by 12-16% by 2050 relatsgetcies present in 1970 (Sata
al., 2005). It was reported that between 1990 and02@lobal natural forest area
estimated decline 3.4 percent area (1.4 millionasgkkilometers) roughly the size of
Mexico (Normander, 2012). It also reported thatdlabal forest areas decrease roughly
half over the past three centuries and 25 natiarsally lost their forest cover and 29
countries with more than nine-tenths of their foesser. Drastically, tropical forests are
disappearing at 130 000 Krper year which mostly through expansion for adtiral
land annually by an average of 5 million ha/yeanieen 2000 and 2010 (Fischedral.,
2002). In the world’s rich biodiversity of centrAimazonia, inhabitant by Waimiri-
Atroari Indians use 79% of tree species from sidgle of forest plot (Milliken, 1998).
Similarly, 1748 of the ~8000 angiosperm speciedHwhalayan region were used as
medicine and for other purposes (Samantal., 2011). In large areas of protected
tropical forest land many illegal logging, huntingpaching and agricultural extension
etc. is still prevalent (Normander, 2012). Thusg, fisture the main drivers require an
effective integrated effort of measures to impregesystem services at both global and
regional levels by climatologists, ecologists, abstientists, and policy makers (Sata
al., 2000).

IUCN enlisted 34 biodiversity hotspot regions ir tworld, of which 13 are in
Asian-pacific. Of the 34 biodiversity hotspots, ilnds the home of four of them viz. the
Himalaya, the Indo-Burma region, the Western Ghats$ the Sunderland. The hotspots'
boundaries have been determined by ‘“biological conatities'. Each of the areas

features a separate biota or community of spebegsfits together as a bio-geographical
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unit. According to IUCN, hotspots are geographicatich in species with high
endemism, and are under constant risk (threat triction). The region must contain at
least 1,500 species of vascular plants (> 0.5 pémfethe world’s total) as endemics to
that region and has to have lost at least 70 peafdts original habitat. Anthropogenic
threats include habitat loss, overexploitation $mbsistence or commercial use and
introduction of exotic species. However, this vasgdhreats expanded the understanding
of the distribution of species diversity and thepbmena of speciation and extinction as
from the study of island biogeography and popurabmlogy (Sodhi and Ehrlich, 2010).
Thus IUCN Red List Data serves a significant raledetermining the positive steps
concerning on conservation where by many workersarks its importance (Hayward,
2011).

With the increasing human population, exploration gant community keeps
men broader their knowledge in manipulating plankerent potentiality, couples with
increase in production demand that never end rdtbep adding. As reported by the
UNPD 2015 Report, the world had 2.5 billion popuas in 1950 and almost tripled in
2005 with 6.5 billion people, while in 2015 increaso 7.3 billion which further
projected rise to more than 9.7 billion by 2050.eTtvorld’s human population
exponential growth and spatial expansion brougbtiathe changes of land use pattern,
pollution, and overexploitation of natural resowaeghich in turn endangered, loss of
species and fluctuation of ecosystem functionaktiijn et. al. (2006) reported that the
main drivers of land use is through agriculturahqtices and urbanization expansion
which threats to terrestrial and aquatic biodiwgrgiauses habitat fragmentation and
destruction in protected and unprotected areaselis w

Another integral part of population explosion isgnaition, where there will be

nearly 2 billion new urban residents by 2030, &#efurther habitat destruction with
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various means of pollution on environment. Thusl@évdemographic change is likely to
unfold in post-2015 population development pregsurion different types of
disturbances, leads to climate change, global wayrand so forth. Climate change and
global warming drive extinction of many plant po#liors causes loss of genetic
diversity, habitat fragmentation in local and glbb@est and even in the biodiversity
hotspots (Ngezahayo and Liu, 2014; Eejual., 2015). However, the same degree of
negative impact turns on humanity in terms of est®y services (Cardenad. al,
2012). Discussions and case studies of severanadsss focused on various challenges,
including spatial and temporal scale, predictivémate, land use, soil type and
topography, were ensemble of global climate andclio@tic models results
demographic structures which are realistic and ispexpecific but still that makes
species vulnerable to climate change. The mainecatifoss of biodiversity is through
intensive agricultural extension which is a glopalblem attracted attention worldwide,
with increase greater danger in species rich ai&sbull et. al., 2003). Many species
are remains in small size populations, at the ntlmstatened which are the highest
importance for conservational aspect. Thereforea idf conservation management is
urgent from habitat destruction, overexploitationtroduction of alien species and
diseases, pollution and global climate change. IU@Mposely developed the most
comprehensive dataset on conservation status ‘Regdhta’ to assess extinction risk of
species (Rodriguest. al., 2006; Hoffmannet. al., 2010). The data serves useful in
conservation planning, policy and management, jdorg sites, biodiversity evaluation
and monitoring etc. Extensive pragmatic works dedaining and evaluating of plant
species under threaten were demonstrated by markergo(Borkowski and Podlaski,
2011; Fordhanet.al., 2012). Today, no doubt the impact of human pajouh on nature

is big, leads to drastic loss of biodiversity (Sedaal., 2000; Pringleet. al., 2015). The
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biotic degradation brings concerns to authoritiesl @&nvironmentalists worldwide,

subjected to increased human activities impact atural ecosystems, disturbing the
structural and functional natural system causingsl@nd changes to biodiversity
components (Alho and Sabino, 2011). Thus importaidaodiversity to human well-

being alerted the need for conservation and rdtiosa of resources for sustainability
which comes with unconditional.

India comes under the realms of 17 mega diversith® world, geographically
an area of 3,287,263 sg. km, where the mainlaneheleid between 8°4’-37°6’ N latitude
and 68°7’-97°25’ E longitude, home for many endespecies accounting to one-third
of world flowering plants, confined in 2.4% of wdi$ total land. The endemism of
Indian flora is 1.5%, where Himalaya shared 316&cis, peninsular region with 2045
species. The diversity of the region manifested reHarge number of plants of other
countries are found. Among plants, species endenssgstimated at 33% with ca. 140
endemic genera but no endemic families. Hooker Fl&escribed five elements of
Indian floristic diversity-The Malaysian, The Euegm-Oriental, The African, The
Tibeto-Siberian and The Chino-Japanese elementst@rich floristic region Takhtajan
(1969) (International Centre for Integrated MountBievelopment, report) namedhe
Cradle of Flowering Plants India lies in subtropical region of northern hsphere,
where climate heterogeneity ranging from densedebpain forest of Andaman, Eastern
Himalayas, arid hot tropical desert of Rajasthar,Humid plain of South-Central Indian
plateau of Andhra Pradesh, Maharashtra, to tengperatl cold climate of northern
mountainous region of Himalaya, Himachal, Jammu lkashmir. North-Eastern India,
under Indo-Burma region is one of thet-spot having diverse vegetations such as
grassland, swamp, mixed deciduous forest, trogmalst, temperate forest and alpine

vegetation. India harbor many economical importgiant species medicinal,
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horticultural, spices, ornamental, and timbers mwimense valued. About endowed
17,000 species of angiosperms, of which 20% of &D,§lobal medicinal plants are
found in India (Lalocet. al., 2006; Rai and Lalramnghinglova, 2011). The couatso
has long famous age old medicinal practidgaurvedic System of Medicirsill prevail
today mostly among the tribal communities. Plamtnmunity dynamics and species
diversity is an important aspect of forest ecolegyich entails contribution of various
species in determining structure of specific habitgumar and Bhatt, 2006). Studies on
distribution and diversity pattern of plant comnties reveals their structure but way to
identify by their distribution, characterizatiordentification, classification and their
utility is a challenging work Bhatt, 199%fudies on the Flora of Western Kachchh
Many horticultural important species like mangonda, apple, jackfruit, gooseberry,
oranges are found in abundance. The major homii@lltrops producing state in India
are Gujarat, Haryana, West Bengal, Andhra Pradé&rala, and Maharashtra.
Moreover, India is the largest mango growing anglogixcountry in the world.

North Eastern region of India harbor large numtgulant species, mentioned in
the manual of Indian Forestry (Bor, 1940). The sagsupport luxuriant growth of many
medicinal, ornamental, spices, timbers and hottical important plant species in wild
accounting to almost half of India’s biodiversityido et. al., 2009). The region comes
under eastern Himalaya and Indo-Burma, forms andisfioristic region where it is also
the meeting ground of Indo-Malayan, Afro-tropicdtaChinese, the Himalayan and
Peninsular Indian elements which formed when th@nsellar plate struck against the
Asian landmass, after it broke off from GondwanadlaLarge number of angiosperm
plants particularly horticultural plants like Gobsery, Mango, Cherry, KiwiSaurauia
Guava, Passion fruit, Oranges, Pineapple, and riaicktc are found growing in wild

and domesticated as well.
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Geographically, North Eastern region of India cedean area of 2, 62,000 sq. km which
extended between 21°34°-29°50°N latitude and 8793252 E longitude, where the
region are predominated by the tribal communityhwitiried cultural and traditional
practices. Agriculture is the main occupation o tlegion, where tribal practices of
agriculture like Slash and BuriJhum cultivation and terrace cultivation are fowvith
much dependency on forest products like wild edibkeves, fruits, medicines etc are
part of the community activities. Other developnaéniactivities like village
establishment, industrial set up and many unplanhachan activities leads to
fragmentation in many parts of forest in many areBsus large areas of natural
vegetation is under great threat or even extirmnfits existence. Large areas of forest
cover have many endemic species with much restmicand often the most vulnerable
to human disturbances particularly ‘Jhum cultivatid hese species in the field margins
are the most vulnerable and the first to be hiekinction processes, and hence need
rapid and effective conservation action. SimilaBsook et. al. (2008) suggested that
presence of rare and threatened species makesathaiatity and serves as an indicator
for conservation priorities therefore such sitethvguch range of threaten specie receive
more attention than sites with common species daminNeed arises to address the
species under varied threats, identifying theirc@uissues for further studies and
follow-up action, among which, species from Actiacckae are one of them. In the
region, the members of the family Actinidiaceae faxend in the wild, which also been
reported in the ‘Flora of British India’ by Hookg875). These species are horticultural
important and are one of the endemic to the regahsted with threatened in the wild.
Immediate intervention of advance techniques ofmgdasm employed in various
scientific experimental and research projects coeltgure to save the risk from

endangered. Advance technique of plant propagétienn vitro technique would help
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in conservation of economically important and tkeead species as shown from the
works of (Temjensangba and Deb, 2005; Yaetawal., 2012; Deb and Pongener, 2013).
Therefore, vegetative propagation of these threatepecies through vitro technique
could substantiate its quantity in short periodirmie.

Since visionary researched of Haberlandt (1902 whte discovery of plant
hormones (auxins in 1930s and cytokinins 1950s)symthetic plant growth regulators
and applicable nutrient media formulations in ti90ds, made revolutionaries in ‘Plant
Tissue Culture Technique’. Winkelmaet al. (2015) listed scientific applications of the
techniques, their importance in plant breeding, endlar biology, research tools in
botany, pharmacology and secondary metabolite ptamy phyto-pathology, and
vegetative propagation. Initially the technique sito use for research purposes, but
commercial utilization followed soon, particulartyfloricultural and horticultural crops.
In vitro culture techniques enable to produce large sdapdaating materials on small
area under controlled conditions and free from agoganisms, which are more vigorous
than those propagated by conventional methodst Btsue culture areas ranges from
micropropagation of ornamental and forest treesydyction of pharmaceutically
interesting compounds, and plant breeding for im@neent of nutritional value of staple
crop plants, including cryopreservation of valuagkermplasm. All biotechnological
approaches like genetic engineering, haploid indoctor somaclonal variation to
improve traits strongly depend on an efficienvitro plant regeneration system.

Quality control is an essential to assure high iguadlant production, where
selection of explants source, time of growth etcptoduce diseases free material,
authenticity of variety, elimination of somaclon@hriants are some of the critical
parameters. The rapid production of high qualitgedse free and uniform planting stock

is only possible through micropropagation. New apyaties has been created for
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producers, farmers and nursery owners for highityualanting materials of fruits,
ornamentals, forest tree species and vegetablese &st two decades, efforts made in
the use of plant cell cultures in bio-productiomdonversion or biotransformation and
biosynthetic studies were intensive. The potent@mmercial production of fruits,
pharmaceuticals products have grown large with naak on environmental impact in
the cell culture industry. The technique is a napproach obtaining substances in large
scale, perhaps the most significant role to platha future with transgenic plants. The
ability to accelerate multiplication is of greatniedit to mankind. Another scale on
vitro storage and cryopreservation are being progressstidve the problems inherent in
field gene banks by securing duplicate collectidhese are the means the future
generations relies, in place of simple conventigrapagation programmes. They play
significant role in agricultural development anaguctivity through rapid growth and
propagation and also means in recovery and maintenaf vegetation restoration
programmes.

The transgenic fruit plants and their commerciagitrashow obstacles in many
areas particularly in both regulatory and sociatdles (Rai and Shekhawat, 2014).
Moreover, micropropagation technology is expensage compared to conventional
methods of propagation by means of seed, cuttimgs gaafting etc. Therefore it is
essential to adopt measures to reduce cost of giodu effective practices and optimal
use of equipment. This can be achieved by improtlegprocess efficiency and better
utilization of resources such as substratum emplog@gero et. al.,, 2012). The
bioreactor based plant propagation increase thedsp& multiplication and growth of
cultures with much reduce space, energy and lasprirements. However, needs special
care and handling, which is comparatively sophaéeéid method. In facin vitro culture

is high costs equipments with manual works, neegecial treatments for
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acclimatization, risks of somaclonal variation aptiysiological aberrations (e.g.
hyperhydricity) etc which result high price to puog propagules compared to
traditionally multiplied plants. Thus the techniguaring together breeders and growers
of ornamental plants, tissue culturists, molecbiatogists to discuss problems of past
and current bottlenecks.

Commercial micropropagation expanded in the 198@s1990s. Orchids is the
first to grows in commercial scale, and large nundidower wages orchids produced in
South East Asian countries mainly Thailand (Gavimbgana and Prutpongse, 1991) and
many other economical important plants liResasps.,Prunussp, Clematis Kalmia,
but problems occurred on quality of plants, timioigproduction, and the mixing of
cultivars. There are two broad culture methodssalidified or liquid medium; in liquid
medium either permanently immersed systems or tesnmpoimmersion systems
employed (Etienne and Berthouly, 2002). The metbffdrs the advantages of rapid
growth and propagation, to scaling-up and automatio

Ornamental, timbers, spices and many other impbgkamts species are micro
propagatedn vitro by using various explants such as shoot meristeadltiini et. al.,
2014; Kanwar and Kumar, 2009; Janarthanam and 8esB808; Medinaet. al., 2009)
etc. for commercial as well as conservation aimsweier, axenic cultures and
regenerative potential of pseudo bulbs as expladsdeen less explored as compared to
the other explants (Kanjilat. al., 1999; Sunitibala and Kishor, 2009; Kaur and Bhuyt
2010; Honget. al., 2010; Kumatret. al., 2011; Naik and Naik, 2011; Niknejad. al.,
2011; Baskararet. al., 2013), leaf explants (Ishet. al., 1998; Anikeet. al., 2012;
Kumaret.al., 2015)

Gomes and Canhoto (2003) suggested that the posifionicropropagation is

best option when it is difficult to attain spreadep several conventional approaches,
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persistence rejuvenation difficulties and undemunegl of growth rate. Janarthanam and
Samathi (2010) propagated through apical shootnaExacum travancoricumAnd
among several methods of micropropagation, axilrgot proliferation considered as
the most favored technique as reported in Ericacdaeal propagation (Jain and
Haggman, 2007).

Some of the successful propagation and regenerafi@ants through somatic
embryogenesis are reported in Manchurian Rgtxinus mandshuric&Rupr (Konget.
al., 2012; Yanget. al., 2013a); inPinus pinaster (Huma'nezet. al., 2012). Direct
organogenesis using hypocotyl segments and seedgpdants has been reported in
many other species (Basalrea al., 2008; Ghnayat. al., 2008; Rattana&t. al., 2012).
Explants used in direct organogenesis is importanéfficient regeneration system
(Babaoglu and Yorgancilar, 2000; Koroeh al., 2002; Raghtet. al., 2006; Uranbey,
2010). Besides, many other plant species were pated likeAcacia mangiunwilld.,
Cedrus Eucalyptus tea, Curcuma longal., Rosa rugosaThunb., Curcuma amada
Roxb.,Alpinia galangalLinn., Cannabis sativa.., hops,Allium ampeloprasum., olive,
Pinus thunbergiParl.,Piper longunL., barley, riceDendrobium longicorniLindl., and
Mahonia leschenaultiiNutt. So far, tissue culture studies @urcuma amadaare
restricted to adventitious plantlet formation frammizome and leaf sheath explants
(Prakashet. al., 2004; Da<t. al., 2010). Efficient regeneration through node hasrb
done as i'Withaniasomnifera(Kumaret.al., 2011).

For more than half century, in many parts of theledydocus was on horticultural
crops through axillary bud culture adopted for thass micropropagation from various
plant parts. Successful micropropagation has beported as in Guav&izyphus
mauritiana(Kakonet. al., 2008; Abba®t. al., 2014).In vitro regeneration ifPassiflora

foetidg Pyrus communigRosa and Dornelas, 2012; Yousefiat al., 2014), in
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blueberry (Guang-Jiet. al., 2008), shoot multiplication through subcultunedotstocks
of cherry (Vujovt et.al., 2012), from shoot tips in banana (Bhonslal., 2011) from
young and mature leaves of mangosteen (Qaaimal, 2013), induction of somatic
embryogenesis in date palm (Almusaiial., 2015; Al-Samiket.al., 2015).

Micropropagation starts with the selection of plargsues/explants from a
healthy, vigorous mother or donor plant, where gayt of the plant (leaf, apical
meristem, bud and root) can be used as explamtistéon plants with uniformity in their
genetically resources and particular to vegetatprepagated crops which prove
ineffective propagation by conventional methodsd gants which do not produce
fertile seeds. Genetic engineering proved effeativecrops improvement in number of
species, developed varieties with high yield po#énand resistance against pests,
drought and many other diseases as in apple (Beasis al., 2008; Blazek and
Krelinova, 2011). Thus, the technology relies oanpltissue culture and molecular
biology for the following aspects: production oféase-free plants (virus), production of
secondary metabolites and production of varietdsrant to salinity, drought and heat
stresses. Many horticultural important plant specieere preserving through
cryopreservation technique as in cherry rootstetrwberry etc.

Plant tissue culture technique has great impactagmculture, industry and
conservation strategy. It is an indispensable &ool practices at a rate without precedent
in the production and propagation of geneticallynbgeneous, disease-free plant
material in large scale as in blackberry througiriiotherapy (Cheonet. al., 2014).In
vitro propagation has been introduced several decad& tmcpropagate sterile
interspecific hybrids and molecular analysis asoregal in Cyclamenpersicum C.
purpurasceng‘Odorella’); disease-free strawberries and swawrry (Di Vaioet. al.,

2015) and propagated found in seedling-derived ¢e@lants inEmbeliaribes Thus,



23

Intervention of biotechnological approaches fam vitro regeneration, mass
micropropagation techniques and gene transfer esubdas been successful in many
horticultural plant specie€itrus reticulata cotyledonary explants (Sarne al., 2011),
shoot tips in Cherry, Craneberry, Lingonberry (S&dhnd Paprstein, 2008; Paprstein
and Sedlak, 2015), shoot tip of Banana (Ngoretual., 2014) and also iCalamus
(Kumaret.al., 2012).

Embryo culture

Embryo culture is a type of plant tissue culturedu grow embryos from seeds
and ovules in a nutrient medium through directlgnir embryo or indirectly through
callus, and then subsequent formation of shootsraats. The technique employs to
break seed dormancy, test of seed vitality, pradoaif rare species and haploid plants,
in short breeding cycle of plants. Recently a sssftg protocol ofin vitro propagation
has been developed #thaya grandifoliolafrom excising embryos of mature seeds and
from immature seed embryos of palm (Pereital., 2012).

The past decades tissue culture technique prodaogs number of secondary
plant products which occupied an increasing demargroductive systems worldwide.
The method also used in production of proteins aftiter medicinal substances;
antibodies and vaccines on commercial scale whaphesent an economical alternative
to fermentation-based production systems. Plantemadccines or antibodies are
striking, as they are free of human diseases, tbdacing screening costs for which
number of farmers incorporated transgenic plant® itheir production systems,
increased approximately from 11 million in 20071®.3 million in 2008. Thus many
researchers us@ vitro technique of propagating medicinally importantnplapecies

such asAloe barbadensis Artimesia (Hailu et. al.,, 2013; Sahoo and Rout, 2014).
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Sometimes variability in genetic materials arisessama clonal variation reported in
SolanummelongengNaseer and Mahmood, 2014).
Somatic embryogenesis

Somatic embryogenesimethod of plant regeneration widely used projecting
somatic cells or tissues develop into differendatanbryos. These somatic embryos
develop into whole plants directly or indirectly bgllus. Plant regeneration via somatic
embryogenesis occurs by the induction of embryageaitures from zygotic seed, leaf
or stem segment and further multiplication of enalstyThe method applied successful
on direct somatic embryogenesis in palm leaf angoy embryos cultured on MS
medium enriched with 10 mg™L2, 4-D, 2ip and picloram from female inflorescenice
(Ibrahimet. al., 2009; Silveet. al., 2012). Researchers believed that auxins suéh és
D, NAA, Picloram, Dicamba, 2, 4, 5-T and endogenbaemone metabolism, genetic,
physiological and environmental affects play a kel in somatic embryogenesis in
different plant species (Fujimura, 2014; Roasteal., 2014).

Somatic embryogenesis has been employed in mariguitural plant species.
In the process, different factors governed for negation like, type and orientation of
culture explants, the medium and plant growth raigul combinations (Tanegt. al.,
2008; Usmaret. al., 2012), gelling agents, light and dark phasedl@yeet. al., 1991),
organic carbon sources and antibiotics (Predieral., 1989) or sometimes with silver
nitrate (Liu and Pijut, 2008). However, in grapevinvhich showed higher plant
regeneration in liquid medium. Cytokinins activitieare vital for inducing and
developing somatic embryos. Similar reports areilahbi@ on somatic embryo
regeneration protocols of citrus undeveloped ov(fg¢sSawyet. al., 2005), unfertilized
ovules (Pasquali and Biricolti, 2004), anthers @gret. al., 2010), from styles and

stigmas (Mezianet. al., 2012), from leaves, epicotyls, cotyledons (Kiatgal., 2008).
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Somatic embryogenesis shows special characterigt@tures in plant regeneration
aspect due to its morphological advantages of agpatentical entities from the mother
cultured tissue (He and Gang, 2014).

Organogenesis

Organogenesisefers to the production of plant organs i.e. roatsoots and
leaves that may arise directly from the meristenmdirectly from undifferentiated cell
masses (callus). Plant regeneration via organogemaglves callus production and
differentiation of adventitious meristem into orgaby altering plant growth hormones in
nutrient medium as shows in micropropagation Rsidium guajaval. via direct
organogenesis from nodal explants obtained fromiigesl planting material (Ragt. al.,
2009).

In vitro technique has successfully produced hybrid (GFAlfiiond) from a
suitable and compatible rootstock in almond anccipg&hsanpour and Amini, 2003).
Growth regulators such as BA, KN, Zeatin and 2iwehdeen exploited for shoot
regeneration ifPrunusspp. but, the number of shoots per explant repastéairly low
(Mant et. al., 1989). TDZ has been used for shoot regener#ton leaf segments of
cherry (Hammatt and Grant, 1998). Moreover, BA wese efficient in shoot formation
from leaves in cherry, sour cherry, peach and atidfaciel, 2010; Azaet. al., 2011).
In almond, BAP and TDZ have been successfully usethduce adventitious shoots
(Namli et. al., 2011). Likewise, adventitious shoot formatiorafiected by the type and
concentrations of the auxin used in regeneratiodianas in almond, in presence of IBA
and NAA (Ainsleyet. al., 2001). In cherry leaf segments, shoot regermeratvas
obtained from the media supplemented with NAA al¥ {Bhagwat and Lane, 2004).
Whereas axillary buds was better on MS containiad® Bhan combination of KN, 2iP

and Zeatin irCitrus sinensiswhile from foliar explants iBrunfelsiacalicina (Liberman
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et.al., 2010). Besides, other adjuncts like the antioxiddfect such as PVP and AC as
in propagation of grape, palm (Alturkt. al., 2013). However, the broader spectrum on
growth regulators applied in tissue culture is stigated inArabidopsisand Pinus
(Brunoniet.al., 2013).
Germplasm conservation

Several in vitro methods have been developed on genetic conservafion
vegetative propagated crops. The methods involesg growth using low temperature,
darkness, low-light intensity, modification of mmaés in the culture medium and use of
osmotic agents and growth retardants etc whegiited out with wide range in duration
of a subculture cycle which can be extended fraiemaweeks to 6-12 or more months.
New cryopreservation technique of vitrification different explants, as for cold-tolerant
species, temperatures 0-5°C are employed, whiledprcal species, 15-20° C are used.
Protocols for preservation of vegetative tissuegets for conservation to avoid the loss
from biotic or abiotic stress particularly planespes which do not produce seeds (sterile
plants) or ‘recalcitrant’ seeds that cannot be estofor long period of time can
successfully be preserved i vitro techniques for the maintenance of gene banks.
Widely cultivated, and highly consumes plum havpositive outcome by promoting
germplasm exchange and rapid propagation (AnnapanthRathore, 2010). Studies
conducted in cycad seeds, which they appear teet&aitrant, ‘wet’ and desiccation
sensitive particularly during the protracted depetent of the embryo after seed shed
(Chienet. al., 2012; Woodenbergt. al., 2014). The recalcitrant nature of cycad seeds
shows that they are not suitable ot situlong term storage and/or conservation and
therefore methods other than seed propagation rgently needed to conserve these

plants.
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Geographically, Nagaland lies in the North Eastexgion of India of Indo-
Burma biodiversity hot spot, extended betwee®&@2704’'N Latitude and 9320'-
9515’E Longitude, covering an area of 16,579 sq. Kithw629 sq. Km of vegetation
covered. In wild species of Bambodlnussp, Shorea sp.Bombax sp.Rhododendron
sp, pears, Cherry, varied of orchids is found in atante. The vegetations are
experiencing the flavor of alpine forest, moistpical rain forest, and sub-tropical rain
forest where large numbers of economically impdrtarants harbors. The rich
biodiversity of the region shows an ideal environmé&ctors for their growth and
development of many species where many are extdgsidepleting by the
anthropogenic activities. However, the region aredpminant settle of 18 tribal
communities, practice traditional methods of adtimal like ‘Slash and Burn’
cultivation, hunting, fishing are common practicbssides these, village establishment,
expansion of roads, mono-species farm and so orrewlaege areas of vegetation
covered were reduce at a fast rate, and brougldptbees at different levels of threats to
their existence.

