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ABSTRACT

India with a large reservoir of diverse plant species is designated as one of
the 12 mega diversity hot spots in the world. Home to numerous medicinal and
variety of plants, India has both Alpine and Tropical plant species because of its
varying climate. From time immemorial man has relied on plants for food and
treatment of various kinds of ailments. Population explosion has resulted in the need
for land for agriculture, urbanization and other activities. Deforestation of tropical as
well as temperate forests on a large scale, shifting cultivation and soil erosion are
some of the main factors that have contributed to the depletion of natural
biodiversity. There is an increasing pressure on the plants for human survival and
economic well being throughout the world. The overexploitation of plants for
medicinal and commercial purposes has also degraded the natural genetic resources.
Besides, rapid industrialization coupled with increased human activities have
resulted much to the shrinking of the natural plant resources of biodiversity.

Due to such rapid destruction of forest resources by mankind, numerous plant
species have already become extinct; many more are becoming rare/endangered in
their natural habitats. In fact, along with such plants, llex khasiana, a holly tree and
Nymphaea tetragona an aquatic lily herb have also been placed in the list of rare and
endangered plants. llex khasiana is used during Christmas decorations. It is one of
the few forest trees of Khasi Hills, Meghalaya and has enormous potential for
maintaining landscape and healthy environment (or ecosystems) of hilly regions. The
main problem with this tree is its ill-rudimentary developed embryo and seeds

bearing such embryos can hardly germinate in nature. On the other hand, it cannot be



vegetatively propagated through cuttings. In the past, I. khasiana was abundantly
present throughout Khasi Hills but at present it is restricted to a few pocket areas of
this region. Nymphaea tetragona, an aquatic lily has a very low population confined
to a single place at Nongkrem Smit pond, Shillong and is on the verge of extinction.
This water lily is valuable ornamentally for its showy flowers. The rhizome of the
plant is locally used to cure acute diarrhoea and to join bone-fracture.

Keeping in mind the ever increasing threat to plant diversity of the
Northeastern region, there is an urgent need to conserve these two important rare and
endangered plant species. The proposed study was undertaken with the following
objectives:

1. Micropropagation of I. khasiana and N. tetragona using various explant
* sources, media, and culture conditions.
2. Developing complete protocol for mass multiplication of these plants.

3. Developing short to medium-term in vitro storage methods.

The main methods adopted for the successful completion of the present work
are summarized below:

e Explants like apical buds, nodal stem segments, leaf discs, rhizome buds
were tested in different seasons for their best performance on the culture
media.

e For checking browning of explants from mature trees, various pre-treatments
like ascorbic acid 50 mg/l, PVP (0.5%), citric acid (75mg/1), charcoal (1-2%),

chilling, distilled water and serial transfer of explants at 2, 4, 8, 12, 24, 48, 96



h intervals were done for maximum survival of the explants on the culture
medium.

Detergents like teepol and soap water were used with different concentrations
and varying period of time for thorough cleaning of the explants.

For the surface-sterilization of explants, the sterilants like HgCl, solutions,
ethanol 70% and Savlon were used with different concentrations and time
period.

Different nutrient media like MS, LS, Nitsch and White were tested for
optimising best growth and development of explants in the culture.

Effects of different cytokinins like BAP, KIN and Zeatin were recorded for
the direct multiple shoot bud induction.

Effect of cytokinin-auxin ratio on the induction of multiple shoots was seen.
For the initiation of callus from leaf of I. Khasiana, effects of different auxins
alone and combinations of auxin-cytokinin were observed.

Induction of caulogenesis from callus was tried in the medium treated with
various concentrations of growth hormones.

For cold storage, in vitro obtained shoots of I. khasiana and of N. tetragona
were kept at 4 °C in dark for a period of upto 8 months and the regeneration
capacity and duration of survival were tested at monthly intervals.

Various pre-treatments like reduced supply of nutrients, low temperature
treatment, addition of ABA, addition of mannitol or sugar for low osmoticum

were tested for the optimal cold storage conditions.



e Easy and cost effective methods for the successful hardening and

acclimatization of in vitro obtained plantlets were investigated.

Main Outcomes of the Present Study:
The important outcomes of the present research work are summarized below:

e The suitable season for explant collection for direct multiplication of shoot
regeneration was found to be April to July in both the cases.

o For surface sterilization, initial treatment of the explants with 0.5% teepol
detergent for 30 minutes followed by Na OCl (10%) or HgCl; (0.01-0.1%)
solution for 10-15 minutes, 70% ethanol treatment for 10- 30 seconds and
inoculation to the medium showed maximum survival of the explants in the
culture medium.

o In case of I khasiana, the browning of the explants collected from mature
trees, could be checked, by transferring explants serially on to the fresh
medium with 0.5% PVP at 2,4,8,12,24,48,96 h intervals.

e To reduce/overcome the problem of browning and death of the explants from
mature trees of I. Khasiana, the in vitro raised seedlings from seeds were
used. The percentage of seed germination was recorded to be only 5-10 %
after 2 %2 months.

e The most suitable explants for direct shoot multiplication of /. khasiana was
the nodal explant from the young seedlings. The average number of shoots
obtained was 10-11 shoots per explant in MS medium containing cytokinins

BAP (2.0 mg/l) + KIN (1.0 mg/l).



In case of N. tetragona, cultured rhizome buds proliferated multiple shoots in
MS medium incorporated with BAP (2.5 mg/l) + IAA (0.5 mg/l). Within 4-6
weeks an average number of 3-4 shoots were produced.

The premature embryo culture of N. fetragona was successfully carried out
and the number of multiple shoots was 12 per embryo in MS medium
incorporated with BA? (2.0 mg/l) + NAA (0.5 mg/l).

For in vitro rooting, MS half- strength medium supplemented with IBA (2.0
mg/l) was found to be optimal in case of 1. khasiana and hormone-free MS
medium in N. tetragona.

Among different explants used, leaf discs of I khasiana responded very well
and within 4 weeks callus induction could be obtained.

MS medium supplemented with 2, 4- D (2.0 mg/l) + KIN (0.5 mg/1) was the
optimum for the induction of callus.

Shoots could be induced from the callus of I khasiana in 2 MS medium
containing a combination of 1.5 mg/l BAP and 0.5 mg/l IBA.

For elongation and development of plantlets from callus, gradual removal of
2,4-D from the medium was necessary.

The cold storage period of in vitro shoots of I. khasiana was upto 6 months
whereas in case embryo of N. tetragona the storage period was 5 months.
Amoné the different effects of minimal growth conditions on the survival and
multiplication of shoots after, the treatments of reduced % strength MS and
5.0 mg/l ABA in MS medium showed the best survival and multiplication

rate.



e Plantlets produced by direct multiple shoot induction showed 60 % survival
after hardening in I. Khasiana.

e Plantlets produced indirectly through callus showed 40 % survival after
hardening.

e Plantlets obtained directly from rhizome and embryo explants of N. tetragona

showed 50 % and 60 % survival respectively after hardening.

Conclusion and limitation

Plant tissue culture technique, an integral part of biotechnology deals with
the mass propagation and conservation of elite clones and varieties. Recent advances
on plant tissue culture coupled with genetic engineering made possible to obtain
GMO’s (Genetically Modified organisms) to increase the overall productivity, with
quality and disease/drought resistance of desired traits. Callus mediated plantlets
have potential for somaclonal variations for commercially improved plants. The
recent trend of emerging plant tissue culture along with molecular biology can
provide integrated and valuable information particularly in understanding the genetic
control of each development of callus, caulogenesis and plantlet development. The
protocols developed for mass multiplication could easily be adopted for the large

scale propagation of important plants with a view to sustainable conservation.
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CHAPTER It INTRODUCTION

India is abundantly endowed with 45,000 species of plants which accounts
for 8% of global genetic resources. It, therefore, comes as no surprise that this
country has been designated as one of the 12 megadiversity spots in the world.
Besides being a home to numerous medicinal and other variety of plants, India has
both alpine 'and tropical species because of its varying climatic conditions (Banerjee,
1998). The Northeastern region of India alone harbours about 45% of the country’s
flora (Nayar, 1997; Rao, 1997).

Forests, natural reserves, uncultivated lands and homeyards are the main
habitats where genetic resources of rare/endangered species, orchids, medicinal
and aromatic plants are found. Genetic variability which exists in these
habitats, is a necessity for improvement programmes and conservation of
germplasm.

Population explosion has resulted in the need for land for agriculture,
urbanization and other activities. Consequently, tropical forests are disappearing
and undergoing extreme modifications at an alarming rate. The disappearance of

natural resources and shrinking of habitats, together with the spread of advanced



technology in agriculture, particularly selection and breeding of economically
important plant species led to the loss of variability in crops , a process known
as “genetic erosion”. The over exploitation of plants for medicinal and commercial
purposes has depleted the genetic resources which has resulted in the
degradation of biodiversity. Therefore, due to the rapid industrialization and
increased human activities, the natural plant resources of biodiversity have
been shrinking day by day (Akrele, 1991). -

There is increasing pressure on the plants for human survival and
economic well being throughout the world. At the global level 1 in 8 of living
plants is endangered (IUCN, 1998). India being no exception to this where 15-
20% plant species are considered to be threatened.

Certain medicinally and ecologically important plants such as Cinchona
ledgeriana, Cinnamomum zeylanicum, Rauvolfia serpentina, Taxus wallichiana
are reported to be endangered (Singh and Pruthi, 1998).

Concerted efforts are required to combat this menace of unabated
exploitation together with evolving conservation strategies for natural habitats as
well as artificial methods of mass multiplication of rare/endangered plant species
for their rehabilitation. If remedial measures are not devised there will be a
large scale genetic wipe-out of plant resources from the region.

Germplasm conservation in natural habitat is more preferable, but it is
becoming more difficult and in certain cases impossible . For such situations ex
situ conservation becomes inevitable for which modern plant science
technologies have to play a major role. The main principle of genetic

conservation is to store plant germplasm for future use. Itis generally stored



in the gene banks, in field conservation or in their natural habitats. Genetic
conservation is one of the most important and urgent tasks faced by to-day’s
plant scientists. Importance of genetic conservation principle is more applicable
in the tropics, where variety of genetic diversity exists. The conservation of
endangered plant species so asto prevent from further extinction is one of the
top priorities of to-day’s plant scientists throughout the world.

. Conservation of plant genetic resources could be accomplished both by
in situ and ex situ methods (Tandon, 2004). In situ conservation involves
protection of genetic resources in the naturél environment through the
protection of the environment itself. Ex situ conservation programmes aim in
acclimatization, rehabilitation, multiplication and judicious exploitation. The role
of biotechnology is complementary to conventional conservation methods and
can directly assist plant conservation programs through molecular marker
technology, molecular diagnostics, in vitro technologies and cryopreservation
(Tandon, 2000; Tandon and Kumaria, 1998). Conservation of germplasm is
appropriate to those plants which do not produce any seeds or produce
recalcitrant seeds , or which are large trees difficult for field conservation. The
technology of preservation of plant cells and organs and its potential
application for long term storage of plant germplasm has been proposed
(Henshaw, 1979; Withers and Bajaj 1979; Withers ,1980 ).

One of the most r;s;ful exgloitations of plant tissue culture technique
has been the clonal propagation to reproduce plants on mass scale of desired
genotypes (Murashige, 1978; Vasil and Vasil 1980; Conger, 1981; Tomes et al.,

s
1982). This is more relevant to extremely reduced populations or rare



Jendangered species for which conventional methods of sexual or vegetative
propagation become a limiting factor. It offers many unique advantages over
conventional propagation methods such as rapid multiplication of valuable
genotypes, expeditious release of improved varieties, production of disease - free
plants, non-seasonal production, secondary metabolite production and germplasm
conservation.

The concept of totipotency of a plant cell was practically demonstrated
by Vasil and Hilderbrandt (1965) where a single isolated cell in the medium
could divide and ultimately grow into a whole plant. Guha and Maheshwari
(1964) successfully produced haploid plants in Datura innoxia for the first
time. Plant regeneration from isolated protoplasts' was accomplished by Takebe

e
et al. (1971) in Nicotiana tabaccum and the first somatic hybrid plant was
obtained by Carlson et al. (1972). /

Preservation of germplasm is a means to assure availability of genetic
materials as the need arises. Since most seeds and vegetative organs have
limited storage life, research in germplasm preservation has concentrated on the
development of procedure to extend wusable life spans. Cold storage of
germplasm involves the maintenance of under minimal growth conditions. The
reduction of salts in the medium and treatment of low temperature (1-9°C) are
used to slow down the rate of metabolic activities. Cold storage of cultures
under aseptic conditions at low temperature shows minimal rates of growth.
Grape plants could be stored for over 15 years at 9°C by early transfer to
freeze medium (Manzhel et al., 1983). This approach to plant storage is very

simple and gives high rate of survival. In vitro cold storage through minimal



growth techniques have been applied to meristem and shoot cultures of some
forest species with varying successful storing periods for e.g., 10 months for
Euclayptus citriodora (Mascarenhas and Agarwal, 1991), 60 months for Populus
spp. (Hausman et al., 1994). Watt et al. (1996, 2000) mentioned that the
inevitable presence of endogenous bacterial and fungal contaminants
encountered in Eucalyptus cultures must be taken into consideration when
managing germplasm storage.

In order to achieve the goal of germplasm conservation, cell, tissue and
organ culture must be an integral part of the whole operation. The credit of
modemn technology of plant cell and tissue culture goes to Haberlandt (1902), a
German Botanist, who originally carried out in pioneering experiments on
growing and maintaining isolated plant cell in a viable liquid plate of simple
defined nutrient medium. The advances in plant tissue culture have made
significant contributions in cell biology, physiology, biochemistry and molecular
biology (Bhojwani and Razdan, 1996). The more practical applications are the
techniques of clonal multiplication, development of somaclonal variants,
production of secondary metabolites and improvement of plants through somatic
hybridization and genetic manipulation. The tools of biotechnology are being
increasingly applied now for conservation of plants (Prance, 1997; Feijoo and
Iglesias, 1998; Lynch, 1999).

Plant cell and tissue culture has become a powerful tool for studying
basic and applied problem of plant sciences having a wide range of
commercial application in horticulture, agriculture and forestry (Bonga, 1982).

The advantage of micropropagation of plants is that multiplication cycle is very



short, and can be continued throughout the year irrespective of seasons.
Although a great deal of research work on clonal propagation of desirable
plants through tissue culture is now in progress, the tissue culture of trees has
lagged behind. Morovere, most of the trees are difficult to propagate
vegetatively in comparison to herbaceous plants. There are a few successful
reports covering whole range of tree propagation through tissue culture (Mohan
Ram et al., 1981; George, 1996). However, many hurdles have been
encountered in the regeneration of tissues derived from woody species (Sita e
al., 1979; Zimmerman, 1983; Roy and Datta, 1985; Kapoor and Gupta, 1986;
Bajaj, 1986; Bonga and Durzan, 1987; Bejoy and Hariharan, 1993).

Basic nutritional composition of different tissue culture media were
adopted by many workers as Gautheret (1955), Nitsch (1951) Murashige and
Skoog (1962), White (1963), Gamborg et al. (1968), Schenk and Hildetbrandt
(1972) and WPM (Lloyd and McCown, 1980) with respect to kinds and
concentrations  for particular plant species ranging from mosses to
angiosperms. Nutritional requirements for optimal growth of tissue in vitro may
vary with the species. Even tissues from different parts of a plant may have
different requirements for satisfactory growth (Murashige and Skoog, 1962).

Since the tree species are not amenable to vegetative propagation by
rooting of excised branches or by grafting tissue culture method is attracting
considerable attention for obtaining pure, elite populations under in vitro
conditions (Sita er al., 1982). The special growth characteristics of trees pose
difficult problems for tissue culturists, as they are slow growing coupled with

dormancy and calli in particular when excised from mature trees are rarely



responsive to conditions designed to stimulate plant regeneration (Anand and
Bir, 1984).

The mass propagation of plantlets through tissue culture, utilizing bud or
meristem culture will ensure the progeny with genetically identical to the parent
plant. Shoot tip or meristem culture can eliminate diseases - because such
explants do not posses xylem or phloem elements. Conservation of plant
materials through cold storage technique has gained as a novel delivery of
propagules and extend this technique for the long-term storage of genetically
valuable plant materials of germplasm.

Considering all these into account, the present research work deals with
developing methodology for mass propagation of Ilex khasiana Hook. F. and
Nymphaea tetragona (Ait. ) George, - two rare and endangered plants of
Northeast India and their prgservation as a strategy to conserve the vanishing
germplasm.

llex khasiana (Aquifoliacaea), a small forest tree, is restricted to
certain pocket areas of Khasi Hills of Meghalaya. The tree has dark green
leaves, small showy flowers and red berries (Photoplate 1.1). The plant has
ritual importance as it is used to decorate churches and houses during
Christmas. This is one of a few hilly forest trees of Khasi Hills which has
biomass potential and land scaping purposes to maintain healthy ecosystem. The
ruthless exploitation of forest trees of this region has made this tree species
rare in its natural habitats. It has resulted in its distribution restricted in limited

pocket areas of Meghalaya in Northeast India.



Nymphaea tetragona (family Nymphaceae), an endangered aquatic herb
is found only at Nongkrem Smit pond in Khasi Hills (Photoplate 1.2 and 1.3). A
very small herb has highly restricted distribution with only a few representatives
found in fragile ecosystems vulnerable to anthropogenic activities. The showy
white to pinkish flowers have ornamental aquario value. The rhizome of N
tetragona is locally used to cure acute diarrhoeae and dysentery. It is also used
to join bone-fractures. The plants fail to regenerate in nature because of
incomplete development of embryos and they are easily susceptible to pests and
diseases too. These lacunae of the plant lead to its poor regeneration. As a result
the population of this plant species is on the verge of extinction.

Water plants play an important key role in aquatic ecosystem and serve
a variety of purposes such as food, fibre, paper-pulp, green manure, mineral
recycling and control of pollution (Gujral et al., 1986). The established benefits
of plant ‘tissue culture in micropropagation, production of haploids, disease
det;ection and eradication, elimination of breeding Dbarriers, biosynthesis of
secondary metabolites, generation of variability and in conservation of
germplasm can be exploited in aquatic plants (Mohan Ram, 1991; Mohan Ram
and Agrawal, 1993).

Keeping in mind the ever increasing threat to plant diversity of the
North-Eastern region, thereis an urgent need to conserve it for posterity. The
proposed study was aimed at micropropagation of . I. khasiana and N. tetragona
using various explant sources, media and culture conditions, developing
complete protocol for mass multiplication of these plants and developing short to

medium-term  in vitro storage methods.



Photoplate: 1.1

10-12 yrs old Ilex khasiana






Photo plate: 1.2

Nymphaea tetragona plants growing in June at Nongkrem Smit pond, Shillong






Photoplate 1.3

Nymphaea tetragona plants in July at Nongkrem Smit pond






CHAPTERII: REVIEW OF LITERATURE

The tools of biotechnology are being increasingly applied now for
conservation of plants (Prance, 1997; Feijoo and Iglesias, 1998; Lynch, 1999). A
large number of plants have been micropropagated using different explant
sources, media and culture conditions. Compared to the traditional propagation,
micropropagation is advantageous. It leads to simultaneous accomplishment of
rapid large-scale propagation of new genotypes, the use of small amount of
original germplasm and generation of pathogen-free explants (Withers and
Engelmann, 1998). A number of endangered plant species have been re-
established in their natural habitat using in vitro propagation methods (Tandon
et al., 1990; Tandon and Rathore, 1992, 1994; Seeni and Sabu, 1997; Ramsay and
Stewart, 1998). However it is difficult to generalize the cultural practices used.
The reestablishment of a large number of micropropagated plantlets into their
natural habitat is of prime concern, as some endangered plants may not
reproduce well by conventional methods. Methods such as micropropagation and
somatic cell culture can be useful for propagation, genetic improvement and
germplasm conservation of plants of the region. Pénce (1999) has extensively

reviewed the use of in vitro propagation methods for conservation of endangered



plants. The micropropagation of endangered species is at times hampered due to
limited availability of the material for raising cultures. In such cases,
micropropagation protocols established for the related non-endangered plants
are of great help in germplasm conservation. However, a suitable technology
needs to be developed for each of the endangered species. To meet the predicted
requirements of timber and to conserve the forests the potential of
micropropagation in forestry improvement has been reviewed (Ahuja, 1993).

In most of these studies, either apical or axillary buds , nodal
segments, rhizome tips, leaves, inflorescence, petiole, embryo, seed, were
taken from mature plants or shoot tips hypocotyls, cotyledon or cotyledonary
nodes from aseptically germinated seedlings or embryo axis from zygotic
embryos etc. were used as the explant source.

Previous reports on micro propagation of rare/endangered plants include
- shoot tip culture in Picrorhiza kurroa (Lal et al., 1988), micropropagation of
Coleus forkohlii (Sharma et al., 1991); Leontochir ovallei (Lu et al., 1995);
Gymnema elegans (Komalavalli and Rao, 1997); axillary bud culture in Rotula
aquatica (Martin, 2003), leaf culture in Dionaea muscipula , Jang et al., 2003),
leaf and petiole culture in Thapsia garganica (Makunga et al., 2003), zygotic
embryo culture in Podophyllum hexandrum (Arumugam and Bhojwani, 1990 and
in Hyophorbe lagenicaulis (Sarasan et al., 2002), epicotyl culture in Saussurea
obvlilata (Joshi and Dhar, 2003), nodal segments culture in Symonanthus
bancroftii (Panaia et al., 2000).

Micropropagation of tree species offers a fast means of producing stock

for afforestation and conservation of elite and rare germplasm. The rate of

10



depletion of forest ’resources is much higher than the rate of forest regeneration,
which results in ecological imbalance. Therefore the development and
standardization of protocols for in vitro multiplication and transfer of plantlets
from laboratory to field for afforestation, wasteland development, agroforestry
and social forestry have to be developed. Some micropropagation of endangered
tree species were carried out using tissue culture technique, e.g., Sterculia urens
(Purohit and Dave, 1996; Saraca asoka (Harikrishnan et al., 1998).