The state diverse vegetation are found to dweljddanumber of medicinal,
ornamental, horticultural and timber plants arengsensible impacts of depletion with
the scaling-up population activities results initad production of food and related
industry. The limited food and cash crops are grasrfarm/vineyard without standard
agro-technological method of plantation, dissinmliaf harvest and maintenance, and
their small scale products available in the locarkets with high demand of population.
With meager technology and infrastructures, manyidwdtural important plant species
like orange, pineapple, lemon, gooseberry, guawssipn fruit, mango are grow
comparatively smaller in quantities compare witheotparts of the country. Therefore,

the approaches to avoid limited production of foad,vitro techniques of plant
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propagation formed the basis of improvement in potidn both quantity and quality
through micropropagation, breeding programs, coasiens and related scientific
research and biological investigations. Plant 8ssuiture technique is a powerful tool in
mass production of economically important plantecéggs and also conservation of
threatened and endangered species worldwide. Mmpagation technique, direct
organogenesis, somatic embryos are commonly peact&thods, manifested in some of
the successful works done by many workers (Metraal., 2011; Cruzet. al., 2013;
Prakastet. al, 2014; Deb and Arenmongla, 2014).

Agriculture is the main occupation of the peopléNafgaland. About 65% of the
population depends on agriculture as per 2001 eenShifting (Jhum) and terrace
cultivation remain the dominant form of the lanc ymttern of the State. Till recently,
for most farmers’ horticulture has been meagewagtiwith busy throughout the year in
cultivation of food crops. Besides, due to long tgisn period in plantation, the
cultivation of these crops has been confined tkyew gardens developed by almost
every household. Only in the past decade, moreskxtihas given to horticultural
development in the State geared up impact on recanomy of the State. The
geographical, diverse agro climatic conditions,iadrsoil types and abundant rainfall
prevailing enables the cultivation of vegetablgsces, flowers, mushrooms, medicinal
and many horticultural crops likbanana, orange, peach, plum, Kiwifruit, pineapple,
passion fruit etc.

The total area of 36177 ha (2006-07) which reprss8r95% of gross cropped
area 3.63 lakh per ha are under cultivation ofitwitural crops. Both sub-tropical fruits
such as pineapple, banana, citrus, guava, etcteamgerate fruits such as plum, peach,
pear, passion fruit and various nuts have potemdialexploitation. Among the fruit

crops, pineapple, mandarin orange and passion dreitalready being produced on a
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commercial scale. Amongst the different horticidtuand economically crops, two
species belongs to family Actinidiaceae(inidia deliciosaand Saurauia punduanaare

very important one. Account of the two economiogbortance plant species:

Actinidia deliciosaA. Chev. (Actinidiaceae)

The species belongs to genAistinidia, has about 60 species and 76 taxa. The
species are wide spread in distribution and hatsitaughout the temperate forests of the
mountains and hills of south west China viz., Chdmang and Xi Jiang regions of
Yangtse River valley in China while some found ibesia and Indonesia. The genus
Actinidiais a perennial vine, bearing berry fruits, cultecall over the world. Of many
speciesA. deliciosavar. deliciosaand A. chinensisare the two species bearing edible
fruits and widely eaten. Further the spediesdeliciosa(A.Chev.) C.F. Lianget A.R.
Ferguson, is commonly known as kiwifruit. The twdikde species ard. deliciosa
(hexaploid) and A. chinensis(diploid or tetraploid). Other species with economi
potential areA. arguta, A. eriantha, A. latifolia, A. chrysanth&. melandra, A.
kolomiktaand A. polygamaHowever, they are not commercial fruit crops as et
decades ago, success in marketing of cultivarsdeliciosa has initiated breeding
programmes with application of molecular technatsgto improved new cultivars.
However, dioecious nature and long juvenile peiiodiwifruit are the other equally
important constraints in breeding programmes. 18089 grafted plants of known sex
were sold and selections for high quality fruit eenade”. As a result, the well-known
cultivars of today, viz. Abbot', Allison’, 'Brundonty, Hayward' and Gracie', originated
as seedling selections in New Zealand. Haywardhbascommercial importance, for its
better shape, size, and long storability of fruits.

The first commercial cultivation of kiwifruit begam New Zealand and,

thereafter mostly during 1970s. At Present, New lateh has the best-developed
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kiwifruit industry with 12,000 ha of land under iwultivation, out of total world
cultivation of 22,900 ha. The land under kiwifrplaintations in New Zealand has further
increased to 15,000 ha in 1992, producing almo8t®® tons fresh fruit. The species is
used in preparation of salad, pickle, chocolate¢hm food industry. Ever increase in
demand than before, many countries started tradé&iwifruit, where its market is
expanding in many European and American countfiep.kiwifruit producing countries
are ltaly 28%, China 23% New Zealand 20% Chile 16%ance 5% and Japan 3% as
reported by Banet. al. (2012), Kofoed (2008 their research on export of kiwi in the
world market. Thus, the prospects on production lage quantity depend on
intervention of technological feasibility method st brings challenges where tissue
culture technique stand to supplement on qualiytrhg materials the future aspect of
growing kiwi industry depend.

Actinidia deliciosa is a woody, climber shrub, puberulent, dioeciouthee
Staminate or pistillate, grow in temperate cold ntainous region of high altitud&ig.
1 a, b. Flowers during May and June, excellent soufgeotassium, folate and vitamin
E and are high antioxidant content. The plant als®l known for its medicinal
importance from extracts of different parts of tent, used for treating mange in dogs
and has laxative effect, reported by Reshal (2002)from ethno medicinal research.
The presence of glutathione in the fruit juice asgount for reduction in mutagenesis.
Actinidia deliciosais one of the species of the genistinidia having more than 50
different species. However, the species was naketididia chinensidill 1984. In India,
kiwifruit was introduced in 1960s in parts of theamdlayan region. Where grown
initially successfully, only seven cultivars Af deliciosavar. deliciosawere imported
from New Zealand and USA. However, the commercakeptial and suitability in the
mid and foothills of Himachal Pradesh further ledtheir spread to other parts of the

country.
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Figure 1: a. Actinidia deliciosa(kiwifruit) growing in the farm showing its vegéitee parts;b.
Branches are bearing fruitc & d: Saurauia punduanagrowing in the wild open
secondary forest. Showing its vegetative partd; Branch bearing few reddish (mature)

and (immature) brownish white color flowers.



32

Saurauia punduanaWallich (Actinidiaceae)

Saurauia punduanabelongs to family Actinidiaceae. It comprises ab@60
species distributed in the tropics and subtropio&sta, and South and Central America.
It is also the only extant genus within the Actiambae whose natural distribution
includes areas outside of Asia (tropical South @whtral America). IUCN in 2004
reported thaSaurauia punduanas identified in the Red List of threatened Spscs
critically endangered, assessment done by China Bjfzecialist Group 2004.

SaurauiapunduanawWallich (Actinidiaceae) are woody tree measureualoa. 6
m tall (Fig. 1 c) Branches pubescent to glabrescent with minutehsbairs intermixed
with unguicular scales. Petiole measures 3-5cm putbescence as branches. Leaf blade
narrowly elliptic to narrowly obovate, ca. 33 x &, thinly leathery, abaxially densely
brown scurfy-puberulent, with sparse scales onvaid and lateral veins, Inflorescences
ca. 5 cm, axillary, 1-3-fascicled, 2- or 3-flowereglabrous, scaly; pedicels slender;
bracts broadly elliptic, ca. 4 mnFig. 1 d) Flowers during June and July, mature
flowers are pinkish white, large, 1.8-2 cm in dig®epals: outer 2 broadly elliptic, inner
3 narrowly elliptic to orbicular, enlarged whenfinit. The species is eaten as vegetable
which helps in building immunity.

The species are perennial, grow mostly in the wildpen secondary and tertiary
forest, and are identified as endangered in tharalahabitat. The species experience
high pressure to their existence similar with mather species in the region. The region
bless with large number of economical importanhfgdound growing in wild as well as
domesticated where many are found depleting duantbropogenic activities due to
indiscriminate collection, local population praetioof the so called ‘Slash and
Burn’/Jhum cultivation, mono species farming, ebséiment of villages, roads,

industries and many other anthropogenic activdiestroying the vegetation in large area
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of land cover. Many unplanned activities like laggiof timber, rampant hunting and
seasonal forest burn are the common activities lwaifects directly on vegetation of the
region. Therefore need of efficient advanced tegies to produced quality planting
materials required, for which present thesis empbddo substantiate planting materials
in large quantity through planh vitro technique as demonstrated from the work of
Vinoth and Ravindhran (2013).

Realizing the importance of these two species lehawrked for my Ph. D.
degree on in micropropagation and production ofityuplanting materials of these two
species with the following objectives:

1. Study the habit and habitats to identify the besassn for plant collection.

2. Develop protocols forin vitro mass multiplication from different explants
sources.
3. Acclimatization of regenerates.

4, Introduction of regenerates in the poly house aitd. w
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Chapter - 2

In Vitro Propagation of Actinidia

deliciosaA. Chev.(Actinidiaceae)

Totipotency of plant cells, tissues or organs & dghteway ton vitro techniques
where the knowledge substantiates and appliescphkatiy to the plants of economically
important ones. However, in broader senseVitro Culture is widely used where it
applied mostly vegetative parts of the plant, ppshahose plants their seeds are
recalcitrant in nature and conventional methodgmipagation shows less effective.
Conventional propagation of plants through seedemier varied difficulties such as
seed viability, its dispersal efficiency and certphysiological factors on germination.
The technique relies on mostly on plant materiatgptic environment and medium.
Planting materials may be a cell, small tissue w#nean organ excised from plant
parts/explants such as- root, stem, petiole, leaflosver etc. However, meristematic

cells give better result due to actively dividinghe initiation culture depends on
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physiological state of the explant therefore, hgafiarent plant is recommended. Choice
of nutrient medium mostly depends upon the spetiesgefore solid or liquid medium
with different salts or growth regulator conceritras prefer matters, even at different
stages of growth and developmeAmong different types of media are available, of
which White’s medium is the first formulated plati$sue culture media but most
suitable and widely use medium is Murashige ando§K®S) medium established in
1962. Other media includesBmedium, Nitsch’s medium, White medium etc. The
cultured cell or tissue express dedifferentiatiod &as to undergo regeneration to form
plant or its organs. It may be through either ob tprocesses: Organogenesis or
Embryogenesis.

Organogenesimvolves formation of new organs like shoot buds &#bm callus.
Organogenesis depends on many factors, differ ififerent plant species. However,
mostly it is promoted by cytokinins. Skoog and Riil(1957) demonstrated that relative
ratio of cytokinins and auxin is important in debéming nature of organogenesis as in
tobacco pant culture where high level of cytokinfagors shoot bud formation while
auxin favors rooting. But there have been studmesther plant species which do not
follow this concept of auxin/cytokinins ratio. Howsr in many species shoot
regeneration affects by abscisic acid but thisalde response is due to their endogenous
levels of growth regulators which differ in differte plant species and also plant
materials Other factors govern organogenesis are size andesofithe explant.

Actinidia deliciosaA. Chev. (Actinidiaceae) has wide spread in distiion and
habitat throughout the temperate forests of thentaoas and hills of south west China
viz., Chang Jiang and Xi Jiang regions of YangtseeRvalley in China. The genus
Actinidiais a perennial vine, bearing berry fruits, culteciall over the world. The first

commercial cultivation of kiwifruit began in New akland and, thereafter mostly during
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1970s. At present, New Zealand has the best-deselkipvifruit industry with 12,000 ha
of land under its cultivation, out of total worldltvation of 22,900 ha". Fruits are used
in preparation of salad, pickle, chocolate in tbhed industry. Ever increase in demand
than before, many countries started trade on kintjfivhere its market is expanding in
many European and American countries.

In India, kiwifruit was introduced in 1960s in pardf the Himalayan region.
Where grown initially successfully, only seven wudts of A. deliciosavar. deliciosa
were imported from New Zealand and USA. Howevee, tommercial potential and
suitability in the mid and foothills of Himachal &fesh further led to their spread to
other parts of the country. Present study aimseatldpment ofin vitro protocol for

production of clonal planting materials of this romically important species.
Materials and Methods

Plant Materials and Processing

Nodal explants Choice of explant in tissue culture is a cruciapstto establish
successful means of plant propagation. Widely \adyet organs or tissue are mostly
employed, particularly shoot tips or sometimes éead nodal segment in many
horticultural plant species. For the present ingesibn nodal segments/nodal explants
from in vivo source was used as starting materials. The platériala of Actinidia
deliciosawere collected from the cultivated farm at Aosdihie of Zunheboto District

in Nagaland, a distance of about 15 km from theaBptDepartment of Nagaland
University, Lumami (location: Altitude 1495 m, N6208’42.2” and E: 094°31'35.6").
Plants materials were collected round the yearatthty interval. Nodal segments were
harvested after 6-7 wk of flushing of new shootee Explants were cut off from the
branches of healthy parent plants, wrapped in fiesiana leaf segment. Further the

banana leaf-wrapped explants were moistened bgldpnvater and packed in poly bags
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and brought to the laboratory for further procegsiihe scales and darts were removed
by washing under running tap water and stored &t@-in the refrigerator for 1-2 days
before initiating culture.

The nodal segments were trimmed off its leaves anddff the internodes and
collected only the nodal segment ca 2 cm. The teshmodal segments were surface
sterilized by scrubbing by soft brush with ‘Labadééa commercial laboratory detergent
at 1:100, v/v) followed by washing under running teater for 10-15 min. Subsequently
explants were sterilized by treating with aquecanlst®on of HgC} (0.3%, w/v) for 2-5
min followed by washing 4-5 times with sterilizedirp water. The sterilized nodal
segments were finally rinsed with 70% (v/v) ethafwl 30 sec followed by 2-3 wash
with sterilized water and nodal segments were kepistened with sterilized distilled
water till culture on initiation medium/media.

In vitro foliate and nodalexplants Besidesin vivo source nodal segments, cultures
were also initiated from 5-8 wk olich vitro leaves and nodal segments harvested from
the pre-existing axenic and used as planting nesefor its subsequent regeneration
cultures. The micro shoots were harvested andetinek were carefully separated from
the micro shoots. Further the micro shoots wereirtiot uninodal segment, while, the
leaves were divided into three parts viz. normédl iftact leaves, intact-injured leaves
and segmented horizontally into 2-3 pieces andigbgrtinjured/scrubbed leaves.
Different sets of normal intact leaves, injured martially scrubbed intact leaves,
segmented foliate and nodal segments were cultarednitiation medium fortified

differently.
Tissue Culture Medium

For initiation of cultures from different explantéurashige and Skoog medium

(MS) (Muraghige and Skoog, 1962) was used as mageaent medium with differential
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fortification. The basal medium was supplementetth wifferent concentrations of plant
growth regulators (PGRs) like NAA, KN, BA (0-15 pMither singly or in combination,
three different organic carbon sources (viz., desdr glucose and sucrose) at different
concentrations (0-4%, w/v). Besides these the basdium was also fortified with three
different antioxidants: polyvinyl pyrollidone (PVPXitric acid (CA) and activated
charcoal (AC) at different concentrations (0-700 L)y were incorporated in the
initiation medium. The medium was gelled using beotogical grade agar (0.8%, wi/v,
make: Hi-media) andpH was adjusted to 5.8 with 0.1N NaOH and HCI before
autoclaving at 1.05 kg cfpressure and 12T for 20 min. In each borosilicate test tube
(150x25 mm) ~15 ml medium was dispensed and pluggéd non-absorbent cotton
before autoclaving the medium. Similarly the vitro leaves were cultured in full
strength MS medium fortified with sucrose (3%), rag@.8%). The medium was

supplemented with different levels of cytokinins BAd KN (0-15 uM, v/v) singly.
Initiation of Cultures

Nodal explants The sterilized nodal segments were taken outh& laminar flow
cabinet and cultured on MS medium fortified withffelient organic carbon source
(dextrose, glucose and sucrose, 0-4%), differetibddants (CA, PVP and AC, 0-700
mgL?) and PGRs (BA, KN, NAA, 0-15 pM either singly ior combination). For each
treatment 20 explants were cultured. In each g% bne segment was cultured and
maintained at 25+2C under cool fluorescent light at an intensity ol ni*s® for
12/12 hr (light/dark) photo periods.

Leaf and nodal segments fronin vitro source Leaves was isolated from shoots grown
in culture and kept moistened with sterilized disti water till culture. Set of isolated
leaves were section transverse into ~1.0 cm lordy artially scrubbed/injured with

blade, similarly sets with injured and without irgd intact leaves. The foliar explants
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(intact, injured and segmented) and nodal segnwetts cultured on different strengths
of MS medium (0, 14, ¥, 3/4" and full strength) fortified with sucrose (0-4%hd
PGRs such as KN, BA (0-15 uM) singly. For eachtimegt 20 explants was maintained
for initiation of culture.
Callus Mediated Morphogenesis

The calli developed in the different initiation amelgeneration medium from
nodal segments, foliar explants were separated flmmshoot buds, and maintained
cultured separately on MS medium fortified with mse (3%), PGSs (NAA, BA and
KN (0-15 uM) either singly or in combination fordacing morphogenesis. The cultures
were sub-cultured at regular interval. The shoatsbdeveloped in the callus mass were
separated and transferred to regeneration mediunplémt regeneration and culture

proliferation.
Experimental Design and Statistical Analysis

Completely randomized experimental design was @b in all the experiments.
In each experiment 20 explants were cultured fohdéseatment and all the experiments
were repeated five times. The cultures were maiathiat 25+2C under cool white
fluorescent light at 4amol m?s* intensities and 12/12 hr each (light/dark) phatdgd
unless mentioned otherwise. All the cultures werde-cultured at 5-6 wk interval. The
cultures were monitored regularly and data coletieweekly intervalln vitro response
was evaluated based on the percentage of expkspended and number of propagules
formed in the culture after specific period of tiifeess stated in the table) and data was
expressed as the mean of replicates + standard &ata was further analyzed by one
way ANOVA using the General Linear Model procedimeSAS Statistical Package
(SAS Ins.) and standard deviation from mean wakegpoput and compared using Least

Significant Difference (LSD) test atg®.05.
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Plant Regeneration and Culture Proliferation

The micro shoots developed directly from the aeluexplants (nodal explants
from in vivo and in vitro source, foliar explants) and from the culturedusalwere
maintained for another two passages under optimuitration medium for further
development. The shoot buds /micro shoots wereratgohand transferred to fresh MS
medium containing different carbon sources likecgke, dextrose and sucrose (0-4%),
PGRs such as BA, KN (0-15uM) and NAA (0-6 uM) eitbgly or in combination for

plant regeneration and culture proliferation.
Rooting of the Regenerates

Though there was some roots formation in some eygéed shoots on
regeneration medium, but roots were not fully depetl and shorter in length. About 4-
5 cm long plantlets/ micro shoots with well expathdeaves from the regeneration
medium were selected for inducing rooting followidgferent technique as stated
below:

1. One set of micro shoots was pulse treated with (BA0 uM) and NAA (0-20
UM) for 0-24 hours (0, %2 h, 1h, 24h and 24h) fokaWoy culturing on MS plain medium
containing sucrose (3%). The selected auxins cdrat@ns were sterilized in the
autoclave at 121°C under the pressure of 1.05 k§fom20 min. before pulse treating
the micro shoots. The cut ends of the micro shaais dipped in PGRs solution for the
stipulated durations and transferred to fresh phaitnient medium. While in other set the
PGRs (NAA and IBA) (0-15 uM) was directly incorpted in the rooting medium for
inducing of roots in the culture micro shoots.

2. In another set of experiment, effort was made tadytthe effect of

foliation/defoliation onin vitro rooting of micro shoots. For the purpose, the ésaof
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the micro shoots were removed using scale blade moe set of micro shoots and

maintained in the rooting medium and maintainethennormal laboratory condition.
Hardening of the Regenerates

The well rooted plantlets were collected from theting medium and subjected
to hardening. For the purpose the regenerates tnamsferred to 1/4 strength of MS
medium adjunct with sucrose (1%) and maintainetheanormal laboratory condition
for 7-8 wk. In the last 2 weeks, a part of the utdtvials were exposed to normal day
light for 4 h a day followed by transfer to normaboratory condition. Besides agar
gelled medium regenerates were also maintainediwr agar substitutes like chopped
coconut coir, saw dust, forest litter with the albjee to look for agar alternative and
reduce the production cost.

Substrata for hardening mediumDry coconut husk, forest leaf litter were choppeid i
small pieces (~0.1-0.5 cm size). These were so@kiadboratory detergent for 1-2 hr and
rinsed with water several times and sun-dried férh#. Besides coconut coir and forest
litter, saw dust was also employed as alternativestsatum. Saw dust was collected
from the local carpentry workshop. The substratums veun-dried and soaked in
laboratory detergent for 2-3 hr and rinsed thordygimder running water followed by
sun dried. About 10-12 grams of chopped coconuk hiasest litter and saw dust were
transferred test tubes separately and autoclavé@Ia€ temperature for 30 min at the
pressure of 1.05 kg cfn

About 12-15 ml 1/% strength MS liquid medium enriched with sucrosi)as
dispensed in all the test tubes and autoclavedrut@EC temperature at 1.05 kg ém
pressures for 15-20 min. These medium filled tebes$ with different substrata were

used for hardening of the rooted regenerates.
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Potting Mix and Transplantation of the Regenerates

With the help of spate, soil was dug out from thiek mud on the ground, hand-
picked the litter contained in the mud and crusimol small pieces (size: 0.1-0.3) with
flat surface wooden block on clean cemented fl@ushed soil was well mixed with
fine sand, collected from the building constructgite. Dried rotten wood powder from
local forest was collected, thoroughly mixed witie tmixer of sand and soil in the ratio
2:1:2. The collected potting mix materials werensfarred in poly bags (size: 15x12)
and plastic cups, stored it in shade for 1 wk asebifor plantation of hardened plantlets.

The partially hardened plantlets from the cultuveads was taken out and rinsed
with running tap water and transferred onto polgsaontaining soil, sand, decayed
wood powder mix with forest litter at 2:1:2 ratiokhe planted poly bags were covered
with holed transparent bigger poly bags and watateinate days with 1/5MS salt
solution once in a week for 1 month. The covereg pags were removed from the pots
and maintained in partial shade ca.50% for 2-3 wit finally exposed to normal day
light. The acclimatized transplants was transfertedthe experimental bed and

monitored regularly for three months.

Results

Initiation of Culture

Nodal explants: The newly flushed shoots @&&. deliciosawere collected from the
mature plants throughout the year. Tihevitro morphogenetic response was greatly
influenced by various factors like post harvesatiments, seasonal effect of explants
collection, strengths of basal medium, quality @u@ntity of organic carbon sources,
PGRs, incorporation of antioxidants in the initatimedium.