The in vitro seed germination has been extensively used for multiplication
of a large number of orchid species (Arditti and Ernst, 1984; Sharma and
Tandon 1987; Yam et al., 1989; Kumaria and Tandon, 1991; Kondo et al.,
1997; Gangaprasad et al., 1999) and could provide rapid means of multiplying
rare and endangered orchids. In certain cases, explants from the in vitro raised
seedlings are used to initiate cultures for micropropagation (Sharma et al., 1992,
Corrie and Tandon. 1993; Hardy et al.,, 1995). Seeds are preferred for
multiplication of rare and endangered species, as this would ensure genetic
diversity. In vitro techniques can also be used for the rapid and clonal
propagation of various medicinal plants of the region and thus pave the way for
conservation and economic utilization of such high value plants. Sharma et al.
(1995) have reported in vitro mass multiplication of a number of medicinal
plant species such as Gentiana kuroo, Picrorhiza kuroa, Coleus forskohlii,
Saussurea lappa and Tylophora indica , which are on the verge of extinction.

Short- to medium-term storage of plant germplasm has been
accomplished by reducing the temperature at which the cultures are grown.

However, the responses of different cultures vary. For instance, it has been

11



reported that the cold tolerant species such as strawberry and Prunus species
can be stored at 0°C to 4°C (Wilkins er al, 1988; Reed 1992) whereas Musa
plantlets cannot be stored below 15 °C such as mannitol, reduction of growth
regulators, strength of the nutrients and the use of growth retardants have
resulted in the slow growth of cultures (Staritsky and Zandvoort, 1985; Jarret
and Gawel, 1991; Malaurie et al., 1993). The short-term conservation of
germplasm by the use of mineral oil overlay of cultures has been achieved
(Constable and Shyluk, 1994). The mineral oil overlay lowers the oxygen levels.
The slow-growth storage of cultures has certain drawbacks, for instance the
management of large in vitro collections and the possible: development of
somaclonal variations in cultures.

In vitro collections, which are maintained under short-term storage,
require manpower immensely. The in vitro plants can be maintained for long
periods or ‘long-term storage’ by reducing the growth rate which can be
achieved by temperature reduction, light intensity reduction, growth regulators
use, limitation of minerals supply, addition of osmotic stress agents, or by the
combination of any of these methods.

Since the majority of trees are not amenable to vegetative propagation,
tissue culture application is attracting considerable attention for obtaining pure
and elite populations under in vitro conditions (Sita et al., 1982). The main
hurdles in propagation of trees are non-availability and recalcitrant nature of
seeds (Luna, 1989). Trees pose difficult problems for tissue culturists as they
are slow growers and the calli obtained from explants obtained from trees are

rarely with regenerative potential (Anand and Bir, 1984). However, some
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success in tropical tree fruits, leguminous tree species and forest trees have
been reported (Mascarenhas and Muralidharan, 1989; Mittal et al., 1989; Wu et
al., 1990; Jaiswal and Gulati, 1991; Bhatt et al., 1992; Jana et al.,, 1992; Gavish
et al., 1992; Mathur and Mukuntha Kumar, 1992; Swamy et al., 1992; Brand ,
1993; March et al., 1993; Kim et al, 1994; Das et al., 1997, and; Sharma and
Chandra, 1998; Xie and Hong, 2001 and Mathur and Hernandez et al., 2003).

Successful induction and development of multiple shoots and regeneration
of plantlets from axillary bud/shoot tip/ nodal segments from mature trees have
been achieved in many cases. Such as axillary bud culture in Eucalyptus (Das
and Mitra 1990), degle marmelos (Ajithkumar and Seeni, 1998), Mitragyna
(Roy et al., 1988), nodal shoot segment culture in Tecomella (Rathore et al.,
1991), shoot tip and node culture in Ccalophyllum  (Nair and Seeni, 2003),
Taxus (Chang et al., 2001, Syzygium (Roy et al., 1996), shoot tip culture in
Mangifera (Thomas and Ravindra, 1997). Multiple shoots from seedling
explants of tree species have also been developed in Acacia (Mittal et al.,
1989), Murraya (Bhuyan et al., 1997), Syzygium (Jain and Babbar, 2000) Acer
(Durkovic, 2003).

Rao (1965) reported for the first time embryo development from the
cultures of Santalum album which failed to grow into complete plants.
Radojevic (1979) studied ultra-structural aspects of somatic embryogenesis in
Paulownia tomentosa and distinguished two different patterns of origin of
somatic embryos from in vitro grown explants : viz.,, (i) direct production of

somatic embryos (ii) indirect production of somatic embryos from callus.
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Although somatic embryogenesis have been reported in many plants,
difficulties were  encountered in the regeneration of tissues derived from
woody species (Bajaj, 1986, Bonga and Durzan, 1987) Plantlet regeneration
from somatic embryogenesis have been reported from afew limited adult trees
on Santalum and Dalbergia (Sital et al., 1979; Rai et al., 1988), Pyrus (Chevreu
et al., 1989) Malus and Cerasus (Tanto et al., 2001) Quercus (Garcia et al.,
2001 and Hernandez, 2001). Somatic embryogenesis from seedling explants
have also been reported in several tree species Albizzia (Datta, 1987),
Eucalyptus (Das and Mitra, 1990), Hariharan, 1991), Citrus (Gill et al., 1991),
rubber (Etienen et al., 1993), Acacia (Skolmen, 1986; Xie and Hong, 2001, and
Pinus (Deb and Tandon, 2002).

In angiosperms, the major obstacle faced in many cases in the low rate
of germination and maturation of somatic embryos into complete plantlets.
However, in some cases, more than 10 % of the somatic embryos grow into
whole plants eg., Coffea arabica , Santalum album, Liriodendron tulipifera and
Corylus avellana (Sita et al., 1979; Merkle and Sommer, 1986; Perez et al.
1983).

The genus Ilex has ill rudimentary ¢mbryos that remain immature at
heart-shaped stage for along time even after the fruits reach maturity (Martin,
1946; Anonymous, 1948; Kosar, 1959; Barrett, 1962). A minimum of one year
under the proper germination conditions is required by seeds of I. aquifolium and
L cornuta from mature berries to complete their embryogenic development
before germination (Kosar, 1959). Barrett (1962) referred to this period of

embryonic development (from heart shaped stage to mature embryos) of I
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opaca as “late embryony”. Hu (1968) reported in vitro culture of rudimentary
embryos of eleven llex species to by-pass this period of seed dormancy.

Hu and Sussex (1972) isolated heart shaped embryos from the seeds of 1.
aquifolium (English holly) and cultured in Linsmaier and Skoog (LS) medium
wherein embryos completed development and germinated in 6-8 weeks.
Further, Hu et al. (1979) studied the acquiescent state and structural changes
during culture. A micropropagation system was developed for I vomitoria
(Yaupon) hollies from shoot tips (Avirineni and Ford, 1990). Sansberro et al.,
(1999) studied in vitro plant regeneration of I paraguariensis using nodal
segment, shoot tips and apical meristematic dome.

About 470 species of flowering plants constitute the aquatic flora of the
Indian subcontinent accounting for nearly half of the world’s known aquatic
augiosperms (Biswas and Cadler, 1937; Subramanyam, 1962; Deb 1976;
Gopal, 1990; Rao, 1997). The vast potential of water plants is only
marginally utilized and scientific approach has not been developed for deriving
greater economic and ecological benefits (Mohan Ram, 1991).

Cook (1990) has attempted to define aquatic plants as all seed bearing
plants whose photosynthetically active parts are permanently or at least, for
several months each year are submerged in water or float on the surface of
water.

The systematic relationship of aquatic flowering plants are varied, yet
they share many similar characteristics necessitated by common habitat
(Sculthorpe, 1967). These include presence of air cavities and development of

special structures for buoyancy, reduction in mechanical and vascular tissues
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adaptation in the mode of pollination and fruit/seed dispersal. However, the
degree of adaptation may differ based on their surroundings whether the
plants are amphibious, attached, free floating, emergent or submerged.

Although commendable progress made with land plants, utilization of
results of tissue culture has not been impressive and published accounts on
tissue culture of water plants are limited (Mohan Ram and Kakkar, 1983;
Kane, 1989; Mohan Ram, 1991).

Besides regulating key ecological processes, aquatic plants serve a
variety of purposes such as sources of good, fiber, paper, pulp, green manure
and for mineral recycling and control of pollution (Boyd, 1972; Gujral et al,
1986).

Due to the increase of human population and explosion, tremendous
pressure on land is mounting and the alternative or compulsive demand for the
study and utilization of marine and fresh water ecosystems is not difficult to
realise. Plant tissue culture could be useful for this purpose.

Besides food, fiber etc., aquatic plants are used as pollution indicators
and absorb pollutants like sulphur dioxide, ozone, pesticides and chemicals that
are polluted in water due to human interventions. They are also useful in
accumulating heavy metals in large amounts. Arsenic is absorbed by
Ceratophylum up to 26 ppm with no adverse effects. Spirodela (a duckweed)
is reported to have yielded zinc at a concentration factor of about 25,000
(Hutchinson, 1975). Other aquatic plants such as Lemna, Myriophyllum, Scirpus
and Pistia have also been used in the treatment of industrial waste waters and

nutrient agricultural drainage.
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The utilization of aquatic weeds for this purpose will require well
designed programmes to pick up such native species which can selectively
take up heavy metals and other carcinogenic substances. For accurate, quick and
dependablé results, the in vitro tissue culture technique should prove valuable.
Moreover, the merit of the in vitro system lies in the fact that efficiency of
a very large number of herbicidal compounds could be tested on many
aquatic weed species, cultured in vitro, even in season when they do not
occur in nature.

In general hydrophytes are poor in secondary metabolites. Very few
medicinal principles have been isolated and identified from them (Sculthorpe,
1967). Yet traditional used of aquatic plants have been reported from India
(Acorus calamus, Hygrophila spinosa, Bacopa monieri, etc.). The extraction of
growth hormones from the roots of Eicchornia was also reported (Bhanja et
al., 1967).

Growing whole plants rather than only their parts under precisely
controlled and aseptic condition provides extensive opportunities to understand
problems of organization, integration and interaction. Aquatic plants are
specially favourable for this purpose because of the ease which they can be
propagated, grown and multiplied in liquid culture (Mohan Ram, 1991).

The convenience with which nutrients can be supplied makes the axenic
culture of whole hydrophytes ideally suited for understanding  chemical
ecology, to do critical analytical work dealing with metabolism and to

visualize fine structure.
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Thus, successful cultures have been raised in Limnophilla (Rao and
Mohan Ram, 1981), Neptunia (Kakkar and Mohan Ram, 1986), Nelumbo (Kane
et al., 1988b; 1990b)and Trapa (Agrawal, 1993).

Early attempts to germinate the seed of podostemads and to raise plants
were unsuccessful. When the seeds of some members of the podostemaceae
such as Griffithella, Indotristicha, Polypleurum, Hydrobryopsis, Dalzellia were
transferred to a nutrient medium aseptically, they failed to germinate.
However, a novel technique of planting seeds on a cube of thermocole
(polystyrene foam) and floating the cubes on the sterile medium, led to high
rates of germination (Vidyashankari and Mohan Ram, 1987).

Now simple, rapid reproducible protocols have been established to
complete the from seed germination to flowering cycle in the members of
podostemaceac  family such as Griffithella (Vidyashankari and Mohan Ram
1987), Indotristicha (Vidyashankari, 1988), Polypleurum (Sehgal et al., 1993)
where the family Podostemaceae represent embryologically unique pseudo-
embryosacs, presence of paired pollen, absence of double fertilization and lack of
endosperm.

Commercial micropropagation of aquatic plants has been limited to two
end uses : aquaria and horticulture . These include Cryptocoryne lucens,
Echinodorus, Nelumbo Iutea (lotus),  Nymphaea species (water lilies),
Myriophyllum and Potenderia (Kane et al., 1988; 1990a, b; 1991 a, b; Jenks et
al., 1990; Lakshamanan, 1994). Micropropagation of direct shoot organogenesis
has been reported in several aquatic plants such as rhizome tip culture in

Dionaea (Parliman et al., 1982). Direct shoot organogenesis from cortical
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tissue of cultured shoot tips has been observed in Limnophila indica (Rao and
Mohan Ram, 1981). Adventitious shoots on leaf explants of Myriophyllum
heterophyllum and internodal stem explants of M. aquaticum typically arise
from the epidermal cell layer (Kane and Albert, 1989; Kane et al., 1991).

Micropropagation on indirect shoot organogenesis from callus tissue have
been reported in a few limited aquatic plant species. Sporadic information
exists, describing callus induction and plantlet regeneration, such as from leaf
explants of Neptunia oleracea and M. aquaticum (Kakkar and Mohan Ram,
1986; Kane et al., 1991) and frond culture of Lemna (Chang and Chiu 1978;
Chang and Hsing, 1978; Slovin and Cohen, 1985 and Frick, 1991). Although
information 1is limited , both direct and indirect shoot organogenesis has been
demonstrated in several aquatic plant species (Rao and Mohan Ram, 1981;
Kakkar and Mohan Ram, 1986; Kane and Albert, 1989; Kane et al., 1991,
1993) Jenks et al., 2000).

Some studies have been made on regeneration of aquatic plants using in
vitro methods (Kane and Sheehan, 1988; Kane ef al., 1988; Kane et al.,, 1990 a,
b; Kane et al., 1991). Jenks et al. (1990) studied in vitro establishment and
epiphyllous plantlet regeneration of  of Nymphaea “Daubeniana’ using
Murashige and Skoog (MS) medium. Rhizome tips, young leaves and developing
flower buds were used for in vitro plant regeneration and multiplication of
winter-hardy water lily Nymphaea ‘James Brydon’ a hybrid of Nymphaea alba

var. rubra Nymphaea candid and Nymphaea laydekeri (Lakshmanan, 1994).
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Table 2.1: Some of the important micropropagated trees

Species

Explants

Authors

Acacia arabica

Somatic embryogenesis from

immature zygotic embryos

Nanda and Rout, 2003

Acacia catechu

Plants obtained from nodal

segments

Kaur et al., 1998

|Acacia catechu

Somatic embryogenesis from

immature cotyledons

Rout et al., 1995

Acacia mangium

Multiple shoots from nodal buds

Bhaskar and Subhash, 1996

A. mangium

Somatic embryogenesis from

zygotic embryos

Xie and Hong, 2001

Acacia nilotica

Somatic embryogenesis from

Garg et al., 1996

endosperms

Acer caudatifolium Plantlet regeneration  from{Durkovic, 2003
axillary bud and petiole
segments

Aegle marmelos

Plantlets from nucellus callus

Hossain et al., 1994

Anacrdium occidentale |Plantlets from cotyledonary|Das et al., 1996
nodes
Annona muricata Shoot regeneration form|Lemos and Baker, 1998.

internodal explants

Annona muricata

Plantlets from hypocotyls and
cotyledon segments

Bejoy and Hariharan , 1991

Azadirchta indica

Plantlets from shoot tips

Joshi and Thengane, 1996

A. indica Plantlets from zygotic embryos |Chaturvedi et al., 2004
A. indica Somatic embryogenesis from|Su et al., 1997
hypocotyls and  cotyledon
segments
Bauhinia purpurea Shoots from stem segments Kumar 1992

Bauhinia vahlii

Shoots from cotyledonary nodes

Upreti and Dhar, 1996.




Bauhinia variegata

Shoots from nodal seg\ments

Mathur
Mukunthakumar, 1992

and

Camellia limon

Somatic embryogenesis from

styles

Carimi et al., 1994

Camellia sinensis

Muitiple shoots from nodal

segments

Jha and Sen, 1992

Camellia sinensis

Somatic embryogenesis from

immature leaf

Kato, 1996

Camellia sinensis .

Multiple shoots from cotyledon

and nodal segments

Bag et al., 1997

Cinnamomum camphora

Multiple shoots from shoot tips

and nodal segments

Babu et af., 2003

Citrus aurantifolia

Shoots from nodal segments

Bhat et al., 1992

Citrus reticulata

Somatic embryogenesis from
immature embryos and young
seedlings (leaf, root, epicotyl,

cotyledon etc.)

Gill et al., 1991

Commiphora wightii

Shoots from axillary buds

Barve and Mehta, 1993

mature trees

Dalbergia latifolia Shoot buds from mature tree [Rao, 1986
callus
Dalbergia latifolia Plantlets from shoot callus of|Rai and Chandra, 1988

Dahbergia sisso

Multiple shoots from nodal

Gulati and
Jaiswal, 1996

Dahbergia sissoo

Somatic embryogenesis from

immature zygotic embryos

Das et al.,1997

Eucalyptus tereticornis

Shoots from axillary buds

Das and Mitra, 1990

llex aquifolium

Plantlet regeneration from apical

and axillary buds

Morte et al., 1992

llex opaca

Shoot regeneration from

juvenile leaves

Mattis et al., 1995




llex paraguariensis Multiple shoots from nodal|Sansberro ef al., 1999
segments

llex vomitoria Plantlet  regeneration from|Avirineni and Ford, 1990
shoot tips

Juglans regia

Somatic embryogenesis

immature fruits

from|Preece et al., 1995

Malus domestica

Somatic embryogenesis from

cotyledon of immature zygotic

Daigny et al., 1996

embryos
Mangifera indica Somatic embryos from nucellus |Jana et al., 1993
Mangifera indica Shoots from leaf segments Raghuvanshi and

Srivastava, 1995.

Mangifera mdica Somatic embryogenesis from|Pliego-Alfaro et al., 1996.
ovule

Mangifera laevigata Multiple shoots from nodal(Islam et al., 1993
segments

Mimosa tenuiflora

buds

Multiple shoots from auxillary|Villareal and Rojas, 1996

Murraya koeinigii

explants

Shoot regeneration from seedling|Bhuyan et al., 1997

Paeonia suffruticosa

Plantlets from axillary buds

Beruto et al., 2004

embryos

adventitious shoot and mature

Pinus gerardiana Shoot regeneration from|Gupta et al., 1994
cotyledon
Pinus strobus Plant regeneration from|Tang and Newton, 2005

Platanus acerifolia

Shoot regeneration from

explants

leaf|Liu and Bao, 2003

Populus deltoides

Somatic embryogenesis

stem containing axillary bud

from|Noel et al., 2002




Prunus armenica Plant let regeneration from|Burgos and Ledbetter,
immature embryo 1993

Prunus avium Somatic embryogenesis from|Garin et al,, 1997
Zygotic embryos

Prunus avium

Multiple shoots from shoot tips

Hammatt and Grant, 1997

ipseudocerasus

Prunus svium X P.

Somatic embryos from rootstock

Pesce and Rugini, 2004

Quercus ilex

Somatic embryogenesis from

leaf explants

Feraud and

1989

Espagnac,

Quercus robur

Somatic embryogenesis  from

seedling stem and leaf explants

Cuenca et al., 1999

Quercus suber

Somatic embryogenesis  from

mature leaf explants

Hernandez et al., 2001

Q. serrata

Somatic embryogenesis  from

Immature zygotic embryos

Sasamoto and Hosoi, 1992

Syzygium  cuminii

epicotyl explants derived from

seedlings.

Multiple  shoots from nodallJain and Babbar , 2003
segments

Syzygium aromaticum |Multiple shoots from|Mathew and Hariharan,
cotyledonary nodes 1990

Syzygium cuminii Plantlet regeneration from|Jain and Babbar, 2000

Tecomella undulate

Multiple shoots from nodal

shoot segments

Rathore ef al, 1991

floral explants

Terminalia arjuna Somatic embryogenesis  from|Kumari et al., 1998
leaf callus
Theobroma cacao Somatic embryogenesis  from|Li et al., 1998

Zizyphus mauritiana

Shoots from stem segments

Mathur et al., 1995

Zizyphus jujuba

Plantlets from leaf explants

Gu and Zhang, 2005




Table 2.2. Some of the important micropropagated aquatic plants

Species

Explants

Authors

Anubias barteri

Plantlets obtained from

leaf/petiole explants

Huang et al., 1994

Aponogeton Plant regeneration from shoot{Harder, 1968

distachyus culture

Crassula hemsii  |Shoot regeneration from leaf|Kane et al., 1993
explants

Cryptocoryne Plantlets from defoliated leaf [Kane et al., 1990.

lucens

Cryptocoryne Plants from aerial leaf explants |[Kane et al., 1999

wendltii

Dionaea muscipula

Plantlets from rhizome tips

Parliman et al., 1982

Griffithelta High rate of seed germination |Vidyashankari, 1987
hookeriana

Indotristicha High rate of seed germination |Vidyashankari, 1988
ramosissima

Lemna gibba

Callus induction and plantlet

Chang and Chiu, 1978; Moon

regeneration from leaf frondjand Stomp, 1997, Li et
Explants al.,2004.

Lemna minor Callus induction and plant let|Yamamoto, 2001
regeneration from pond
explants

Limnophilla indica |Regeneration of whole plants|Rao and Mohan Ram, 1981.
from toot tips

Myriophyllum Shoot organogenesis from(Kane et al., 1991

aquaticum internodal stem explants

Myriophyllum Direct adventitious shoot/root|Kane and Albert, 1989

heterophyllum regeneration from aerial leaf

Neptunia oleracea |{Shoot organogenesis from|Kakkar and Mohan Ram1986

explants




Polypleurum

Germination from undehisced|Sehgal et al., 1993

explants

stylsosum fruits
Proserpinaca Shoots from aerial leaf Kane and Sheehan, 1988
species
Nymphaea Plantlets from leaf explants Jenks et al., 1990
‘Daubeniana’
Nymphoides indica |Indirect shoot organogenesis|Jenks et al., 2000
through petiole explants

|Spirodela Plantlet regeneration through|Li et al., 2004

oligorrhiza callus obtained from frond

Utricularia inflexa

High rate of germination seeds

Doreswamy and Mohan Ram,
1969




CHAPTERIII: MICROPROPAGATION OF ILEX KHASIANA

Introduction

llex khasiana Hook F. (Aquifoliaceae) is a holly tree which is rare and
endemic to Khasi Hills, Meghalaya, India and is confined to a few pocket
areas of the region. This tree species is mainly used for Christmas decorations and
has potential biomass to maintain healthy environment (or ecosystem) for hilly
regions. The wood tree of this is also utilized in making of furniture. In nature the
propagation of this tree through seed germination is a rare phenomenon as seeds fail
to germinate because of incomplete and ill rudimentary embryos. Also, the viable
seeds have prolonged periods of dormancy. Like other woody species, the
propagation is a slow process and the plant regeneration through vegetative
cuttings is not possible. Because of the rapid deforestation, urbanization and
erosion, I. khasiana has become rare and endemic to this region (Nayar and
Sastry, 1990).

Micropropagation holds great promise for rapid propagation of rare and
endangered plants particularly for the species w.ith reproduction problem and /or
extremely reduced population. The tools of biotechnology are being increasing

applied now for conservation of plants (Prance, 1997; Feijoo and Iglesias,



1998; Lynch, 1999). Owing to extreme rarity, vulnerability of I khasiana, a
protocol for rapid micropropagation was required to fulfill the demand of plants
on large scale production and for its conservation. Following studies were
conducted using different explants of I. khasiana.

e Direct shoot multiplication

o Callus induction

e Caulogenesis

e Rooting/ field transfer

Materials and Methods
Season vs. Source of Explants

Various explants from 10-12 years old mature tree of . khasiana were
collected from Upper Shillong, Meghalaya. Explants like leaves, shoot tips, nodal
stem segments were excised from young twigs in four different seasons, Spring
(March -April), Summer (June-July), Autumn (October- November) and Winter
(December-January). The percentage of contamination, phenolic exudation, survival
and multiplication rate were recorded.

Micropropagation of I. khasiana was carried out using different explants
from mature trees and seedlings origin. Cultures of leaves, shoot tips, nodal
segments obtained from mature trees of I khasiana were affected by the
seasonal variation. The rate of shoot multiplication and development appeared to
be more in the materials collected during June/July. The rate of shoot

development gradually decreased during the period of October to January.
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Choice of explants
a) Explants from mature trees
Explants namely shoot segments, apical buds, leaves were collected from
trees growing in Upper Shillong, Meghalaya. These explants were washed in
Teepol (2% v/v) for 15-20 min. Explants were further rinsed thrice in
distilled water and further immersed in 70% ethanol for 15-30 sec, and rinsed
5 times prior to surface sterilization with 0.05-0.15% mercuric chloride (HgCly)
or 15% sodium hypochlorite (NaOCI) for varying periods of time and rinsed 5-6
times with autoclaved double distilled water. The end parts of explants exposed
to sterilant were trimmed and inoculated aseptically in test-tube of the size 25 x
150 mm (Borosil, India Ltd.) containing 15 ml of different media (viz. MS, LS,
White, Nitsch) supplemented with 3% sucrose, auxins and cytokinins in
different concentrations ranging from 0.5-2.5 mg/] both singly and combinations.
The medium was solidified with 0.8% agar. The pH of the medium was adjusted to
5.8 prior to autoclaving at 121°C (1.06 kg/cm®). All the cultures were
maintained under culture conditions where temperature was maintained at 25+
2°C under cool white fluorescent light of 200 z moles m  sec™ intensity with 16
h photoperiod .
To over-come the problem of browning and death of cultures, various pre-

treatments were used:-

-50 mg/l Ascorbic acid (AA)

-0.5% Polyvinylpyrrolidone (PVP)

-75 mg/1 Citric acid (CA)

-2% Charchoal (CHAR)
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-Chilling at 4° C for 2 h (CHIL)
-Serial transfer (2-4-8-12-24-48-96 h intervals)
-Distilled water (D H;0)

Frequent serial transfer of explants directly on the fresh medium at an
interval of 2,4,8,12,24,48 and 96 h was done to remove brown exudates. All
the cultures were maintained at dark at 25 +2°C for 1 week prior to subculture
on MS medium containing different growth regulator combinations.

Observations on browning and percent survival of explants were done after every

24 h.

b) Explants from seedlings

Berries of 1. khasiana were collected from mature trees during the months
of December-January. Seeds were separated from the pulpy berries and washed
thoroughly using 5% teepol for 5-10 min and rinsed thrice by double distilled
water. These were surface sterilized with 70% ethanol for 30-60 secs followed
by 15% sodium hypochlorite solution for 15 min and four rinses with sterile
distilled water. The seeds were inoculated in medium supplemented with auxins
and cytokinins singly or in combination at different range of concentration (0.5-
2.5 mg/l).

Explants such as shoot tips, axillary buds, nodal segments, roots were
excised from in vitro grown seedlings. Exudation of phenolic substances was not
a hurdle for these seedling explants and hence pre—treatments against phenolic
exudation were not required. These explants were also inoculated and

maintained in culture rooms as mentioned in case of the mature explants.
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All the procedures were carried out in a clean inoculation room. Inoculation
was carried out under laminar flow cabinet fitted with ultra violet irradiation.
Required glassware and other culture instruments (scalpel blade, forces, needles
etc.) were sterilized along with culture media at 121°C and instruments were
flamed using rectified spirit before use. All cultures were maintained under
culture conditions where the temperature was maintained at 25+2°C under cool

2 sec”! lamps with 16 h

white fluorescent light intensity 200 4 moles m
photoperiod.
After the prior experiment with different media , MS basal medium was

finally selected for the subsequent studies.

Raising 'and Maintenance of Aseptic Cultures

Different explants like apical buds, nodal stem segments containing one
axillary bud were excised from 1-2 months old in vitro grown seedlings and
10-12 yrs old mature trees of I. khasiana. Sterilization and pre-treatments of
antioxidants for explants from mature trees were carried out as described in the
sterilization technique. These explants were inoculated on MS medium containing
3% sucrose and 0.8% agar supplemented with either auxin and cytokinin or
two cytokinins viz., BAP + KIN in combinations. Each culture tube contained
one explant cor_ltaining one bud. A minimum of 16 replicates for mature trees and
6 for seedlings (as less explant was available) were taken. For control, the explants
were cultured on basal MS medium without growth regulators. All the sets of

cultures were incubated under the culture room conditions. Browning  was

24



determined when explants showed any degree of discolouration and / or the
medium colour changed from white to brown in case of mature explant cultures.
After 4 weeks, explants with proliferating shoot clumps were transferred
to 250-500 ml conical flasks each containing approximately 50-75 ml medium.
Cultures were transferred to fresh medium every 4 weeks. Observation records

on shoot number and shoot length were made after every 2-3 weeks of culture.

Rooting of Isolated Shoots

For root initiation, shoots measuring around 2-3 cm in length were excised
from multiple shoot clumps and transferred to various media like MS basal salt
without auxins as control, MS supplemented with auxins, 2 MS with auxins
and White media with auxins at different concentration ranging from 0.5-2.5
mg/l. The incubation period for root initiation was 20 days of which the initial
6 days were total darkness. The shoots were maintained under the same culture
conditions as described earlier. The records on percent rooting, root number

and root length were made after 4 weeks of culture.

Establishment of Callus Culture and Caulogenesis

Leaf discs (measuring 2x4 mm), stem nodal segments and apical buds
were used for the establishment of callus cultures and caulogenesis in Ilex
khasiana. MS medium supplemented with different concentrations and
combinations of auxins (2,4-D and NAA) and cytokinins (BAP and KIN)
were used for callus induction, shoot buds and caulogenesis . The range of

concentrations of growth regulators for this present investigation was 0.5 to
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2.5 mg/ll. The pH of the medium was adjusted to 5.8 before autoclaving.
Callusing was evident after 4 weeks and induced calli were subcultured on to
the fresh medium after every 4 weeks for multiplication. The conditions
required for growth and development of calli were evaluated. After raising
sufficient stock, the callus cultures were subjected to various combinations and
concentrations of cytokinins and auxins. Atleast 40 cultures were raised for each
treatment. Each treatment and all the experiments were repeated thrice.

The calli derived from nodal and leaf segments were tran§fened to MS
medium containing BAP at different concentrations (0.1 to 2.5 mg/l) singly or
in combination with IBA or IAA (0.1-2.5 mg/l) for further experiment on
regeneration from callus. All cultures were incubated both in dark and at
different' light intensities of 16 h photoperiod for further morphogenetic
responses of callus. Cultures were observed at weekly intervals. Small shoots
differentiating directly from callus were detached from the parent tissue and
transferred to MS medium containing lower concentration of BAP (0.5 mg/l)

for elongation.

Multiplication and Rooting of Shoots

Shoots regenerated directly from callus were multiplied on MS medium
supplemented with BAP (1.0 mg/l) + 1BA (0.1 mg/l). For rooting, 4-5 cm
long elongated shoots with 3-4 nodes were cultured on MS medium (at various
salt strengths) incorporated with auxins. The percentage of shoot initiation, number

of roots per explants and the root length were recorded after 3 weeks of culture.
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Cultures for shoot multiplication and rooting were initiated in flasks
containing 50 ml medium. All cultures were maintained in tissue culture
incubation room at different conditions of growth. The initial dark treatment for
cultures for 1 week was carried out and compared with that grown at 25+2°C,
50-60 % humidity with 16 h photoperiod. Experiments were repeated thrice and
20 cultures were raised for each treatment. Observations were recorded at weekly

intervals and standard deviation of mean was calculated (indicated by ).

Results
I. Direct multiple shoot bud induction
a) Explants from Mature Trees

Nodal and shoot tip explants collected during different seasons from 10-12
yrs old mature trees of L. khasiana produced undesirable characteristics of browning
into the medium and subsequently led to death of explants. It was observed that
inspite of pre-treatments with antioxidants, the explants failed to get established in
the culture medium. Various pre-treatments to control browning resulted in a
survival of 15- 20% of cultures, whereas the rest turned brown and caused death of

tissue (Fig. 3.1).

Seasonal Effect on Culture Establishment

The contamination and establishment of explants were greatly affected by the
season in which they were collected from mature trees growing in the field. Serious
browning of explants was experienced from adult wild trees during the winter month

(Fig. 3.2).
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Materials and Methods
Seasons vs. Explant Source
The influence of seasons on explant plays an important role in the
initiation and establishment of cultures in the media. So selection of suitable
source of explants in appropriate season is a vital process for the success of in
vitro clonal propagation. Various explants from M. tetragona aquatic herb were
collected from Smit pond, Shillong, Megahlaya. Explants like leaves, rhizome
buds, flower buds, pre-mature- or mature undehisced fruits were excised from
the plants in four different seasons, Spring (April), Summer (July), Autumn
(October) and Winter (December- January)
Surface Sterilization
Premature- or mature undehisced fruits, rhizome tips, petioles, leaf, flower
buds were collected from the pond. These explants were washed first with
2% (v/v) teepol for 10 min and then with tap water, followed by 15% (v/v)
sodium hypochlorite (NaOCl) solution for 10 min and rinsed 5-6 times with
autoclaved distilled water. The explants were further treated with 0.01-0.15 %
HgCl, for 10 min and rinsed thrice with double distilled water to remove all
traces of the sterilants. These were then treated with 70% ethanol for 10-30
seconds.
Media Compositions and Conditions
Different media such as MS, %2 MS, LS, Nitsch, White’s media were used.
Out of the various media tested in the initial experiments, MS medium was
found to be the most suitable and it was finally selected. Both liquid and semi

solid media were used for initiating N. tetragona cultures.
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b) Explants from in vitro grown seedlings

Seeds obtained during December- January were cultured on MS medium
with different cytokinins (BAP, KIN, Zeatin) and auxins (IBA, NAA). The
germination percentage was only 5-8%. Various explants like nodal, apical bud etc.
were excised from developing seedlings for the induction of direct shoot
regeneration. Among these explants, nodal segments were found responsive and
induced maximum shoot buds (Table 3.1).

The nodal segments excised from in vitro seedlings cultured on MS medium
containing cytokinins both BAP (2.0 mg/1l) and KIN (1.0 mg/l) resulted in maximum
response and number of shoots (Photoplate 3.2 A,B). In this treatment, 85 % of the
nodal explants containing single axillary bud resulted in an average of 10.2
shoots per explant. However, at higher concentrations of both BAP (2.5 mg/l) and
KIN (1.5 mg/l), the number of shoot buds and the percentage of explants
giving response declined comparatively. The same was noticed when the
concentrations of both the cytokinins was reduced to 1.0 mg/l BAP and 0.5
mg/l KIN. Incorporation of IBA in the medium in addition to either BAP or
KIN alone resulted in a poorer response of the nodal explants taking from in
vitro grown young plants. The response of the nodal explants taken from mature
trees was much less on the same medium (Table 3.1). In this case the maximum
of 40% explants gave response and resulted in the formation of optimal 8 shoots
per explant. The shoots were observed to have discoloured and distorted leaves
with stunted growth in this case. The overall response of the nodal explants
from mature trees was not as promising as was observed from the explants

taken from the young in vitro grown plants. With both BAP and KIN in the
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different media (MS, % MS, White), it was found that on MS full strength medium,
maximum number of shoots were initiated in the concentration of 2.0 mg/l BAP and
1.0 mg/l KIN. However with the increase or decrease in the cytokinin concentration,
the numbers of shoots formed declined. In control where no cytokinin was
incorporated in the medium a single shoot was seen to have emerged (Fig. 3.5).

MS with different concentrations of BAP or KIN alone showed single shoot
formation from nodal explant. Higher concentration of BAP or KIN alone had no
positive influence on the shoot multiplicatioh and produced only one or two shoots
with stunted internodes. BAP or KIN (2.0 mg/l) alone with IBA (0.5mg/1) in the MS
medium resulted in only 3-4 shoots/explant (Table 3.1). With the increase in the
concentration of KIN (2.5mg/l) in combination with IBA (0.5mg/l) only 1-2
shoot/explant with callus growth at the base of explant were observed (Table 3.1;

Photoplate 3.3 A).

Elongation of in vitro Shoots

To promote shoot elongation, shoots obtained from seedling explants were
transferred to the same medium. The in vitro obtained shoots attained a height of 3 -
4 cm within 30 days of culture (Photoplate 3.2 . -A). For further elongation, the in
vitro grown shoot buds were cultured on MS medium containing reduced

concentrations of BAP (0.5 mg/1) + KIN (0.25 mg/l).

II Callus Initiation
MS medium was found to be more suitable than White’s for callus induction.

MS medium with half strength salts was suitable to reduce the phenolic oxidation
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and browning of explants but the percentage of callusing was very low. Out of
different explants (leaf discs, nodal and apical buds), leaf discs were the best for
callus initiation. Leaf explant derived from one-month-old seedlings was more
responsive in the callus initiation. The age of leaf discs also influenced the
initiation of callus. The leaf explants obtained from 15-days old seedlings
were not favourable. The explants if obtained from 21 to 45 days were the best
source of explants for the induction of callus. The initiation and establishment of
callus was influenced by the type of growth regulators, its concentration and
combination. A combination of cytokinin and auxin (KIN + 2,4-D) supported callus
induction. Other auxins like IBA, IAA when used singly or in combination with
cytokinin (KIN or BAP) were also not responsive for callus induction. Callus
initiation was obsereved on leaf explants within 4 week of culture in the medium
with higher level of auxin 2,4-D (2.0 mg/1) with cytokinin KIN (0.5 mg/1) (Table 3.2;
Photoplate 3.5 A). However with the increase or decrease of 2.0 mg/l 2,4-D
concentration in the medium resulted in low callus development. Moreover 2,4-D
with BAP combination also initiated low yield of callus. The initial dark treatment of
7 days of explants was helpful in inducing callus formation. The effect of light
intensity on callus development was found to be pronounced. The low light
intensity of 50p moles m? sec” was favourable to induce healthy callus. The
increase of light intensity to 150-200 p moles m™ sec™' resulted in hard and

dark brown callus (Table 3.3; Photoplate 3.5 A " ).
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Orgnogenesis or Caulogenesis from Callus.

With the aim of inducing shoot bud organogenesis and subsequent plant
regeneration, the callus obtained from leaves were transferred to 2 MS medium with
different concentrations of cytokinins and auxins at a range of concentrations
from 0.5-2.5 mg/l. In the concentration of 1.5 mg/l BAP and 0.5 mg/l IBA in'%
MS medium, the callus resulted in shoot bud proliferation, of average 12 shoots
per leaf disc callus and the response was 60 % (Table 3.4). If the concentration of
BAP was decreased to 0.5 mg/l with 0.5 mg/l IBA, the callus resulted in less
number of shoot buds in an average of 4 per leaf disc callus and the percentage
of response of shoots was declined. In the same way, the decrease of number
of shoot buds was observed when the concentration of BAP was increased to
2.5 mg/l (Table»2). However, when MS full strength medium was taken with
the same concentration and combination of above growth regulators, the number

of shoot buds from the callus was not promising.

In Vitro Rooting

Sufficient grown shoots from in vitro formed shoot clumps were carefully
excised and transfered on %2 MS and full strength MS salts supplemented with IBA
(0.5-3.0 mg/l), IAA (0.5 — 3.0 mg/l) and NAA (0.5 — 3.0 mg/l) for root induction. In
all the cases root initiation started within 2 weeks of culture. Out of the three auxin
tested, IBA was effective in inducing roots. About 90% excised shoots developed 2-
4 roots/shoot within 15 days of culture on 2 MS fortified with IBA at an optimal

concentration of 2.0 mg/l (Table 3.5; Fig. 3.6). IBA improved the rooting percent,
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root quality and number of roots. The increase of IBA concentration reduced the
formation of roots.

On full strength MS medium, excised shoots showed a reduction on in vitro
root formation in 1. khasiana with IBA treatments. Rhizogenic activity was reduced
to 50% on full strength MS when compared to %2 strength MS which was 80%.

Initial dark incubation of root inducing cultures of 2 MS medium with IBA
(2.0 mg/l) was quite promising. Rooting was observed within 15 days and the
percentage of rooting was 90% with root quality and root number 5-6 roots/shoot

(Fig. 3.7; Photoplate 3.8 A).

Discussion

The rapid depletion of world’s biological wealth, especially important forest
species, is one of the most serious global crises today. Although extinction is a
natural process, in the recent past, this phenomenon has been drastically augmented
by the indiscriminate interference by man on the natural ecosystem upsetting the
ecological equilibria. The wild natural resources of forest trees are already depleted
and extinction of rare species and erosion of gene pool are the problems now
alarming the natural ecosystem.

Conservation of gene pool is not a new concept of modemn days, and it is a
rediscovery and renovation of modern days. Realising the importance of the factors
now facing the serious erosion of ‘gene pool’ and imbalance of ecosystem, the
present study was undertaken for mass propagation and conservation of I. kahsiana

and the results obtained are discussed in the light of relevant literature. The

33



present work mainly aimed at establishment of direct shoot multiplication, callus
cultures and direct regeneration or caulogenesis and germplasm conservation.

In general, woody taxa are difficult to regenerate through micropropagation,
but successful reports exist for the micropropagation of few tree species. Although
some tree taxa can be micropropagated from tissues collected from mature trees,
many others could propagate only from juvenile tissues i.e., embryos or seedlings.
However, micropropagation through mature tree explants is usually preferred over
embryos or seedlings because it is possible to maintain the genetic stability to
maintain the desired qualities later. Clonal propagation from explants of mature
trees, if at all possible, may require a cultural regime that is considerably different
from that required for propagation from embryo explants.

Explant browning and media staining were the major obstacles in the initial
establishment of cultures when nodal segments of I khasiana from mature trees
were used in the medium. The medium turned brown within 24 h of culture and the
explants died due to release of brown exudates. Similar problems during primary
establishment of cultures have been attributed to the existence of large quantities of
polyphenolic compounds in the tissues of woody species (Hu and Wang, 1983; Dhar
and Upreti, 1999; Chang et al., 2001). Browning of cultures has been reported to
have occurred through action of copper containing enzymes such as polyphenols
oxidases and tyrosinase (Lerch, 1981). The oxidation of polyphenols by
polyphenolic oxidases is reported to inhibit enzyme activity, by killing the
explants. Similar problems of browning of cultures were reported in Teak (Gupta
et al., 1980); Bauhinia vahlii (Dhar and Upreti, 1999). To overcome this

problem, a wide range of pre- treatments of explants were adopted for
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overcoming browning of cultures. Various pretreatments given to the explants were
with ascorbic acid, PVP, citric acid, charcoal, chilling and serial transfer of
explants on to the fresh medium. Out of various pretreatments, PVP and
charcoal in the medium proved to be useful for preventing browning of tissue
cultures of I. khasiana where the survival rate of explants was below 30%. But
injurious effect of exudates from plant on the establishment was avoided by
serial transfer of explants to fresh MS medium supplemented with 0.5% PVP at
an interval of 2,4,8,12,24,48,96 h. Following this procedure 50% of the explants
could be survived. This is in agreement with the earlier results obtained by
transferring explant repeatedly onto fresh medium at regular intervals (Lloyd and
McCown, 1980; Bhatt and Dhar, 2000). Although pretreating explants with
PVP (Walkey 1972; Mathew, 1993), distilled water (Vietez and Vietez,
1980), PVP + sucrose, antioxidant solution (Anderson, 1975; Ziv and Halvy,
1983), sucrose (Gupta et al, 1980), chilling at 4°C (Dhar and Upreti, 1999)
have been found to be helpful in reducing phenol induced browning in a
number of plant species, in the present study these treatments showed poor
establishment of I. khasiana mature explants. Tissue browning could be reduced
by maintaining the shoot cultures in darkness for an initial period of one week prior
to subculture. Similar findings were recorded in guava when the cultures were
incubated in dark (Amin and Jaiswal, 1987). According to Hu and Wang (1983), the
reduced light intensity is beneficial for reducing oxidation.

It is fairly well established that successful establishment of aseptic
cultures of field grown trees is influenced by the different seasons. In the case of

L khasiana, mature explants were seasonally effected. During summer (June-July), a
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relatively low rate of browning of shoot was recorded. In the autumn season
(Ocotber-November), browning of shoot explants was higher than summer. Winter
season (Dec-January), recorded the highest browning and contamination of the
explants. Similar effects of season on bud sprouting and explant browning have
also been reported in Teak (Gupta et al. 1980) and Acacia (Detrez, 1994).

The regeneration of plantlets from explants collected during spring (April)
was comparatively low as compared to those collected in summer (June-July).
During autumn season, low percentage in establishment of cultures was
observed. The responce of explant was significantly less when collected during
winter (Dec.-Jan.). A comparatively low rain-flush in spring and fall season
than the regular rains during summer may be one of the causes in the
performance of culture establishment. During winter, the lowest survival and
performance of  explants of shoots in /. khasiana was observed and the
maximum phenolic exudation and death tissues resulted. Similar reports exist,
where the dormancy of winter buds was more difficult to break in the cultures
of tree species Acacia (Detrez, 1994), Eucalyptus (Chang et al., 1992), Sequoia
(Boulay, 1987).

Although the performance of shoot explants collected during spring was
comparatively less than the summer, spring explant cultures performed better in the
long run than the summer ones.