Seasonal effect of explants collectipi®ptimization of explants collection, from the

field grown plants is a necessary stepifovitro establishment of any plant species since
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plant growth are significantly influenced by seaseither growing or dormant seasons.
The nodal segments of the spedetinidia deliciosaof 7 wk old branch were collected
for culture initiation. The nodal explant colleatiovas periodically carried out in every
month for consecutive three years. Variations vedrgerved on the influence of different
factors on morphogenetic responses ofithétro culture establishment was found. With
the seasonal variation in a year, during July-Atgmsaximum rainfall and high

temperature were observed which favored the pramluaf phenolic compounds and

other exudates in the explants, while in wintettipalarly, December leaching activities
found to be decrease considerably, thus showedgtimum morphogenetic response of
the species. Of all the seasons of collectionsjrittsummer during the months of July
found to be least responsive with only 8.3% expglameisponded positively and most
tissues were necrotic and degenerated on cultuckume Compare to summer, winter

season was found to be suitable
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Table 1: Seasonal effect oh vivo Kiwi nodal explant collection onin vitro morphogenetic

response
Month of | Time of initial % Morphogenetic Type of respons&
collection | response (d)* | response pathway®
(+SEY
January A 50.0 (1.2) Sb Dark green shoots, broad leaves with
moderate growth rate.
February A 41.7 (1.2 Sb+Ca Shoots light green, long internodes
and smaller curly leaves.
March B 37.5 (1.1j Ca+Sb Light green shoots, unhealthy growth
rate with curly leaves.
April C 20.8 (1.1 Ca+Sb As above, with stunted in growth
rate.
May C 25.0 (0.8) Sb+Ca Callused, curly smaller leaves, shopts
with long internodes and necrotic.
June C 16.7 (0.9) Ca+Sb As above.
July C 08.3 (0.6) Ca+Sb Shoots light green, slow growth rate,
light to brownish smaller leaves.
August C 12.5 (0.8) Ca+Sb Shoots with long internodes, curly
light green leaves.
September B 25.0 (1.3) Sb+Ca Light green smaller leaves, unhealthy
growth rate.
October B 50.0 (1.3 Sb+Ca Dark green shoots, light green
leaves, slower growth rate.
November A 75.0 (1.5} Shb Dark green shoot buds, broad dark
green leaves, healthy growth
December A 62.5 (1.2) Sh Dark green shoots and leaves but

moderate growth rate.

Newly flushed shoot of ~7 wk old
*A:0-5d,B: 5-10d, C: 10-15d

#+SE Standard error from meabata with the samkettersin the column are not
significantly different at 5% level.
$: Ca-Callus, Sbh- Shoot bud, Ca+Sb-Callus and Sthadt
@ On MS medium supplement with Sucrose (3%, wiygy &0.8%, w/v), BA (6 uM, v/v) and
PVP (300 mg1).
Data represented the mean of five replicates.
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season for nodal explants collectidrable 1). First sign of morphogenesis was recorded
within 5 days of culture initiation as swelling elltured nodal segments. Of the
different seasons studied, explants collected durebruary to October yielded paar
vitro response, with much lesser callusing and fewertdmads formation, however the
explants collected during winter (November—Januaypported healthy shoot buds
formation with broad, dark green leafy. Under thigeg culture conditions nodal
explants collected during November exhibited optimavitro morphogenic response
where ~75% nodal segments responded positively fanded shoot buds on MS
medium fortified with BA.

Effect of antioxidants The sterilized nodal explants were cultured on M&dimm
fortified differently with different adjunct includg different antioxidant sources (AC,
CA and PVP) at different strengths to prevent therplic exudation of explants. The
nodal segments cultured on medium freed from atigpxdant released phenolics in the
medium and tissues turned necrotic and degenetatzatporation of antioxidants in the
medium improved the condition. Of the different kifyaand quantity of antioxidants
used in the present study, PVP at a concentrafidB@®mg L found to be most suitable
supported ~75% of cultured nodal explants affecteth healthy growth rate and
controlled browning of mediumTéble 2). Compared to PVP, other two antioxidants
(AC and CA) found to be less effective as far astrmdling of browning is concerned
across the concentrations tested. Though both ACG# could reduce the phenolic
oxidation but did not support healthy initiation @flture. At lower concentrations of all
the three antioxidants failed to reduce the brognof medium while at higher
concentrations (>300 mg™) though the browning could be stopped but affected

adversely the morphogenetic response of the negahents.
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Table 2: Role of quality and quantity of antioxidants onin vitro initiation culture of Kiwi
nodal explant fromin vivo source

AC

Antioxidant type &
Conc. (mg I')*

CA PVP

%
response
(+SEY*

Morphogenetic respons&

0

100

300

500

700

0

100

300

500

700

0

100

300

500

700

33.3(0.7)
50.0 (1.5
41.7 (1.19
25.0 (1.2§

41.7 (1.19

50.0 (1.2

41.7 (1.49
33.3 (0.9)

41.7 (1.2

75.0 (1.5

66.7 (1.8)

25.0 (0.6}

Release of phenolic and browning of medium.

Release of phenolic exudates and explants degedeyetdually.
Exudation of phenolic and lighter browning of mediu

Dark green shoot bud with broad leaves, no brownheglthy
growth.

Controlled browning, light green shoots, long andycleaves.

Shoot bud slight brownish with small curly lightegn leaves
stunted growth, moderate browning.

Swollen ends, light green tissue formed at basek Daeen shoot
with smaller, longer leaves.

Controlled browning, healthy shoots with curly letd.
Slight brownish shoot buds with curly leaves, coltéd browning.

Moderate browning, leaves dark green & slight cuahd shoots
with long internodes.

Healthy shoots with broad dark green leaves. Contited
browning medium.

Moderate browning, shoots dark green with stuntegvti.

Poor growth, leaves dark green smaller with colgdabrowning.

1"}

* AC-Actlvated charcoal, CA-Citric acid, PVP-Polywil pyrolidone.

# +SE: Standard error from meamata with the samédetters in the column are not
significantly different at 5% level.

@ On MS medium supplement with agar (0.8%, w/Wrase (3%, w/v) and BA (6uM, v/v).

Data represented the mean of five replicates.
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Table 3: Effect of quality and quantity of organiccarbon sources orin vitro morphogenetic
response of nodal explant of Kiwi fromin vivo source

Organic carbon Time for % response Morphogenetic respons&
source & Conc. initial (+SEY*
(%)* response
D G S

0 0 0 0 00 No response

1 - - 10 08.3 (0.4} | Light green shoot buds, but degenerated.

2 - - 9 25.0 (0.6) | Shoots light green smaller, stunted growth rate.

3 - - 8 33.3(0.8] | Moderate shoots growth with light green small
leaflets.

4 - - 10 16.7 (0.7 | Shoots smaller, support low growth rate.

- 1 - 7 16.6 (0.9 | Low growth rate with stunted brownish shoots

- 2 - 9 33.3(1.0j | Shoots light greenish and support moderate
growth rate.

- 3 - 11 41.6 (0.8 | Shoots curly leaves with moderate growth rate.

- 4 - 10 16.6 (0.6) | As above.

- - 1 9 41.6 (0.7 | Moderate growth rate, shoots small, long light
green leaves.

- - 2 6 65.6 (0.9Y | Dark green shoots, support slower growth rats.

- - 3 5 75.0 (1.5} | High growth rate with shoots dark green,
broad and dark green leaves

- - 4 12 50.0 (1.0 | Dark green shoot with curly and long dark green
leaves and moderate growth rate.

* D-Dextrose, G-Glucose, S-Sucrose,

# +SE: Standard error from meaData with the samdetters in the column are not
significantly different at 5% level.

@ On MS medium supplement with agar (0.8%, w/v), BAM, v/v) and PVP (300 mg).

Data represented the mean of five replicates.
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Table 4: Effect of quality and quantity of cytokinins on direct organogenesis of nodal
explants of Actinidia deliciosafrom in vivo source

Cytokinins Time for % No. of Morphological response of shoof$
(UM) initial response | meristematic

BA KN response (d) (xSE)* loci per node

0 0 - - - Explants degenerated

3 - 6 50.0 (1.3) 3 Few dark green broad leaves, sh
internodes shoot buds.

6 - 5 75.0 (1.5} 4 Swollen cut ends, no calli with dark
green shoots, few dark, broad leaveg

8 - 6 58.3 (2.3) 2 Broad dark green leaves, shoot bl
with longer internodes, few advantag
shoots.

10 - 7 50.0 (1.3) 3 As above.

12 - 8 41.7 (1.49 3 Swollen and crack, shoots are lig
green with long narrow leaves.

14 - 8 33.3 (0.9§ 1 Shoots light green with slight cur
light greenish leaves.

16 - 9 25.0 (1.2) 1 Crack open cut ends, swollen cut en
Shoot with few leaves, light green lol
and curly.

- 2 7 33.3 (0.9§ 1 Swollen basal ends and turn slight d
brownish. Shoots with few dark gree
broad leaves.

- 4 8 25.0 (1.5) 2 Protruded dark green shoot, few brag
light green leaflets.

- 6 6 41.7 (2.19 1 As above.

- 8 7 50.0 (2.1j 1 Crack nodal explants, light greeni
shoot with few longer leaflets.

- 10 8 41.7 (2.39 3 Basal ends swelled, shoots with lig
green curly leaflets and unhealthy.

- 12 11 33.3 (1.5§ 1 Light green shoot with few greg
leaves, long internodes, vitrified look

- 14 10 33.3 (1.7§ 1 Dark green shoots with long, cur
leaves. Poor plant growth.

- 16 13 25.00 (2.0) 1 Swollen basal cut ends and develoj
light green curly leaves.

ort
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* +SE: Standard error from mear)ata with the samdetters in the column are not
significantly different at 5% level.
@ On MS medium supplement with sucrose (3%, wiydy £0.8%, w/v) and PVP (mg)lL

Data represented the mean of five replicates.
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Figure — 2

Figure 2: Direct organogenesis ah vivo nodal explant ofA. deliciosa cultured on
initiation medium showing various developmentalgeta. Swelling of nodal explant
on initiation medium;b. Meristematic loci/shoot buds developed from nosldments
with undifferentiated leaflets;. Young shoot buds releasing leavds;Differentiated

shoot bud with fully opend leaves.
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Effects of organic carbon source®Different concentrations of various organic carbon
sources viz., dextrose, glucose and sucrose (Ow#%), were also incorporated in the
initiation media. Incorporation of one of the orgacarbon in the initiation medium was
prerequisite for successful for induction of morgéoetic response. There was no
morphogenetic response on organic carbon controffetiia. The morphogenetic
response was very poor on medium fortified withtdese and glucose as organic carbon
source across the concentrations. Of the diffecenicentrations of different organic
carbons tested in the present study, 3% concemraifound to be most effective in all,
while at this concentration; dextrose was founea&#d ~33% of the explants responded
direct bud development with moderate growth rai smaller leaves. Whereas glucose
fortified medium supported ~41% response. But icrase (3%) fortified medium ~75%
of nodal explants responded positively with heakhgpot buds developmenigble 3).

At lower concentration of sucrose, fewer shoot budsmed while at higher
concentration, the response was comparatively poore

Effects of PGRsIn order to initiatan vitro culture, cytokinins such as BA and KN were
incorporated singly at different concentrations1@+4M) to induce the formation of
micro shoot buds. On the two cytokinins tested iffer@nt concentrations, KN was
found to be inferior across the concentrations cmexgh to BA where in most of the
cases only one shoot bud invoked per node and fewplants registereth vitro
response Table 4). On BA rich medium explants exhibited swelling acrdcking as
first sign of response after 5 days of culture, chhdifferentiated into axillary and
advantages shoot buds formation within 3 weeksutued was notedHg. 2a, b.
Under the given conditions optimum response wasrdsd on medium fortified with
BA (6 uM) where as many as 4 shoot buds per noderesulted from ~75% of explants

cultured Table 4) on MS medium fortified with sucrose (3%), PVP @3tg LY. The
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shoots buds elongated on the same initiation mediwubsequent sub-cultureig. 2c)
The shoot buds converted into micro shoots withipa8sages of 5-6 intervals on the
optimum initiation medium with well expanded leavEgy. 2d).

Synergetic effect of BA-NAA and KN-NAABesides singly treatment of two cytokinins
as described above, combined treatments of BA-NAA KN-NAA were also studied
for in vitro initiation of culture as shown in table 5. Of theotgroups of combination,
BA-NAA combination was found superior over KN-NAAmbination though both the
combinations were far inferior compared with sinygatments of both BA and KN. The
synergistic effect of BA-NAA and KN-NAA exhibitedavied morphological responses,
such as calli formation, development of somatic B and shoot buds development.
Whereas, in absence of cytokinins tissue/explarasiuglly degenerated without any
positive morphogenetic responses. However, at highan optimum concentration,
explant developed smaller shoot buds with longycledves. Under the experimental
condition, effect of BA-NAA shows better resultdevelopment of micro shoot via loci
formation which at concentration of 6 uM BA withu31 NAA gives 3 loci per explant,
stood at the figure of ~37.5% explants were respdrafter 5 wk from culturedréble

5). Dark green with broad leaves of micro shootsendveloped which was allowed to

culture in single BA treatment further proliferation the proliferation medium.
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Table 5: Synergistic effect of BA-NAA and KN-NAA onin vitro morphogenetic response of
Kiwi nodal segments fromin vivo source

PGRs Conc.| % response | Morphogene | No. of loci/ Type of respons&
(UM) (+SE)* tic pathway® | explants

B/N K/N*

0 0 - Ca - Callused, subsequently degenerated.

3/3 - 25.0 (0.5) Ca+Sb 2 Light green calli & shoot buds with long
internodes.

6/3 - 37.5(0.7) Cat+Sh 3 Light green calli, shoot buds with
broad light green leaves

9/3 - 43.8 (1.1) CatSb 1 Moderate dark calli, dark green shoot Qud
with few leaflets.

12/3 - 31.3(0.9) Ca+Sb 2 Swollen base, light green calli, shoot buds
light greenish.

15/3 - 25.0 (0.7) Ca+Sb 2 High dark green calli and spotted whjte
granular calli, shoots with long
internodes.

- 3/3 18.8 (0.5) Ca 0 Swollen ends, moderate light green calli,
few white granular patches.

- 6/3 25.0 (0.8) Ca+Shb 2 High dark green calli, shoots with longer
and curly leaflets.

- 9/3 43.8 (1.4) Ca+Sb 2 Shoots and leaves dark green, light green
calli formed.

- 12/3 50.0 (0.9) Ca 0 Swollen base, light green calli.

- 15/3 31.3(0.8) Ca+Sb 1 Light green and low brown soft calli,
shoot buds greenish, longer leaflets.

*. K- Kinetin, B- Benzyl Adenine, Ne-Naphthalene acetic acid.

# +SE: Standard error from mean.
$ Ca: Callus, S: Shoot buds.
@ On MS medium supplement with sucrose (3%, wiydy §0.8%, w/v).

Data represented the mean of five replicates.



Table 6: Effect of quality and quantity of cytokinins, leaf segmentation and leaf injuries om vitro morphogenetic response of\ctinidia deliciosa

Cytokinin type No. of buds % of response | No. of buds formed | % of response | No. of buds formed of | % of response
& Conc. (UM) formed per (xSE)* of per leaf segment (xSE)* per segmented (xSE)*
intact leaf scrubbed leaf
BA KN
0 0 - - - - - -
3 - 3 41.7 (0.6% 3 25.0 (0.5 3 33.3 (0.9%
6 - 4 25.0 (0.9 4 37.5 (0.5% 5 35.0 (0.8%
9 - 5 50.5 (0.7§ 7 41.7 (1.1% 7 41.6 (1.0
12 - 3 33.3(0.3§ 5 37.5(0.7% 6 33.3(0.7%
15 - 2 33.3 (0.6) 4 12.5 (0.6§ 4 25.0 (0.7§
- 3 2 25.0 (0.99 2 08.3 (0.6) 2 16.6 (0.6)
- 6 3 41.6 (1.1 2 25.0 (0.7 3 33.3 (0.5)
- 9 2 16.7 (0.7 3 2 41.6 (0.8
07 25.0 (0.59 (08)
- 12 4 33.3(0.75 4 4 33.3(0.7%
33.3 (0.4
- 15 3 25.0 (0.6 2 3 25.0 (0.6
16.6 (0.9§

* Standard error from mealata with the samkettersin the column are not significantly different &b 3evel.

On MS medium, supplement with sucrose (3%, w/\ay #0.8%, w/v) under normal laboratory condition.

Data represented the mean of five replicates.

53
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Table 7: Effects of MS salt solution strength onn vitro morphogenetic response oin vitro
raised Kiwi nodal and foliar explants

Explants MS % resp. No. of loci Type of response @
type strength (xSE)* formed/
(%) explants
Water agar - - No response.
1/4" 18.8 (0.8§ 1 Slow growth rate with longelr
Nodal internodes.
explants 1/2 25.0 (1.1j 2 As above.
3/4" 31.3(1.2% 3 Dark shoots with broad leaves, support

partial stunted growth.

Full 58.3 (1.2 6 Shoots dark green with few branches
broad dark green leaves and support
healthy growth rate.

1/4" 12.5 (0.5 1 Leaves smaller and curly, light green,
Foliar unhealthy growth.
explants

1/2 18.8 (0.5) 2 Slight greenish shoots with long

internodes and stunted growth.

3/4" 25.0 (0.9 3 Curly long leaves, light green shodts
but stunted growth.

Full 50.5 (0.7§ 5 Shoots with dark broad leaves,
support healthy growth rate.

*+SE: Standard error from meaBata with the samkettersin the column for each explants
are not significantly different at 5% level.

@ On MS medium supplement with BA (3 uM, v/v) fasdal explants and BA (9 uM, v/v) for
foliar explants. Data represented the mean ofripdicates.
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Figure — 3

Figure 3: Different steps ofn vitro organogenesis of foliar explants Af deliciosa a.
Intact cultured leaf initiating callus developmattleaf base and its terminal erd;
Responding leaf folded up with numerous bulbouscstires formation¢. Young micro
shoots developed from cultured ledf; Partially injured lead folded upge. Numerous
light green bulbous structures developed from thered cultured leaff. Few young

micro shoots formed from the cultured leaf.
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Initiation of Culture from Foliar Explants and In Vitro Grown Nodal Segments

Effect of cytokinins and priming The micro shoots with fully expanded leaf blades
were harvested from tha vitro grown cultures. The leaves were collected fromithe
vitro grown micro shoots and nodal explants segmentedodal. The leaves were
grouped in three parts viz., intact leaf, leaf segte, and injured/scrubbed leaves. The
leaf/leaf segments and nodal segments were cultaredlifferent strengths of MS
medium (0, 1/%, 1/2., 3/4 and full strength) fortified with BA and KN singl§0-15
MM) as presented in Table 6 and 7. The culturegelaegments showed distinct
swelling, more prominent along the leaf base andl s after 6 days of cultureéi.

3a, b, 9. Varied responses were manifested with developneéncalli formation,
somatic embryos and shoot buds development waswaoswiithin 4 weeksTable 6).

Of all the designed cultured, maximum number ofoslbuds development was recorded
with BA at concentration of 9 uM in uninjured intdeaves with 5 shoot buds accounted
to ~50.5% response. Though the morphogenetic respaon terms of invocation of
meristematic loci were higher in leaf segments enred leaves where as many as 7
shoots buds developed in both the casEg.(3 d, e, Table 6) but percent
morphogenetic response was comparatively highémtact leaves. The morphogenetic
response was initiated with curling of the leafldeled by callusing of whole leaf and
shoot bud formationFig. 3 f). But in case of leaf segments and injured leane=sponse
initiated from the cut ends followed by callusingdashoot buds formation. In all the
three leaf explants types, optimum response wasteegd on full strength MS medium
fortified with BA (9 uM), sucrose (3%)rable 6, 7. Under this condition 50.5, 41.7 and
41.6% intact leaves, leaf segments, and injuredeleaespectively responded positively
on full strength MS medium and developed shoot biéddower strength of nutrient

medium fewer shoot buds formed per explants ancceet response was significantly
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poor compared to full strength of MS medium. Theathbuds further elongated and
formed micro shoots in subsequent sub-culturesemptimal initiation medium.

Similarly healthy morphogeneic response fromvitro sourced nodal segments
was achieved on full strength MS mediumalle 7) where ~58% cultured nodal
segments responded positively and developed shulst #nd callus on medium fortified
with BA (3 uM) (Fig. 4 a, B. Under optimal condition as many as 6 shoot buds
accompanied by callusing at the basal daig.(4 b).
Callus Mediated Regeneration

The sterilized nodal segmentBid. 5 @ were also cultured on MS medium
fortified with sucrose (3%) and BA-NAA and KN-NAAicombination. The cultured
maintained on different initiation medium explanésponded differently like callusing
(Fig. 4 b, 5 b, c)and shoot bud formatio &ble 8). The resultant callus from the nodal
segments, foliar explants and nodal segments fromtro source were maintained on
the optimal initiation medium for callusing were imained for 2-3 passages under
normal laboratory condition. On this medium shoad$ developedHig. 5 d, §. On the
different combinations of PGRs tested in the presamdy a combined treatment of BA-
NAA (3 uM) resulted healthy shoot bud formatiohable 8). The shoot buds were
singled from the initiation medium and transferred culture proliferation and
regeneration mediunfFig. 5 f). On the medium multiple shoots developed alontp wi

few roots in some micro shoots.
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Figure — 4

Figure 4: Regeneration of plantlets from vitro source nodal explants & deliciosa
on MS medium containing cytokinins BA. Cultured nodal explant. Multiple shoot
buds developed from cultured nodal segmenMultiple micro shoots with fully open

leaves on regeneration mediudnHealthy micro shoots ready for rooting.
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Figure — 5

Figure 5: Callus mediated plant regeneration framvivo nodal segmentsa. Swelling of
node as first sign of callusingp-c. Light and dark green calli developed from the nodal
segments; d-e.Shoot buds formed from calluk;lsolated micro shoot from calli mass on

regeneration medium.
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Table 8: Effect of PGRs on callus mediated regenetian of Actinidia deliciosafrom in

vitro sources

PGRs Conc. % Morphogeneti Type of response @
(nM) response | c pathway #
NAA BA KN (xSE)*

0 0 0 - - -

3 3 58.3 (1.1} Ca+Sb Shoots dark green with shorter internodes
broad dark green leaves and healthy growth

3 6 - 50.0 (0.9} Ca+Shb As above but slower growth rate.

3 9 - 41.6 (1.2 Ca+SE Dark broad few leaves, few light green somatic
embryos, shoots with longer internodes.

3 12 - 41.7 (1.19 Ca+Shb Light green leaves, longer internodes and shpots
light brownish to green.

3 15 - 33.3(1.2) Ca+Sb Shoots light greenish, long internodes, broad
leaves, but unhealthy growth.

3 - 3 | 25.0 (0.6) Ca+Sb Dark green shoots with broad leaves, slower
growth rate.

3 - 6 | 41.6(0.8) Ca+Sb Light greenish shoots, few broad leaves and
longer internodes but unhealthy growth.

3 - 9 | 33.3(0.6) Ca+Sb Longer internodes, light greenish leaves, s|ow
growth rate.

3 - 12 | 25.0 (1.2) Ca+Sb Smaller, slight brownish leaves and long

_ internodes, shoots unhealthy growth rate.

3 - 15 | 16.7 (1.5) Ca+Sb As above.

6 3 - 16.7 (1.2) Ca Low light green and high brown calli without
shoot bud developed.

6 6 - 33.3 (1.5) Ca+SE Few light green somatic embryos, shoots light
greenish with longer internodes, slow growth
and unhealthy.

6 9 - 31.3 (2.1) Ca+Sb+SE | Shoots, few dark green broad leaves, moderate
dark green calli and few somatic embryos.

6 12 - 43.8 (2.1) Ca+Sb Dark greenish shoots with few broad light green
leaves, long internodes and slow growth rate.

6 15 - | 37.6(1.1j Ca+Sb As above.

6 - 3 | 50.0(0.8) Ca+R White granular patches developed on dark green
calli. No shoot developed but rooted.

6 - 6 | 25.0 (0.7 Ca+Sb Few shoot buds, light green broad leaves |but
long internodes with unhealthy growth.

6 - 9 | 31.3(0.6 Ca High light green calli with brown calli moderate
without shoot formation.

6 - 12 | 33.3(0.7) Ca+Sb Light and brown calli formed, shoots with long
internodes and light green leaves.

6 - 15 | 41.7 (0.8 Ca+Sb Shoots dark green with broad leaves, high light
green calli formed.

*+SE: Standard error from mearData with the samdetters in the column are not

significantly different at 5% level.

# Ca-Callus, Sb- Shoot bud, SE- somatic embryoso®&-
@ On MS medium supplement with sucrose (3%, w/d) agar (0.8%, w/v).

Data represented the mean of five replicates.
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Table 9: Effects of cytokinins on shoot proliferaton of Kiwi from in vitro raised
nodal explants

Cytokinin Conc. | % response | Pathway of No. of Type of response @
(UM) (xSE)* response # | shoot buds/

BA KN explants

0 - 00.00 Ca 0 Moderate light green calli formed.

3 - 58.3 (1.2} Ca+Sb 6 Swollen ends, shoots few darl
green leaves and dark green
calli. Healthy growth rate.

6 - 50.7 (1.1} Ca+Sb+SE 4 Dark green shoot buds with few
leaflets longer internodes. Light
green calli, few somatic embryos.

9 - 33.3(1.2§ Ca+Sb 2 Swollen base, light green cal
few shoot buds with dark green
leaves.

12 - 33.3 (1.1 Ca+Sb 3 As above.