Browning of the cultures was not a problem when the explants were
excised from in vitro grown young seedlings of I khasiana. Hence no pre-
treatments were required in this case. Yadav et al.,, (1990) and Salvi et al. (2001)

also reported that seedlings proved to be the best source of explants than adult
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ones for controlling browning in Syzigium cumini and in Azadirachta indica
respectively.

The rate of contamination coupled with browning in flex was found
more serious from the explants collected from mature trees. Another problem
encountered in the explants from mature trees was the appearance of necrotic spots
in later part of the culture establishment. Few plants which were established failed
to evoke satisfactory response. The multiple bud induction was obtained from
nodal explants of mature trees and in vitro grown young seedlings on MS
medium supplemented with different concentrations of auxins and cytokinins. The
highest number of multiple shoots per explant resulted from nodal explant of
young seedling. More than 10 buds arose from the single node stem of seedling
origin in MS medium supplemented with cytokinins BAP (2.0 mg/l) and
KIN(1.0 mg/]) in combination, whereas the number of shoots obtained from mature
explant was 8 shoots per explant under the same conditions of cultures. Salvi et
al. (2001) reported that comparatively high regeneration potential was exhibited by
seedling explants than the explants obtained from mature trees in Azadirachta
inidca. Das et al. (1996) reported that excessive phenolic oxidation prevented
induction of multiple shoot formation in trees of cashew, therefore juvenile
seedlings were used as the source for in vitro studies. Similar observation was
reported by Mathew (1993) where seedling culture of clove was more suitable
than explants from mature trees. Rao and Sita (1996) reported that the success of in
vitro shoot or root formation is often related to maturity or age of the donor plant.
It has also been established in many herbaceous plants that younger explants

exhibit greater —morphogenetic potential than older plants (Yepes and
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Aldwinckle, 1994; Nikam and Shilole, 1999), as they might have more
metabolically active cells with hormonal and nutritional conditions that are
responsible for increased organogenesis (Famiani ef al., 1994). Dkurkovic (2003)
reported high rate of in vitro multiple shoots and plant regeneration from juvenile
axillary buds whereas mature plants failed to fegenerate.

Propagation through axillary bud multiplication is an easy and safe
method for obtaining uniformity and it also assures the consistent production of
true —to-type plants within a short span of time (George; 1993; Salvi et al.,
2001). However, factors such as poor growth (Linington, 1991; Durkovic, 2003),
excessive phenolic oxidation (Linington, 1991; Bhatt and Dhar 2000), difficulty
in rooting (Bonga, 1977, Noiton et al., 1992) have been shown to limit in vitro
culture of woody plants. Several studies have been carried out to optimize
conditions for the in vitro regeneration and multiplication of woody species. In
general woody taxa are difficult to regenerate under in vitro conditions, but success
have been achieved in tree species like Tabebuia sp. (Rajani and Urs, 1998),
Acacia mangium (Bhaskar and Subhash, 1996), Santalum album (Sita, 1986),
Eucalyptus (Mascarenhas and  Muralidharan, 1989), Azadirachta indica
(Chaturvedi et al., 2004), Coffea arabica (Naidu and Sreenivasan, 2004) and
Paeonia suffruticosa (Beruto et al., 2004).

In the present study, maximum explants were established in MS medium.
Successes with plant cell, tissue and organ cultures have been reported to depend
on the use of suitable media. The composition of culture media is one of the
most important criteria for the successful establishment of cultures (McCown

and Sellmer, 1987). Brown et al. (1995) reported that about half of the embryo
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induction media used across all the plant species are MS based media. Similar
superior effects of MS medium over the other media in producing multiple shoots
were also reported in woody species like Fragaria indica (Bhatt and Dhar , 2000),
Platanus acerifolia (Liu and Bao, 2003) and Zyziphus jujube (Hossain et al.,
2003).

Out of the various cytokinins tried (BAP, KIN, Zeatin), the combination of
BAP and KIN proved to be essential for multiple shoot formation in L
khasiana. Axillary branching in shoot tip cultures occurred only when exogenous
supply of cytokinins was given. It is well documented that BAP stimulates
axillary shoot multiplication in many plant species (Devi et al., 1994;
Lakshamanan et al., 1997; Sahoo and Chand, 1998;Sansberro et al., 1999; Panai
et al., 2000, Beena et al., 2003). In the present study, the combination of (2.0
mg/l) BAP + (1.0 mg/l1) KIN was found optimal for the induction of 10-11
shoots buds/explant. Kang et al. (1994) reported that BAP in the medium was
beneficial in Fragaria xananassa. Similar studies were also reported by Babu ez
al. (2003), where BAP and KIN incorporated together in WPM medium
initiated 20 shoots/single shoot in camphor tree (Cinnamomum camphora).
Increasing the concentration of BAP and KIN in combination in the medium
reduced number of shoot production. The suppressive effect of higher cytokinin
concentration has been reported in some woody species (Amin and Jaiswal,
1993; Bhatt and Dhar, 2000), and Saussarea obvallata (Joshi and Dhar, 2003).
Stunted growth in I khasiana resulted in the medium containing higher

concentration of BAP.
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The incorporation of auxin at low concentration with cytokinin was found to
be necessary for the growth and development of emerging buds in ZIlex. The
lower auxin and higher cytokinin ratio in shoot bud differentiation was well
documented in Nicotiana species (Skoog and Miller, 1957). Out of the different
auxins used, IBA in medium was found more effective with an enhanced shoot
elongation in I khasiana. Martin (2003) also reported an enhanced shoot
multiplication with combination of both BAP and IBA in Rotula aquatica. Babu et
al. (2003) also found that adding IBA in low concentration along with BAP and
KIN in combination induced better shoot multiplication rate of explant on WPM
medium. Similar results in a herbaceous plant Ceropegia candelabrum were
obtained by Beena (2003).

Previous reports on micropropagation of Ilex species using BAP alone on
the medium showed initiation of a low number of average shoots /explant. Morte
et al. (1992) reported that axillary buds from 10-15 yrs old tree of I aquifolium
yielded 2 axillary buds/explant on medium supplemented with BAP alone.
Sansberro et al. (1999) also obtained an average of 4 shoots/explant from nodal
segments of 2 yrs old plant. The low number of average shoots in llex species
reported earlier could be due to the age factors of the plants. In our present
studies 15-45 days young seedlings were used as the sources of explants where a
total of about 10 shoots/explant were formed in the MS medium supplemented with
2.0 mg/1 BAP in combination with 1.0 mg/l KIN.

Elongation of in vitro shoots of Ilex was not markedly enhanced by the
addition of GAj; at various concentrations. Similar effect of GA; had been

reported on the shoot multiplication of Symonanthus bancroftii (Panai et al.,
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2000). Sahoo and Chand (1998) reported a synergestic effect in shoot elongation,
on multiple shoot formation and internode elongation of Tridax in medium
containing GAj in combination with BAP.

In the present finding, higher callus was induced from leaf discs
cultured in MS medium containing the combination of auxin 2, 4-D (2.0 mg/l)
and KIN (0.5 mg/1). Similar result using 2, 4-D with KIN has been reported in
Hypericum perforatum leaves (Pretto and Santarem, 2000). 100% callus
induction on MS medium supplemented with 2, 4-D and KIN was reported from
different explants of Acacia mangium (Xie and Hong, 2001). A positive effect
of a short inductive treatment of 2, 4-D application has been reported for apple
(Yancheva et al., 2003). Callus induction and proliferation systems are
known to be very useful for the study of biosynthesis of natural products and
the factors that influence it, giving some possibilities of controlled production.
This approach has been wused in the plant species viz.,, Hypericum and
Centaurium spp. (Ferrari et al., 1999; Schmidt et al., 2000). Culturing the calli on
2 MS medium supplemented with BAP (0.5 mg/l), with lower 2,4-D (0.5
mg/l) or gradual removal of 2, 4-D resulted in shoot induction in four weeks
time.

A period of dark treatment promoted adventitious shoot bud formation
from callus of I khasiana, however, further development of shoot was required
by light treatment. Shoot formation was the best when leaf explants were
cultured for 20 days in the dark. By increasing the duration of darkness to 30 days,
more calli and fewer shoots were achieved. Arzate —Fernandez et al. (1997)

reported that the degradation of auxins in the media is known to occur more
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quickly under light conditions than under dark conditions. It may be possible
that exposure to a continuous dark culture period may modify the proportion of
endogenous cytokinins and auxins, resulting in a stimulation of shoot formation
on leaf explants of I khasiana.

Keeping the callus in dark period up to 30 days or low light intensity
(50-75 pmoles m? sec’') influenced the rate of shoot multiplication. This result is
in agreement with that of Korban et al. (1992) and Miguel et al. (1996). They
reported that dark incubation or low light intensity can affect and stimulate
organogenesis by increasing endogenous levels of indole-acetic acid. This
hormone, known to influence cell division and differentiation, interacts with
exogenously supplied cytokinin and auxins for shoot induction.

The age of the explants plays a vital role in the regeneration of tissue
culture experiments (Murashige, 1974; Gamborg and Phillips, 1996; Lin et al.,
1998; Molina et al., 2002). The leaf disc explants used from 15-45 days old
seedlings gave comparatively high yield of callus. Gu and Zhang (2005)
reported 10 day old leaves showed better yield of shoots in Zizyphus jujube.
Similar report was also obtained by Carneiro et al. (1999) in Neorgelia cruenta
cultures. Joshi and Dhar (2003) also reported that 10-15 days old seedling
explants regenerated maximum callus and shoot formation on MS medium
containing BAP and NAA in Saussurea obvallata. It has already been
established that younger explants exhibit greater morphogenetic potential than
older explants (Welander, 1988; Fasolo et al., 1989; Yepes and Aldwinckle,

1994). This could be attributed to the presence of more metabolically active cells
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with hormonal and nutritional conditions that are responsible for increased
organogenesis (Famiani et al., 1994).

Culturing the calli on % MS medium incorporated with BAP (1.5 mg/l)
resulted in more than 60% shoot induction. Both KIN and Zeatin in the medium
resulted in lower percentage of shoot formation. The gradual removal of 2, 4-D
from the medium was necessary for the initiation of shoot buds. Such results
have been reported by Kang et al. (1994) who found BAP as the most suitable
growth regulator for producing multiple shoots from leaf explants in Fragaria
ananassa. Pretto and Santarem (2000) also found that shoot induction from
cultured callus could be enhanced in medium containing BAP alone. However,
in contrast, Yang et al. (2001) reported that explants cultured on medium
supplemented with BAP developed either extensive callus or distorted shoots-
that failed to proliferate. On the other hand Gentile (2002) found the stimulatory
effect of BAP on induction of adventitious shoots from leaves of Prunus
persica.

The most difficult stage of regeneration in woody species is the induction
of roots on new shoots (Bonga, 1977). The concentration of growth regulators
and its presence in the medium plays an important role in the rooting system. The
determination of root induction usually depends on the auxin or auxin/cytokinin
ratio in the medium. High concentration of auxin has been reported to induce roots
or callus from different explants (Skoog and Miller, 1957, Arora and Bhojwani,
1989; George, 1993).

Root initiation was observed form 2™ week onwards following the

transfer of the shoots to the rooting medium. Results were different based on the
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concentrations of IBA as well as strength of basal medium used. Out of the
different basal media tried, 90% rooting was observed in shoots cultured on 2
strength MS with 2.0 mg/l IBA. Rooting decreased with the increase of IBA
concentration. 5-6 roots measuring about 4 cm length were found to have
initiated in the same cultures keptin dark for 7 to 10 days. Half strength MS
medium with IBA was used to induce rooting in Vicia pannonica by Sancak
et al., 2000. Yang et al. (2001) also reported that individual elongated shoots of
Swainsona salsula were rooted on 2 MS medium supplemented with 2.0 mg/l
IBA. George (1996) also reported a lower mineral content to be more suitable for
in vitro rooting of woody species. Similar result of using /2 MS was reported in
Lonicera tatarica by Palacios and Leech (2002). Bhatt and Dhar (2000) also
reported the use of half strength MS salt with NAA for rooting in the in vitro
excised shoots of Indian wild strawberry. Similar reports using IBA on rooting
have been reported in several plant species (Jusaitis, 1997; Caboni and Tonelli,

1999; Wawrosch et al., 2001, Joshi and Dhar, 2003).
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Table 3.0.Composition of some plant tissue culture media (Composition mg/1)

Components White's | MS LS Bs Nitsch
Macronutrient
NH4NO; - 1650 1650 - 720
KNQO; 80 1900 1900 2527.5 950
CaCl,.2H,0 - 440 440 150 -
CaCl, - - - - 166
MgS04.7H,0 750 370 370 246.5 185
KH,PO4 - 170 170 - 68
(NH4),.4H,0 - - - 134 -
Ca (NO3),.4H,0 300 - - - -
Nast4 200 - - - -
NaH,P0,.H,0 19 - - 150 -
KCl 65 - - - -
Micronutrient
KI 0.75 0.83 0.83 0.75 -
H;BO; 1.5 6.2 6.2 3 10
MnSO,.4H,0 5 22.3 22.3 - 25
MnSO,4.H,0 - - - 10 -
ZnS04.7H,0 3 8.6 8.6 2 10
Zn.Na; . EDTA - - 15 - -
Na;Mo004.2H,0 - 0.25 0.25 0.25 0.25
MoO; 0.001 - - - -
CuS0,4.5H,0 0.01 0.025 0.025 0.025 0.025
Co(Cl,.6H,0 - 0.025 0.025 0.025 -
Fe)(SO4)3 2.5 - - - -
Fe;S0O,4.7H,0 - 27.8 27.8 - 27.8
Na;.EDTA.2H;0 - 37.3 37.3 - 37.3
Sequestrene 330Fe - - - 28 -
Organic constituents
Inositol - 100 100 100 100
Nicotinic acid 0.05 0.5 - 1 5
Pyridoxine HCI 0.01 0.5 - 1 0.5
Thiamine HCI 0.01 0.1 0.4 10 0.5
Glycine 3 2 - - 2
Folic acid - - - - 0.5
Biotin - - - - 0.05
Sucrose 2% 3% 3% 2% 2%

Optional constituents of Linsmaier and Skoog:

Aminobenzoic acid 0.1 mg/l, GA; 1.0 mg/l, Adenine suifate 40 mg/l, Guanylic acid
200 mg/l, L-Glutamine 500 mg/l, Tyrosine 100 mg/l, Casein hydrolysate 1-3 g/,
Cytidylic acid 200 mg/l and L-Asparangine 500 mg/1.



Table 3.1. Effect of different concentration of cytokinins and auxins on direct shoot

multiplication of nodal stem explants derived from young seedlings or mature trees

Explants| Growth regulators (mg/l) % Nodal |Average shoot| Relative
Cytokinins Auxin explants numbler per Calh:lsl
regenerating explant grow
BAP KIN 1BA shoots
0.5 -- 0.5 30 1.0+£04 -
1.0 - 0.5 50 2.6+ 1.10 -
2.0 - 0.5 60 39+£1.2 -
2.5 - 0.5 50 24+ 1.05 -
Young - 0.5 0.5 30 1+0.5 -
plants - 1.0 0.5 40 1.4£0.4 +
- 2.0 0.5 50 3.6+ 1.02 ++
- 2.5 0.5 40 1.6:+0.5 ++
1.0 0.5 - 60 6.5+ 1.55 -
2.0 1.0 - 85 10.2 +£1.40 +
2.5 1.5 - 70 7.0+1.45 -
0.5 - 0.5 20 1+0.5 -
1.0 - 0.5 40 1.4%0.55 -
2.0 - 0.5 50 1.0+04 -
2.5 - 0.5 40 1.0 + 0.60 -
0.5 - 0.5 20 1.0+0.5 -
Mature 1.0 - 0.5 40 1.4 +0.55 -
trees 2.0 - 0.5 50 1.0+0.4 -
2.5 - 0.5 40 1.0+ 0.60 -
- 0.5 0.5 10 1.0+ 0.5 -
- 1.0 0.5 30 1.2+0.55 +
- 2.0 0.5 40 1.0 £ 0.60 ++
- 2.5 0.5 20 1.0 +£0.40 +
1.0 0.5 - 20 5.5+0.60 -
2.0 1.0 - 40 8.0+0.5 +
2.5 1.5 - 20 5.0+ 0.80 -

+ SD = Standard Deviation

Data recorded after 4 weeks

Data represents an average of 10 explants per treatment




Table 3.2. Effect of 2,4-D and cytokinins (BAP/KIN) on callus development from

leaf discs of I. khasiana after 4 weeks of culture

MS + Growth % of Intensity of Nature of callus
regulators (mg/l) callus callus
Auxin| Cytokinins | initiation | development
2,4-D | BAP | KIN
0.5 0.1 - 30 + White and poor callus
1.0 | 0.5 - 40 + Light brown and poor callus
1.5 1.0 - 50 ++ White callus
2.0 0.5 - 60 ++ Brown callus
25 1.0 - 40 + Hard and poor callus
0.5 - 0.1 40 + White callus
1.0 - 0.5 60 + White callus
1.5 - 1.0 70 ++ Shining and light brown callus
2.0 - 0.5 80 +++ Healthy callus
25 - 1.0 60 ++ Hard with dark brown areas

Data represents an average 10 explants per treatment;

Callus induction was initially done in dark period (6-10) days then 16 h photoperiod
at 25+2°C.

+ poor callus; ++ medium; +++ profuse callus



Table 3.3. Effect of light intensity on productivity of callus from leaf discs of
Lkhasiana on MS medium + 2, 4-D (2.0 mg/1) + KIN (0.5 mg/l)

Intensity of light |Callus growth after 6 Type of callus
(p mols m 2 -1) weeks
0-5 + White callus
50 +++ More profuse and healthy callus

100 ++ Shiny and light green
150 ++ Hard with dark brown areas
200 + Hard yellow with shiny areas

“+’  denotes low growth of callus

‘“++>  denotes medium growth of callus

‘“+++’ denotes high growth of callus



Table 3.4. Effect of various combinations of cytokinins and auxins on

morphogenetic responses of I. khasiana calli after 30 days of culture.

Basal Growth regulators Mean number of Percentage of
medium (mg/l) shoot buds + SD shoots
BAP | KIN IBA
0.5 - 0.5 4 £0.55 40
1.0 - 0.5 6 +0.84 50
1.5 - 0.5 12+ 0.54 60
2.0 - 0.5 8+1.40 50
25 - 0.5 6+0.72 40
- 0.5 0.5 1.5+ 0.47 10
- 1.0 0.5 2+0.72 20
2 MS . L5 0.5 4+0.84 30
- 2.0 0.5 3+1.50 40
- 2.5 0.5 2+0.78 30
+ SD

Data represents an average of 10 explants per treatment

2 MS - half strength Murashige and Skoog medium




Table 3.5. Root formation on the in vitro derived shoots of I. khasiana on %2 MS

basal salt medium containing different auxins after 4 weeks of culture

Auxins Concentration | Percentage of root| Mean number of
(mg/1) formation shoots per explant
0.5 10 1.5+1.2
IAA 1.0 20 2.6 +0.95
2.0 40 3.4+0.85
25 30 2.0+0.60
0.5 40 2.6 +0.60
IBA 1.0 65 4,58 +£1.20
2.0 90 5.60 + 1.60
2.5 60 5.00 £1.02
0.5 20 1.5+ 1.05
1.0 30 1.8+ 1.08
NAA 2.0 50 38156
25 40 2.9+1.42

+ SD

Control: 1 - 2 roots developed in %2 MS basal salt medium
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Fig. 3.1. Effects of various pre-treatments in preventing browning of mature tree
explants of I khasiana. CONT-Control, AA—Ascorbic acid (50 mg/l), PVP-
Polyvinyl pyrrolidone (0.5%), CA-Citric acid (75 mg/l), CHAR-Charcoal (2%),
CHIL- Chilling (at 5°C for 2 h), ST + PVP—Serial transfer (2-4-8-12-24-48-96 h
intervals) and DH,O-Distilled water



—o— Browning of explants (%) —&— Contamination (%) —&— Necrosis (%)
100

80

2]
o
L

Percentage (%)
H
o

20 -

Spring Summer Autumn Winter
SEASON

Fig. 3.2. Effect of season on cultures of nodal stem explants from mature trees of /.

khasiana inoculated



70

60

50 1

40 -

30 -

Explant response (%)

20 A

10 -

O T L T T 1 T

April May June July Aug. Sept. Oct. Nov. Dec.
Menth of collection
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Fig. 3.5. Effect of various concentrations of cytokinins (BAP+ KIN) on the number

of shoots from nodal stem segments after 45 days of culture
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Photoplate 3.1
A - D: Multiple shoot bud induction from nodal stem segments obtained from mature
tree in I. khasiana
A & B: Direct shoot regeneration in MS + BAP (2.0 mg/l) + KIN (1.0 mg/l)
C: Elongated healthy in vitro shoot

D: Shoot with necrotic leaves






Photoplate 3.2
A - D: Multiple shoot bud induction from nodal segments  obtained from young
plants of I khasiana
A & B: Direct multiple shoot bud induction on nodal segments on BAP (2.0 mg/l)
+KIN (1.0 mg/l)
C: Elongated healthy in vitro shoots

D: Shoot with roots after 6 weeks






Photplate 3.3

A - D: Shoot development of 1. khasiana on MS basal salts

A:

B:

in vitro obtained shoot on MS+ BAP 1.0 mg/l)+ IBA (0.5 mg/l)

An elongated shoot producing roots (45 days old)

Shoots elongation when explant placed vertically on MS + 1.0 mg/l BAP 0.5
mg/l KIN

Root formation on medium with IBA (2.0 mg/1)






Photoplate 3.4
A & B: Multiple shoot in I. khasiana on MS medium
A: Multiple shoots with basal callus

B: Multiple shoots with roots (1.0 mg/1) (50 Days)
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Photoplate 3.5
A - D: Callus induction from leaf disc explants on MS + 2,4-D (2.0 mg/l) + KIN

90.5 mg/l)

Callus with light brown colour with dark areas at 150 p moles m? Sec !

Profuse healthy callus at 50 p moles m? Sec

Slight greenish callus at100 p moles m™ Sec ™!