15 - 41.7 (2.1 Ca 0 White granular and brow
gelatinous calli, no micro shoots

- 3 50.6 (2.1 Ca 0 Light and dark green calli forme

- 6 33.3 (1.2 Ca+Sh 1 Soft brown calli, dark gree
shoots bud.

- 9 50.0 (1.4} Ca+Sb 2 White granular brown calli, shog
buds with dark green leaflets.

- 12 41.4 (1.4 Ca+Sb 3 Light green calli, micro shoot
with dark green leaves.

- 15 33.3(1.19 Ca+Sb 1 Light green calli, shoot bud
green, long internodes.

+SE: Standard error
significantly different at 5% level.

# Ca-Callus, Sb-Shoot bud, SE-Somatic embryos.

from mearData with the samdetters in the column are not

@ On MS medium supplement with cytokinins (BA-Benaglenine, KN-Kinetin), sucrose (3%, w/v)

and agar (0.8%, w/v).

Data represented the mean of five replicates.

=)

Dt
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Table 10: Effects of quality and quantity of organc carbon sources on
morphogenetic response oh vitro raised nodal explants ofA. deliciosa

Organic % response No. of loci Micro Type of response @
Carbons (%) (xSE)* evoked shoot
/explants lenght (cm)
Control - - - No response
Sucrose
1 25.0 (0.5 2 2.3 Micro shoots developed bl
stunted growth
2 41.7 (0.9) 4 3.7 Smaller shoot buds and slig
stunted in growth.
3 58.3 (1.2} 6 4.5 Dark green leaves, multiple
shoot buds, healthy growth.
4 33.7 (1.5) 3 3.0 Shoot buds smaller and curly wi
stunted growth rate.
Glucose
1 16.6 (1.1§ 2 1.2 Light green shoot buds with lon
curly leaflets, etiolated.
2 33.3(1.2) 1 1.7 Swollen base, micro shoots lig
greenish and unhealthy growth.
3 41.3 (2.1% 3 2.5 Shoot buds light green with hig
brown calli formed. Poor growth.
4 25.0 (1.69 2 2.1 Shoots with  brownish lon
internodes with light green leaves
Dextrose
1 16.7 (1.4 2 1.0 Light green shoots with curl
leaflets, long internodes.
2 25.0 (1.69 1 1.8 Leaves smaller, long and curl
support unhealthy growth.
3 41.6 (1.3) 2 2.0 Shoots and leaves are small g
light green.
4 33.3(0.9) 3 1.6 Dark green shoots with sma
curly leaves and stunted growth.

ut

th

ind

*+SE: Standard error from meaBata with the samkettersin the column are not significantly
different at 5% level.

@ On MS medium, supplement with cytokinins (BA 3 jaW) and agar (0.8%, wi/v).

Data represented the mean of five replicates.



63

Culture Proliferation and Plant Regeneration

The shoot buds developed from cultured nodal setgnn vivo andin vitro
sourced), leaf explants were transferred on MS wmedbrtified with different quality
and quantity of organic carbon sources viz. degtrggucose and sucrose (0-4%) and
PGRs like BA and KN (0-15 puM) and cultured undermal laboratory condition for
culture proliferation and plant regeneration fa8 passages.

Effects of PGRs The cultures maintained on PGR free medium extdbittarded
growth of the shoots/micro shoots, but in the prmeseof PGRs recorded varied
morphogenetic responses. Treatment with cytokinikld and BA with varied
concentrations (0-15 pM) of single treatment wesedu Of the two, BA performed
superior over KN, as many as 6 shoot buds develgped explant across the
concentrations of 3 uM within 5 wks of cultured wainiaccount to ~58.3 percent of
explants responded positivelijable 9) with healthy growth rate. The micro shoots thus
produces were further sub cultured for another ssages for culture proliferation and
multiple shoot formationKig. 4c, d on MS medium fortified with BA (3uM) while on
the same medium fortified with KN ~50% shoot budsliferated to micro shoots bud
failed to produce multiple shoots.

Effect of quality and quantity of organic carbon orulture proliferation and plant
regeneration In vitro nodal explants and shoot buds were cultured onn&sium
conjunct with different organic carbon sources \extrose, glucose and sucrose at
different concentrations 0-4%d &ble 10. Of the three carbon sources tested, sucrose
outperformed the other two in loci formation notsdmuch as 6 loci per explant and the
responded explant percentage which were recorde88@%, also corresponding to the
micro shoots growth length of 4.5 cm after 4 wicoltured in 3% sucrose concentration.

With higher concentratiorx3% sucrose, generated dark green micro shootsovia |
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formation but leaves are smaller and curly loolse €arbon source dextrose performed

the least outcome of the test recorded.
Rooting of Micro Shoots

The shoots buds developed from different culturgulamts were treated for root
induction under different auxins at varied levétswas also observed that even in the
regeneration medium some micro shoots developedré®is Eig. 4d) but not well
developed and shorter in length. About 4-5 cm Iprantlets/ micro shoots with well
expanded leaves from the regeneration and prdiberanedium were selected for
inducing rooting under following conditions:

1. Set of micro shoots was pulse treated with IBA QOggM) and NAA (0-20 uM)
for 0-24 hours (0, ¥2 h, 1h, 24h and 24h) followeddoltured in MS plain medium
containing sucrose (3%).

2. While in other set the PGRs (NAA and IBA) (0-15 pMyas directly
incorporated in the rooting medium for inducingobts in the micro shoots.

3. In another set of experiment, in similar conditioefort was made to study the
effect of foliation/defoliation onn vitro rooting of micro shoots. For the purpose, the
leaves of the micro shoots were removed using diatie from one set of micro shoots
and maintained in the rooting medium and maintaimedthe normal laboratory

condition.
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Table 11: Effect of defoliation of micro shoots andauxins onin vitro rooting of
Actinidia deliciosa

Auxins conc. Micro shoots with normal leaves Defoliated micro shots
(UM) % response | No. of Average % response | No. of Average
NAA IBA (xSE*) roots/ root length (xSEY) roots/ | root length
shoot (cm) shoot (cm)
0 0 - - - - - -
3 - 18.75 (1.2) 2 1.2 12.50 (1.1 1 1.4
6 - 25.00 (1.3) 3 15 25.00 (1.2) 3 15
9 - 37.50 (1.19 3 1.9 31.25 (1.6) 4 2.8
12 - 43.75 (1.7 4 2.0 50.00 (1.8) 5 2.1
15 - 31.25 (1.4 3 1.7 43.75 (1.6) 3 1.6
- 3 16.66 (1.2) 2 1.3 18.75 (1.69 2 2.2
- 6 37.50 (2.1) 4 1.9 31.25 (1.6) 4 2.0
- 9 50.00 (2.13 5 2.1 56.25 (1.9) 7 2.5
- 12 | 43.75 (1.3) 4 2.0 50.00 (1.7 5 1.9
- 15 | 31.25 (1.79 3 1.6 43.75 (2.3) 4 2.0
Investigation has been done on MS medium suppleméht sucrose (3%, v/v), agar (0.8%,
wiv).

PGRs have been directly incorporated in the nutrieedium.

Data presented after 6 wk of culture

*+SE: Standard error from mearData with the samdetters in the column are not
significantly different at 5% level,

Data represented the mean of five replicates.



66

Table 12: Effect of pulse treatment with IBA and NAA and treatment duration on
in vitro rooting of micro shoots ofActinidia deliciosa

Auxins conc. Pulse % response| Average Type of Response**
(UM) treatment (xSE)* of roots/

IBA NAA duration (h) explants

0 0 - - - -

10 - 1/2 06.2 (0.2) 2 Low roots formation, moderate
brown soft calli developed.

1 12.5(0.2) 4 Moderate light green and brown calli
formation, low root formed.

24 25.0 (0.3) 3 Light green calli formation, few
roots.

20 - 1/2 12.5(0.3) 2 Moderate roots formation and its
length, light green calli formed
moderately.

1 31.2 (0.5) 3 Low light green calli formed. High
roots formation with moderate
length.

24 37.5(0.7) 4 Moderate roots and light green calli
formation.

30 - 1/2 25.0 (0.3) 2 Moderate light green calli with
rhizogenesis.

1 56.2 (0.6) 5 High rooting, moderate shoot
length and low callusing.

24 43.7 (0.6) 4 Low callused with moderate rooting.

40 - 1/2 25.0 (0.8) 2 Low roots formation, moderate light
green and brown calli formation.

1 50.0 (0.5) 4 Rhizogenesis and high brown calli
formation.

24 37.5(0.7) 3 Few roots and mostly callused at the
base.

50 - 1/2 18.7 (0.7) 2 Low calli and root formation.

1 43.75 (0.5) 4 Moderate roots and light green calli
formation.

24 37.5(0.8) 3 Moderate rooting, but high callusing.

- 10 1/2 18.7 (0.6) 1 Few roots formation and moderate
calli formation.

1 18.7 (0.6) 1 Moderate callused with fewer roots

24 31.2 (0.6) 2 High light green calli formation, byt
roots formation low.

- 20 1/2 18.7 (0.3) 1 Moderate roots formation and its
length. Light green callus.

1 25.0 (0.4) 3 Moderate light green calli and rodts
formation, but shorter roots.

24 31.2 (0.8) 2 Moderate  rooting and green
callusing.

- 30 1/2 25.0 (0.6) 2
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1 43.7 (0.6) 3 Fewer long roots formed.
Roots formation moderate, but higher
24 31.2 (0.4) 4 light green callusing.
Moderate roots length and moderate
brown calli.
- 40 1/2 37.5(0.7) 2

Low light green calli and roqt
formation, with moderate brown

1 50.0 (0.5) 4 callused.
Moderate roots and light green calli
24 43.7 (0.7) 3 formation.

=)

High light green callused wit
moderate, few long roots developed.

- 50 1/2 25.0 (0.6) 2
1 37.5(0.3) 3 Light green callusing with fewer
roots.
24 31.2(1.1) 2 Low roots and brown calli

development.
Roots development low with high
light green callus. ﬂ

*+SE: Standard error from mean., ** On MS medium supp@at with agar (0.8%, w/v) and
sucrose (3%, w/v).

Data compiled after 7 wk of culture

Data represented the mean of five replicates.
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Figure — 6

Figure 6: Rooting of micro shoots oActinidia deliciosa a. Defoliated micro shoot on
rooting medium after 3 wk of culture showing intikia of rooting; b. Micro shoot with
normal leaves in rooting mediurg; Healthy rooting of defoliated micro shoots, Callus

formation in the basal part of the micro shootighlr concentration of PGRs.
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Figure — 7

Figure 7: Hardening of plantlets in partially chopped cocowoir, a. Well rooted
plantlets of Actinidia deliciosa transferred for hardeningy). New shoots and roots
developed during the hardening stage?lantlets showing formation of secondary roots
from stem;d. Hardened plantlets after 7 wk of hardening reamtytfansfer to potting

mix.
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During the present study, it was found that defmlia of micro shoots before
transferring to rooting medium was effective asotiated micro shoots resulted more
roots and better root growtfigble 11, Fig. 6a, b. In the defoliated micro shoots there
was no or very little callusing and healthy rootrptelogy while, normal micro shoots
(foliated shoots) resulted fewer roots and calluaedhe baseHig. 6 ¢, 9. Of the
different quality and quantity of PGRs (NAA and I1BAsed for rooting of micro shoots,
IBA was found suitable over NAA for induction ofating and root growth. While,
NAA fortified medium supported fewer root formati@nd poor root growth. Each
micro shoots oA\. deliciosaresulted as much as 7 roots and average lengthabf root
was measured as 2.5 cm from defoliated micro shmotsiedium enriched with 9 uM
IBA. While medium with 9 uM NAA supported 5 rootermmicro shoots and root length
was 2.1 cmTable 11).

Besides incorporation of PGRs directly in the negtmedium, micro shoots were
also pulse treated with IBA and NAA (0-50 pM) fo2@ h and maintained on MS plain
medium. Of the two PGR tested at different levelsdifferent periods, pulse treatment
with IBA (30 puM) for one h supported better rootwhere as many as 5 roots per micro
shoot developed in ~56% of cultured micro shod@b(e 12) Prior to inoculations,
micro shoots were pulse treated with different asx{IBA and NAA) at varied
concentrations (1-50 uM) for different durations2@ hr). In the treatment with IBA, at
a concentration 30 uM of 1 hr pulse treated redulieootlets per micro shoot where
~56% micro shoots responded positivelalfle 12) while, pulse treatment with NAA,
optimum response was registered at 40 uM concerirfdr one h gives considerable
affects, where ~50% micro shoots resulted rootimj4aroots per micro shoot developed
within 7 wk of culture. The well rooted micro sheotwere subjected tn vitro

hardening. The well rooted micro shoots plantleerevtaken out from the rooting

medium Fig. 7 a)and transferred to hardening condition.
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Table 13: Effects of different substrata on Kiwi pantlets in hardening

root formation.

ish

Substrata* % survival No. of Increase Type of response
(xSE*) adventitious | on plant
root(s) height
formed per (cm)
plant
Agar gelled 30.43 (1.2) 1 0.9 New root development absent, and
medium stem and branches looks light green
and much soft.
Chopped 82.60 (2.4) 3 1.0 Greenish and granular white spots|
coconut calli. New branches developed with
coir no new root formation.
Saw dust 56.52 (2.1) 1 0.7 No new root formation and few
branches with light green, soft calli.
Forest litter 69.56 (2.4) 1 0.4 New branches developed and No n

* Added 1/4" MS salt solution fortified with sucrose (1%).
** +SE: Standard error from mean.
Culture condition: Normal laboratory condition.
Data collected after 7 wk of culture.
Data represented the mean of five replicates.
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Figure — 8

Figure 8: Potting and transplantation of regenerate8afdinia deliciosaa. Defoliated
hardened plantlets transferred to potting nbx;Transplants started producing new
leaves in the pots;. Kiwi plantlets developed dark green expanded lgasigoot in

potting mix;d. Transplant established in the field.
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Hardening of Regenerates and Transplantation to Ptihg Mix

The well rooted plantlets were taken out from awtuvials, washed with luke
warm water to remove any intact trace of agar ramau the roots, and transferred it into
liquid 1/4" strength MS medium containing 1% sucrose withayt BGRs Fig. 7 a).
Sets of processed dry coconut coir, forest litter saw-dust were used as substrata, and
maintained for 5-6 wk in the normal laboratory citiods followed by exposing the
cultures to the normal day light for 4 h a day. Mit6-7 wk of transfer in the hardening
condition the hardened plantlets started produnig shoots, roots and secondary roots
from the stem which is the characteristics of kpdant in natural conditionHig. 7 b).
The cultures exposed to normal day light was harmhenpare to the plants maintained
only to the normal culture condition. It was obshthat the cultures exposed to normal
day light produced secondary roots from the stdemds and scale in the stefid. 7 c,

d) which was achieved in about 82% regenerates withkthwk (Table 13. Of the
different substrata tested in the present studly Aitdeliciosachopped coconut coir was
found to be most suitable for hardening where ~8&¥penerates survived under
hardening condition. Plantlets turned slightly tigiheen in color and smaller young new
leaflets with considerable increased in its heigh8 cm). Compared to coconut coir,
agar gelled medium, saw dust and forest letter i@ned to inferior for the purpose
(Table 13.

The suitably hardened plants were taken out framctiiture vials and transferred
to potting mix contained mixtures of soil, sand atetaying wood power in the ratio
1:1:1 ratio in poly bags (15x12 cnfi¢. 8 8. The potted plants were maintained for 5-6
wk under partially controlled conditions of lighaC70% sunlight. Regular interval of
water was feed, once a wk for 5- %2 months, followgdexposed for 2 hr interval a day

under natural day light for 1 wk, where finally tleinder natural day light. Within 2-3
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wk of transfer in the potting mix the new leavesrtgd emergingHig. 8 b). Established
transplants were maintained for 2-3 months in thly pouse where leaves turned dark
green Fig. 8 c) before transferring to the cultivated plétid. 8 d). About 200 plants
were transferred to the field of which ~62% traaspé survived after two months of

transfer.

Discussion

Initiation Culture

Initiation of culture from nodal explants Several woody plant species have been mass
propagated by tissue culture technique especialljtsf and ornamental trees. For
initiation of aseptic culture with explants of vivo source season of explants collection
is the foremost and necessary step. Selection plaetk becomes a primary task for
successful propagation as different vegetative rgar tissues become more
morphogenetic in culture particularly during theiay growing seasons in nature.
Thus identification of right collection season exy crucial forin vitro establishment of
explants and inducing morphogenesis. Plant growgh controlled by different
physiochemical processes and interaction with PARs& may further influenced by
environmental factors such as sunlight, humidéypperature etc.

Actinidia deliciosa is cultivated commercially for fruits in the orchlar
However, the big obstruction in the expansion alwgng area is the scarcity of the
quality planting materials. The species is propadjdty cuttings/grafting or budding.
Grafting is a general commercial practice Astinidia cuttings roots readily from
hardwood or softwood cuttings but takes long tif@srooting. As a result, limited
number of plants is produced, which is relativetyadl in relation to a huge demand.
Therefore, the study was carried out to producelitguplanting materials through

micropropagation method. The study speculated amedaesponse encounter with
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significant differences under the influence of vas factors such as effects of PGRs,
basal medium strength, light intensity, inorganidrients both macro as well as micro
nutrients, organic carbon sources, antioxidantssambdtratum etc.

In the present investigation, culture was estabtisihom nodal explants from
vivo source. Thén vitro morphogenetic response differed significantly fritva explants
collected during different seasons. Many plant sgseare found varied responses with
the seasons, length of day light, temperature, tilynirainfall and so on which directly
linked with its active physiochemical factors traggd in the active growth phase (Deb
and Arenmongla, 2012, 2014; Deb. al., 2014) . In the present study ~75% nodal
segments responded positively cultured during Ndaexrfollowed by December but the
least response was obtained during the monthslpfaia August. There was a gradual
reduction in explant response following the monthJanuary, February till June and
least during July. Similar investigation was showwmother woody plant from the work
of observed the best response in shoot regeneratidrmultiplication when the culture
was initiated during the winter seasonStevia(Roy et. al.,2004). Likewise seasonal
variation ofin vitro shoot induction was also reported in many othemtpiaaterials (Deb
and Arenmongla, 2012; De#t. al., 2014). Several workers like Sutat al. (2010)
investigated the influence of seasonal effects aarapropagation inFragaria and
Potentillaand reported the significant variation in respotessseasons between both the
varieties.

During summer with high relative humidity, rainfalémperature and more light
intensity shows less affective amvitro morphogenetic response of nodal explants due
to more leaching of phenolics in the medium butrduwinter browning of media was
comparatively less and favored morphogenesis. Tits¢ Mhotable sign of explants

response was swelling of explants followed by caragkfrom the cut ends and
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remarkably by protrude out axillary bud from itssgmn, and after 3 wk of sprouting
buds few dark green leaflets with oblong, healtaykdgreen shoot buds developed. On
the contrary, explants collected during summerti@darly in the months of July and
August affects only 8% of cultured explants resmmhdfter 17 days of cultured and
mostly of explants degenerated.

Effects of antioxidant on initiation of culture A common problem on establishment of
in vitro culture is browning of medium due to release oérgilic compounds from the
explants, where morphogenetic response declinegisantly due to tissue necrosis and
browning. The release of exudates is partially ompletely controlled by use of
antioxidants. In the present study phenolic exwtatiould substantially control by use
AC, CA and PVP. Active response with complete ceddaowning medium was noted
on medium enriched with PVP (300 mg)Lbut at concentrations above 300 mydid
not support healthy growth in all three antioxidaosed. Study also revealed that AC
and CA were inferior over PVP in controlling browgi of culture. However,
antioxidants like PVP and CA in combination at 26§ L' and 100 mg L respectively
could successfully control browning Rinus kesiya(Deb and Tandon, 2004). Use of
antioxidants like AC acts on plant morphogenesie tluits irreversibly large area of
adsorption capacity (large surface area) of inbigitcompounds in the medium affecting
several physiological changes, such as stimulatndyinhibitory activities (Bakest. al.,
1992). Browning of medium or darkening of culturedia due to release of naturally
present substances release, were adsorption althgviamins, metal ions and plant
growth regulators, gaseous ethylene etc (Thoma38)2@ also affects the mediup,
alter the ratio of its components and subsequentlyence plant regeneration (Druart
and Wulf, 1993), but it is ineffective toward glsey sucrose, dextrose, meso-inositol etc

in the medium (Yanet.al., 1990).
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Effects of organic carbon sourcesn the present investigation, organic carbon succh a
sucrose, dextrose and glucose were used. The osesslas carbon source as food was
studied by several investigators (Onearal., 1992; Deb and Arenmongla, 2012; Datb
al., 2014). While some investigators used glucose amttdse in the cultivation of date
palm tissue (Abdel-Rahinet. al., 1998), but they did not demonstrate effective in
promoting development.

Organic carbon, a vital role in plant as an enesgyrces for various metabolic
activities and signify a key element for developmenvitro (Caldaset. al., 1998).
Quality and quantity of carbon affects differentrpluogenetic responses were observed
in the present investigation. In the study, tess wanducted to optimize the effects of
different level of sucrose, dextrose and glucofieence on growth and development of
plantlets regeneration. Sucrose has been usednaajca carbohydrate source in the
induction medium. It is the main source of energyiri vitro plant tissue cultures as this
has insufficient autotrophic ability. Sucrose notyoacts as an external energy source
but also help to maintain osmotic potential of tture (Nowaket. al., 2004; Siwach
et. al.,2011) which would permit the absorption of minaratrient present in medium,
essential for optimal proliferation. Studies An deliciosain the present investigation
highest organogenesis frequency (75%) was obtainechedium having 3% (w/v)
sucrose where within 5 days of culture morphogenesponse initiated on MS medium.
The frequency declined considerably at lower cotreéinns of organic carbon sources
with consistent findings of earlier workers (Pandayd Bhojwani, 1999; Deb and
Arenmongla, 2012; Delet. al., 2014). Of the three carbon sources used, glucose
supported least response in respect to its inggpponse. However, higher concentration
(above 3%, wi/v) of sucrose did not favor the imibia culture. Reineret. al. (1977)

suggested that sucrose level of 2-5% favor for aogher culture. Naik and Nayak
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(2005) used various concentration of sucrose 30ar@D 90 g [* for in vitro bulblet
production inOrnithogalum virensand found 60 g t of sucrose was most effective. A
significant effect of carbon source concentrati@s libeen reported by Garog. al.
(2002) inOlive. Earlier workers have found that plant morphogeneary at different
developmental stages on different sucrose condanmtsa(Temjensangba and Deb, 2005;
Pongener and Deb, 2009; Deb and Arenmongla, 20&éBgD al.,2014).

Effect of PGRs on organogenesi§he method of induction of plant organs such as
roots, shoots or leaves arise directly from theistesn or indirectly from callus. Plant
regeneration involves the callus production anéeckhtiation of adventitious meristem
into organs by altering the concentration of plgrtwth hormones in nutrient medium.
Skoog and Miller (1957) first who demonstrated thagh ratio of cytokinins to auxin
stimulate the formation of shoots in tobacco calisle high auxin to cytokinins ratio
induced root regeneration.

In A. deliciosadirect shoot bud was successfully induced fronmibeal explants
cultured on initiation medium containing 6 UM BA der controlled conditions of
organic carbon and antioxidant in the MS basas satution. Under this condition ~75%
of cultured explants responded with vigorous growtid developed dark greenish
leaves. From the cultured nodal explants, as mucticdo shoot buds developed after 5
wk of culture.

Beside singly treatments of BA and KN, the syneigisffect of BA-NAA and
KN-NAA were tested for induction of morphogenesifie combination of BA with
NAA and KN with NAA revealed the variation in thesffect on explant response with
shoot bud development as well as calli formatiohe BA combined with NAA at
concentrations of 6 UM and 3 uM respectively resigdnoptimally where as many as 3

shoot buds developed after 5 wk of culture. Whereambined treatment of KN and
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NAA treatment at 9 uM and 3 uM respectively showgmificant result with 2 micro
shoots but inferior to combination of BA and NAA shoots number couple with more
calli development. But the combined treatments 8fNBAA and KN-NAA were far
inferior compared to singly treatment of BA and KM the past the positive synergetic
effect of BA and KN with auxins such as NAA, IBAn& IAA in regeneration and
proliferation programme where earlier workers régdrin many horticultural plant
species like pear on shoot tip and stem segmepeaxth (Hassanen and Gabr, 2012).
Leaf culture

In the study with foliar explants concentrationsdifferent cytokinins and the
priming on leaf explants had significant influerare morphogenesis. Instead of size and
part of the leaf explants in the present study $omas on effect on partially scrubbed or
injured leaf explants with segmentation. It wasnduhat, BA was a better option over
KN for organogenesis in foliar explants on MS medlifortified with sucrose (3%). In
the past similar response was also reportedDatura stramonium (Amiri and
Kazemitabar, 2011) and iRlectranthus barbatugThangavelet. al., 2011) where BA
was reported to be superior over TDZ for shoot atidm. The present study outcome on
organogenesis from intact, non-injured leaf explashich produced 4-5 shoot buds
affecting ~50.5% of cultured leaf explants whileiojured explants, much higher shoot
buds formation 6-7 shoot buds formed but respormdyg ~41.6% of explants. This
shows that injured explants have higher cytokinimglatory effects on its tissue due to
direct contact with the medium containing cytokiniBA at 9 pM) and plant
regeneration from leaf tissue.