1

c Q% >

Callus formation with yellow colour at 200 p moles m? Sec ~






Photoplate 3.6
A - B: Callus Induction and organogenesis from leaf discs in I. khasiana on MS
medium
A: Rooting from nodal explants with callus formation on the basal region on 2.5
mg/l 2, 4-D + 0.5 mg/l KIN

B: Shoot regeneration from nodal explant on 2.5 mg/l KIN + 0.5 mg/l IBA






Photoplate 3.7
A - D: Callus induction and organgenesis in 1. khasiana,
A: Callus formation from leaf disc explants on MS + 2,4- D (2.0 mg/l) + KIN
(0.5 mg/1)
B & C: Shoot regeneration from callus on MS + BAP or KIN (2.5 mg/1)

D: Callus formation on the basal region of in vitro obtained shoots on MS +

BAP (2.5 mg/l)






Photoplate 3.8
A - C: Isolated shoot rooted on %2 MS medium + IBA (2.0 mg/1)
A & B: Isolated shoot rooted on medium with IBA (2.0 mg/l) in the dark with in 12
days and shoot rooted in the light after 45 days

C: Shoot branching at basal region with profuse rooting later (60 days old)






CHAPTERI1V: MICROPROPAGATION OF NYMPHAEA TETRAGONA

Introduction

Nymphaea tetragona is a highly endangered aquatic herb confined to a
single Nongkrem Pond, Shillong, Meghalaya. This plant species is on the verge
of extinction with merely 30-50 plants remaining in the pond surrounded by
anthropogenic activity.

A serious obstacle faced by tissue culturists from using hydrophytes as
experimental materials is the inherent difficulty in establishing aseptic cultures
from plants growing in natural surroundings. The difficulties associated with
sterilization of aquatic plants have been attributed to the presence of large
bacterial and fungal epiphytic populations, mucilaginous coatings, endophytic
organisms in highly lacunate tissues and lack of cutinized epidermis (Madsen,
1985; Godmaire and Nadewajko, 1986).

Keeping in view the highly restricted population of N. tetragona and to
minimize the problem of surfacé sterilization and establishment of axenic
cultures, the immature and mature but undehisced fruits were taken as starting
explants for this present investigation. The presence of hard fruit wall or seed coat

protected the embryo from the adverse effects of the sterilizing agents.



Materials and Methods
Seasons vs. Explant Source
The influence of seasons on explant plays an important role in the
initiation and establishment of cultures in the media. So selection of suitable
source of explants in appropriate season is a vital process for the success of in
vitro clonal propagation. Various explants from M. tetragona aquatic herb were
collected from Smit pond, Shillong, Megahlaya. Explants like leaves, rhizome
buds, flower buds, pre-mature- or mature undehisced fruits were excised from
the plants in four different seasons, Spring (April), Summer (July), Autumn
(October) and Winter (December- January)
Surface Sterilization
Premature- or mature undehisced fruits, rhizome tips, petioles, leaf, flower
buds were collected from the pond. These explants were washed first with
2% (v/v) teepol for 10 min and then with tap water, followed by 15% (v/v)
sodium hypochlorite (NaOCl) solution for 10 min and rinsed 5-6 times with
autoclaved distilled water. The explants were further treated with 0.01-0.15 %
HgCl, for 10 min and rinsed thrice with double distilled water to remove all
traces of the sterilants. These were then treated with 70% ethanol for 10-30
seconds.
Media Compositions and Conditions
Different media such as MS, %2 MS, LS, Nitsch, White’s media were used.
Out of the various media tested in the initial experiments, MS medium was
found to be the most suitable and it was finally selected. Both liquid and semi

solid media were used for initiating N. tetragona cultures.
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Raising and Maintenance of Aseptic Cultures
i) Direct Multiple Bud Induction
Rhizome explants containing axillary buds were excised from the plant
and sterilization was carried out using various surface sterilants like NaOClI,
HgCl2, ethanol etc as mentioned in the material and methods.. Thereafter the
trimming was done with scalpel blade. Explants like petioles, flower buds
besides rhizomes were cultured on MS media supplemented with different auxins
and cytokinins at a range of concentrations (0.5 -2.5 mg/l) for direct shoot
multiplication. Data were recorded after 4 weeks of cultures.
The percenta—ge of explants producing shoots, number of multiple shoots
per explant and shoot lengths were recorded after 4 weeks of culture.

The effects of different photoperiods, dark treatment, GAj; and different
carbohydrates were also studied for optimizing growth and development of
rhizome bud cultures.

ii) Root Inmitiation

For root initiation, isolated shoots were transferred to hormone-free
medium or media containing various auxins (IBA, IAA, NAA) in the range of
concentrations (0.5-3.5). Observations were recorded after 4 weeks of culture.
The number of roots and their lengths were recorded.

iif) Embryo Culture

The pre-mature and mature embryos were isolated from the fruits and
cultured on both liquid and semi-solid media containing different growth
hormones, cytokinins (BAP, KIN) and auxins (IBA, NAA, IAA) or GAj; at a

range of concentrations (0.5 -2.5 mg/l). These were incubated at 25+2°C
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temperature and 16 h photoperiod of 2004 mol m2 sec”! intensity. The number of
shoots and their lengths were recorded. The effects of different carbohydrate
treatments like sucrose (0.5, 3%), galactose (1.0, 1.5%), sorbitol (1-2%), mannitol
(1-2%) were also studied in MS medium containing BAP (2.0 mg/ 1) in
combination with KIN (1.5 mg/l) and NAA (0.5 mg/l) for optimizing the
performance of embryo cultures.

The percentage response of embryos showing shoot bud induction, number
of shoots and shoot lengths were recorded after 4 weeks of culture. Data were

analyzed statistically.

Results

The rate of shoot proliferation was greatly influenced by various seasons
during which the explants had been collected. Explants collected in every
month showed that shoot proliferation was greatly influenced by various
seasons (Table 4.1). Serious contamination was experienced when the explants
were derived from the plants during December to February. High rate of
opening of axillary buds coupled with maximum number of shoots with less
contamination was recorded during the months April to July. The sprouting from
the explants in the months of September to November was greatly reduced.

For the establishment of cultures, the surface sterilization treatment with
0.1% HgCl, for 10 min (Fig. 4.1) and 70% ethanol for 15 secs was found to be
the most suitable for undehisced fruits (Fig. 4.2). For rhizome buds, 0.15 %
HgCl, for 10 mins followed by 70 % ethanol treatment for 20 secs resulted

in optimal survival rate (Figs. 4.1 and 4.2). The combination of the surface
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sterilants comprising teepol, mercuric chloride and 70% ethanol resulted in the
maximum survival of the explants namely undehisced and rhizome buds (Fig.
4.3).
Rhizome Bud Culture
Out of the various media tried namely MS, Nitsch and White along
with various concentrations of BAP, it was found that the maximum number of
shoots per rhizome bud could be accomplished on MS medium containing 2.0
mg/l BAP (Fig. 4.4). The rhizome buds cultured on Nitsch and White media
containing the same concentration of BAP resulted in fewer shoot buds per
explant. Further reducing the strength of basal salts of the same MS medium to
half and one fourth, it was found that full strength MS medium resulted in
maximum response of the explants (Table 4.2).
Effect of BAP + Auxins
For the establishment of direct shoot induction, MS basal medium
supplemented with different concentrations of BAP (0.5-2.5 mg/l) along with IAA
(0.5 mg/l) showed varying results (Table 4.3). The results showed that BAP at 2.0
mg/l with 0.5mg/l IAA in medium was the most effective cytokinin for inducing
shoot formation in N. tetragona wherein a maximum number of 3-4 shoots per
explant were produced. The decrease or increase of the concentration of BAP in
the medium did not enhance the number of shoots (Table 4.3).
Effect of Cytokinins
Of the two cytokinins (BAP, KIN) tried, BAP was more effective than
KIN in inducing multiple shoots from rhizome tip explants. Shoot formation

was reduced to 1-2 in number in KIN supplemented medium. The combination of
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both the cytokinins (BAP + KIN) at different concentrations did not enhance
bud multiplication from rhizome explants of N. tetragona.
Elongation of In Vitro Shoots
For shoot multiplication and elongation, shoots derived from rhizome
cultures were subcultured on MS medium containing BAP (2.0 mg/l) +IAA (0.5
mg/l). The shoots attained a height of 3-4 cm length in 3 weeks bearing well
developed healthy leaves with stout petioles (Photoplate 4.1 A,B).
Effect of Photoperiods
Subjecting the cultures to different photoperiods, it was found that out
of all the photoperiods tried, 16 h light period induced the maximum number of
shoots having optimal length on MS medium containing 2.0 mg/l BAP and 0.5
mg/l 1AA after 4 weeks time (Table 4.4).
Effects of Carbohydrates
The optimal shoot regeneration was recorded on rhizome buds cultured on
the same MS medium containing 3% sucrose. Decreasing the concentration of
sucrose in the medium resulted in decline of shoot regeneration. Incorporation of
other carbohydrates like sorbitol, galactose and mannitol could not improve
the regeneration of the shoots (Fig.4.5). Infact, galactose in the medium was
inhibitory for the regenerating shoots of N. tetragona.
Rooting of Shoots
The elongating shoots were transferred to growth regulators free-medium
or reduced concentrations of IBA (2.0 mg/l) alone. The shoots rooted in both
the media within 4 weeks. But an average 3 roots per shoot was observed in

hormone-free medium after 20-30 days of culture (Photoplate 4.2 A).
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Embryo Culture

The optimal shoot number was observed from pre-mature embryos
cultured in MS medium containing 2.0 mg/l BAP and 0.5 mg/l NAA wherein a
maximum of 12 shoots per explant were found to have emerged (Table 4.5). In
the same concentration the shoot length was also seen to be slightly enhanced.
However, addition of GAj at 0.5 -2.5 mg/l in the medium enhanced the shoot
number slightly whereas the length of the shoots was markedly enhance
(Photoplate 4.3 B).

Effect of Cytokinins

Incorporation of various cytokinins namely BAP, KIN and zeatin singly in
the range of concentrations 1.0- 2.5 mg/l in the medium along with 0.5 mg/l NAA
brought varying response of the embryos (Fig. 4.6). It was seen that out of all
the cytokinins tried, BAP at 2.0 mg/l in the medium resulted in around 12
number of shoots per embryo. Zeatin in the medium was found to be inhibitory for
the induction of shoot buds from the embryo.

Healthy plantlets of N. tetragona could be regenerated on both liquid and
semi-solid medium supplemented with 2.0mg/l BAP and 0.5mg/l NAA (Photoplate
4.4 A,B).

Out of various carbohydrates used, sorbitol (1%) in the medium was found to
be the best for the regeneration of the embryo and was followed by sucrose(3%).
Incorporation of galactose or mannitol were found to be inhibitory for the induction
of shoot buds from the embryo (Fig. 4.7).

Out of the different explants (premature embryo, rhizome bud, petiole and

flower bud), premature embryo and rhizome buds were found to be the best sources
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of explant for the induction of shoots. Petiole and flower bud showed less response

(Fig. 4.8).

Discussion

The selection of explants is the most important factor that should give
maximum number of shoots or morphogenetic response within a short time.
The rhizome buds, petioles, flower buds, immature or mature undehisced fruits,
leaf discs etc. have been tried as explants. In the present study, rhizome buds
and undehisced immature or mature fruits have been shown to be the most
suitable explants. The maximum response of the rhizome buds reported in the
present study might be due to the presence of apical and cambial meristem
inside the explant tissues, as opined by various workers ( Murashige (1974),
Ammirato {1983), Bajaj (1986) and Gamborg and Phillips (1986)).

Age of the explants play a major role in the tissue culture experiments
(Ammirato, 1983; Gamborg and Phillips, 1986). In our present study, 3-4
months old rhizome was found to be better. This high response rate of the
explants may be due to the increased physiological activity of the rhizome,
which is being transferred to the growth regioﬁs like buds and meristems.

The optimum surface-sterilization of N. tetragona was obtained using the
following steps; washing of explants with teepol (2%) for 10 min followed by
15% (v/v) sodium hypochlorite (NaOCl) solution for 10 min and rinsed 5-6
times with auatoclaved distilled water; treatment with 0.1% HgCl; solution for
immature undehisced fruits for 10 min; 0.15% HgCl, for rhizome buds for 15

min, treating with 70% alcohol about 15-20 seconds, rinsing with double
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distilled water (about 3 times). HgCl, increased the survival rate of explant by
resisting the growth of inherent microbial contaminants of rhizome explants. The
hard seed coat of immature fruits could also resist the sterilants without
destroying the cover of the pre-mature embryo. Therefore, the immature
undehisced fruit was the best source of materials to avoid the inherent difficulty
of aquatic culture. The inherent difficulties in the establishment of axenic aquatic
cultures due to surface disinfestation have been attributed to the presence of a
large Dbacterial and fungal populations, mucilaginous coating, endophytic
organism in highly lacunate tissues and lack of cutinized epidermis (Madsen,
1985. Godmaire and Nalewajko, 1986). The suitable selection of the sterilizing
agents mainly depend upon the factors like nature of explants collected
(underground or not) extend of surface microflora and the sensitivity of the
explant tissues to various sterilizing agents, optimum treatment time and
concentration of sterilizing agents etc. and should be determined by trial and
error methods. However, once contamination- free culture obtained, that could be
used for further culture studies. The treatment time vary with different species
or nature of explants used for the culture (Nadgauda et al., 1991; Sakamura and
Suga, 1989).

Cytokinins induce cell division and activate the dormant buds of the
explants to enlarge and grow (Sachs and Thiman, 1964). As reported it was
found that BAP played an important role in this study and resulted in the
production of 3-4 shoots per explant. The superior effect of BAP has been
emphasized in many Zingiberaceous medicinal plants such as Zingiber and

Curcuma (Balachandran et al., 1990) where in total of 3-4 shoot buds in MS
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medium supplemented with 3.0 mg/l) BAP were obtained. Lakshmanan (1994)
also reported the stimulatory effect of BAP in producing 3-4 shoots per rhizome
tip culture in Nymphaea hybrid “James Brydon’ (a hybrid composed of N.
alba, N. candis and N. laydekeri) showed decreased frequency of shoot induction
(Table 3). ‘The increased concentration of BAP might have imparted a toxic
effect on the explants by retarding cell division. Werner and Boe (1980) had also
noticed abnormal growth/dying of cells, when explants cultured in the presence of
BAP, above its optimum concentration. Other investigators like Mathew (1993)
and Sahoo and Chand (1998) also reported similar arguments of Werner and
Boe (1980). Sijina et al.(1997) found that rhizome buds showed superior shoot
bud induction in Amomomum subulatum. Hu and Wang (1983) reported that
most of the micropropagation reports (68%) amplify the superior effect of BAP,
with comparatively very low percentage (22%) to the promotive effect of KIN
on micropropagation.

Direct multiple shoot regeneration aims at the production of disease —free
plants, true-to-type progeny, on large scale in limited time. A number of plant
speciés has been worked out using rhizome buds/shoot tips as source of explants.
viz., Limnophila indica (Roa and Mohan Ram, 1981); Nelumbo Iutea (Kane et
al., 1988); Curcuma amada (Barthakur and Bordoloi, 1992) and Zingiber
officinale (Nirmal Babu et al., 1996); Sharma and Singh, 1997).

In the present study, incorporation of lower concentration of IAA at 0.5
mg/l along with cytokinin BAP induced more number of shoots, than without
auxin in the medium. The possible roles of auxin in the shoot multiplication stage

is to nullify the suppressive effect of high cytokinin in the medium, when the two
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interact together. Higher concentration of auxin may induce callus from explants.
The balance between auxin and cytokinin regulate the growth and differentiation
(Debergh and Zimmerman, 1991; George, 1993a). Many reports are available, in
which auxin cytokinin ratio favoured shoot multiplication. For example,
Barthakur and Bordoloi (1992) reported that rhizome buds of Curcuma amada
produced 7-12 shoots and roots simultaneously on MS medium supplemented
with 0.5 mg/l NAA and 4.0 mg/l BAP. Similar result were obtained by
Samarajeewa et al., (1993) where adventitious shoot induction was reported in
Gloriosa superba on MS medium containing 0.05 mg/l BAP + 0.01 -0.05 mg/l,
IBA, TIAA or NAA. Lakshmanan (1994) also reported higher number of shoot bud
proliferation in rhizome tips of N. hybrid “James Brydon’ on MS medium
containing 8.0 mg/l NAA, 32.0 mg/l 2 iP and 11.1 mg/l BAP in concentration.
Synergestic effects of other auxins and BAP on promoting shoot multiplication of
medicinal plant species have been well documented, e.g. BAP + 1BA in Piper
nigrum (Phillip et al, 1992) and BAP + NAA in  Gomphrena officinalis
(Mercier et al., 1992). However, Kane et al.(1988) reported neither BAP nor
Zeatin had a significant effect on in vitro growth and development of
Nelumbo lutea rhizome bud. Jenks et al. (2000) reported BAP was most effective
in stimulating adventitious shoot formation in combination with IAA on MS basal
medium. Shoot formation was completely inhibited in the presence of BAP alone
in Nymphoides indica (Jenks et al., 2000). Similar results of ineffectiveness of BAP
alone were reported in internodal stem explants of Myriophyllum aquaticum

(Kane et al.,1991).
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Out of various media tried, MS medium was found to be Dbetter than the
others for induction of shoot buds. Major reduction in the level of nutrients in
Nitsch or White media as compared to MS might have adversely affected the
multiple shoot induction. MS medium supplemented with 2.0mg/l BAP resulted in
the maximum number of shoots per explant, whereas the same concentration of
BAP in other two media (Nitsch and White) did not induce multiple shoot bud
induction. Agretious et al. (1996) also reported that White medium was less
effective in Alpinia calcarata.

The photoperiod seems to influence the rate of multiplication of shoot buds
and their length. The 16 h photoperiod was found to be suitable to influence
shoot number and length, with three to four shoots of 4-5 cm length as compared
to cultures incubated in dark (with one shoot of 2-3 cm). Lakshmanan (1994) also
reported 16-h  photoperiod to be stimulatory for increased shoot length and
multiplication about 1.5 and 2.4 times respectively, over dark incubated cultures.
Similar report of partial photoperiodic regulation on the growth of N. ‘gladstone’
was observed by Kelly and Frett (1986).

Of all the carbohydrates (sucrose, galactose, sorbitol, mannitol), sucrose at
3% was found to be the best on shoot regeneration percentage of rhizome bud.
More than 70% shoot regeneration was recorded. Increasing or decreasing the
sucrose concentration from 3% inhibited the percentage of shoot bud sprouting, and
other carbohydrates like galactose, sorbitol and mannitol in the medium were not
effective. The carbohydrate source has been shown to be an important factor for
in vitro growth and development in affecting both somatic embryogenesis and

embryo maturation (Scott and Lyne 1994; Nuutila et al., 2000).
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The regeneration percentage of cultured embryo of N. tetragona was
quite low on MS medium. The combination of 2.0 mg/l BAP and 0.5 mg/l NAA
resulted in 12 shoots per embryo. However, the addition of GA3 in the same
medium enhanced the shoot length from 4.4 cm to 9.2 cm. The removal of either
BAP, NAA or GA3 did not give satisfactory result. Jenks et al. (2000) reported
maximum shoot regeneration (11.5 shoots per explant with 80% responsive
explants) occurred on explants cultured on basal medium supplemented with
both 10uM BAP and 20uM IAA. They also found that shoot organogenesis was
completely inhibited in the presence of 10uM BAP alone. Priyadarshan et al.
(1988) succeeded in the clonal propagation of cardamom in medium, fortified
with IAA and BAP..However, Kane et al. (1988) showed that neither BAP nor
Zeatin had a significant effect on in vitro growth and development of Nelumbo
ltutea thizome explants, another Nymphaceae member. But, they also found that
GA3 significantly promoted rhizome growth in N. lutea.

The addition of sorbitol along with 2% sucrose was found to be the best
for embryo regeneration with the increase in response from 65-95%. This work
was carried out on the basis of earlier research performed by Li ef al. (2004). They
found that the combination of 1% sorbitol and 0.5% sucrose in the medium increased
the percentage frond regeneration from calli of Spirodella puntata. Frick (1991)
reported that Lemna minor plants efficiently assimilate glucose, fructose,
mannitol and starch, but their growth is inhibited by galactose. Many such
results exist that callus growth and morphogenesis can be prominently influenced
by other carbohydrate supplements (Swedlund and Locy, 1993; Jeanin et al.,

1995; Jain et al. 1997, Lemos and Baker, 1998; Li et al., 2004).
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The purpose of this study was to develop a mass in vitro propagation system
for N. tetragona as its population is extremely low with only 30-40 plants
existing in a single pond. Micropropagation may be useful to increase the
production of disease free clonal material. Tissue culture also provides opportunity
to improve traditional ornamental plants by inducing random genetic variations
through mutation breeding for germplasm preservation and ornamental purpose.

(Broertjes and Leffring, 1972; Broertjes and Van Harten, 1978; Ibrahim et al.,1998).
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Table 4.1. Influence of the season on the percentage response of rhizome bud of N.

tetragona in MS basal medium

Months of collection (%) explant response
February - March 20
April - May 60
June - July 50
August - September 30
October - November . 5
December - January -




Table 4.2. Effect of different strengths of MS medium supplemented with BAP (2.0
mg/l) + NAA (0.5 mg/l) on shoot multiplication from rhizome bud of N. tetragona

Basal Media Percentage Average No. of Shoots
Response (£S.D.)
MS full 80 3.8+0.68
MS half strength salts 60 2.6+0.83
MS V" strength salts 50 1.8+0.5

+ SD - Standard deviation

Data represents an average of 10 explants per treatment



Table 4.3.0rganogenesis from rhizome explants of N. tetragona on MS medium

supplemented with BAP and IAA.

Growth (%) Average no. of Average shoot
Regulators (mg/1) Explant shoots length (cm)
BAP IAA response
0.0 0.5 20 1.0+0.23 1.2+£0.32
0.5 0.5 30 1.3+£0.28 2.0+0.48
1.0 0.5 50 1.5+ 0.46 2.8+0.34
1.5 0.5 60 271024 39+0.40
2.0 0.5 80 3.8+0.58 42+0.38
2.5 0.5 70 2.8+0.34 321047

+SD

Each cut rhizome explant contains single bud.

Each concentration consisted 10 replicates.

Each regenerated shoot bears its leaf.

Data recorded after 4 weeks




Table 4.4. The effect of different photoperiods on the shoot number and length of
rthizome bud cultured in MS + BAP (2.0 mg/l) + IAA (0.5 mg/l) after 4 weeks of

culture.
Treatments Mean shoot number Mean shoot length (cm)
(xS.D) #*S.D)
Control 1.0£0.0 25102
Photoperiod (h)
0 1.4+0.43 24+0.35
8 291025 3.0 +0.42
16 3.8+0.38 4.2 +0.56
24 2.7+0.56 3.2+£0.36
+ SD

Control: MS medium without growth regulators in the dark.