In the past many workers reported the effect off I&é@atment, leaf
segmentationom vitro morphogenesis. Hamidogldt. al. (2011) reported the effect of

disc orientation as factor in determining the ratle shoot formation inPrimula
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heterochroma However, Menget. al. (2004) found that the abaxial leaf surface was
more competent for shoot regeneration in ‘Marioéchkberry. Lo et. al (1997)
suggested that the lower shoot regeneration otetifesurface touching the medium is
possibly the result of poor gas exchange and i siondition while Thorpe (1988)
reported that lack of ©may result in inadequate supply of free energy gboot
induction and differentiation from the covered tiss

Effect of PGRs on callus mediated regeneratiohe callus that developed from
subsequent cultures of leaf and nodal explantu@dtwere maintained and induced
shoot bud induction using PGRs particularly BA, EhNd NAA in combination, where it
was recorded ~58.3% of callus regenerated intotsheith healthy growth rate in the
medium containing BA 3uM with 3uM NAA. However, KNvith NAA at a
concentrations of 6 uM and 3uM respectively yieldedsiderable result affecting ~50%
of cultured explants which is significantly lowdran combined treatment of BA and

NAA.
Culture Proliferation and Plant Regeneration

Effects of cytokinins Plant growth regulators play an essential roleetednining the
development pathway of plant cells and tissues ultue medium. Besides natural
compounds, synthetic chemicals with similar physiatal activities developed
correspond to the natural ones (Pierik, 1997). iQuand quantity of hormones
determined the type of culture established or reggad. Higher concentration of auxins
favored root formation, whereas with cytokininspitomoted shoot regeneration and
under balance leads to development of undiffersadiacells, callus. It also well
demonstrated by many workers (Schuéeral, 2000; Dobre\et. al, 2002).

The shoot buds obtained from different pathways sag direct organogenesis

from nodal explants culture, from leaf explants aatlus ofA. deliciosawere isolated
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and cultured in proliferation medium and maintairied 2-3 passages. In the present
study using 3 uM BA singly yielded a maximum 6 mishoots. Cytokinins in planting
materials (nodal explants) were initially treatetl ragher dose at 6 uM of BA
concentrations during the initiation culture whietay have higher inducing affects in
shoot proliferation of proliferated nodal explant$eenakshiet. al. (2011) showed the
efficient pathways for regeneration in banana u8Agand other cytokinin.

Effects of medium strengthT here is no standard basal medium so far for altdkain
vitro technique. The MS basal salts solution is the naedely used media for shoot
regeneration and callus formation. In the presamtys it was found remarkable effects
on different strengths of MS basal medium. Respavese shown better result with full
strength on initiation culture as it contains highitrates contains than other media. The
other strength/concentrations performed infericzutture proliferation. In the past many
workers demonstrated the effect of nutrient mediacalture proliferation and plant
regeneration in different species viz., in daterpélahaet. al., 2007),Larix decidua
(Bonga, 2004),Prunus insititia L. (Andreu and Marin, 2005)Elaeis guineensis
(Muniranet.al., 2008).

Effect of organic carbon Carbon is essential for all the plants as an engngg source,

in various forms used im vitro culture. Sucrose was reported to act as morphdigene
trigger in the formation of auxiliary buds and bechimg of adventitious roots. Three
different carbon sources at varied concentratioaewsed for study the morphogenetic
response. Sucrose was found to be superior over a@dwbon sources at 3% (w/v)
concentration, where explant could able to prod&eticro shoots. However, the other
two sugars supported 3 shoot buds formation couplddslow in growth rate. Several
workers demonstrated the role of sucrosenowitro culture in many plant species viz.,

in Cinnamomuntamala (Deb et. al., 2014); in banana culture (Placide al., 2012).
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Similar study was also done dfusasp. in micropropagation (Morfeine, 2014). Thus all
the studies performed with different prospective bancluded that sucrose serve the

most efficient for plantlets regeneration and secratnbryos induction.
Rooting of Micro Shoots

The effects of plant regulators on rooting havenbegtensively studied in
various plant species. Fam vitro rooting of micro shoots oA. deliciosa different
concentrations of IBA and NAA were used. The fr@bt formation was recorded after
three wk of culture on medium fortified with 1.0 rhg NAA while other concentrations
could invoke rooting of micro shoots only after wk of culture and better roots
response was observed at 9 uM IBA concentratiorbib25% defoliated micro shoots
compare to only ~50% response from foliated midnooss after 5 week of culture.
Under optimum condition as many as 7 roots per anginoots resulted from the
defoliated shoots against only 5 roots from théatetl shoots. Besides number of roots
per micro shoot accompanying healthy plant growtirther it was found that the micro
shoots cultured with leaves promoted callusinghatliase with fewer roots, but in the
micro shoots without leaves/defoliated micro shdabere was no or very little callus
formation in the base. There was a reverse coiwaldietween callus formation and
rhizogenesis and indicates that root developmetlitést organogenesis. This is possibly
due to fact that the undifferentiated tissue/cathas/ interfere in development of normal
vascular connection in the roots. It is believeattin the defoliated shoots, the
endogenous auxin level was lesser compared tdddlshoots due to removal of leaves.
Under this condition callus formation was negated the available auxin was used for
invocation of root meristem. This statement is dase the fact that at higher auxin
content medium there was callusing from the basen dvom the defoliated micro

shoots. In the past the stimulatory effect of IBArooting was reported iB. agallocha
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(Raoet. al., 1998),Melia azedaracl{Thakuret. al., 1998),Bambusa vulgarigAliou et.
al., 2006). The findings of present study wihdeliciosais in agreement with the past
reports (Vengadesaet. al., 2002; Nandat. al., 2004)) on superiority of IBA for rooting
over other auxins.

Besides directly incorporating PGRs in the nutrier@dium, the micro shoots
were also pulse treated with different concentratiof IBA and NAA (0-50 uM) for O-
24 h followed by transferring onto MS hormone-freedium containing sucrose (3%)
and maintained under normal laboratory conditioh.tli@ different concentrations of
growth regulators and treatment periods testedhferpurpose, the micro shoots pulse
treated for one h at 30 UM IBA supported as man¥ asots per micro shoot where
~56% shoots registered response; while, ~43% slsapisorted 3 roots per shoots with
30 UM NAA pulse treated for one h. This finding gasts that foin vitro rooting of
regenerated shoots éitinidia deliciosalBA is an ideal hormone. Naijat. al. (2008)
found that period of 5 days in rooting medium emed with IBA was sufficient to
induce 97% rooting in micro-cuttings bfalus x domesticaBorkh. Root stock MM 106,
but exposure to periods longer than five days tesuidesirable effects on shoots, such
as callus formation and leaf necrosis. SimilarlytiMer et. al. (2007) reported that the
percentage of rooted shoots@dtinus coggygriaMill increased with increasing time of
exposure to the IBA containing medium, from 40%erft day of exposure, to 100%

after 5 days.
Hardening/Acclimatization and Field Transfer of Regenerates

In vitro raised plantlets must experience the flavor ofir@tenvironment to get
adjusted with its system through trial and erra iR vitro grown regenerates/plantlets
it is important that the plants get adapted to mwewditions from controlled conditions

which are tagged with limited gas exchanges, haétive humidity, low light intensity
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and up-taking of carbon sources (sugars) in theumlmedium (Pospisilovat. al.,
1999; Deb and Imchen, 2010; Deb and Pongener, 28b8jormal characteristics i
vitro plantlets in leaves of unusual stomatal structorafunction, less development of
cuticle or receptacle wax on the surface whichueices the factors contributing to
excessive water loss resulting in the high mostaditplantlets or regenerates (Hazarika,
2006). Under control, energy was readily availdijeexternal carbon sources fortified
in medium along with abundant moisture for physiemical activity. Many workers
found that a reduction in relative humidity vitro culture increased plant survival rate
after transferring to soil (Deb and Imchen, 201@bCand Pongener, 2013). Similarly,
Lamhamediet. al. (2003) shows that decrease in relative humiditgduced the
epicuticular wax formation of plantlets. Howevenete are many factors affect the
plantlets under greenhouse like planting bed ossate, plantlets age and shading level
(Rodrigueset. al., 2005; Hassanpanah and Khodadadi, 2009). Survatal of Prunus
domesticaplantlets was found affected by the shoot heighiter than the number and
length of roots (Padill@t. al., 2003). While, Thomas (2008) reported that 3 ekl
Vitis vinifera plantlets was more advantageous with enhanced tigm the 4 and 5
week-old plantlets.

In the present investigation well rooted plantietsre transferred from rooting
medium to hardening condition onto ¥MIS basal salt solution with 1% sucrose (w/v)
but without any plant growth regulators. In the rirartt medium partially chopped
coconut coir, saw dust and forest litter were uasdsubstrata and maintained in the
normal condition for 7-8 wk. In the last two wedhkg culture vials were exposed to the
normal day light for 4 h followed by normal labarat condition. It was found that the
cultures exposed to normal day light during thedaaimg process were dark green,

harder and produced secondary glands and seconoaty in the shoots which are
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characteristics of Kiwi. These plants adapted battéhe potting mix after transfer. Of
the different substrata used for hardening purposgenerates from partially chopped
coconut coir registered better survival rate of.68%2, however under control condition
of agar gelled medium, it supports 30.43% surviede which indicate that agar as
substratum makes the rooted plantlets much saftdicated from the shoots turning
light greenish.

Well-hardened rooted plantlets were transferredplcstic bags containing a
mixture of vineyard soil, sand, decayed wood powfef:2 ratio) with few holes
punctured. Under the condition, the first two weékransplantation, watered once a wk
the plantlets were kept covered by a polyethylear® to provide high humidity but
allow sufficient light. Later the polyethylene coweas removed progressively whenever
leaves appeared to be wet. The polyethylene cavers withdrawn completely after 3
weeks of transferred. After 3 weeks, the plantsevieansferred to partially shade for 1
wk and finally the acclimatized plants were shiftedfield conditions, where 62% of
them having survived with sprouting few broad haiayk green leaves developed after 6
wk of field transferred. Thus the growth charadtcs of plants raiseih vitro did not

show any significant morphological variations frémese of the natural habitat.
Conclusions

Actinidia deliciosapopularly known as ‘Kiwi fruit’ is an economicallynportant
horticultural species grown in different parts betworld including Nagaland for its
fruits (Kiwi fruits) which has high commercial vauConventionally kiwi is propagated
through stem cutting but rooting of stem cuttingkess long times and due to this the
commercial cultivation is at times hampered duedn availability of the clonal planting
materials. During the present stuilyvitro micropropagation protocols &. deliciosa

are developed frorm vivo andin vitro grown nodal segments and leaf explants. During
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the study the different physic-chemical propertiestrols the micropropagation of the
species from different explants has been optimigidgting from explants collection,
culture initiation to transfer of regenerates te ffotting mix. The protocols developed
will be a boon for the local horticulturists forgatuction of clonal planting materials for

commercial cultivation.



87

Chapter - 3

Micropropagation of Saurauia

punduanaWallich (Actinidiaceae)

Angiosperm plants are most efficient group of planteproduction due to their
specialized morphological advantages over othergpré&tiuctive organ plays an
important role in its existence largely by seedseptality for perpetuation through
favorable environmental condition in natural systéfowever, unfavorable stress strike
many a times where natural means of reproductigmifgiantly drop as natural systems
are partially govern by many factors where its congnt do not remains static. In this
condition, reproductions through natural means raoé the path for its successful
establishment. Thus artificial means such as fdiéstechnology programme like plant
tissue culture technique play an alternative méamniss survival.

Past studies have demonstrated that protocols segefor shoot growth and

development vary considerably among genotypes @uairement of nutrient media and
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plant growth regulator differ from species to speciFor initiation of culture and plant
regeneration, various explants types like shods, tippdal explants; foliar explants,
axillary tips, roots etc. could be successfully duse large number of plant species.
Plantlets from axillary buds or shoots have prowelde the most reliable method of true-
to-type in vitro propagation. The two methods used either singlenoltiple nodes
culture for which dominance of shoot apical merststimulated by growth regulator,
particularly cytokinins
Nutrient media like ‘Woody Plant Medium’ (WPM) (lyd et. al, 1988) and MS
medium (Murashige and Skoog, 1962) were used fonymapecies. In most
micropropagation studies, Benzyl adenine (BA) hesnbeffective cytokinins for shoot
growth either singly or in combination with low amntrations of kinetin (KN) and
auxin like indole-3- acetic acid (IAA), NAA, IBA et Thomas (2008) reported that,
incorporation of antioxidants like activated chaictound useful in controlling organic
compounds exuded by explants in culture, althoughinees undesirable binding of
growth regulators, particularly BA with antioxidanh culture.
SaurauiapunduanaWallich belongs to family Actinidiaceae is an ecomcally
important plant. IUCN in 2004 reported ti&aurauia punduangs identified in the Red
List of threatened Species, assessment done byaEant Specialist Group 2004. The
species are perennial, grow mostly in the wild pem secondary and tertiary forest, and
are identified as endangered in the natural habitad species experience high pressure
to their existence similar with many other speanethe Noth Eastern region of India due
to various anthropogenic activities. The threatresatis developing alternate propagation

technique and production of clonal planting matsria
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Materials and Methods

Plant Materials Collection and Processing
Nodal explants Newly flushed young shots of ~6-9 wk old werelected from the

mature plants for consecutive 1-2 years at alternainths. The leaves, scales etc. were
carefully cleared off from the young shoots. Thdarials were washed with running tap
water, and wrap in fresh banana leaf section wtinkle water to keep moistened and
stored at 4-5°C in the refrigerator for 1-2 daysatéfials were collected from the wild,
open secondary forest of Lumami village, Zunhebdistrict of Nagaland near the
Department of Botany, Nagaland University, Lumami.

Seed explantsFruits of different age range from 3-8 wk old wedlected from the
matured plants growing in wild. The fruits were gkad from the branches, kept in poly
bags moistened with sprinkled water to avoid desion. Fruits were washed with
running tap water and stored at 4-5°C in refrigar&dr 1-2 days. Seeds were extracted
from the sterilized fruits and cultured on germioatmedium.

Leaf explants Young leaves were excised from thevitro raised micro shoots after 5-8

wk of sprouting in the laminar flow cabinet. Thees were soaked in water till used.
Sterilization of Explants

Processed young shoots for nodal explants and fiwere washed with running
tap water and soaked in diluted ‘labolene’ (a comumaé laboratory detergent, 1:100
ratio, v/v) for 4-5 min. and scrubbed with soft Sinuexcept fruits. Shoots and fruits were
washed under running tap water for 3-5 min. subsety surface sterilized with
agueous solution of mercuric chloride (0.3%, w/vriodal explants and 0.1% for fruits)
for 2-3 min. and rinsed 4-5 times with sterilizadtdled water. Following this they were
dipped into 70% (v/v) ethanol for ~30 sec followey rinsed with sterilized distilled

water 2-3 times. Surface sterilized explants wexet knoistened with sterilized distilled
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water in the laminar flow cabinet until culturedthre medium. From the sterilized fruits
in the laminar flow cabinet, seeds were extractetl gathered, moistened with water till

used for cultured in the initiation medium.
Tissue Culture Medium

For culture initiation, full strength MS medium fidiled with agar (0.8%, w/v) as
gelling agent was used. The nutrient medium watifitd with three different organic
carbon sources viz. dextrose, glucose and sucrosiffarent concentrations (0-4%,
w/v), plant growth regulators (PGRs) benzyl aden{B\), kinetin (KN) and o-
naphthalene acetic acid (NAA) at different concatndns (0-15 M) either singly or in
combination. The nutrient medium was also conjunmith different antioxidants viz.
activated charcoal (AC), citric acid (CA) and patyl pyrollidone (PVP) at 0-700 mg
L™

Thep™ of the medium was adjusted 5.6 using 0.1 N NaOtHGah N HCI. About
12-13 ml medium was dispensed in each borosilitzgetubes (size: 25x150 mm) and
pluged with nonabsorbent cotton before autoclaging21°C for 15-20 min at a pressure
of 1.05 kg cnf. The autoclaved medium was solidified and usednidiation of culture

only after 3 days of preparation.
Initiation of Culture

Nodal explants Uninodal segments were excised from the stedliggung shoots and
cultured on MS medium fortified differently with ganic carbon sources, PGRs,
antioxidants. For initiation of culture differenbricentrations of cytokinins like KN, BA
at different concentrations (0-15 uM, v/v) eithargsy or in combination was used. For
each treatment 20 nodal segments were cultured. clitares were maintained at
25+2°C temperature under cool white fluorescerttlgt 40 umol i s* intensity with

alternate 12/12 hr light and dark phases.
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Seeds explantsSeeds extracted from the sterilized fruits wereucetl on MS medium
fortified with sucrose at different concentratiof@s5%, w/v). Different PGRs such as
NAA, 2, 4-D, KN and BA (0-4 uM, v/v) are used eithsingly or in combination
Cultures were maintained at 2542 under cool fluorescent light at 40 pmoi2ns®
intensity for 12/12 hr (light/dark) photo perioas eed germination.
Leaf explants Youngin vitro leaves were isolated from the vitro raised shoots and
cultured on MS medium fortified with sucrose (3%lv)y agar (0.8%, wi/v) without
further sterilization. The intact leaves were crdtliin the medium supplemented with
different levels of cytokinins BA and KN (0-15 puMv) singly. For each treatment 20
leaves were cultured and the cultured were maiedaat 25+2C under cool fluorescent
light at 40 umol ri2 s* intensity for 12/12 hr (light/dark) photo periods.
Callus Mediated Morphogenesis

The calli developed in the different initiation nigwh with in vitro sourced nodal
segments and foliar explants were separated framstioot buds, micro shoots and
maintained cultured separately on MS medium fedifivith sucrose (3%), PGSs (BA
and KN (0-15 uM) either singly or in combinationr fimducing morphogenesis. The
cultures were sub-cultured at regular interval. Bheot buds developed in the callus
mass were separated and transferred to regeneraédium for plant regeneration and
culture proliferation.

Experimental Design and Statistical Analysis

Completely randomized experimental design was b in all the experiments.
In each experiment 20 explants were cultured fohdéseatment and all the experiments
were repeated five times. The cultures were maiathiat 25+2C under cool white
fluorescent light at 4amol m?s* intensities and 12/12 hr each (light/dark) phatdgd

unless mentioned otherwise. All the cultures werde-cultured at 5-6 wk interval. The
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cultures were monitored regularly and data coletieweekly intervalln vitro response
was evaluated based on the percentage of expkspsnded and number of propagules
formed in the culture after specific period of tiifees stated in the table) and data was
expressed as the mean of replicates + standard &ata was further analyzed by one
way ANOVA using the General Linear Model procedimeSAS Statistical Package
(SAS Ins.) and standard deviation from mean wakegpoput and compared using Least

Significant Difference (LSD) test at®.05.
Regeneration of Plantlets and Culture Proliferation

The shoot buds/micro shoots and callus produaed the cultured explants were
maintained for another two passages under optimuitration medium for further
development. The micro shoots/regenerates wergaedaand transferred to fresh MS
medium containing sucrose (3%), BA and KN at déf@rconcentrations (0-15uM either

singly or in combination) for culture proliferati@nd plant regeneration.

Rooting of Regenerates

The regenerated shoots/micro shoots of ~3-4 cim wall expanded leaves were
harvested from the regeneration medium and sulet@teinducing rooting. For the
purpose MS medium was supplemented with sucrose 3%, different auxins such as

IBA and NAA at varied concentrations (0-15uM) gdlleith agar.
Hardening of the Regenerated Plantlets

Substrata for hardening mediumDry coconut husk, forest leaf litter were choppeid i

small pieces (~0.1-0.5 cm size). These were so@kiadboratory detergent for 1-2 hr and
rinsed with water several times and sun-dried t&érh#. Besides coconut coir and forest
litter, saw dust was also employed as alternativestsatum. Saw dust was collected
from the local carpentry workshop. The substratums veun-dried and soaked in

laboratory detergent for 2-3 hr and rinsed thordwgimder running water followed by
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sun dried. About 10-12 grams of chopped coconuk hiasest litter and saw dust were
transferred test tubes separately and autoclavé@a€ temperature for 30 min at the
pressure of 1.05 kg cfn

About 12-15 ml 1/% strength MS liquid medium enriched with sucrosi)as
dispensed in all the test tubes and autoclavedrut@EC temperature at 1.05 kg ém
pressures for 15-20 min. These medium filled tabes$ with different substrata were
used for hardening of the rooted regenerates.
Hardening of the regenerated plantlet§Vell rooted micro shoots were selected ifor
vitro hardening. Well rooted plantlets from rooting mexdiwere transferred to the test
tubes containing different substrata and"MS medium and were maintaining in the

normal laboratory conditions for 6-7 wk before sfaring to community potting mix.

Transplantation of Regenerates to Community Pottingvix

Preparation of potting mix With the help of spate, soil was dug out from tifiek mud
on the ground, hand-picked the litter containetheamud and crushed into small pieces
(size: 0.1-0.3 cm) with flat surface wooden blockabean cemented floor. Crushed soil
was well mixed with fine sand, collected from thel@ng construction site. Dried rotten
wood powder from local forest was collected, thgtdy mixed with the mixer of sand
and soil in the ratio 2:1:2. The collected pottmx materials were transferred in poly
bags (size: 15x12), stored it in shade for 1 wk asdd for plantation of hardened
plantlets.

Transplantation of regeneratesthe partially hardened plantlets from the cultuveads
were finally taken out and transferred onto petiaasmall community pots containing
potting mix containing soil, sand, decayed wood @emw mix with forest litter.
Transplanted pots were covered with holed transpgely bags and watered alternate

days with 1/8 MS salt solution once in wk for two wk. The cowgneoly bags were



94

removed from the plantlets and maintained in plagfade ca.50% for 2-3 wk and

finally exposed to normal day light followed byrsderring to the wild.

Results

Initiation of Culture

Nodal Segments

Seasonal effects of explants collectio@ptimization of season of explants collection
from the field grown plants is the prerequisitepsiar in vitro establishment of any plant
species. Likewise, the nodal segments of the spe@aurauia punduarawere
periodically collected all the months throughoue thear. Findings of the present
investigation reveal that seasonal variations gqfl@axs collection greatly influence the
in vitro morphogenetic responses of nodal explahtle 14). In the period of study,
during the months of July-August, mid-summer foamdbe least responding where only
6.2% of explants after 12 d of culture respondedmibst of the cases tissues turned
necrotic and degenerated subsequently. Better raggutetic response was registered
during the early winter where within 5-6 days cregti nodal explants started responding
by way of producing multiple shoot buds/meristemdtici. While, during December
optimum responses were noted, with much earligyorese of after 4-5 d of inoculation
(Table 14 which affects as much as 56.25% of nodal explants well developed
axillary buds with little calli formation.

It was found that during July-August plant growth nature was healthy but
phenolic exudation was more compared to the phygichlly unfavorable season like
just before onset of winter. Nodal explants cobéctduring winter exudates lesser
phenolic compounds in the medium and resulted tbettgphogenetic response. Of the
different seasons tested plant materials colledtethg November-December registered

optimum morphogenetic response by way of produshapt buds.
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Effects of antioxidants: Field grown nodal segments released phenolicsamtitrient
medium which resulted necrosis of explants and equent degeneration. It was
necessary to incorporate antioxidant in the indrat medium for invocation of
morphogenetic response. For initiation of cultukS medium was conjunct with
different antioxidants such as PVP, citric acid astivated charcoal range from 0-700
mg L* to reduce the browning of mediumfiable 15). Incorporation of antioxidants in
the medium improved the condition. Of the differgoality and quantity of antioxidants
used in the present study, PVP at a concentrafid@®mg L found to be most suitable
(Table 15. Compared to PVP, other two antioxidants (AC @49 under performed as
far as controlling of browning is concerned acrtss concentrations tested. Though
both AC and CA could reduce the phenolic oxidatidid, not support healthy initiation
of culture. At lower concentrations of all the thrantioxidants failed to reduce the
browning of medium while at higher concentration8G0 mg L*) though the browning
could be stopped but affected adversely the morphetic response of the nodal

segments.
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Table 14: Seasonal effect oBaurauia punduana nodal explants collection fromin
vivo sources (9 wk after sprouting) onn vitro morphogenetic response

Month of Time of initial % responses Type of respons&
collection response (d)* (+SEY’

January A 43.7 (0.8) Swollen at the cut ends, shoot buds dark green
with broad leaves and no browning of medium.

February B 37.5 (0.79 No browning of medium, dark green shoot wjith
slight curly leaves.

March B 31.2 (2.1§ Cut ends swelled and cracked, shoots light
green accompanied by poor growth, lpw
browning of medium.

April C 25.0 (0.9) Low browning of medium, shoots light green
and curly, poor growth.

May C 18.7 (0.7§ Same as above

June C 12.2 (0.9) High browning and most of the explants

degenerated subsequently.
July C 12.2 (0.6) As above

August C 06.2 (0.3) Browning of medium and tissue necrosis, light
green shoot buds but poor growth.