Table 4.5. Effect of various combinations and concentrations of BAP, NAA and GA;

on the organogenesis from premature embryos in N. tetragona on MS medium

Growth regulators (mg/l) Mean shoot Mean shoot length

BAP NAA GA; number (cm)
0.0 0.0 - 20+0.0 20+0.2
0.5 0.5 - 20+0.0 24+0.2
1.0 0.5 - 6.4+0.0 2.6 +0.68
1.5 0.5 - 8.6+ 0.46 2.8+ 0.36
2.0 0.5 - 12.0£0.56 4.4+0.46
25 0.5 - 8.4+ 0.46 3.2+ 0.54
0.0 0.5 - 6.4+ 0.46 22+04
2.0 0.5 0.5 11.0£0.5 7.8+1.2
2.0 0.5 1.5 120+ 0.5 9.2+0.5
20 0.5 2.5 10.0+0.4 80+14

= SD

Each mean is based on 20 replicates per treatment

Data recorded after 4 weeks




—i— undehisced fruits —@— rhizome buds —— petiole

60

50

40

30 -

Survival rate (%)

20 A

10 -

0.05 0.1 0.15 0.2
Concentrations of HgCl, (%)

Fig. 4.1. Effect of different concentrations of HgCl, on the survival rate of cultures

of N. tetragona



—i— undehisced fruits —&— rhizome buds —h— petiole

70

Survival rate (%)

20 -

10 -

Treatment time (seconds)

Fig. 4.2. Effect of various time intervals on the survival rate of explants treated with

70% ethanol pretreated with 0.1 % HgCl; for 10 min



70

undehisced fruits
rhizome buds
60 - m rhizo
& petiole
= 50 o
X
2}
& 40 -
g
o
B
g 30
2
33
? oo | T
10
0 T R B
Teepol alone Teepol+ mercuric chloride  Teepol+ mercuric chloride+

70% ethanot
Various combinations of sterilants

Fig. 4.3. Comparison of the most suitable combination of sterilants on the survival

rate of explants



5
4
§
&
[T 3 .
o
'g m Nitsch
2 2 White
22
< 1 0 EmmEEEE | SR ot
g "
N A
< o
RANAA]
RAAA
RAAAAN
1 1
0

BAP (mg/l)

Fig. 4.4, Effect of various media with different concentrations of BAP on the rate of

multiplication of shoots from rhizome bud in N. tetragona



100

80 |

60 1

40

Regenerating shoots (%)

20 -

Carbohydrates

Fig. 4.5. Effect of different carbohydrates on the shoot regeneration percentage of N.

tetragona rhizome bud



Average number of shoots / embryo

o
// A

KIN
Cytokinin

ZEATIN

821 mgll

m 1.5 mg/l
2.0 mg/l
2.5 mg/l

Fig. 4.6. Effect of cytokinins on shoot multiplication of N. tetragona embryo in MS

+NAA (0.5 mg/l)




Embryo regenerating (%)

100

<
=]

[=23
bd

IS
S

201

Fig. 4.7. Effect of carbohydrates on the regeneration percentage of N. tetragona
embryo cultured in MS medium containing BAP (2.0 mg/l) + NAA (0.5 mg/l)



Premature embryo
m Rhizome bud

11 .
Petiole
10 A Flower bud

Number of shoots/explant
N

Explants

Fig. 4.8. Response of various explants of N. teragona in MS + BAP (2.0 mg/])
+NAA (0.5 mg/1)



Photoplate 4.1
A - B: Direct shoot bud induction from rhizome bud
A: Direct shoot regeneration from rhizome bud in MS+ BAP (2.0 mg/l) + [AA

(0.5 mg/l)

B: Elongated in vitro shoot (4 weeks old)






Photoplate 4.2
A - B: Shoot induction in N. fetragona
A: In vitro obtained shoot producing roots in MS + IBA (2.0 mg/1)

B: In vitro healthy shoot with dark green leaf (16 h photoperiod)






Photoplate 4.3
A - B: Plantlet regeneration from pre-mature embryos in MS liquid medium + BAP
(2.0 mg/1) + NAA (0.5 mg/l)
A: Multiple shoot regeneration at 16 h photoperiod
B: Shoot regeneration with more elongated shoot length in MS liquid medium +

BAP (2.0 mg/l) + NAA (0.5 mg/l) + GA3 (1.5 mg/l)






Photoplate 4.4

A - B: Plantlet regeneration from mature embryo in MS medium + BAP (2.0 g/t) +

NAA (0.5 mg/1)
A: Multiple shoot induction with healthy leaves on liquid medium at 16 h

photoperiod

B: Plantlet regeneration with healthy leaves and roots on semi-solid medium






CHAPTER V: IN VITRO PRESERVATION OF ILEX KHASIANA AND
NYMPHAEA TETRAGONA USING DIFFERENT SLOW GROWTH
APPROACHES

Introduction

Threats to biodiversity posed by the destruction of natural habitat
notably by ever increasing human population, urbanization, unplanned human
activities a'nd global warming has led to an extinction of a large number of
plant species (Wilkins, 1991). Many of the plant species have become rare and
endangered. So preservation of any such species is required to prevent further
extinction.

Conservation aims at maintaining essential ecological processes and life
support systems, preserving genetic diversity, and utilizing species and
ecosystem sustainably. There are basically two systems for conservation of
germplasm- the in vitro and conventional means of field / natural conservation
i.e., ex situ and in situ conservation.

In vitro germplasm storage is becoming increasingly vital and forms an
important part of ex-situ conservation strategy. In vitro storage is a necessity for

those plant species for which domesticated cultivars do not produce seeds, or



species which produce seeds but are highly heterozygous and are usually
vegetatively propagated, or those species which produce recalcitrant seeds where
the seeds quickly lose viability under conventional seed storage conditions.

The ex situ conservation or conventional means of germplasm
conservation is by way of maintenance of clonal materials of diverse genotypes
under field or glasshouse conditions. For example, vegetatively propagated
crops like root or tuber crops have no regular flowering or seed settings and
are traditionally maintained in field gene banks. This is expensive, poses risks
to diseases and destruction due to other natural calamities and demands space
and time.

The preservation of genetic diversity is a vital form of insurance and
investment. It requires the prevention from becoming extinction of species and
the preservation of as much of variations within species as possible. The
fundamentals of plant improvement are genetic variability , recombination,
genotype selection and evaluation. Without genetic variability there is no
transgressive segregation resulting from recombination and genetic assortment ,
and therefore, no opportunity for genotype improvement by different selection.
Thus , future plant breeding options depend heavily on adequately conserved,
broad spectrum germplasm resources to allow gain in future generations and
adaptation to changing objectives, environments and management systems.

In vitro collections, which are maintained under short-term storage,
require manpower immensely. The in vitro plants can be maintained for a long
periods or ‘long —term storage’ by reducing the growth rate which can be

achieved by temperature reduction, light intensity reduction, growth regulators
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use, limitation of minerals supply, addition of osmotic stress agents, or by the
combination of any of these methods.

The incorporation of osmotically active compounds such a mannitol,
reduction of growth regulators, strength of the nutrients and the use of growth
retardants have resulted in the slow growth of cultures (Staritsky and Zandvoort,
1985; Jarret and Gawel, 1991; Malaurie et al., 1993). In vitro storage techniques
using minimal growth conditions have been applied to apical meristem and
shoot cultures of some woody and herbaceous plant species with varying
successful storing periods eg., 10 months for FEucalyptus spp. ( Mascarenhas
and Agrawal 1991; Watt et al, 2000), 12 months for Saussarea lappa (Arora
and Bhojwani, 1989), 12 months for apple genotypes (Negri et al, 2000) and
60 months for Populus spp. ( Hausman et al, 1994). The short-term
conservation of germplasm by the use of mineral oil overlay of cultures has been
achieved (Constable and Shyluk, 1994). The mineral oil overlay lowers the
oxygen levels. The slow-growth storage of cultures has certain drawbacks, for
instance the management of large in vitro collections and the possible

development of somaclonal variations in cultures.

Materials and Methods
Effect of reduced temperature:
Nodal explants from excised in vitro grown shoots of I khasiana and
undehisced fruits of N. tetragona were inoculated in MS medium and the
cultures were incubated at 0°C, 4°C and 8°C (in dark). Control was maintained

at 25+ 2°C (in the light). Cultures stored at low temperatures were transferred
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to shoot multiplication media (MS + 2.0 mg/l BAP + 1.0 mg/l KIN for nodal
explants; MS + 2.0 mg/l BAP + 0.5 mg/l NAA for undehisced fruits) and
kept in culture room temperature 25 +2° C and at every one month interval
for 8 months, the data was collected on the survival, growth and development.
Ten replicates per treatment were taken.

Effect of reduced strength of medium, mannitol and abscissic acid

To study the effect of slow growth treatments on Ilex khasiana and
Nymphaea tetragona, the explants were subjected to the following treatments:

A: Y5 strength MS

B: MS+ mannitol (40 gm/1)

C: MS+ mannitol (50 gm/1)

D: MS + mannitol (60 gm/1)
E: MS+ mannitol (70 gm/1)
F: MS + ABA (1.0 mg/1)

G: MS + ABA (2.5 mg/l)

H: MS + ABA (5.0 mg/l)

I: MS + ABA( 6.5 mg/l)

J: MS + Sucrose (30 gm/1)

Explants were inoculated on 2 MS and full MS media. Full strength MS
medium supplemented with osmotic inhibitor, mannitol, at a range of 40- 70
mg/l and MS with growth retardant ABA at a concentration range of 1.0 - 6.5
mg/l were also used to study their potentialities for slow growth storage of I
khasiana and N. tetragona. Control was taken on standard shoot multiplication

conditions subjected to MS medium containing 2.0 mg/l BAP and 1.0 mg/l KIN
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for nodal explants and MS+ 2.0 mg/l BAP and 0.5 mg/l NAA for undehisced fruits
in the normal culture room. Data were collected every 30 days for 8 months.
Ten replicates per treatment were taken. The collected data were subjected to
statistical analysis.

The pH of the medium was adjusted to 5.8 prior to autoclaving at
121°C for 20 min and the cultures incubated at 16 h photoperiod of 200 u mol

m?s™ light intensity.

Results
Effect of reduced temperature

Cultures incubated at .different low temperatures showed different
responses’ (Table 5.1 ). At temperature 0°C, 4°C and 8°C, the explants were
found to turn pale green in comparison tothe dark green explants at 25+ 2°C
( control).

At 0°C, the culture showed a very low survival percentage after one month.
With further storage, none of the cultures survived.

After 1 month, cultures incubated at 4 °C tured pale green with a
percentage survival of 20. The percentage survival gradually increased up to 6
months with 60 percentage survival and the explants tuned green in I
khasiana. In case of N. tetragona, the percentage survival was found to be
optimal with 50 after 5 months of storage and thereafter percentage survival
in both the cases declined. The explants lost colour with further storage and

eventually died.
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Thus, of all the temperature treatments, explants could be preserved for
a period of 5- 6 months at 4 °C with percentage survival of 60 and 50 in the
explants of I khasiana and N. tetragona respectively.

At 8° C, the explants of both the plants resulted in low percentage
survival and turned pale green in colour after storage. Both the nodal segment of
Lkhasiana and undehisced fruits of N. tetragona 30% survival after 8§ months of
storage. The survival percentage subsequently declined with further storage.

Effect of slow growth treatments
1. khasiana:

Out of different minimal or slow growth methods (1/2 MS, MS +
mannitol, MS + ABA), ! strength nutrient MS was found to be the most
suitable ' for regeneration of explants after storage . The explants remained
viable and regenerated after 6 months of storage. The regeneration percentage
was reduced to 50 after 7 months which further declined to 10% after 8
months in [ .khasiana (Table 5.2 A ). The explants regenerated shoots with
healthy green leaves. The treatment H containing the retardant ABA (5.0 mg/l) in
MS medium was also suitable for reducing the growth of explant with
percentage survival of 60% after 6 months which further reduced to 40 and
declined to 10% by the end of 8 months. However, the regenerated shoots after
storage developed with necrotic leaves which became healthy when brought
back to normal conditions of growth on MS medium containing 2.0 mg/l BAP and
1.0 mg/l KIN (Photoplate 5.1A). The treatment J :MS+30% sugar at reduced light

intensity failed to regenerate after storage of cultures.
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The treatment containing mannitol in MS medium was not suitable for
slow growth of explants during storage. The explants became pale with low
percentage survival and ultimately died in course of storage.

N. tetragona :

In case of N. tetragona, the storage of explants, the percentage survival
was was optimum in treatment D containing MS+ mannitol (60 gm/l) (Table
5.3). In this treatment 50% survival of the explants was recorded and eventually the
explants regenerated shoots with leaves when cultured in MS medium containing
2.0 mg/l BAP 0.5 mg/l NAA (Photoplate 5.2 A).

In treatment A :!2 MS medium, the percentage survival was 50 after 5
months of storage with green leafy shoots (Table 53 ). However, with ABA in
the medium the results were not satisfactory. Here the percentagé survival was
very low ( below 30%) and explants turned pale and gradually died ( Photoplate
5.2 B).

Incorporation of mannitol in the medium resulted in storage upto 5 months.
The maximum survival of the explants was recorded at 60 gm/l of mannitol in MS
medium after 5 months of storage. Beyond 5 months, it was found that the
survivability of the explants decreased markedly.

Reducing the light intensity in the MS+30% Sugar resulted poor regeneration

percentage and ultimately explants died.

Discussion
In vitro conservation aims to maintain germplasm in a relatively stable

form under more or less defined nutrient conditions in an artificial environment.
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The principle of in vitro storage method is to reduce the need of frequent
subcultures and preserve the unique genetic constitution of germplasm. The
widely applied methods to reduce the growth rate for convenient germplasm
storage involve reducing the mineral supply, temperature reduction, light
intensity reduction, incorporation of growth retardants, addition of osmotic stress
agents or by the combination of any of these methods.

In present study, in vitro shoots of I. khasiana could be preserved at
4°C in dark for 6 months and the increase of temperature to 8°C resulted in the
pale colour and death of the cultures. Similarly, explants in N. tetragoan could
be preserved up to 5 months with 50 percent survival. However, at 8°C the
survival rate was reduced to 40 percent. Upadhyay et al. (1989) reported that
70% of the shoots of Picrorhiza kurroa could be stored for 10 months at 5°C in
dark, remained viable. Similar results of cultures have been reported to be
stored at reduced temperatures in the dark (Marino et al, 1985; Arora and
Bhojwani, 1989); under reduced light conditions (Banerjee and Delanghe, 1985;
Upadhyay et al,, 1989; Roca, 1990) and under low temperature (Wilkins ef al,
1991).

Bapat and Rao (1988) reported that encapsulated embryo of Santalum
album germinated after storage at 4°C for 45 days with less than 5% survival
rate. The relatively short survival period and multiplication capacity of the
shoots stored at 8°C was noted in both the plant species. This is, in
agreement, with Watt et al, (2000) who observed relatively short survival
period of shoots stored at 10°C. Pattnaik and Chand (2000) also reported that

enéapsulated buds of Morus species could be stored for 60-90 days at 4°C.
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However, Maruyama et al. (1997) were successful in retrieving plantlets from
70-90% of the alginated shoot tips of three tree species following a 6-12
month storage at 12-25°C.

In vitro storage of germplasm under minimal or slow growth conditions
has been used for many plant species (Chaturvedi et al., 1991; Mascrenhas and
Agrawal, 1991; Hausman et al., 1994; Negri et al, 2000).

In the present study, Y2 strength MS medium was found to be suitable
where explants of both I khasiana and N. tetragona remained viable at 4°C in
dark for a period of 5-6 months. Berjak et al(1996} also reported that in vitro
shoots of Eucalyptus species could survive for 6 months when maintained at 4°C
with low light intensity of 4pmoles m™”s” on Y th strength MS. However, in
contrast, - Bonnier et al (1997) observed growth inhibition in reduced nutrient
supply. The use of 60 gm/l mannitol in MS was found to be suitable for explant
regeneration of N. tetragona with 50 percent survival, whereas shoots of I
khasiana turmed pale and subsequently died. The use of mannitol was also
reported as pre-growth media additive for preservation studies (Pritchard et al.,
1986; Love et a., 1987). Espinoza et al( 1986) also reported osmotic stress that
leads to reduction in the rate at 25°C. Similar result of successful freeze-
hardening of embryos using a high concentration of osmoticum (mannitol) was
reported to give an increased survival rate (Delvallee ef al, 1989). However,
the incorporation of ABA (5.0 mg/l) in MS medium was promising for the shoots
of 1. khasiana Which survived for 6 months whereas in case of N. tetragona,
shoots could not survive. Although the shoots of I khasiana survived for 6

months in storage with the incorporation of ABA in the medium, some leaves
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developed necrotic spots with lesser number of shoots /explant in comparison to
control. Wakabayashi et al. (1991) suggested that suppression of growth by ABA
application could be the result of inhibition of cell elongation as well as cell wall
synthesis. ABA concentration, in our study, seems to affect the shoot growth of 1.
khasiana greatly at 5.0 mg/l. Watt ef al. (2000) also reported that shoot of
Eucalyptus grandis could be stored for 10 months in the treatment of 10 mg/l
ABA in %2 MS . But incorporation of mannitol in the medium did not evoke
positive response.

In vitro storage under minimal growth techniques have been applied to
meristem and shoot cultures of some forest species with varying successful
periods, e.g.,, 10 months for Eucalyptus citriodora (Mascarenhas and Agrawal,
1991) and'60 months for Populus spp. (Hausman et al., 1994).

Therefore, the present study shows that the nodal explantsv of I khasiana
and the embryo from undehisced fruits of N. tetragona could be stored at the
low temperature of 4°C for 6 months and S months respectively. The reduction
in the nutrients of MS medium to half also promoted the storage period by

retarding the growth in both the species studied.
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Table 5.1. Percentage survival / or differentiation of shoots after storage at low

temperature in dark

Temp. Survival %  (in months)
(°C) |Explants| 1 2 3 4 5 6 7
*25+2°C
(Control)
NS (10+0.9 0 0 0 0 0 0
0 UF [10£0.8 0 0 0 0 0 0
4 NS (20+1.6 |30+1.8 |30+£1.0 [40+0.5 |50+1.4 |60+1.7 ([40+1.2
UF [10+1.2 |20+1.2 |30£1.9 |40+2.0 |50+2.4 |20+1.3 |10+0.8
8 NS (10+1.8 (10+£1.4 |20+1.5 (30+1.2 [30+0.9 |20+0.8 (10+0.6
UF |10+1.6 |10£1.0 ]20+£0.9 [20+1.2 |30+0.8 |20+0.7 |10+0.5

+SD

*25 + 2°C (control) result 90-100% survival from the first month onwards
NS - nodal segment of I Khasiana

UF - undehisced fruits of N. tetragona



Table 5.2. Percentage survival and regeneration of nodal explants of I khasiana

given slow growth treatments

Treatments Survival % (months)
1 2 3 4 5 6 7 8
A. Y strength{20£1.5 |[30+2.1 [40+£2.4 |5+1.8 |60+2.1 |70+2.5 |50+1.4 |(10£1.0
MS medium
B. MS + mannitol|0 10£0.9 110£1.2 [20+1.8 |20+1.6 [30+0.8 [10%1.1 (0
(40 gm/1)
C. MS + mannitol|0 10£0.8 {10+1.2 |20£1.3 |30+1.4 |30+0.9 |10+0.8 |0
(50 gm/l)
D. MS + mannitol{10+£1.2 [10+1.4 20£1.6 {20£1.9 (30+2.5 (30+1.2 (|10+0.9 {0
(60 gm/1)
E. MS + mannitol|0 10+0.8 (10+0.7 |20+0.5 |30+1.2 |30+1.5 |10+1.4 [0
(70 gm/1)
F. MS + ABA|0 10+1.2 |20+£0.8 (30+0.5 [40+0.9 (20+0.5 {10+0.8 (0
(1.0 mg/1)
G. MS + ABA[10+1.3 |20+1.5 (30+£1.2 |30+1.3 |(40+1.3 [40+1.4 |20£1.7 |0
(2.5 mg/l)
H. MS + ABA{20+1.4 [30+0.8 |40+£0.7 |40+1.4 [50+2.1 |60+1.8 [40+1.9 |10+0.5
(5.0 mg/1)
L MS + ABA (6.5{10+1.3 |20+1.4 |30+£0.9 {40+0.4 [40+0.5 [50+0.8 [40+1.2 |10+1.3
mg/1)
J.. MS + sugar(0 10+£1.2 |120+1.4 |30+1.6 |20£1.5 [10+1.4 |10+1.6 |0

(30%)

+ SD

A to F - treatments were in  a 16 h photoperiod at 25 £2°C in 200pmol m~sec’!

J - treatment was at constant 50pmol m™Zsec”! and 8°C

Explants used : nodal explants

Data collected upto 8 months




Table 5.3. Percentage survival and regeneration of embryo from undehisced

fruits of M. tetragona given slow growth treatments

Treatments Survival (months)
1 2 3 4 5 6 7 8

A. 2 strength|10+1.8 |20+£0.9 [30+1.5 |40+1.4 |50+1.8 (30£1.6 [30+1.5 {10+1.2
MS Medium
B. MS + mannitol{10+1.4 [20+1.3 [20+1.7 (30+1.8 [40£1.7 |20£1.9 |10£2.1 [0
(40 gm/l)
C. MS + mannitol{10+1.8 [20£1.9 (30+0.9 (300.8 |40+1.8 {30+2.1 {10£1.5 (0
(50 gm/l)
D. MS + mannitol|10£1.9 |20+1.7 |30+1.8 [40+1.7 |50+1.5 (30+£2.4 |10+0.9 |0
(60 gm/1)
E. MS + mannitol{10+1.6 |10£1.4 [20+1.3 |[30£1.9 |40+1.7 |20+1.8 |10£2.4 |0
(70 gm/)
F. MS + ABA|0 10£1.2 |20+2.1 |20+1.7 [20+1.6 |10£0.9 |10+0.8 {0
(1.0 mg/)
G. MS + ABA|0 10+£0.9 {20+0.8 |30%1.5 (30+1.6 |20+1.4 (10+1.2 |0
(2.5 mg/1)
H. MS + ABAJ|0 10+2.1 [20+1.9 |20£1.8 (30+1.7 |20+0.9 |10+1.8 |0
(5.0 mg/1)
I. MS + ABA (6.5/|0 10+£1.7 |20+£2.1 |30+1.8 |30+1.5 |10£1.6 [10+2.1 [0
mg/1)
J. MS + sugar{10+1.5 |10£1.3 {20+1.6 [30+1.4 |20+1.8 |20£1.4 [10£1.9 [0

(30%)

= SD

A-F treatments were in a 16 h photoperiod at 25 +2°C in 200umol msec’!