September B 18.7 (1.4) Long internodes, light green leaves and partially
support growth with low browning.

October A 37.4 (2.19 As above

November A 50.0 (1.6% Less browning of medium, healthy growth |of
shoots and dark green broad leaves.

December A 66.7 (2.1} Healthy shoots developed without browning
of medium but slower growth rate

Flushed shoot of ~7 wk old; * A: 0-6 d, B: 6-12@, 12-18 d; On MS medium supplemented
with sucrose (3%), BA (9 uM, v/v) and PVP (300 rify; # Standard error from meabBata
with the samdetters in the column are not significantly different aé%5evel; Data
represented the mean of five replicates.
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Table 15: Effect of antioxidants onin vitro culture initiation for nodal explant of
Saurauiapunduanafrom in vivo source

Antioxidants &

% response

Morphogenetic respons&

Conc. (mgl1) (+SEY*
AC CA PVP*
0 0 0 - Release phenolic compounds.
100 - - 25.4 (1.49 Moderate exudation of phenolics but explants
degenerated.
300 - - 41.6 (1.7} Controlled browning, shoots buds dark green ledoes
smaller.
500 - - 33.3 (1.4) Dark green shoots, curly dark green leaves, cdettol
browning.
700 - - 16.6 (1.7§ | Shoots light green, curly leaves with long interemd
controlled browning.
- 100 - 33.3(1.5) No medium browning, light green curly leaves and
smaller, stunted growth.
- | 30| - 41.6 (0.6} | As above.
- 500 - 25.2 (0.9 Shoots dark green, smaller with slight curly leaves
controlled medium browning but stunted growth.
- 700 - 25.0 (1.09 Control medium browning but brownish shoots with
curly leaves and poor growth.
- - 100 41.6 (2.1) Shoots dark green, leaves smaller, long interngdes,
controlled browning.
- - 300 66.7 (2.1} | Healthy growth rate with dark green shoots, broad
green leaves and no browning of medium.
- - 500 33.3(0.9) Shoots dark green, slight curly leaves, slow growth
- - 700 25.6 (1.5 Few leaves, light green smaller, brownish lang
internodes, no browning of medium.

* AC- activated charcoal, CA- citric acid, PVP- painyl pyrollidone.

#+SE: Standard error from meabata with the samkettersin the column are not

significantly different at 5% level.

@ On MS medium supplement with agar (0.8%, w/vjrese (3%, w/v) and BA (9 uM, v/v).

Data represented the mean of five replicates.
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Table 16: Effect of organic carbon source onn vitro morphogenetic response of
saurauiapunduananodal explant fromin vivo source

Carbon Time of initial | % response Morphogenetic respons&

source (%) response (d) (+SE)*

D G S

0O |0] O - - -

1| - - 13 12.5(1.1y | Long internodes with light green leaves, poor
growth.

2 | - - 10 18.7 (1.7) | Small light green leaves, stunted growth.

3| - - 9 25.0 (1.3§ | Shoots with dark green slight curly leaves,
slightly stunted growth.

4 | - - 10 31.2 (1.1Y | Curly smaller leaves, long internodes, poor
growth.

- 1] - 10 18.9 (1.4) | Brownish to light green smaller leaves gnd
curly, support unhealthy growth.

- 2| - 8 25.6 (1.7§ | Light green shoots with long internodes.

- 3] - 9 31.5 (1.9 | Dark green smaller leaves, slow growth rate.

- 4 | - 10 31.5(0.9Y | Leaves dark green and broad, and stunted
growth with long brownish internodes.

- - 1 11 31.2 (1.7 | Slightly stunted growth with smaller light green
leaves.

- - 2 8 43.7 (1.6 | Dark green broad leaves with brownish Igng

internodes but slower growth rate.

- - 3 6 66.7 (2.1} | Support healthy growth rate with dark green
shoots and broad leaves.

- - 4 9 50.0 (2.1} | Dark green broad leaves, slower growth with
brownish long internodes.

* D- dextrose, G- glucose, S- sucrose.

#+SE: Standard error from mean; Data with the saiters in the column are not
significantly different at 5% level.

@ On MS supplemented with agar (0.8%, w/v) and BAK, v/v).

Data represented the mean of five replicates.
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Figure — 9

Figure 9: Direct organogenesis from vivo nodal explant of5. punduanaa. Swelling
of nodal explant on initiation mediunty. Formation of meristematic loci from the

swelled nodal zone;. Few shoot buds invocked from the lodi;Shoot buds with well

developed leaves.
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Effects of organic carbon sourcesOrganic carbon plays important role am vitro
establishment of cultures. For initiation of cuéidrom nodal segments nutrient medium was
fortified with different organic carbon sources Xttese, glucose and sucrose) at 0-4%.
There was no morphogenetic response on organi@ratbntrolled media and cultures
degenerated(Table 16. Of the three organic carbon sources tested atous
concentrations, dextrose and glucose were fourtzbtteast effective compared to sucrose
for in vitro morphogenesis. The morphogenetic response wagweeryon medium fortified
with dextrose and glucose as organic carbon soactess the concentrations. Of the
different concentrations of different organic carbotested in the present study, 3%
concentration is found to be most effective forcglse and sucrose while 4% dextrose
fortified medium supported optimal morphogenic mse. Under the given culture
conditions, highest morphogenetic response was taB&& on media enriched with
dextrose (4%) and glucose (3%)able 16). But in sucrose (3%) fortified medium ~66% of
cultured nodal explants responded positively withidays of culture initiation and resulted
dark green shoot buds with broad leaves. At loveeicentrations of sucrose fewer explants
responded and produced stunted shoot buds whileghaer concentration (4%) slightly

etiolated shoots developed.

Effects of growth regulatorsit was perquisite to incorporate at least one efdlowth
regulators to invoke morphogenesis from the cufturedal segments. On PGRs
controlled medium, all the explants degeneratechaut any response. The nodal
segments were cultured on MS medium enriched witihhose at (3%), PVP (300 mg L
). The nutrient medium was also further supplenntith two different cytokinins
(BA and KN) singly at concentrations 0-15 pM. Witl6 days of culture initiation the
first sign ofin vitro morphogenic response was recorded as swellingddélrsegments
and the invocation of meristematic loci from thedabzone Fig. 9 a, . It was found

that morphogenic response on BA and KN fortifieddraewas significantly different
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under identical conditionT@ble 17). Of the two PGRs tested, BA was found to be
superior over KN for initiation ofn vitro culture from nodal segments. Further it was
found that KN fortified medium supported fewer shdad formation per node and
callusing of the explants. Highest morphogenic oasp (50%) was recorded on medium
containing 6 uM KN where only 3 shoots buds fronthemode. Under the similar
culture condition on medium containing BA supportedhoot buds formation. In the
present study under the given conditions, optimasponse was registered on medium
fortified with BA at 9 UM where ~66% of explantssponded positively and as many as
5 shoot buds formed from each node without any rpemying callusing of the
explants. Within 3-4 wk of culture these meristaméabci converted into shoot buds
with distinct leavesKig. 9 9.

The resultant shoot buds were maintained for @ndthio passages on optimum
initiation medium (BA at 9 uM) for further culturdifferentiation and proliferation

where the healthy shoot buds resulted with fullgaded leaveds=(g. 9 d).
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Table 17: Effect of quality and quantity of cytokinins onin vitro organogenesis of nodal

explants of Saurauia punduanafrom in vivo source

PGRs Conc.| Time for | % response| Pathway | No. of Morphogenetic respons&
(UM) initial (xSE)* of loci
BA KN response responsé | /node
(d)

0 0 - - - - -

3 - 8 25.0 (1.1j Sb+Ca 2 Shoots dark green with broad
leaves, slight light greep
callus.

6 - 6 33.1 (2.9 Sh 4 Dark green shoots and broad
leaves.

9 - 6 66.7 (2.1} Sb 5 Shoot buds with healthy
growth.

12 - 7 41.6 (1.4) Sb+Ca 3 Dark green shoots, slow
growth, light green callus.

15 - 10 16.6 (1.5) Ca+Sb 2 Light green calli; shoot buds
with broad leaves, long
internodes.

- 3 9 33.3 (1.79 Sb+Ca 2 Smaller leaves with long
internodes, light green calli
formed.

- 6 6 50.0 (1.8% Ca+Sb 3
Shoots with long internodes,
dark green calli, and growth
moderate.

- 9 7 41.2 (1.1j Sb 4 Smaller leaves and crowded,
support moderate growth.

- 12 7 33.6 (0.99 Sb+Ca 2 Light green leaves, long
internodes, and slightly stunted
growth.

- 15 12 25.0 (1.3§ Sb+Ca 1 As above.

*Standard error from meamata with the samkettersin the column are not significantly
different at 5% level.

# Ca- callus, Sb- shoot bud.

@ On MS medium supplemented with sucrose (3%, &by (0.8%, w/v) and PVP (300 m |

Data represented the mean of five replicates.
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Table 18: Effect of cytokinins on morphogenetic rgsonse of foliar explants ofS.
punduanafrom in vitro source

PGRs
Conc. (UM)
BA KN

%
response

+SE*

Response
pathway®

No. of shoot
bud (s) formed
/explant

Type of response @

0 0
3 -

12 -

15 -

- 15

31.25 (1.2

56.25 (1.5)

43.75 (1.5)

31.25 (2.1

25.00 (2.1

18.75 (1.19

31.25 (1.7

25.00 (1.6J

18.75 (0.9)

12.50 (0.8)

Ca+Shb

Ca+Sb+SE

Sb +Ca

Ca+Sb

Cat+Sh

Ca

Cat+Sh

Ca+Sb

Ca+Shb

Ca+Shb

2

No response

Smaller dark green leaves and shg
with  stunted growth rate an
moderate brown callused.

Shoots healthy growth with dark
green broad leaves shoot bud
with few somatic embryos formed.
Low dark green and brown calli
formed.

Dark broad leaves with slowg
growth rate shoots, less branch
and moderate light
formed.

High light green calli with long
internodes shoot buds, smal
leaflets and not support healt
growth.

Curly smaller leaflets, high brow
and moderate light green cal
stunted growth

High brown calli formed with dar}
green shoots, broad leaves and I¢
internodes.

Shoots dark green leaves with lo
internodes, moderate light green 3
brown calli developed

Dark green leaflets with slight cur
and smaller shoots. Moderate lig
green and brown calli developed.

Slower growth rate with smallg
light green leaves with hig
brownish calli formation.

Stunted growth with smaller cur
leaflets and high brown calli.

green callli

ots

br
ed

er
ny

bng

ng
nd

ht

o

y

#+SE: Standard error from mean; Data with the saeters in the column are not
significantly different at 5% level
$ Ca-callus, Sb- shoot bud, SE- somatic embryo.
@ On MS medium supplemented with sucrose 3% (\ady 0.8% (w/v).
Data represented the mean of five replicates
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Table 19: Effects of PGRs on morphogenetic responsef in vitro raised foliar
explants of Suarauiapunduana

PGRs Conc. | % response | Response| No. of shoot
(UM) (xSE)* pathway” bud (s) Type of response @
NAA BA KN formed/explant

0 0 0 - - - No response

3 3 - 25.0 (1.1) Ca 0 Light greenish brown calli.

3 6 - 37.5(2.19 Ca+ Sb 2 Shoots dark green with broad leav
light green calli developed.

3 9 - 54.2 (1.5} Ca+ Sb 4 Moderate dark green callusing
accompanied by shoot buds with
dark green leaves.

3|12 - 43.7 (1.6) Ca+ SE 3 Light green calli with somati
embryos.

3 |15 | - 31.2 (2.1§ Ca+ Sb 2 Shoots with curly light green leave
with white granular calli.

3 - 3 50.0 (2.2} Ca 0 Brown and light green calli.

3 - 6 43.7 (1.6) Ca+ Sb 1 Moderate light green calli, shoo
dark green with broad leaflets.

3 - 9 50.5 (2.4} Ca+ Sb 2 Broad dark green leaflets with lor
internodes shoots, slight callusing.

3 - 12 | 50.0 (2.6} Ca+ Sb 2 Mostly light green calli, shoot bug
with long internodes.

3 - 15 | 37.5(1.8) Ca+ Sb 1 Shoots with green curly leaflets, lig
green calli.

6 3 - 31.2 (1.7§ Ca 0 Moderate brown to light green calli.

6 | 6 | - 43.7 (1.4 Ca+ Sb 1 Shoots with curly leaflets with lon
internodes, poor growth.

6 9 - 50.2 (2.1 Ca+ Sb 3 Both light and brown callused hig
with etiolated shoot buds with small
leaflets.

6 | 12| - 43.7 (1.5) Ca+ Sb+R 2 Light greenish white granular cal
brown rootlets, light green shoots.

6 | 15| - 31.4 (0.8§ Ca+ Sb 1 Shoot buds with dark green leafle
light green calli.

6 | - | 3| 250(12) Ca 0 Light green calli.

6 - 6 37511 Ca 0 As above.

6 - 9 50.0 (1.7 Ca+ Sb 2 Light green leaflets, stunted growth.

6 - 12 | 31.2(1.7 Ca+ Sb 1 Shoot buds with light green cur
leaflets, long internodes, green calli

6 - 15 18.7 (1.9 Ca+ Sb 1 Light green calli with light greenis
shoot buds, unhealthy growth rate.

ts

g

=

* Standard error from meaata with the saméettersin the column are not significantly
different at 5% level# Ca-callus, Sb- shoot bud, SE- somatic embryo; @M3S medium

supplemented with sucrose (3%, w/v), agar (0.8%y),wData represented the mean of five
replicates.



105

Figure — 10

Figure 10: In vitro culture of S. punduanaleaf and regeneration of plantlets.
Segmented foliar explant cultured on initiation mued showing curling;b. Cultured
leaf explant swollen up and developed numerous gee&n bulbous structures;Shoot
buds and somatic embryos developed from the bullsbustures;d. Micro shoots
developed with dark green leaflets after 7 wk otwe; e. Few healthy micro shoots

developed with distinct dark green leaves readyfayoting.
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Foliar explants

Foliar explants were harvested from thevitro raised shoots formed from the
cultured nodal segments. Foliar explants were diithto different grouped viz. 1.
Partially-injured/scrubbed intact leaves, 2. Infliserubbed segmented leaves, 3. Intact
leaves without injury, 4. Segmented leaves withiojury. The foliar explants were
cultured on nutrient medium fortified with sucrg886), BA and KN (0-15 pM) singly
for in vitro morphogenesisT@ble 18. The foliar explants were also treated with
combined treatment of NAA (3 and 6 uM) and eithér B-15 uM) or KN (0-15 puM)
(Table 19. Within 4-5 days of culture, the cultured leagegiments started curlingig.
10 a) as a first sign of response and within 2 wk timevedoped bulbous/globular
structures from the curled explanBd. 10 b. These structures subsequently converted
into shoot buds, or callugig. 10 9. Morphogenetic response was very distinct irel
cases along the leaf base and mid ribs. Howevégurenh intact leaves responded
comparatively faster (after 5 days of cultured)nthathers. Varied responses were
manifested with development of calli formation, stim embryos and shoot buds
development.
Effects of cytokinins In the absence of cytokinins, foliar explantsledito invoke
organogenesis. Of all the culture types, maximummlmer of shoot buds development
was recorded with BA at concentration of 6 uM ie thedium with 3% sucrose, where
as much as 56% of explants responded positivelyeviie many as 4 shoot buds per leaf
accompanied by callusing and somatic embryo likectires Table 18. While, KN
fortified medium registered poorer response.

When compared the performance of both the PGRgjag found that KN
supported more light brownish callus formation wekser shoots development at lower

concentrations (<6 uM), while at higher concentradi &6 M) dark green calli
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developed. Within 4-5 wk of culture these shoot dudifferentiated on the same
initiation or on fresh medium and converted intonglated shoots buds with distinct
leaves Fig. 10 d. These shoot buds differentiated further on regeion medium and
were used for rooting={g. 10 ¢.
Effect of combined treatments of PGRs on in vitrolir explants Foliar explants
show varied response under the influence of PGRsSNBA and KN-NAA) at different
concentrations. In general the combined treatmémyimkinins (BA and or KN) and
auxin (NAA) found to be inferior for organogenesiem foliar explants over single
treatment of cytokinin. Explants cultured on NAA&limedium along with BA and Kn
across the concentration supported more callus dibom (Table 19. Optimal
morphogenic response (54%) was recorded on MS mmeftictified with NAA (3 uM)
and BA (9 uM).
Callus mediated regeneration from nodal segments

The shoot buds developed on the initiation mediuarewtransferred to fresh
optimum medium for culture proliferation and plamigeneration. Further the callus
developed from the cultured explants was maintaseghrately on fresh medium for
callus proliferationfig. 11 a, b) On the subsequent subculture shoot buds devetmped
the same mediumF{g. 11 9. The resulted shoot buds thereafter transferredresh

medium for micro shoot developmekid. 11 d.
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Figure — 11

Figure 11: Regeneration oSaurauiapunduanafrom in vivo nodal explant of through
callus culture.a. Cultured nodal explant swollen and developed dadem mass of
callus; b. Dark green callus turned light green calli magera® wk of culturec. Few

young shoot buds formed with few dark green lesfldt Healthy micro shoots with

dark green leaves transferred in fresh regeneratedium.
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Table 20: Effects of quality and quantity of auxinson rooting of micro shoots ofS.

punduana
Auxins Conc. | % response | No. of root (s) Average
(M) (+SEY) formed/ micro root Type of response @
IBA NAA shoot length
(cm)

0 0 - - - No response

3 - 12.5(1.1j 2 1.1 Moderate brown and low dark
green calli, long internodes. Scanty
root hairs.

6 - 25.0 (1.2) 2 1.3 Brownish internodes, broad light
green leaves and high light green
calli formed.

9 - 31.2 (1.6} 3 1.7 Low brown and dark green calli
with dense brownish root hairs.

12 - 43.7 (1.2} 5 1.0 Light green broad leaves,
moderate brown calli and much
lesser root hairs.

15 - 25.0 (1.1) 2 0.7 Lesser root hairs with smaller light
green long and curly leaflets.

- 3 12.5(1.1j 1 0.9 Poor root hairs formation, high
brown calli and smaller leaflets.

- 6 18.7 (1.2§ 3 1.2 Moderate light green calli and ropt
hairs formation with curly smaller
leaflets.

- 9 31.2 (2.1) 4 1.0 Root hairs formation moderate and
low brown calli.

- 12 25.0 (1.7) 2 1.0 Long smaller curly leaves and
moderate root hairs formation.

- 15 18.7 (1.49 1 0.5 Poor root hairs formed and smaller
light greenish shoots with curly
leaflets and stunted growth rate.

#+SE: Standard error from mean; Data with the saiters in the column are not
significantly different at 5% level,

@ On MS medium supplemented with sucrose (3%, &y (0.8%, w/v)
Data represented the mean of five replicates
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Figure — 12

Figure 12: In vitro rooting of micro shoots ddaurauiapunduanaa. The isolated micro
shoots cultured on rooting medium started producouis after one wk of culturds.
Micro shoots developed rootlets with distinct setamy roots;c. Well rooted micro

shoots ready for hardening.
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Plant Regeneration and Culture Proliferation

The shoot buds micro shoots developed from botmtual and foliar explants
were transferred on MS regeneration and prolifematculture medium containing
different organic carbons (sucrose, dextrose andogk) at varied concentrations (0-
4%). The cultured were conditioned under the infieeof different concentrations (0-15
KM) of cytokinins (BA and KN) singly for another2passage from initiation cultured.
The cultures in absence of growth regulators esdtbietarded growth and degenerated
subsequently. The shoot buds proliferated in subs#gsubcultures on MS medium
containing sucrose (3%) and BA (9 uM) and converted micro shoots with well
expanded leaves-ig. 9 d, 10 e, 11 d These micro shoots were harvested from the

regeneration medium and was transferred on rootiegium.
Rooting of Micro Shoots

Micro shoots developed on proliferation medium wansferred to rooting
medium(Fig. 12 a) For inducing rooting of micro shoots two diffeteuxins (IBA and
NAA) were incorporated singly at concentrationsOef5 pM. Incorporation of one of
the auxins was necessary for inducing roots. Oftéhe auxins tested in the present
study, IBA was found to be more effective for inohgcroots. Rooting was done on sets
of foliated and defoliated micro shoots, and obsérvetter responds in defoliated micro
shoots. Of the different concentrations of IBA égstoptimum rooting was achieved on
MS medium fortified with 12 uM from defoliated mérshoots, where as many as 5
roots per shoot developed in ~43% micro shodtble 20 and Fig. 12 h At this
concentration the plants were healthy with greerathieaves and healthy root hairs. In
contrary NAA enriched medium supported fewer rop& shoot. The well rooted

plantlets were selected for vitro hardening [fig. 12 9.
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Figure — 13

Figure 13 In vitro hardening ofS. punduanaegenerateand transplantation to potting
mix. a. Well rooted plantlets transferred in partially cpegd coconut coir for hardening;
b. Hardened plantlets transferred in potting mix arantained in polyhouse (after 3 wk
of transfer);c. Potted regenerates maintained in the natural gy feady for field

transfer.
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Hardening of Regenerates and Transplantation of Remerates

The rooted plantlets were taken out from culturedisy washed with luke warm
water to remove any intact trace of agar remairesé plantlets were transferred to
culture vials containing 14 MS liquid medium containing 1% sucrose without any
PGRs. Sets of processed dry coconut coir, forésr land saw-dust were used as
substrata during hardening process, and maintaireeglantlets for 5-6 wk in the normal
laboratory conditionsHig. 13 3. During the process of hardening new shoot buds
sprouted. It was found that plants were dark gr@easompanied by formation of new
roots and secondary/adventitious roots from thens@f the different substrata tested in
the present study witB. punduanahopped coconut coir was found to be most suitable
for hardening where ~72% regenerates survived rumaiglening condition and no new
shoots developed during the hardening processbrgase .8 cm in height. Compared to
coconut coir, agar gell medium saw dust and fdedtr were found to inferior for the
purpose.

The suitably hardened plants were taken out framctiiture vials and transferred
to potting mix contained mixtures of soil, sand atetaying wood power in the ratio
1:1:1 ratio in poly bags (15x12 cnBig. 13 b. The potted plants were maintained for 5-
6 wk under partially controlled conditions of ligga. 70% sunlight. Regular interval of
water was feed, once a wk for 5-6 wk, followed Bp@sed for 2 hr interval a day under
natural day light for 1 wk, where finally left undeatural day light. Within 2-3 wk of
transfer in the potting mix the new leaves stadeterging Established transplants were
maintained for 2-3 months in the poly house wheewés turned dark greefid. 13 c)
before transferring to the cultivated plot. Abo@b2plants were transferred to the field

of which ~70% transplants survived after two morghgansfer.
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Discussion

Initiation of Culture and Culture Proliferation

Nodal explant
In most of the plant species tire vitro morphogenesis depends on the type of

explants used for culture initiation. Thus it igyw@nmportant to select the right explants
type and source for culture initiation. The speciflifferences in the regeneration
potential of different organs and explants haveousr explanations. The significant
factors include differences in the stage of thésaalthe cell cycle, the availability of or
ability to transport endogenous growth regulatord the metabolic capabilities of the
cells. Thereforein vitro propagation of woody plants has always been ditfidue to
problems with establishment of aseptic culturesgrafiial contamination and varied
nutritional medium requirements (Agrawet. al., 2002; Debet. al.,2014). The most
commonly used tissue explants are the meristeraatis of the plants like the stem tip,
auxiliary bud tip and root tip. These tissues haigh rates of cell divisionln vitro
organogenesis from vegetative tissues by apprepmatvitro manipulations is the
ultimate objective in micropropagation technique.

Several explants related factors influence the mdmvelopment potential of the
cultured tissue (Benson, 2000). These include drmehditions, donar plant physiology
and genotype of the source plant etc. However, dhigervation did not receive much
attention until the late 1990s (Lakshmardural., 1995, 1996).

Seasonal effect of Saurauia punduana nodal explactdlection from in vivo sources

In the present study witB. punduanastablishment of aseptic cultures was not possible
round the year. Many plant species are found vaesgonses om vitro culture with

the seasons, length of day light, temperature, diynirainfall which shows impact on

in vitro response. Explants collection season is one ofitiportant factors in the

establishment and growth af vitro cultures (Bhatt and Dhar, 2004). In the present
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study nodal explants collected after Septemberbébei better response but optimum
vitro morphogenetic response was achieved from the rsmtghents collected during
December where browning of medium was significarldgser and cultures were
healthy. It indicates the winter shows less semnetif endogenous phenolic compounds
which results browning of medium and tissue nestdsi other species few centimeter
long shoots were found to be ideal for cultureiation such as litchi (Chandra and
Padaria, 1999) and guava (Mislet al, 2007). While, nuinodal segment was ideal in
Aonla micropropagation (Mishret. al, 1998).