J treatment was at constant SOpmol m™2sec”! and 8°C

Data collected upto 8 months




Photoplate 5.1
A - B: Multiple shoots after retrieval from 4°C cold storage on % MS medium +
BAP (2.0 mg/l) + KIN (1.0 mg/l)
A: Multiple shoots with necrotic leaves on MS +5 mg/l ABA

B: Multiple shoots with necrotic spots on 2 MS






Photoplate 5.2

A - B: Plantlet regeneration from embryos in N. tetragona after retrieval from 4 °C
cold storage in MS medium + BAP (2.0 mg/l) + NAA (0.5 mg/l) and MS+ABA (2.5

mg/1) respectively.






CHAPTER VI: HARDENING, TRANSFER AND ESTABLISHMENT OF
IN VITRO RAISED PLANTS OF ILEX KHASIANA AND NYMPHAEA
TETRAGONA

Introduction

The overall success of tissue culture raised plants depends on successful
hardening' and transplantation in the ﬁéld. After achieving the in vitro raised
plants, they a re to be carefully hardened and acclimatized. The readily
available ﬁutrient supply and controlled environmental conditions do not
necessitate anatomical and morphological conditions in micropropagated plants
during in vitro cultures. Plantlets which a re cultured in vitro on agar-based
media, in a water-deficit atmosphere, wilt rapidly on transfer to normal green
house or field conditions. Poor water uptake and rapid loss of water through
transpiration (Grout and Aston, 1977) my lead to high mortality rate unless
plantlets are acclimatized by gradual stages to reduced humidity and increased
light intensity (George and Sherrington, 1984). The problem of water relations are
compounded by damage to the delicate shoots and roots during
transplantation (Debergh and Maene, 1981). The micropropagated plants lose

excessive water, resulting in reportedly lower survival rates in the field. The



scarcity or poor availability of ground water also hampers the successful
transplantation of in vitro raised plants. So, the rate of survival of
micropropagated plants in field conditions goes beyond the expectation. Bhojwani
and Razdan (1983) have stressed on high humidity conditions during the initial
days for successful transplantation.

Temperature plays an important role in the survival rate and growth of
transplanted plants. This shock is much more severe in the cold region where

temperature during winter drops to sub-zero levels. Moreover during summer,
plants are exposed to high irradiance and temperatures (30-40°C), and low

humidity. Thus the transfer of in vitro raised plantlets to pots or field/exposed
environmental conditions need a careful step-wise procedure for better survival.

The type of composts plays an important role in the survival rate of
transplants of in vitro raised plantlets. Moreover, good drainage and sufficient
aeration of roots are essential factors for the luxuriant growth of the transferred
plants.

In order to facilitate hardening and to raise the percent survival of in
vitro raised plantsin the field, Palni efal, (1994) have developed a simple
method aptly called ‘polypit’ or poor man’s growth chamber to facilitate
hardening and make it cost-effective. It was found to be almost like a high tech
microcomputer controlled growth chamber (Palni et al,, 1994; Vyas et al.,
1999). A ‘polypit’ of approximately 2 x 1.2 x 1.0 m dimension, covered on top
with polythene sheet of 162 um thickness maintained high relative humidity,
elevated CO, level and optimal high temperature during winters and low

temperature during summers.
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By using ‘polypit’ several works on hardening and acclimation of in
vitro raised plants were successfully achieved with high rate of survival.
Micropropagated plants of several species of tea and oak were transferred from the
culture room to small pots containing soil and maintained under high humid
conditions by covering with polythene bags and kept in the ‘polypit’. About ten
days later, the polythene bags were removed resulting in decrease in humidity and
the plants gradually acclimatized with 3-4 weeks in the same ‘polypit’ house.
After 6 months, a high survival rate of inoculated plants was achieved. (Palni et
al., 1994; Bisht et al.,, 1998; Vyas etal., 1999).

Right stage of transplants , suitable compost, moisture and other physical
factors greatly affect the survival rate of plants. In the present chapter,
successful' hardening of the in vitro raised regenerants of I. khasiana and N.
tetragona, their transfer and establishment under glasshouse conditions have been

studied.

Materials and Methods
Healthy in vitro obtained plantlets were used for transplantation studies.

Plastic and or earthen pots were used for the present study. Minute holes were
pierced at the bottom of the pots using a hot needle. These were then filled
3/4th with different compost combinations and  moistened for planting
convenience. Potting mixtures used for the transplantation were :

i) forest black soil and sand (2:1)

it) forest black soil, vermiculite and sand (2:1:1)

iii) Sand and black soil (2:1)
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iv) Vermiculite alone

Well developed rooted shoots measuring 3-5cm in height were carefully
removed from the culture vessels by spatula. Agar adhering to the roots was
removed carefully without damaging the roots. Thereafter plantlets were dipped
in 0.1 % Bivastin or Diethane solution for 2 min to minimize the microbial
infection. Plants were then carefully placed into the compost and covered with
plastic bags. Transplanted plantlets were fed with 1/4™ MS basal salt liquid
medium every alternate day for the initial first week and once a week in the
2" week for one month. The average minimum and maximum temperature of
the glasshouse at the time of transplantation were 16°C and 23°C. The relative
humidity was maintained at 70-80%.

In ‘case of plantlets of N. tetragona, the compost mixture was allowed to

settle down in the plastic tub containing water. The other conditions of

hardening and transfer remained the same for both the plant species.

Results

Of the various composts used, the combination of black soil of forest,
vermiculite and sand (2:1:1) was found to be the best substratum for the
survival and healthy growth of the I khasiana plantlets wherein 60% survival rate
was recorded (Table 6.1). The compost having black soil and sand (2:1) reduced
the survival rate of the transferred plantlet to 50%. In case of N. tetragona
plantiets, sand and black soil (2:1) was the most suitable compost for the
healthy growth and development (Table 6.2). The compost comprising

vermiculite alone did not support good growth and survival of plantlets of both
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the plant species. Supplying the plantlets with 1/4" MS basal salt liquid medium
proved to be beneficial for their healthy growth. Keeping the plantlets in shade
initially improved their survival rate and growth. In three to four weeks time
the plantlets were hardened in respective suitable substrata (Photoplate 6.1 and 6.2).
60% of the hardened plants derived from nodal explants of I.vkhasiana when
transferred to field survived. Callus derived plants showed less survival rate
(Table 6.3). In case of N. tetragona, embryo- derived plants (Photoplate 6.3 A,B)
showed better survival in plastic tub as compared to plants obtained from rhizome

culture (Photoplate 6.2 A, B).

Discussion

The successful transplantation depends on the suitable size and growth of
the regenerants. It is well accepted that healthy regenerants are easier to
transplant and are less susceptible to diseases and mechanical injury. The
transferred plantlets had a healthy and vigorously growing root system which
assured higher establishment and growth. The deflasked regenerants are often
plunged directly into a fungicide solution before being planted in pots and
the practice is believed to prevent damping off (Sessler, 1978). At times,
however, fungicide solutions are harmful and the treated plantlets remain
permanently stunted (Kang, 1979).

Compost containing black soil, vermiculite and sand in the ratioof 2:1:
1 was found to be the best for healthy growth and development of transplanted
plants of I khasiana. However, the greater ratio of sand to black soil (3:1)

was the best for the healthy growth and survival rate of N. tetragona as it
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might have facilitated the proper drainage and aeration for root respiration. Xie
and Hong (2001) successfully transplanted the in vitro raised plantlets of
Acacia mangium in the pots containing peat and white sand in the ratio3: 1. In
vitro plantlets of Pinus strobus were successfully transplanted using compost
containing perlite : peat moss: vermiculite (1 : 1 : 1) by Tang and Newton (2005).
Maintenance of high humidity during initial transplantation period was quite
promising to prevent  desiccation of plants. This was achieved by covering the
plants with plastic bags. Moreover, reducing the light period at initial stages was
necessary for the healthy growth of the transplanted plants. Plantlets cultured in
vitro are highly susceptible to desiccation once transferred to soil. Partial
defoliation of the plantlets at the time of transplantation is reported to be
beneficial ' in certain cases (Bhojwani, 1980; Tisserat, 1981). However, in the
present study, there was no need to remove the leaves as they were few in
number. However, the desiccation problem was not there in case of N.
tetragona as the plants were transferred in water. But the problem of
contamination was found on transfer in case of plantlets derived through rhizome
bud cultures. Direct exposure to sunlight was harmful to the transferred plantlets
which could be due to the increase in temperature at the leaf surface. The rate of
plantlets survived was more if the plants were subjected to shade for 3-4 days at
initial transplantation stage. Supplying 1/4" strength MS salt solution was
found to be beneficial as it supplied essential nutrients to the developing
plantlets. Similar reports of supplying 1/4™ MS salt solution to the potted plants
during hardening of in vitro plantlets of wild strawberry has been reported by

Bhatt and Dhar (2000). Survival of transferred plants depends on their ability to
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carry out photosynthesis and withstand water loss. In vitro plantlets have the
characteristics of less or no photosynthetic pigments, malfunctioning of stomata
and marked decrease in epicuticular waxes (Bhojwani and Dhawan, 1989) that
lead to the desiccation and death of transplanted plant. Many studies have
shown that inclusion of triazoles e.g. paclobutrazol in the rooting media is
promising in the protection against different stresses such as chilling, heat
shock, water-logging and drought stress (Kraus and Fletcher, 1994; Gilley and
Fletcher, 1997 ; Panaia et al., 2000). The supply of diluted nutrient solution to the
hardened orchid plants for one monhth has been reported to be beneficial
(Kumaria,1991; Kumaria and Tandon,1994)). The plants were hardened within
four weeks of transferring them in the pot. The hardened embryo derived plants N.

tetragona 'started flowering on being transferred to the plastic tub after 2% -3

months.
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Table 6.1. Hardening of in vitro grown plantlets of I khasiana in different

potting substrata
Substratum used % survival | Growth
1) Black soil + sand (2:1) 50 ++
ii) Black soil + vermiculite + sand (2:1:1) 60 +++
iii) Sand + black soil (3:1) 40 -
vi) Vermiculite alone 30 +

- poor growth; + fair growth; ++ good growth; +++ best growth

Data collected after 4 weeks of transfer.

Table 6.2. Hardening of in vitro grown plantlets of N. tetragona in different

potting substrata
Substratum used % survival | Growth
i) Black soil + sand (2:1) 30 +
ii) Black soil + vermiculite + sand (2:1:1) 40 ++
iii) Sand + black soil (3:1) 60 +++
iv) Vermiculite alone 30 +

+ fair growth; ++ good growth; +++ best growth

Data collected after 4 weeks of transfer.



Table 6.3. The percentage survival rates in the field/plastic tub of in vitro raised

plantlets of I khasiana and N.

acclimatization (Data recorded : after 4 weeks)

tetragona after subsequent hardening and

Days of | No.of |Survived| Infected %
Source observati| plants survival
on (transferred
1. khasiana |Plantlets obtained 7 10 2 8 20
by direct multiple] 14 10 4 6 40
shoot formation on| 3] 10 6 4 60
nodal explants 28 10 6 4 60
Plantlets obtained 7 10 1 9 10
through callus on| 14 10 2 8 20
leaf explants 21 10 4 6 40
28 10 4 6 40
N. Plantlets obtained 7 10 2 8 20
tetragona |from rhizome| 14 10 4 6 40
explants 21 10 5 5 50
28 10 5 5 50
Plantlets obtained| 7 10 2 8 20
through  embryo| 14 10 5 5 50
culture 21 10 7 3 60
28 10 7 3 60




Photoplate: 6. 1
A & B:Hardening of in vitro raised plants of 1. khasiana
A: Potted in green house

B: 3 months old plants in pots






Photoplate: 6.2
A - B: Rhizome-derived hardened plants of N. tetragona
A: Plants after 2 weeks

B: Hardened unhealthy plants (4 weeks old)






Photoplate 6.3
A - B: Embryo derived plantlets of N. tetragona in the tub
A: Hardened healthy plants 6 weeks old

B: Flowering plants after 2 /2 months






CHAPTER VII: SUMMARY

India with a large reservoir of diverse plant species is designated as one of
the 12 mega diversity hot spots in the world. Home to numerous medicinal and
variety of plants, India has both Alpine and Tropical plant species because of its
varying climate. From time immemorial man has relied on plants for food and
treatment of various kinds of ailments. Population explosion has resulted in the need
for land for agriculture, urbanization and other activities. Deforestation of tropical as
well as temperate forests on a large scale, shifting cultivation and soil erosion are
some of the main factors that have contributed to the depletion of natural
biodiversity. There is an increasing pressure on the plants for human survival and
economic well being throughout the world. The overexploitation of plants for
medicinal and commercial purposes has also degraded the natural genetic resources.
Besides, rapid industrialization coupled with increased human activities have
resulted much to the shrinking of the natural plant resources of biodiversity.

Due to such rapid destruction of forest resources by mankind, numerous plant
species have already become extinct; many more are becoming rare/endangered in
their natural habitats. In fact, along with such plants, Ilex khasiana, a holly tree and

Nymphaea tetragona an aquatic lily herb have also been placed in the list of rare and



endangered plants. llex khasiana is used during Christmas decorations. It is one of
the few forest trees of Khasi Hills, Meghalaya and has enormous potential for
maintaining landscape and healthy environment (or ecosystems) of hilly regions. The
main problem with this tree is its ill-rudimentary developed embryo and seeds
bearing such embryos can hardly germinate in nature. On the other hand, it cannot be
vegetatively propagated through cuttings. In the past, I khasiana was abundantly
present throughout Khasi Hills but at present it is restricted to a few pocket areas of
this region. Nymphaea tetragona, an aquatic lily has a very low population confined
to a single place at Nongkrem Smit pond, Shillong and is on the verge of extinction.
This water lily is valuable ornamentally for its showy flowers. The rhizome of the
plant is locally used to cure acute diarrhoea and to join bone-fracture.

Keeping in mind the ever increasing threat to plant diversity of the
Northeastern region, there is an urgent need to conserve these two important rare and
endangered plant species. The proposed study was undertaken with the following
objectives:

1. Micropropagation of I. khasiana and N. tetragona using various explant
sources, media, and culture conditions.

2. Developing complete protocol for mass multiplication of these plants.

3. Developing short to medium-term in vitro storage methods.

The main methods adopted for the successful completion of the present work
are summarized below:

e Explants like apical buds, nodal stem segments, leaf discs, rhizome buds
were tested in different seasons for their best performance on the culture

media.
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For checking browning of explants from mature trees, various pre-treatments
like ascorbic acid 50 mg/l, PVP (0.5%), citric acid (75mg/1), charcoal (1-2%),
chilling, distilled water and serial transfer of explants at 2, 4, 8, 12, 24, 48, 96
h intervals were done for maximum survival of the explants on the culture
medium.

Detergents like teepol and soap water were used with different concentrations
and varying period of time for thorough cleaning of the explants.

For the surface-sterilization of explants, the sterilants like HgCl, solutions,
ethanol 70% and Savlon were used with different concentrations and time
period.

Different nutrient media like MS, LS, Nitsch and White were tested for
optimising best growth and development of explants in the culture.

Effects of different cytokinins like BAP, KIN and Zeatin were recorded for
the direct multiple shoot bud induction.

Effect of cytokinin-auxin ratio on the induction of multiple shoots was seen.
For the initiation of callus from leaf of I. Khasiana, effects of different auxins
alone and combinations of auxin-cytokinin were observed.

Induction of caulogenesis from callus was tried in the medium treated with
various concentrations of growth Hormones.

For cold storage, in vitro obtained shoots of I. khasiana and of N. tetragona
were kept at 4 °C in dark for a period of upto 8 months and the regeneration

capacity and duration of survival were tested at monthly intervals.
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e Various pre-treatments like reduced supply of nutrients, low temperature
treatment, addition of ABA, addition of mannitol or sugar for low osmoticum
were tested for the optimal cold storage conditions.

e Easy and cost effective methods for the successful hardening and

acclimatization of in vitro obtained plantlets were investigated.

Main Outcomes of the Present Study:
The important outcomes of the present research work are summarized below:

e The suitable season for explant collection for direct multiplication of shoot
regeneration was found to be April to July in both the cases.

o For surface sterilization, initial treatment of the explants with 0.5% teepol
detergent for 30 minutes followed by Na OCl (10%) or HgCl; (0.01-0.1%)
solution for 10-15 minutes, 70% ethanol treatment for 10- 30 seconds and
inoculation to the medium showed maximum survival of the explants in the
culture medium.

e In case of I. khasiana, the browning of the explants collected from mature
trees, could be checked, by transferring explants serially on to the fresh
medium with 0.5% PVP at 2,4,8,12,24,48,96 h intervals.

e To reduce/overcome the problem of browning and death of the explants from
mature trees of I. Khasiana, the in vitro raised seedlings from seeds were
used. The percentage of seed germination was recorded to be only 5-10 %
after 2 Y2 months.

e The most suitable explants for direct shoot multiplication of I. khasiana was

the nodal explant from the young seedlings. The average number of shoots

79



obtained was 10-11 shoots per explant in MS medium containing cytokinins
BAP (2.0 mg/l) + KIN (1.0 mg/l).

In case of N. tetragona, cultured rhizome buds proliferated multiple shoots in
MS medium incorporated with BAP (2.5 mg/l) + IAA (0.5 mg/l). Within 4-6
weeks an average number of 3-4 shoots were produced.

The premature embryo culture of N. tetragona was successfully carried out
and the number of multiple shoots was 12 per embryo in MS medium
incorporated with BAP (2.0 mg/l) + NAA (0.5 mg/l).

For in vitro rooting, MS half- strength medium supplemented with IBA (2.0
mg/l) was found to be optimal in case of /. khasiana and hormone-free MS
medium in N. tetragona.

Aniong different explants used, leaf discs of 1. khasiana responded very well
and within 4 weeks callus induction could be obtained.

MS medium supplemented with 2, 4- D (2.0 mg/l) + KIN (0.5 mg/l) was the
optimum for the induction of callus.

Shoots could be induced from the callus of I khasiana in 2 MS medium
containing a combination of 1.5 mg/l BAP and 0.5 mg/l IBA.

For elongation and development of plantlets from callus, gradual removal of
2,4-D from the medium was necessary.

The cold storage period of in vitro shoots of I khasiana was upto 6 months
whereas in case embryo of N. tetragona the storage period was 5 months.
Among the different effects of minimal growth conditions on the survival and

multiplication of shoots after, the treatments of reduced ¥, strength MS and
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5.0 mg/l ABA in MS medium showed the best survival and multiplication
rate.

e Plantlets produced by direct multiple shoot induction showed 60 % survival
after hardening in I. Khasiana.

e Plantlets produced indirectly through callus showed 40 % survival after
hardening.

¢ Plantlets obtained directly from rhizome and embryo explants of N. tetragona

showed 50 % and 60 % survival respectively after hardening.

Conclusion and limitation

Plant tissue culture technique, an integral part of biotechnology deals with
the mass propagation and conservation of elite clones and varieties. Recent advances
on plant tissue culture coupled with genetic engineering made possible to obtain
GMO’s (Genetically Modified organisms) to increase the overall productivity, with
quality and disease/drought resistance of desired traits. Callus mediated plantlets
have potential for somaclonal variations for commercially improved plants. The
recent trend of emerging plant tissue culture along with molecular biology can
provide integrated and valuable information particularly in understanding the genetic
control of each development of callus, caulogenesis and plantlet development. The
protocols developed for mass multiplication could easily be adopted for the large

scale propagation of important plants with a view to sustainable conservation.

81



CHAPTER VIII: REFERENCES

Abhyankar, G. A. and G. S. Chinchanikar. 1996. Response of Withania
somnifera, Dunal leaf explants in vitro. Phytomorph. 46(3):
249-252.

Adam, R. M., S. S. Koenigsberg and R. W. Langans. 1979. In vitro
propagation of the butterwort Pinguicula moranensis H. B. K.
Hortscience. 14: 701-702.

Agrawal, A. 1993. Some aspects on the biology of Trapa, Ph.D.
Thesis, Univ. of Delhi, Delhi.

Agretious, T. K., K. P. Martin and M. Hariharan. 1996. In vitro
Clonal multiplication of Alpinia calcarata Rosc. Phytomorph.
46: 133-138.

Ahuja, M. R. 1993. Micropropagation a la Carte In : Ahuja, M.R. (ed.)
Micropropagation of woody plants. Kluwer Academic Pub.,

Dordrecht, pp. 3-9.



Ajithkumar, D. and S. Seeni. 1998. Rapid clonal multiplication
through in vitro axillary shoot proliferation of Aegle marmelos
(L) Corr. A medicinal tree. Plant Cell Rep. 17: 422-426.

Akrele, O. 1991. Medicinal plants; Policies and priorities. In :,
Conservation of medicinal plants (Akrele, O., V. Heywood and
H. Synge (ed.). Cambridge University Press, pp.3-12.

Allen, O. N. and E. K. Allen. 1981. The leguminosae : A source
book of characteristics, used and nodulation, pp. 148-259.
University of Wisconsin Press, Madison WI.

Altman, A., B. L. Nadel, Z. Flash and N. Levin. 1990. Somatic
embryogenesis in celery : induction control and changes in
polyamines and proteins. In : Progress in plant cellular and
molecular biology: (Eds) Nijkamp HJJ, Van Der Plas LHW,
Van Aartrijk pp. 454-459. Kluwer Academic Dordrecht.

Amin, M. N. and V. S. Jaiswal. 1987. Rapid clonal propagation of

~ guava through in vitro shoot proliferation on nodal explant of
mature trees. Pl. Cell. Tiss. Org. Cult. 9: 235-243,
Amin, M. N. and V. S. Jaiswal. 1993. In vitro response of apical bud

explants mature trees of jack fruit ( Artocarpus

heterephyllus). Plant Cell Tiss. Org. Cult. 33: 59-65.