Effect of antioxidants on in vitro culture initiatbn: Most of the hardwood species
produce phenolic compounds after woundiAgcumulation of phenolic compounds in
medium adversely affects the growth and survivahofitro explants. This problem has
not been resolved satisfactorily and continues doabbottle neck in development of
efficient regeneration protocol. Browning of mediweduces or cease effectively with
the use of antioxidants. Thomas (2008) reported tv@wning medium affects
adsorption of nutrients like vitamins, metal ioR§Rs etc. In present study, browning of
medium has been successfully control with the usiaree different antioxidants AC,
CA and PVP at different concentrations (0-700 mg).LOptimum morphogenetic
response was noted at a concentration of 300 Tig PVP in the initiation medium. In
browning controlled medium cultured nodal explardveloped dark green shoot.
Elmoreet. al (1990) and Gautaret. al (1993)suggested that pretreatment of explants
with PVP could absorbs phenols and thus prevents fromatan in neem. e of
antioxidants such as PVP and CA in combination G@ #hg L* and 100 mg
respectively in combination could successfully cointhe effect of browning ifPinus
kesiya(Deb and Tandon, 2004). Raghuvanshia and Srivagt8@b) cultured mango

leaves on MS mediums supplemented with 0.05% P\dRekit. al. (1992) reported that
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AC shows comparatively large surface area to volumiech gives AC a unique
adsorption capacity of inhibitory compounds resultslecrease the toxic metabolites in
the medium. However, incorporation of AC affects thediump", alter the ratio of its
components and subsequently influence plant reggaer(Druart and Wulf, 1993) and
shows ineffective towards sugars like glucose, aer dextrose, inositol etc from the
medium (Yamet. al., 1990). Whereas, nodal explant lmfahylaenahuillensis was
successfully cultured with ascorbic acid 200 mfas antioxidant (Ndakident. al.,
2014).

Effect of organic carbon source:Organic carbon plays vital role in plant as an gper
sources for various metabolic activities. Quality ajuantity of organic carbon brought
about different affects on morphogenetic responses observed in the present
investigation. It was observed that organic carisom must for successful growth in the
culture. Optimum morphogenetic response was foundutrient medium fortified with
sucrose (3%) where ~67% of cultured nodal segmessgonded positively within 6
days of culture initiation. Other two organic cambsources (dextrose and glucose)
across the concentrations found to be inferionrigocation of morphogenetic response
from cultured nodal segment¥able 16. The least response was found on medium
enriched with dextrose (1%) where only ~12% of nhodagments responded.
Requirement of organic carbon fam vitro morphogenesis was reported by many
workers in the past (Venkatachalanal., 2000; El-Bakry, 2002; Preetht. al., 2011;
Debet. al, 2014). InSteviarebaudiana,Preethietal. (2011); in pineapple Zuraids. al.
(2011) found sucrose (3%) was most effective fdtuce initiation from shoot and leaf
explants. In orchid cultures were successfullyiatéd on sucrose fortified medium

(Costaet. al., 2000; Temjensangba and Deb, 2005; Pongener abhdZD09).
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Effect of quality and quantity of cytokininsGrowth regulators plays essential role in
determining the development pathway of plant catid tissues in culture medium. The
auxins, cytokinins and gibberellins are most comipwarsed plant growth regulators.
Uses of quality and quantity of PGRs depend mainlythe species, organs, tissues and
the objective(s) of the research. In the presamtystvith S. punduananodal segments
from in vivo source, BA and KN (0-15 uM) were used singly. Imeyal it was found
that BA enriched medium morphogenesis was better BN enriched medium. Under
the given conditions optimum response was recomedS medium fortified with
sucrose (3%) and BA (9 uM) where as many as 5 dhaig sprouted from a single node
and ~67% cultured explants responded positivelynv@€wmsely on KN (9 uM) fortified
medium there was only 4 shoot buds formation petenivom 41% cultured explants.
There are many reports available in literaturesheneffect of different cytokinins on
vitro culture initiation in different species. Puddepleit al. (1997) successfully
established cultureQuercus robur L on cytokinin rich medium. Abubacker and
Ramanathan (2004) reported that MS medium fortWigth BA and KN in combination
was suitable for shoot regeneration. In pineapplétue could be successfully
established from shoot buds on MS medium supplesdenith 5 mg [ BA where ~
86% explants produced shoots in culture (Zuraidal., 2011).

Foliar Explants Culture

Effects of cytokinins Of the different factors evaluated by various kavs in the past
on organogenesis from various explants sourcegptheof PGRS, especially cytokinins
were widely regarded as an important supplemenb @eal, 2014). The present study
from leaf explants 06. punduanaoo revealed in agreement with the past repantthé
study, the foliar explants cultured on MS mediurp@amented with BA and KN singly

exhibited different responses. However, the cuttueaf explants responded optimally
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on medium conjunct with sucrose (3%) and BA (6 pWhere ~56% leaf explants
responded to organogenesis with slight callusindnil®/KN rich medium there was
fewer shoot bud formation and mostly callusédie 18.

In the past many researchers reported the supgrairBA over other cytokinins
in many tree species (Pattnaik and Chand, 199thk@yn alone in the culture medium
induces shoot formation in many plants. Petunia hybrida massive shoot
multiplication was achieved by using MS medium adezhwith 2.2 uM BA and 5.7 uM
IAA within 4 weeks of culture (Sharma and Mitra,78). Besides these, the important
role of BA for shoot proliferation was also repartéor other species likértemisia
annua(Usha and Swamy, 1998) andkulipta alba(Dhaka and Kothari, 2005).

Besides the culturing leaf explants on cytokinichrmedium, leaves were also
cultured on BAA-NAA and KN-NAA fortified medium. Rdings indicate that the
combined treatments of either BA-NAA or KN-NAA airgerior to singly treatment of
either BA or KN for direct organogenesis. In aletbombined treatments fewer shoot

buds yielded but supported callus formatidatfle 19.
Effects of cytokinins on culture proliferation Cytokinin is an important agent to

stimulate multiple shoot bud formation fon vitro propagation of plants. Many
researchers have been demonstrated that organ timnm@ccurs only with medium
containing cytokinin. In the present investigatiarytokinin such as BA and KN
incorporated singly at varied levels of concentradi (0-15 pM). It was found that
incorporation of BA at 9 uM gives optimum shoot budrmation with healthy growth
rate, affecting ~56.2 % of nodal explants with amrage of ~5 micro shoots developed
within 5 wk of cultured. Where KN could produce Host buds at 6 LM concentration
affected ~50 % explants. This indicates that KNess preferred which agreed with the

reports of that in some plant species it may eespaond with both embryogenesis and
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organogenesis together depending on the culturelittmms (Dornelaset. al. 1992;
Dodsworth, 2009). In all the treatments range fi@h5 pM developed micro shoots
however it increases its calli development withréase in concentration. But in absence
of cytokinins, nodal explants failed to developbdat bud.

In line of similar finding with lower concentratierof BA favored high rates of
shoot multiplication and better shoot elongationm€innamomuncamphora(Huang
et. al., 1998); in the speciddolarrhenaantidysenterica Kumar et. al., 2005). Higher
number of micro shoots generations also correspghdiobserved in KN 6 mg t
treatment but its growth rate are remarkably affgith much slower and much calli
formation. This may be due to its preferential natof species on its growth regulators
affects as reported in several species by manieearbrkers studies. However, Sharma
and Ramamurthy (2000) reported a profuse callusittyEucalyptudereticornison MS
medium supplemented with TDZ (2.27 and 4.54 ity with NAA (0.54 mg %), but
the production of 4-8 healthy shoots per explant@dium with BA and NAA (0.44
and 0.54 mg 1), respectively. However, used of growth regulasush as NAA and
BA in combination were reported in propagation@ifithogalumspecies from bulb
scale explants (Nel, 1981; Seh al., 2005). Whereas the highest regeneratio® .of
ulophyllumwas obtained with ~4.83 per explant in a mediuntaioing 2.0 mg [* BAP
combined with 0.50 mg £ NAA (Ozelet.al., 2008).

Rooting of Micro Shoots

For rooting of micro shoots, MS medium was suppiaee with IBA and NAA
singly (0-15 uM). In the past many workers testéfibient auxins like 1AA, IBA, NAA
as these growth regulators are known to influeheehigher rate of root induction from

micro shoots (Beclet. al., 2000; Nandat. al., 2004; Debet. al.,2014). While, Davies
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(1980) reported 100% rooting in cultivars of rose MS medium devoid of growth
regulators but supplemented with 4% sucrose.

In the present work, it was observed that, IBAtireant exhibited its superiority
in rooting of micro shoots, where an average obétlets per micro shoot developed
with 1 cm long accompanied by moderate calli fororatHowever, in presence of NAA
an average of ~4 rootlets with moderate root hdegeloped. Optimum rooting was
recorded on medium conjunct with IBA at 12 uM lewélconcentration which affected
in ~43.7 % cultured micro shoots.

Under different conditions, several workers havecessfully manipulated auxins
in induction of rooting in different species. Z&h al. (2010) used IBA to induceth
vitro rooting in many soybean genotypes, where (Vengadesaal., 2002) could
achieved 55% rooting from micro shoots #@fcacia sinuateon %2MS medium
supplemented with 7.36 UM IBA. Likewise MonteuuisdaBon (2000) reported that
exposing the micro shoots to 4-6 M concentratiohdAA or IBA in the dark
significantly increased rooting of the mature cloHewever, it was reported that types
of auxin preference depend on tissue and speciehwhpport the present work (Rao
and Padmaja, 1996).

In another report, combination of IAA + NAA, IAA #BA or IBA + NAA did
not show any positive response on rooting, rath@rmed callus at the cut end of the
excised shoot and also the shoot became yellowisday et. al., 1990; Upreti and
Dhar, 1996). But Shaet. al. (2005) reported that rooting was achieved evenhe t
medium without PGRs which was contradict to presestits, where micro shoots did

not developed any root formation in auxin devoidinam.
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Acclimatization and Transplantation of Regenerates

Hardening of plants

Most of the works are done amvitro conditions where it control majority of the
regeneration processes. However, efficiency ofrthatro raised plantlets to its survival
in the natural conditions forms the basis of susitgégplant tissue culture. In fact at this
stage, micro propagated plants are at crucial dtaggs survival as it gradually starts
experience the natural conditions in much highghtliintensity with lower relative
humidity. Besides readily available nutrients toe &ept much lower, therefore much
depends on their fate of their fully developed ogydo its functionality. Different
techniques have been employed by tissue cultustenodifying its nutrients supply
with high stability substratumThe in vitro plants are generally photo synthetically
incompetent(Preece and Sutter, 199ahd the plants are photo synthetically inactive.
Lower chlorophyll levels ofn vitro plants clearly suggest lower or negligible rate of
photosynthesis due to heterotrophic mode of natritthat ultimately limits its
biosynthesis feasibility. Therefore it can be codeld that supplementation of essential
nutrients during acclimatization and photoautotrogtevelopment of micro propagated
plant can increase survival rate.vitro plants showed higher levels of reducing sugars.
In  micropropagation process, carbohydrate reseraes built up in leaves by
manipulating sucrose in regeneration/shoot mutigpion stage prior to acclimatization.

In addition to work on aspects @ vitro biology such as autotrophy and
hormone physiology such as auxin regulated axilgngwth (Reinhardet. al., 2000).
Light quality has a potentially environmental factchich often been overlooked but has
affect on the direction of plant morphogenesisvitro (Morini et. al., 2000) and the
switch between gametophytic and sporophytic patewdjssue culture often involves
much of cutting/injury of tissues in plants whicluses stress in its physiological

changes (Leost.al., 2001).
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The rooted plantlets were taken out from culturedisy washed with luke warm
water to remove any intact trace of agar substragmains, whereby transferred it into
liquid ¥2 MS medium containing 1% sucrose withouy &GRs. Sets of processed dry
coconut coir, forest litter and saw-dust were usedubstrata, and maintained for 5-6 wk
in the normal laboratory conditions. Further, trerdened plants were transferred to
potting mix contained mixtures of soil, sand andajéng wood power in the ratio 2:1:2
respectively in poly bags (15x12 cm). The pottednd were maintained for 5-6 wk
under partially controlled conditions of light C&% sunlight. Regular interval of water
was feed, once a wk for 6 wk, followed by exposadZ hr interval a day under natural
day light for 1 wk, where finally left under naturday light. About 70% transplants
survived after two months of transfer. In this wattke well rooted plantlets raised from
in vitro were taken out and transferred in the pre-fillad autoclaved coconut coir in
culture vials. But regenerates were supply witls lesncentration nutrient medium (/4
MS solution) with coconut coir as substratum fowls in normal laboratory conditions
and later transferred to fresh culture vial withmsaconditions except for 6-7 wk.
Usually, micro propagated plantlets present higherspiration rates than those grown
in greenhouse, due to their abnormally functiongigmata and thin cuticle, which
results in plant wilting and, in some cases, irvésaor plant death (Diast. al., 2013;
Osorioet. al., 2013). Therefore, the stabilization of the watiatus of micro propagated
plants duringn vivo acclimatization is very much adhering to its suali Besides water
stress, duringn vivo acclimatization plants are exposed to light inies higher than
those used undém vitro conditions, resulting usually in photo inhibitig@sorioet. al.,
2010; Diaset. al., 2013, 2014). Unfortunately, mang vitro raised plantlets while
transfer to natural conditions restricted by higlrgentage of plants lost or damaged

during the process of acclimatization (Pospisileual., 2009; Loureircet. al., 2007).
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Conclusions

The specie$. punduanaas a horticultural important as well as threatewild
which need immediate attention for conservation degelopment of efficient protocol
for propagation to avoid the further stress ondpecies in the natural habitat. Present
work is the first ever attempt to develop prototmlproduce clonal planting materials
from different explants. Protocols for the plardereration were standardized and plants
were regenerated with the supplements of many R&&san and cytokinin) from nodal
explants and leaf explants directly shoot buds megdion and with and without
callusing phase. The protocols developed would hejpropagation of this species and

reduce the stress on the natural population.
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Chapter — 4

Somatic Embryogenesis and Plant
Regeneration ofSaurauia punduana

Wallich

Saurauia punduanaWallich (Actinidiaceae) is a small to medium size
multipurpose medicinal tree of ~3-5 m tall and rescsexual maturity in 4-5 years. The
species grows predominantly in sub-tropical mixex$t (dense forest, forest edges and
open forest). Therapeutic uses of the species amy;nthe paste made from young
leaves and young twigs are applied on cuts and de&wo stop bleeding. The young
leaves are used as vegetable and help in builsimygunity (Dobriyal and Dobriyal,
2014). However the species is under threat in titee due to removal of forest cover for

various anthropogenic activities and over-explatator herbal medicine.
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For propagation and conservation of threatened eswhomically important
plants, biotechnological tools like plant tissuétne has proved to be effective (Rai
al., 2007). Realizing the threat of the species ungdestion, it was necessary to develop
an efficient regeneration system for large scatgpagation of the species.

During the recent past many successful attempts haen made foin vitro
regeneration of plants of economically importantl dhreatened species via somatic
embryogenesis (Deb, 2001; Chalupa, 2005; Jaiswhlarswal, 2005; Raat. al, 2007;
Lincy et. al, 2009; Shiet. al, 2010; Asghaet. al, 2013). Plant regeneration through
somatic embryogenesis has been considered thermefenethod for woody plants
because somatic embryogenesis leads to simultarfeaustion of bipolar structures
containing both shoot and root meristem (that dg&into the tap roots of trees) while
having a single cell origin. The power of somatwbeyogenesis as a propagation tool
becomes especially apparent when the goal is tergenlarge number of propagules of
a woody plant species.

Somatic embryogenic cultures of economically imaottplants are increasingly
finding application as a source of clonal plantmgterial and/or propagules amenable
for genetic transformation. Besides this, secondsoynatic embryogenesis offers
additional advantages to primary somatic embryogjeneiz., a higher multiplication
rate, greater independence from explant source artugher level of uniformity,
encouraging reproducibility of technique (i al, 2007; Shiet. al, 2010; Gholamet.
al., 2013). This present study is the first ever sssfté attempt to develop a
reproducible regeneration protocol for efficientaml recovery via somatic
embryogenesis dbaurauia punduanavhich is characterized by well defined stages of

embryo development, maturation, germination andtplegeneration.
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Materials and Methods

Plant Materials

Seeds ofSaurauia punduanat different seed developmental age (3-8 week old)
were collected from plants growing near Nagalandvémsity, Lumami, India at an
altitude of 1,250 m MSL. For the present studye¢hdifferent small populations were
selected and from each population, five plants wetected randomly for harvest of the
fruits to ensure that the results are represemtativ the species. Fruits of various
developmental ages were collected from the plamished with ‘Labolene’ (0.1%, v/v,
a commercial laboratory detergent) and then rinseter running tap water for 10 min.
The fruits were surface sterilized with 0.1% (w&gueous solution of mercuric chloride
for 3 min and then washed 4-5 times with sterilizbstilled water. The seeds were
removed from the sterilized fruits and cultured M& medium fortified with sucrose
(3%, w/v), and BA (0 or 2 uM). They were maintaingddark or full laboratory
illumination (40 umol rif s') for seed germination and seedling formation. &che
culture vial (~55 mm diameter), ~100 seeds wertuced. The cotyledonary leaves from

thein vitro germinated seeds were used for the experimentpbpar
Initiation of Embryogenic Culture

The full cotyledonary leaves from tha vitro germinated seedlings on MS
medium fortified with 2 uM BAP were harvested afteur weeks of culture initiation
for seed germinationT@ble 21). The cotyledonary leaves were cultured on agledye
MS medium fortified with sucrose (0-5%), varying ncentrations of 2,4-
dichlorophenoxy acetic acid (2,4-Dy);naphthalene acetic acid (NAA), BA and kinetin
(KN) (0-4 uM) either singly or in combination (EQitiation Medium) Table 22. It
was ensured that lower epidermis of the cotyledpleaves were in full contact with the

medium. Twoin vitro produced cotyledonary leaves were cultured in ¢ashtube and
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the cultures were maintained at 40 umeéf gt illumination (12/12, D/L photoperiod)

provided with white cool fluorescent light and 28&2emperature.
Proliferation of Cultures and Embryogenesis

The calli developed from excised cotyledonary lsaweere maintained for
another 2-3 passages on different strengths of M&ium (*2MS, MS and 2MS)
supplemented with different concentrations of sser{2-5%) for embryogenic callus
proliferation (EC Proliferation Media). For eacledtment, ~200 mg of embryogenic
callus was used as inoculum and biomass produet@as checked after 4 weeks of
culture.

The cultures with proembryonal masses were maiathion ¥2MS and MS
medium supplemented with sucrose (0-5%), NAA and (BA pM) either singly or in
combination for embryo formation and maturation (S&mation Media). The somatic
embryos so developed were transferred onto diffeseangths of MS medium (0 to full
strength of inorganic salts but with full strengtfyanic supplements) containing BA (2
M) and sucrose (4%) and maintained at a highemitation (60 pumol i s?) for 7-8
weeks for maturation and germination (SE Maturatidledia). The germinated
embryos/seedlings were hardened by transfer ontchdtBione-free medium enriched
with sucrose (3%) at a higher illumination (60 pmof s?) for three-four weeks (SE
Germination Media) before transferring to a pottimgx (sand, soil, decayed wood
powder and chopped coconut coir at a 1:1:1:1 raitilo a layer of moss topping). For the
initial two weeks, the pots were watered twice iweek and covered with transparent
polybags to maintain the humidity. The transplamé&se maintained in the poly house

with 75% shade for 5-6 weeks followed by transpranto the field.



128

Experimental Design and Statistical Analysis

A completely random experimental design was folldwi& each test tube, two
cotyledonary leaves were cultured and for eachrtreat, 20 test tubes were maintained.
All cultures were sub-cultured at 3-4 week intervaless mentioned otherwise. All the
experiments were repeated at least thrice. Cultveze monitored on alternate days and
data collected on a weekly basis. Data was analyzedne way ANOVA using the
General Linear Model procedure in SAS Statisticatkage (SAS Ins.) and standard
deviation from mean was worked out and comparedguseast Significant Difference
(LSD) test at p<0.05.

Results

Seed germination For the present study seeds were collected frioraet different
populations and 5 plants from each population weskected randomly. Fruits of
different developmental ages were collected frohtha& plants to ensure that the results
in the present study are not an individual plamstcdfr. In the present study, seeds were
cultured on MS medium fortified with 0 or 2 uM BAader two different light regimes
(Table 21). Seedlings on BA-free and BA fortified (at 2 pNM)edium exhibited
differential seedling morphology (data not show@htyledons and hypocotyls of the
seedlings were thinner on BA-free medium againgt deeen and thick on BA fortified
medium.

Seeds on MS medium with sucrose (3%) and 2 uM Bl @intured in the dark
exhibited better germination rates compared tocthiires in the light. Within three wk
of culture, seeds started germinating and relets®dfirst set of leaves within 4 wk. Of
the various fruit age, seeds harvested from 5-7lakfruits yielded better germination
and subsequent embryogenic response. The otheiagesdvere found to be unsuitable

for germination. Under the given conditions, witlrnwk of culture in the dark, ~84%
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seed germination was achieved from 6 wk old sebdspercentage germination from 5,
6 and 7 week old seeds were not significantly diifieé but were significantly higher than
both younger and older seedsable 21). The cotyledonary leaves were collected from
the seedling resulted both from light and darkwrell seeds and cultured separately the
leaves harvested from the seedlings of various Idpeeental age of seeds on MS
medium fortified differently for embryogenic catbirmation. Interestinglyper centcalli
formation was significantly highest from cotyledopdeaves harvested from 6 weeks
old light grown seedlings. Seeds cultured in tyétlion the other hand, either failed to

germinate or were delayed in response.
Initiation of Embryogenic Culture

In the second experiment, the cotyledonary leavesevharvested from the
seedlings germinated vitro and cultured on MS medium fortified with sucro8e506)
and different plant growth regulators (PGRSalfle 22. Within one week the leaves
started swelling Kig. 14 g and within three weeks, calli developed throughthe
cotyledonary leaves followed by proembryonal mas@ég. 14 b. Amongst the
different concentrations of sucrose tested forusaihduction, sucrose at 3% supported
healthy callus formation. There was healthy callinfation on medium supplemented
with BA+NAA, and BA+2,4-D but cultures maintained &N fortified medium either
singly or in combination with 2,4-D or NAA resultéal poor embryogenic cultures. Of
the different PGR combinations, BA+NAA supportealtiey culture formation.

In the present study, two different types of cétlesignated Class | and II)
developed. In most cases, callus was initiallyoweish-white but grew to light-yellow,
friable callus from the third week of culture. Arpaf the callus was yellowish green,
non-embryogenic (Class I) or whitish green, embeyog callus (Class II). Class-I callus

was formed at higher concentrations of 2,4-D (1®2M). Besides this, combinations
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of 2,4-D and KN resulted in non-embryogenic catic@mpanied with retarded culture
proliferation. In the present study, significanttyore embryogenic cultures (68.2%)
developed on MS medium supplemented with sucro¥g,(BIAA (1.5 uM) + BA (4.0
KM) than on any other combination tested, follovisd1.0 uM NAA + 4.0 uM BA
(51.1%) then 0.2 uM NAA + 3.0 uM BA (45.4%) supplemed mediaTable 22 , Fig.

14 0.



131

Table 21: Effect of seed age @aurauia punduanaon germination of seeds and
formation of embryogenic calli from their excised otyledonary leaves

Seed age Germination rate (%) Average time for

(wk) (xSE)* germination (days)
Dark Light Dark Light

3 0 0 0 0

4 30.2 (0.3) 12.1 (0.4Y 35 3¢

5 81.3 (1.1) 18.3 (0.4% 3¢ 35

6 84.2 (0.7 25.2 (0.5} 27 3¢

7 83.4 (0.6) 24.2 (0.3} 23 3¢

8 64.3 (1.0) 14.2 (0.25 23 3¢

* +SE: Standard error from the mean. Data with saeneletters in the column are not
significantly different at 5% level; The seed agaswealculated from the day of anthesis.
Seeds were cultured on MS medium supplementedsuittose (3%) and BA (2 uM).

N: 100, repeated thrice.
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Table 22: Effect of PGRs on embryogenic culture ingction of Saurauia punduana
from excised cotyledonary leaves

PGRs Conc. (uM)*
NAA 2,4-D BA KN

% explants with
embryogenic

Type of response

calli (+SE)**

0 0 0 0 No response

0.5 - 1.0 - Slight callusing towards the cut ends

05 - 2.0 28.1 (0.2) Callusing with 2-4 roots

0.5 - 3.0 45.4 (0.4) Soft, gelatinous yellowish green callus
with few roots

0.5 - 4.0 32.0(0.3) Slight green callusing

05 - 5.0 14.3 (0.3) Yellowish hard callus

1.0 - 2.0 22.0 (0.8) Yellowish gelatinous callus with few
roots

1.0 - 3.0 38.5 (0.7) Soft yellowish green callus with few
roots

1.0 - 4.0 51.1 (0.8) Soft, yellowish, friable callus with 1-2
roots

1.0 - 5.0 20.0 (0.8) Yellowish brown callus towards the cut
end

15 - 3.0 36.5 (0.7) Soft yellowish fast proliferating callus
with few roots

15 - 4.0 68.2 (0.8) Soft, friable yellowish green callus with
few roots

2.0 - 3 21.0 (0.4) Yellowish brown soft callus with 5-6
roots

20 - 4 38.3 (0.5) As above

20 - 5 25.1 (0.6) As above

- 0.5 2.0 20.4 (0.3)g Callusing from the cut endoft,
yellowish and translucent

- 05 3.0 26.0 (0.5) As above

- 0.5 4.0 21.1(0.2) As above

- 1.0 3.0 28.0 (0.3)f Callus soft, yellowish anahslucent

- 1.0 4.0 25.4 (0.2) Callus soft, yellowish white and
translucent

- 15 2.0 12.2 (0.4) Callus at the cut ends, soft and white

- 1.5 3.0 26.3 (0.6) As above

- 15 4.0 25.7 (0.8) As above

- 2.0 3.0 08.0 (0.2) Callus soft, white and gelatinous

- 2.0 4.0 08.2 (0.3) As above

* Only responsive treatments are computed. There m@ embryogenic response on
medium fortified with kinetin and mostly calli wehard, hence are not computed in the

table.

** +SE: Standard error from mean; N: 40, repedtaice. BM + 3% sucrose, in the
light 12/12; Data with the sanettersin the column are not significantly different &5
level. Cotyledonary leaves were harvested fromstedlings developed from 6 wk old

seeds.
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Figure — 14

Figure 14 Different stages of induction of somatic embryoggs from cotyledonary
leaves ofSuarauia punduana. Cultured cotyledonary leaf segments showingatidn
culture within one week of culturdy. Callus with proembryonal masses developed
within 3-4 week of cultureg. Callus with distinct somatic embryas; Cotyledonary and
torpedo shaped somatic embryos developed througheutallus mass. Germinating
somatic embryo with elongated hypocotyls with fotima of recurrent/secondary
somatic embryos at the bade; Germinated somatic embryo converted into rooted
seedling/embling ang. Potted seedling established in the poly-house.
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Culture Proliferation and Induction of Somatic Embryogenesis

The calli with embryogenic masses were transfeoei different strengths of
MS medium fortified with different sucrose concewitons for culture proliferation
(Table 23. Of the three media strengths tested, full stiteMdS medium was found to
be superior over 2MS and %2MS media. For culturdifpration, sucrose was used at a
concentration of 2-5%. Both at lower (2%) and highencentrations (>3%)
proliferation rate was significantly poorer thandigesupplemented with 3% sucrose and
in all media strengths. Within 4 wk of culture, laigh as 348.3% (3.483 times more
callus) proliferation was registered on MS mediumahed with 3% sucrose, NAA (1.5
uM) and BA (4 uM). In contrast, there were ~234ndl 270.9% proliferation on half
MS and double MS medium respectively on sucrose @#iched mediumTable 23.
During the proliferation of culture, proembryonalasses, globular embryos and

secondary embryos formeBig. 14 9.
Embryo Development, Maturation and Germination

Cultures from the proliferation stage leads to masi developmental stages but
not necessarily proceeds to direct embryo maturatra germination. In general, auxins
and cytokinins are the principal growth regulate#sich control culture proliferation,
differentiation and or maturation of somatic emtsryo culture (Feheet. al, 2003). In
the present study, maintenance of culture on @malifon medium for longer period (>6-
7 weeks) did not ensure embryo development andrataio of embryos but rather led
to culture degeneration and browning of culture. aoid this, the cultures from the
proliferation stage were incubated in two medi&rggths (half and full strength MS
medium) fortified with low concentrations of NAA D uM) and BA (0-5 uM) and
various levels of sucrose (0-5%) in order to pram@&mbryo development and

maturation Table 24 & 25.
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Table 23: Effects of nutrient medium strength and gcrose concentration on
embryogenic calli proliferation

Nutrient medium Sucrose Conc. Initial biomass Biorass of calli %

proliferation

strength (%, wiv) of calli (x10 mg) after 4 wk (£10mg)

%4xMS medium 2 200 380.6 190.36
3 200 468.8 234 .4
4 200 395.3 197.F
5 200 3445 172.3

1xMS medium 2 200 481.2 240.6
3 200 696.8 348.3
4 200 642.3 321.2
5 200 558.6 279.3

2xMS medium 2 200 4333 216.7
3 200 541.7 270.9
4 200 468.6 234.3
5 200 336.1 168.1

Nutrient media fortified with NAA (1.5 uM) and BAI(uUM).

Data scored after 4 week of culture initiation &mn the mean value of three repeated
experiments.

Data with the samiettersin the column are not significantly different & 3evel.

N: 10, repeated thrice.
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Table 24: Effect of sucrose concentration on devgdment and maturation of
somatic embryos on MS and ¥2MS media

Sucrose Conc. (%) % culture forming SE*!(+SEY No. of embryos per 200 mg
culture

MS medium %MS medium MS medium  2MS

medium

0 0 0 0 0

1 0 0 0 0

2 24.6(0.4) 12.2(0.39 8.6 (0.2§ 3.4 (0.3§
3 455 (0.7 15.7 (0.3 11.2 (0.49 4.3 (0.3y
4 62.5(0.6) 21.1(0.3) 38.1 (0.23 8.3 (0.4%
5 48.2 (0.4 17.4(0.3) 19.7 (0.43 4.4 (0.2§

* SE: Somatic embryos (globular, heart shaped andectmtnary embryos); # +SE:
Standard error from mean; ! Per callus mass of 2@0(x10 mg); Nutrient media
fortified with BA (4 uM); Data scored after 4 weeds culture initiation and from the
mean value of three repeated experiments; Datathétsamdettersin the column are
not significantly different at 5% level. N: 10; egted thrice.
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Table 25: Effects of strengths of MS medium and PGR(NAA and BA) on embryo development

Quality & quantity 1xXxMS medium 1LXMS medium

of PGRs (UM)! % callus forming SE*#  No. of embryoper % callus forming SE* No. of embryos per
NAA BA callus mass** callus mass**

0 0 0 0 0 0

0 3.0 40.3 (0.4) 31.5 (0.5) 18.4 (0.4) 6.5 (0.3Y

0 4.0 62.5 (0.6) 38.1 (0.2} 21.1 (0.3} 8.3 (0.4§

0 5.0 44.4 (0.8) 28.6 (0.5) 20.2 (0.6} 8.1 (0.4}

0.5 4.0 25.4 (0.8) 18.2 (0.4j - -

0.5 5.0 28.6 (0.4) 21.0 (0.79 : -

I Only responding treatments are compute&E: Somatic embryos (globular, heart shaped andeduatnary embryos); # £SE (Standard error

from mean); ** Callus mass of 200 mg (+10 mg); Nerit media fortified with sucrose (4%, w/v); Dataeed after 4 weeks of culture initiation
and from the mean value of three repeated expetanBata with the samlettersin the column are not significantly different &b3evel; N:

10, repeated thrice.
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In the present study, embryonal masses that wdtered on full strength MS medium
fortified with BA (4 uM) and sucrose (4%) supportegptimum globular and
cotyledonary stage embryo formation (62.5 %), whicks significantly more than the
other sucrose concentrations testéty.(14 d, e; Table 24 where as many as 38
embryo formed against 8 embryos on ¥2MS medium fsamilar embryogenic culture
within three week of culture.

Embryogenic calli transferred onto NAA and BA f&igd medium did not
support cotyledonary embryo formatiormaple 25. Again, significantly higher
percentages of cultures, and more embryos wereupeodon MS fortified with 4 uM
BA. In the responsive cultures, embryos were uniggudistributed on the culture
masses and they developed as clumps of cotyledagratyyos Fig. 14 ¢, d. The
cotyledonary embryos turned green followed by geaton with distinct hypocotyls
and roots on MS medium fortified with BA (4 uM) asdcrose (4%)Table 25, Fig. 14
e, f). It was observed that in most of the cases 5c@rstary embryos formed at the base
and axis of mature embryos on prolonged culture esmkated sub-culture led to
repeated secondary somatic embryogenésis 14 e).

Maturation and germination of somatic embryos wachieved on the same
culture medium without subculture, albeit with sobwurrence of secondary somatic
embryos. The germinated embryos could be easilyaraggrdl from the clump and
transferred to potting mix as mentioned in the miale and methods and maintained in
polyhouse for 5-6 weeks. A total of 350 seedlingioiform morphology were selected

for the transplantation. About ~75% seedlings siatiafter 6 weeks in the potting mix

(Fig. 14 9.
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Discussion

Fruits were collected randomly from different paidn ti avoid the biasness in
the experimental design. Fruits of different depetental ages were collected from all
the plants to ensure that the results in the ptesenly are not an individual plant
specific. Seeds were cultured on MS medium fodifigith O or 2 uM BA under two
different light regimes. Seedlings on BA-free and Bortified (at 2 uM) medium
exhibited differential seedling morphology. Cotybed and hypocotyls of the seedlings
were thinner on BA-free medium against dark greah thick on BA fortified medium.
The cotyledonary leaves were collected from thellgeg resulted both from light and
dark cultured seeds and cultured separately theeseharvested from the seedlings of
various developmental age of seeds on MS mediutifiédrdifferently for embryogenic
calli formation. Interestinglyper centcalli formation was significantly highest from
cotyledonary leaves harvested from 6 weeks old gbwn seedlings. Seeds cultured in
the light, on the other hand, either failed to geate or were delayed in response. This
study indicates that the seedsSfpunduanarefer the dark for their germination. But
due to anthropogenic activities, forest coverstaimg removed and then seeds do not
get the required dark regime for germination, whiohld possibly be one of the reasons
their population is decreasing.

In the present study, seeds were germinateditro. It was observed that
selection of the right developmental age of thdtdfseeds was very important for
germination and callus formation. The seeds up we8ks did not support aniy vitro
germination. Seed germination rate was enhanceufisantly from the fourth week of
seed development with the highest rate of gernunafs well as callusing being
registered from seeds 6 wks old. For seeds oldam 8weeks, the germination rate

declined gradually though the response was not ligity. The cotyledonary leaves were
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harvested from the seedlings developed from sekdarmus developmental ages and
cultured separately for callus induction. The adtlleaves also exhibited a similar
response with reference to callus formation, hgghest callus formation was registered
from cotyledonary leaves harvested from the segslldeveloped from seeds of 6 week
old. These results suggest that seed age plays@ortant role in germination and callus
formation ofS. punduanaAfter 4-5 weeks of culture, the cotyledonary les¥rom the
seedlings were harvested and cultured on diffealiytiortiied MS medium for culture
initiation.

The cotyledons were harvested and cultured onemitmedium fortified with
different concentrations of sucrose and PGRs fobrgagenic culture initiation.
Amongst the different concentrations of sucros¢éetesor callus induction, sucrose at
3% supported healthy callus formation. At lower @amtrations, there was poor callus
formation while at higher concentrations culturesnéd brown. For induction of
embryogenic calli, different PGRs were used atoweiconcentrations. There was
healthy calli formation on medium supplemented WBA+NAA, and BA+2,4-D but
cultures maintained on KN fortified medium eithergdy or in combination with 2,4-D
or NAA resulted in poor embryogenic cultures. Og ttifferent PGR combinations,
BA+NAA supported healthy culture formatiomgble 22).

For callus initiation, cotyledonary leaves werevieated from germinated seeds
of various ages. Induction of somatic embryogentsi®m any explants is regulated by
many factors like type and quantity of PGRs (Zaedtet. al, 2010; Al-Tahaet. al,
2012). In certain plant species, somatic embryogisngas achieved on hormone free
medium. However, in the present study, incorporattd PGRs in the medium was a
prerequisite and somatic embryogenesis was achiemeMS medium fortified with

NAA and BA in combination Table 22. The findings of the present study are
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concurrent with the report o@itrus limonwhere NAA and BA fortified medium was
found to be productive for direct somatic embrycggs (Gholamiet. al, 2013). In
contrast, induction of somatic embryogenesis wperted inEuterpe eduligGuerra and
Handro, 1998), iianthusspecies (Pareek and Kothari, 2003), and in oil pdewyanthi
et. al, 2011) on 2,4-D rich media; @offea arabica(Gatica-Ariaset. al, 2008) on 2,4-D
and KN enriched medium; iMelia azedarach{Deb, 2001) on 2,4-D and NAA fortified
medium.

The calli with embryogenic masses were transfeawtd different strengths of
MS medium fortified with different sucrose concetitbns for culture proliferation. Of
the three media strengths tested, MS medium wasdftube most effective over 1/2MS
and 2MS media for culture proliferation. At lowendahigher sucrose concentrations
proliferation rate was significantly poorer thandi@dsupplemented with 3% sucrose and
in all media strengths. Within four weeks of cuituas high as 348.3% (3.483 times
more callus) proliferation was registered on MS med enriched with 3% sucrose,
NAA (1.5 puM) and BA (4 uM). In contrast, there were234.4% and 270.9%
proliferation on half MS and double MS medium regpely on sucrose (3%) enriched
medium {Table 23. During the proliferation of culture, proembrybmaasses, globular
embryos and secondary embryos formed. Similar resgmoin line with the present study
were also found with Carnation (S#ti al.,2010, Karamet. al, 2008).

Cultures from the proliferation stage leads to masi developmental stages but
not necessarily proceeds to direct embryo maturatial germination. In general, auxins
and cytokinins are the principal growth regulatedsich control culture proliferation,
differentiation and or maturation of somatic emlsryo culture (Feheet. al, 2003). In
the present study, maintenance of culture on malifon medium for longer period (>6-

7 weeks) did not ensure embryo development andrataio of embryos but rather led
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to culture degeneration and browning of culture. awoid this, the cultures from the
proliferation stage were incubated in two medi&rgjths (half and full strength MS
medium) fortified with low concentrations of NAA {D uM) and BA (0-5 uM) and
various levels of sucrose (0-5%) in order to prama&mbryo development and
maturation.

Embryogenic calli transferred onto NAA and BA f&igd medium did not
support cotyledonary embryo formation. Again, digantly higher percentages of
cultures, and more embryos were produced on MSfiéartwith 4 uM BA. In the
responsive cultures, embryos were unequally digkib on the culture masses and they
developed as clumps of cotyledonary embryos. Thgemtonary embryos turned green
followed by germination with distinct hypocotylsdaroots on MS medium fortified with
BA (4 uM) and sucrose (4%). It was observed thanost of the cases 5-7 secondary
embryos formed at the base and axis of mature emboy prolonged culture and
repeated sub-culture led to repeated secondarytsoamabryogenesis

For successful somatic embryogenesis protocol Idpreent and routine
integration of somatic embryogenesis in clonal pggiion and plant improvement
programmes of economically important species, si@matnbryo maturation and
germination are the most critical steps to be agdePoor maturation and conversion of
somatic embryos is one of most important bottlenebikch has hampered the routine
application of this technology in tree improvempriagrammes (Asghaat. al, 2013). In
studies where somatic embryos had undergone propuration and germination
treatment, this resulted in a higher conversiorsahatic embryos into emblings. In
Myrica rubrait was necessary to incorporate IBA for germinatfdsgharet. al, 2013).

In the past some studies revealed that incorporaifcABA in the maturation medium

helped by inhibiting precocious germination and riayed the conversion frequency of



143

somatic embryos (Capuana and Debergh, 1997; Limostsial, 1997; Langhansovet.
al., 2004). In other species, incorporation of TDZ ioyed the conversion (Khaat. al,
2006). InCitrus macroptergMiah et. al, 2002) and date palm (Bhargast al, 2003),
addition of BA and 2,4-D in combination was beniefior germination of embryos.

In the present study the mature somatic embrydsali germinate spontaneously
on hormone-free medium and incorporation of PGReeweund necessary to trigger
maturation of somatic embryos. In the present stwdth S. punduana,healthy
germination (62.5%) was achieved on MS medium fiediwith sucrose (4%) and BA
(4 uM). Though in the present study, we could ashi significant conversion, this still
warrants further work to improve the conversiongfrency and inhibit precocious

germination.

Conclusions
The protocol developed is simple but reproduciblee ofor somatic

embryogenesis and secondary embryogenesisSadirauia punduanaand their
conversion into embling. Further it was estimateat from the seed cotyledonary leaves
of varied population, about 190 somatic embryodctwe produced within 17-18 week
time. The protocol developed will help in produatiof clonal planting materials and

propagation of this species.
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Chapter — 5

Summary

North Eastern region of India comprising the eigtdtes viz. Assam, Arunachal
Pradesh, Manipur, Meghalaya, Mizoram, NagalandkiBikand Tripura is endowed with
vast natural resources and has enormous potentiamprovement. Nagaland forms the
easternmost state of Indian Republic, located batvis°26- 27°40N latitudes and 93°20
- 95°18E longitudes. The state has an area of 16,579rkastly hills with varied climate
where tropical wet evergreen forests, semi evergi@ests and sub-tropical broad-leaf wet
hill forests distributed throughout the state. Wnstitutes a part of Indo-Burmese
biodiversity hotspot. The region is very rich irifdient economically important plants but
many of them are under severe threat in their ahhabitats due to various anthropogenic
activities. Biotechnological tools like plant tigsaulture technique can be effectively used
for propagation and conservation of these commigréraportant threatened species.

Actinidia deliciosa A. Chev. (Actinidiaceae) andGaurauia punduananVallich

(Actinidiaceae) are two horticultural important piaspecies, of whichA. deliciosais
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propagated commercially in different parts of therlel including Nagaland, India whil8.
punduanas a threatened species grows in the open edgeecohdary forest. Present study
‘In Vitro Propagation of Two Economically Important Plamstinidia deliciosaA. Chev.
(Actinidiaceae) an@aurauia punduansVallich (Actinidiaceae)’ presents the development
of protocols ofin vitro production of clonal planting materials of these taconomically
important species.
Micropropagation

During the study different factors like effect odasons of explants collection,
quality and quantity of antioxidant(s), organic lmam sources, plant growth regulators on
culture initiation different explants, culture pfetation, rooting and hardening of
regenerates, transplantation of regenerates tpdtieng mix are optimized. Effort was put
into to use certain low cost substrata as agamaitiee forin vitro hardening regenerates.

For initiation of in vitro culture fromin vivo source nodal explants of both the
species, newly flushed shoots were collected ratiedyear at monthly interval. Of the
different seasons, explants collected during Nowamand December registered optimum
morphogenetic response Mdeliciosaand S. punduanaespectively where ~75 and 66%
cultured nodal explants respectively respondedtipeli and yielded shoot buds from
nodal zone. The nodal explants of both the spemtesled phenolics in the culture media
and tissue turned necrotic. To stop/reduce the hirayv of medium, three different
antioxidants (activated charcoal, citric acid andPlP at different concentration was
incorporated in the initiation medium. In generaAPwas found to be superior over other
two antioxidants incorporated in both the specid¢sder the given conditions, PVP at a
concentration of 300 mgLreduced the browning of culture media significantithout

compromising the morphogenesis.
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For invocation of morphogenetic response from thieuced nodal explants presence
of one of the organic carbon source was prereguikitthe present study dextrose, fructose
and glucose at concentration of 0-4% (w/v) wastiporated for initiation of culture in both
the species. Of the three organic carbon souressrate and fructose were found to be far
inferior compared to glucose for invocation wf vitro response. Sucrose (3%, w/v)
supplemented initiation media supported early im@on ofin vitro response from cultured
nodal explants of both the species where within &a§s of culture explants exhibited
morphogenetic response.

Besides above adjuncts in the initiation mediunespnce of growth regulators was
necessary for morphogenesis. Of the two cytokind @hd KN) incorporated in the
initiation medium, BA at a concentration of 6 pMpported optimum response .
deliciosanodal segments where 75% explants responded vitldewys of culture initiation
and as many as 4 meristematic loci invoked per nddeile a similar response was
recorded from the cultured nodal segmentSopunduanan MS medium fortified with
sucrose (3%) and BA (9 uM) where an average ofd®tshuds formed per node in ~66%
cultured nodal segments. In both the species, Kiiifiteml media supported fewer shoot
buds and more callus. Besides singly treatmenytokins, effort was also put into to test
the combine treatment of BA-NAA and KN-NAA for cuit initiation from nodal
segments of kiwi. The combined treatments of neiB®-NAA nor KN-NAA supported
direct organogenesis from cultured nodal segmeXitsthe treatments mostly supported
callus formation and very few shoot buds formation.

Foliar explants fromn vitro raised micro shoots were harvestedifovitro culture
initiation from both the species in the presendgtKiwi leaves were cultured in three
conditions viz. intact leaf, segmented leaf andilsibed leaf. Of the three conditiorzer

centresponse was higher from intact leaves (~50%) whieleaf segments and scrubbed
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leaves registered a similar response (~41%) bghenishoot buds formation was registered
from scrubbed leaves and segmented leaves whenarasas 7 shoot buds developed from
each explants compared to only 5 shoot buds fraactreaf. In all the three conditions
optimal morphogenesis was achieved on MS mediutifiéar with sucrose (3%) and BA (9
UM). From the cultured leavers 8f punduan&N fortified medium was found to inferior
for inducing morphogenesis and optimum responseregistered on MS medium enriched
with sucrose (3%) and BA (6 uM) where ~56% of adtlileaves responded positively and
developed shoot buds, callus and fewer somatic yabr

The meristematic loci/shoot buds developed frotuced nodal segments and leaf
explants were maintained for two more passagesptimal initiation medium for culture
differentiation. The distinct shoot buds from tiéiation medium and developed from the
callus were transferred on different strengths of Mhedium fortified with different
concentrations of BA and KN for shoot proliferatiand differentiation. On the different
strengths of MS medium tested, full strength MS mmadfortified with sucrose (3%)
supported optimum shoot differentiation and cultpreliferation. At lower concentrations
of MS salt solutions shoot buds exhibited stuntemvth with fewer shoot buds formation.
In kiwi, better culture proliferation was achieved MS medium enriched with BA (3 uM)
where 1:6 proliferation ratio was achieved. White, S. punduandetter proliferation was
achieved on MS medium fortified with 9 uM BA.

In order to generate complete plantlets, root itidacwas initiated in rooting
medium containing different auxins (NAA & IBA) atrxied levels in both the species. For
inducing roots, two techniques were followed viz.Plus treatment of micro shoots with
IBA and NAA (0-50 puM) singly for 0-24 hr; 2. Dirdgtincorporating IBA and NAA inn
the nutrient medium at a concentration of 0-15 piMyly. In general, plus treatment of

micro shoots was found to be inferior of invokimmgts in micro shoots of both the species.
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In A. deliciosadefoliated micro shoots registered better rootiognpared to foliated shoots.
Of the different concentrations of IBA and NAA tedf better rooting was achieved on MS
medium fortified with IBA (9 uM). At his concentiah as many as 7 roots per micro shoot
developed from single defoliated micro shoot coragdo 5 roots in normal micro shoots.
But in S. punduanabetter rooting (5 roots per micro shoot) was aakiegn MS medium
fortified with 12 uM IBA where ~43% micro shootsponded to rooting treatment.
Somatic Embryogenesis 08. punduana

Saurauia punduanaeeds were extracted from 5-7 weeks old fruits @rtlired
on MS medium fortified BA (2uM) for germination. &hcotyledonary leaves were
harvested fromin vitro raised seedlings and cultured on MS fortified medi
Embryogenic callus was maintained on MS mediumiffedt with sucrose (3%), NAA
(2.5 pM) and BA (4 pM) for callus proliferation. &hcallus was subsequently
maintained for embryo development and maturatiohold 68% of the leaf pieces
formed embryogenic callus on MS medium fortifiedhwsucrose (3%, w/v), NAA (1.5
uM) and BA (4 uM). The embryogenic cultures regetie ~348% proliferation of
inoculum callus after four weeks on subsequent Widre onto proliferation medium.
The proembryos converted into cotyledonary embrgod torpedo shaped embryos
when transferred onto MS medium fortified with sase (4%) and BA (4 uM); ~62%
globular embryos converted to cotyledonary embryos.addition as many as 38
embryos per 200 mg of embryogenic cultures werenéok The somatic embryos
germinated on the conversion medium accompaniedsdnpndary somatic embryo
formation. The germinated embryos could be easigasmted from the clump and
transferred to potting mix and maintained in a polyse for 5-6 weeks, where ~75%
seedlings survived after 6 weeks in the potting.iiixis is a reproducible protocol for

somatic embryogenesis and secondary embryogeneSaurauia punduanand their
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conversion into embling. The protocol developed! Wilp in production of clonal

planting materials and propagation of this species.
Conclusions

Successfully acclimatized plantlets was produceduth successive stages iof
vitro hardening in non-agar substratum such as partéalpped coconut coir, forest litter
and saw dust. Of the different substrata testediafig chopped coconut coir favored the
firm establishment of roots on substratum. Theiglrthardened plantlets were transferred
to community potting mix prepared by mixing so#ansl and decayed wood powder at ratio
2:1:2. The potted plants were manually exposedaimral sun light for 0-2 hr a day with
regular interval for a wk followed by transferribg the natural light conditions. Surviving
plantlets after transferred into natural conditioeads 62 % i\. deliciosaand 70 % irS.
punduana

The protocols developed for micropropagation of species from nodal segments
as well as from leaf explants and somatic embryegisnwill help in production of clonal
planting materials of this two economically imparttaspecies. Horticultural Department
may adopt the protocols developed in the presedlydbr propagation of these two species
and provide the planting materials to the farmel® are associated with cultivation of

these species.
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