83



Ammirato, P. V. 1983. Embryogenesis. In : Hand book of plant cell
culture, Vol. I, Techniques for micropropagation and breeding.
Eds. Evans, D.A., W.R. Sharp, P.V. Ammirato and Y. Yamada,
pp. 82-123 (McMillan, New York, USA).

Anand, M. and S. S. Bir. 1984. Organogenetic differentiation in tissue
cultures of Dalbergia lanceolaria Cur. Sci. 53: 1305-1307.

Anand, P. H. M., K. N. Harikrishnan, K. P. Martin and M. Hariharan.
1997. In vitro propagation of Kaempferia rotunda L. ‘Indian
Crocus’ - A medicinal plant. Phytomorph 47: 281-286.

Andersqn, W. C. 1975. Propagation of Rhododendron by tissue culture :
Part 1. Development of culture medium for mass
multiplication of shoots. Proc. Int. P1. Prop. Soc. 25: 129-135.

Anonymous. 1948. Woody plant seed manual. Forest Service,
USDA, Misc. Publ. 654.

Arora, R. and S. S. Bhojwani. 1989. In vitro propagation and low
temperature storage of Saussurea lappa C.B. Clarke — An
endangered, medicinal plant. Plant cell Rep. 8: 44-47.

Arditti, J. and R. Ernst. 1984. Physiology of germinationg seeds. In :
Arditti, J. (ed.) Orchid Biology, Reviews and Prespectives

III. Comell University Press, Ithaca, New York, pp. 177-222.

84



Arumugam, N. and S. S. Bhojwani. 1990. Somatic embryogenesis in
tissue cultures of Podophyllum hexandrum Can. J. Bot. 68:
487-491.

Arzate-Fernandez, A., T. Nakazaki, H. Yamagata and T. Tanisaka.
1997. Production of double -haloid plants from Lilium
longiflorum Thunb. Anther Culture. Plant Sci. 123; 179-187.

Ashok Kumar H. G., H. N. Murthy, V. G. Jadinath, S. S. Sheelavantnath
A. N. Pyati and B. V. Ravishankar. 2000. Direct somatic
embryogenesis and plantlet regeneration from leaf explants of
Niger, Guizotia abyssinica Cass. Indian J. of Exp. Biol.
38(10): 1073-1075.

Avirineni, V. and L. J. Ford. 1990. Micropropagation of Ilex vomitoria
(Yaupon) hollies. In vitro 26, 3, Pt.2, 47A.

Babu, K. N., A. Sajina, D. Minoo, C. Z. John, P. M. Mini, K. V. Tushar,
J. Rema and P. N. Ravindran. 2003. Micropropagation of
camphor tree (Cinnamomum camphora) Plant Cell Tiss.
Organ Cult. 74: 179-183.

Bag, N.,, L. M. S. Palni and S. K. Nandi. 1997. Mass propagation of

tea using tissue culture methods. Physiol. Mol. Biol. Plants

3:99-103.

85



Bajaj, Y. P. S. 1986. In vitro preservation of genetic resources,
techniques and problems. Intl, Symp. Nuclear techniques in
vitro culture for plant improvement. IAEA/FAO Vienna, pp.
43-57.

Bajpai A. K. 2000. In vitro multiplication of Bacopa monnieri and
Centella asiatica. Bionature 20: 75-79.

Balachandran, S. M., S. R. Bhat and K. P. S. Chandel. 1990. In vitro
clonal multiplication of turmeric (Curcuma spp.) and ginger
(Zingiber officinale Rosc.). Plant Cell Rep. 8: 521-524.

Banerjee?, N. and E. Delanghe. 1985. A tissue culture technique for
rapid clonal propagation and storage under minimal growth
conditions of Musa (banana and plantain). Plant Cell Rep. 4,
351-354.

Banerjee, T. 1998. Be aware of Bio-pirates. Sc. Rep. 35: 16-27.

Bapat, V. A. and P. S. Rao. 1990. In vivo growth of encapsulated
axillary buds of mulberry (Morus indica L.). Plant Cell Tiss.
Org. Cult. 20: 69-70.

Bapat, V. A. and P. S. Rao. 1998. Sandalwood plantlets from synthetic

seeds. Plant Cell Rpt. 7: 434-436.

86



Barrett, R. E. 1962. Embryogeny of Ilex opaca Ait. Ph.D. Thesis. W V
University.

Barthakur, M. and D. N. Bordoloi. 1992. Micropropagation of
.Curcuma amada( Roxb.) J. Spic. Arom. Crop. 1: 154-156.

Barve, D. M. and A. R. Mehta. 1993. Clonal propagation of mature
elite trees of Commiphora wightii. Plant Cell Tiss. Org. Cult.
35:237-244.

Beena, M., K. P. Martin, P. B. Kirti and M. Hariharan. 2003. Rapid
in vitro propagation of medicinally important Ceropegia
candelabrum. Plant Cell Tiss. Org. Cult. 72: 285-289.

Bejoy, M. and M. Hariharan. 1991. In vitro plantlet differentiation in
Annona muricata. Plant Cell Tiss. Org. Cult. 31: 245-247.

Bejoy, M. and M. Hariharan. 1993. In vitro propagation of Adananthera
pavonina L. J. Tree Sc. 12: 69-72.

Beneivenga M., A. H. A. Hammad, V. Negri and A. Standardi. 1992.
Observation of differentiation to in vitro culture initiation of
local germplasm of Malus domestica Borkh. Annali della
Fecolta di Agraria dell’ Universita degli shedi Perugia -46:

349-355.

87



Berjak, D., N. Pask, G. G. Henshaw and M.F. Fay. 1996. Biotechnology
and conservation forest genetic resource, in vitro strategies
and cryopreservation. Plant Growth Reg. 20: 11-16.

Beruto, M., L. Lanteri and C. Portagallo. 2004. Micropropagation of
tree peony (Paeonia suffruticosa). Plant Cell Tiss. Org.
Cult. 79 : 249 - 255.

Bhanja, A., R. K. Mukherjee, N. K. Roy, S. Banerjee, P. K. Sircar and
S. M. Sircar. 1967. Isolation and identification of growth
substances in the root of water hyacinth (Eicchornia crassipes
Mort. Solms.). Pro. Intl. Sym. Plant Growth Substances Botany
Dept., Calcutta University. pp. 47-56.

Bhaskar, P. and K. Subhash. 1996. Micropropagation of Acacia
mangium Willd. through tissue culture. Ind. J. Exp. Biol. 34.
590-591.

Bhatt, I. D. and U. Dhar. 2000. Micropropagation of Indian  wild
strawberry. Plant cell Tiss. Org. Cult. 60: 83-88.

Bhat, S. R., P. Chitralekha and K. P. S. Chandel. 1992. Regeneration of
plants from long term root culture of lime, Citrus aurantifolia

(Christm.) Swing. Plant Cell Tiss. Org. Cult. 29: 19-25.

88



Bhojwani, S.S. 1980. Microproagation method for a hybrid willow
(Salix matrudana X alba NZ-1002) N.Z.J. Bot. 18: 209-214).

Bhojwani, S. S. and M. K. Razdan. 1983. Plant Tissue Culture:
Theory and Practice. Vo, 5. Elsevier Amsterdam- Oxford-New
York- Tolyo.

Bhojwani, S. S. and M. K. Razdan. 1996. Plant tissue culture: Theory
and Practice. Elsevier, Amsterdam, New York, Tokyo.
Bhojwani, S. S. and V. Dhawan. 1989. Acclimatization of tissue
culture raised plants for transplantation to the field. In:
‘Dhawan V. (ed.). Application of Biotechnology in Forestry and

Horticulture. Plenum Press. New York, pp. 149-156.

Bhuyan, A. K., S. Pattnaik and P. K.Chand. 1997. Micropropagation of
curry leaf tree (Murraya koenigii L. Spring) by axillary
proliferation using intact seedlings. Plant Cell Rep. 16: 779-
782.

Bisht, M. S., P. Vyas, N. Bag and L. M. S. Palni. 1988.
Micropropagation of some plants of Indian Himalayan
region. In : Plant Tissue Culture and Molecular Biology —
Application and Prospects. Narosa Publishing House. New

Delhi. Pp. 126-170.

89



Biswas, K. and C. C. Calder. 1937. Hand Book of Common Water and
Marsh Plants of India and Burma. 1936. Health Bulletin No.
24. Manager of Publications, Delhi 140 pp.

Blakesley, D. and J. R. Lenten. 1987. Cytokinin uptake and metabolism
‘in relation to shoot multiplication in vitro In : Jackson, M.B.,
S.H. Mantell and J. Blake (eds.). Advances in the chemical
manipulation of Plant Tissue Cultures, No. 16.pp 87-99.
British Plant Growth Working Group, Bristol.

Bonga, J. 1977. Application of tissue culture in forestry. In
Reinert J. and Y. Bajaj (eds). Applied and fundamental
aspects of plant cell, tissue and organ culture. Springer,
Berlin Heidelberg, New York pp. 93 — 108.

Bonga, J. M. and D. J. Durzan. 1987. Vegetative propagation in
relation to juvenility , maturity and rejuvenation. In: Cell and
Tissue Culture in Forestry. (Eds.) Bonga, JM. and D.J.
Durjan Vol.I PP.216-271. Martinus Nijhof  Dordrecht .
Netherlands.

Bonnier, J. M. F.; A. F. Hoekstra, R. Vos and J. M. Vantuyl. 1997.
Viability loss and oxidative stress in lily bulbs during long

term cold storage. Plant Science 122: 133-140.

90



Boulay, M. 1987. Conifer micropropagation: applied research and
commercial aspects. In: Bonga, JM. and D. J. Durzan (eds)
Cell and Tissue Culture in Forestry, Vol. 3 Martinus
Nijhoff, Dordrecht, pp. 185-206.

Boyd, C. D. 1972. A bibliography of the utilization of vascular
aquatic plants. Econ. Bot. 2B: 74-84.

Bramwell, D. 1990. The role of in vitro -cultivation in the
conservation of endangered species, p. 3-15. In Harnandez
Bermejo, J. D.,, M. Clemente, V. Heywood (eds.).
Conservation techniques in botanic gardens. Koenigstein :
Koeltz Scientific Books.

Brand, M. H. 1993. Initiating cultures of Halesia and Malus :
Influence of flushing stage and benzyladenine. Plant Cell.
Tiss. Org. Cult. 33: 129-132.

Broertjes, C. and A. M. Van Harten. 1978. Application of Mutation
Breeding in the Improvement of Vegetatively Propagated
Crops. Elsevier - Scientific Company, Amsterdam.

Broertjes, C. and L. Leffring. 1972. Mutation breeding of Kalanchoe.

Euphytica 21: 415-423.

91



Broertijes, C. and A.M. Van Harten. 1978. Application of Mutation
Breeding in the Improvement of Vegetatively Propagated
Crops. Elsevier Scientific Company, Amsterdam.

Broome, O. C. and R. H. Zimmermann. 1978. In vitro propagation of
blackberry. Hort. Science 13: 151-153.

Brown, D. C. W., K. 1. Finstad and E. M. Watson. 1995. Somatic
embryogenesis in herbaceous dicots. In : Thrope T.A. (ed.).
In vitro embryogenesis in plants (pp. 345-415). Kluwer
Academic Publishers, Dordrecht, The Netherlands.

Burgos, L. and C. A. Ledbetter. 1993. Improved efficiency in apricot
breeding : effects of embryo development and nutrient media
on in vitro germination and seedling establishment. Plant Cell
Tiss. Org. Cult. 35: 217-222.

Caboni, E. and M. G. Tonelli. 1991. Effect of 1,2-bonzisoxaole-3-acetic
acid and adventitious shoot regeneration and in vitro
rooting in apple. Plant Cell Rep. 18: 985: 988.

Campos, P. S. and M. S. S. Pais. 1996. In vitro micropropagation of
the Macarronesian evergreen tree Persia indica (L.) K.

Spreng. In vitro Cell. Dev. Biol. Plant 32: 184- 189.

92



Carimi, F., F. D. Pasquale and F. G. Crescimano. 1994. Somatic
embryogenesis from lemon. Plant Cell Tiss. Org. Cult. 37:
209- 211.

Carlson, P. S., H. H. Smith and R. D. Dearing. 1972. Parasexual
interspecific plant hybridization. Proc. Nat. Acad. Sci. USA.
69: 2292-2294.

Carneiro, L. A, R. F. G. Araujo, G. J. M. Brito, M. H. P. B. Fonseca,
A. Costa, O.J. Crocomo and E. Mansur. 1999. In vitro
regeneration from leaf explants of Neoregelia cruenta (R.
Graham) L.B. Smith, an endemic bromeliad from Eastern
Brazil. Plant Cell Tiss. Org. Cult. 55: 79-83.

Chang, S. H,, C. K. Ho, Z. Z. Chen and J. Y. Tsay. 2001.
Micropropagation of Taxus mairei from mature trees. Plant
Cell Rep. 20: 496-502.

Chang, S. H., D. G. M. Donaldand G. Jacobs. 1992. Micropropagation
of Eucaiyptus radiata spp. radiata using explants from
mature and coppice materials. S. Afr. For J 162-: 43-47.

Chang, W. C. and P. L. Chiu. 1978. Regeneration of Lemna gibba G;

through callus cultures. Z. Pflanzenphysiol. 89 : 91-94.

93



Chang, W. C. and Y. I. Hsing. 1978. _Callus formation and
regeneration of frond-like structures in Lemna perpusilla 6746
on adefined medium. Plant Sci. Lett. 13: 133-136.

Chaturvedi, H. C., M. Sharma, A. K. Sharma and P. Sane. 1991.
Conservation of plant genetic resources through excised root
culture. Proceedings of the MNC PGR-CSC international
workshop on tissue culture for the conservation of
biodiversity and plant genetic resources held in Kuala
Lumpur, Malaysia 28-31 May, 1990.

Chaturvedi, R., M. K. Razdan and S. S. Bhojwani. 2004. In vitro
morphogenesis  in zygotic embryo  cultures of neem
(Azadirachta indica A. Juss.). Plant Cell Rep. 22 : 801-809.

Cheng, C. C., S. J. Cheng, A. R. Sagare and H. S. Tsay, 2001.
Adventitious shoot regeneration from the stem internode
explants of Adenophora triphylla (Thumb) A.D.C.
Campanulaceae- An important medicinal herb. Bot. Bull of
Academia Sincia 42(1): 1-7.

Chevreau, E., R. M. Skirvin, H. A. Abu-Qaoud, S. S. Korban and J.

G. Sullivan. 1989. Adventitious shoot regeneration from leaf

94



tissue of three pear (Pyrus sp.) Cultivars in vitro. Plant Cell
Rep. 7: 688-691.

Coker, P. S. and N. D. Camper. 2000. In vitro culture of Echinacea
purpurea L. J. of Herbs, Spices and Med. Pl. 7(4): 1-7.

Conger, B. V. 1981. Cloning Agricultural Plants via in vitro
Techniques, CRC Press, Boca Raton, Florida.

Cook, C. D. K. 1990. Aquatica Plant Book SPB Academic
Publishing. The Hague The Netherlands.

Constable, F. and J. P. Shyluk. 1994. Initiation, nutrition and
maintenance of plant cell and tissue cultures. In: Vasil L.
K. and Thorpe, T. A. (eds.) Plant Tissue Culture. Kluwer
Academic Publishers. Doordrecht, pp. 3-15.

Corrie, S. and P. Tandon. 1993. Propagation of Cymbidium
giganteum Wall. through high frequency conversion of
encapsulated protocorns under in vivo and in vitro conditions.
Indian J. Exptl. Biol. 31, 61-64.

Cuenca, B., M. C. Jose, M. T. Martinez, A. Ballester and A. M. Vieitez.
1999. Somatic embryogenesis from stem and leaf explants of

Quercus robu r L. Plant Cell Rep 18: 538 — 543.

95



Daigny, G., H. Paul, R. S. Sangwan and N. B. S. Sangwan. 1996.
Factors influencing secondary somatic embryogenesis in
Malus x domestica Borkh (cv ‘gloster’ 69). Plant cell Rep.
16: 153-157.

Das, A. B, G. R. Rout and P. Das. 1995. In vitro somatic
embryogenesis from callus cultures of the timber yielding tree
Hardwickia binata Roxb. Plant Cell Rep. 15: 147-149.

Das, P., S. Samantray, A. V. Roberts and G. R. Rout. 1997. In vitro
somatic embryogenesis of Dalbergia sisoo - A multipurpose
'timber yielding tree. Pl. Cell. Rep. 16: 578-582.

Das, S., T. B. Jha and S. Jha. 1996. In vitro propagation of cashew —
nut. Pl. Cell. Rep. 15: 615-619.

Das, T. and G. C. Mitra. 1990. Micropropagation of Eucalyptus
tereticornis Smith. Plant Cell Tiss. Org. Cult. 22: 95-103.

Datta, S. K. 1987. Tissue culture propagation of forest trees —
limitations and perspectives In : Khosla P.K. and D.K.
Khurana (eds). Agroforestry for rural needs — (Vol. 1),

Indian Society of Tree Scientists.

96



Deb, C.R. and P. Tandon. 2002. Somatic embryogenesis and plantlet
regeneration from mature zygotic embryos of Pinus kesiya
(Royle ex gord.) J. Plant Biol. 29: 301-306.

Deb, D. B. 1976. A study on the aquatic vascular plants of India.
Bull Bot. Sci. Bengal 29: 155-170.

Debergh, P. C. and L. J. Maene, 1981. A scheme for commercial
propagation of ornamental plants by tissue culture. Sci.
Hortic., 14: 335-345.

Debergh. P.C. and R.H. Zimmerman. 1991. Micropropagation
Technology and Application, Kluwer Academic Publishers.

Delvallee, 1., J. Guillaud, M. Beckert and C. Dumas. 1989.
Cryopreservation of immature maize embryos after freeze —
hardening in the ear and in vitro. Plant Sci., 60: 129 -136.

Detrez, C. 1994. Shoot  production through cutting culture and
micrografting from mature tree explants in Acacia tortilis
Forsk). Hayne subsp. radianna (Savi) Brenan. Agrofor Syst.
25: 171-179.

Devi, Y. S., B. B. Mukherjee and S. Gupta . 1994. Rapid cloning of
elite teak (Tectona grandis) by in vitro multiple shoot

production. Ind.J. Exp. Biol. 32: 668-671.

97



Dhar, U. and J. Upreti. 1999. In vitro regeneration of mature
leguminous liana (Bauhinia vahlii Wight and Arnott.). Plant
cell Rep. 18: 664 -669.

Dhawan, V. 1989. Micropropagation and nodulation tree legume. In
. Application of Biotechnology in Forestry and Horticulture.
(Ed.)) Dhawan, V. pp. 285-296. Plenum Press, New York.

Doreswamy, R. D. and H. Y. Mohan Ram. 1969. Studies on growth
and flowering in axenic cultures of insectivorous plants. I
seed germination and establishment of cultures of Utricularia
inflexa. Phytomorphology. 19: 363-371.

Durkovic, J. 2003. Regeneration of Acer caudatifolium Hayata
plantlets from juvenile explants. Plant Cell Rep. 21 : 1060 —
1064.

Echeverrigaray, S., S. Biaso, F. Fracaro and L.A. Serafini. 2000.
Clonal Micropropagation of Roman Chamomile (Anthemis
nobilis L.) J. of Herbs, Spices and Med. P1. 7(2) : 35-41.

Emmanuel, S., S. Ignacimuthu and K. Kathiravan. 2000.
Micropropagation of Wedelia calendulacea Less., a

medicinal plant. Phytomorph. 50(2): 195-200.

98



Espinoza, N., R. Estrada, P. Tovar J. Bryan and J. M. Dodds. 1986.
Tissue culture micropropagation, conservation and export of
potato germplasm, pp. 1-20. Specialized technology document
1. International Potato Centre, Lima, Peru.

Etienne, H., M. Lartand, M. P. Carron and F. Michaux. 1993. Use of
célcium to optimize long term proliferation of friable

embryonic calluses and plant regeneration in Hevea. J. Exp.
Bot. 48: 129-137.

Evans, D. A., W. R. Sharp and C. E. Flick. 1981. Growth and behaviour
.of cell cultures: Embryogenesis and organogenesis. In : Plant
Tissue Culture (Ed) Thrope, T.S. pp 45-113. Academic Press
Inc.

Famiani, F., N. Ferradini, P. Staffolani and A. Standardi. 1994. Effect
of leaf excision time and age, BA concentration and dark
treatments on in vifro shoot regeneration of M. 26 apple
rootstock. J. Hortic. Sic. 69: 679-685.

Fasolo, F., R. H. Zimmerman and 1. Fordhan. 1989. Adventitious shoot
formation on excised leaves of in vitro grown shoots apple. Plant

Cell Tiss. Org. Cult. 16: 75-87.

99



Fay, F. M. 1992. Conservation of rare and endangered plants using
in vitro methods. In vitro Cell. Dev. Biol. Plant 28: 1-4.

Fay, F. M. and J. Gratton. 1992. Tissue culture of cacti and other
succulents  -a literature  review and  report of
micropropagation at Kew Bradleya 1: 33-48.

Feijoo, M.C. and I. Iglesias. 1998. Multiplication of an endangered
plant: Gentiana tutea L. Sub sp. Aurantiaca Lainz. Lainz.
using in vitro culture. Plant Tissue Culture and Biotech 4:
87-94.

Feraud, K. C. and H. Espagnac. 1989. Conditions of the appearance
of somatic embryogenesis on the callus produced in culture
of foliar tissue of evergreen oak (Quercus ilex).Can J. Bot. 67:
1066-1070.

Ferrari, F., B. Monacelli and 1. Messana. 1999. Comparison between in
vivo and in vitro metabolite production of Morus nigra. Planta
Med. 65: 85-87.

Ford-Lloyd, B. V. and M. Jackson. 1986. Plant Genetic Resources:
An Introduction to their Conservation and Use. Edward

Arnold, London.

100



Fracago, F. and S. Echeverrigaray. 2001. Micropropagation of Cunila
galioides, a popular medicinal plant of South Brazil. Plant
Cell Tiss. Org. Cult. 64: 1-4.

Frankel, O. H. and J. G. Hawkes (eds.). 1975. Crop genetic resources
for to-day and to-morrow. Cambridge Univ. Press,
Cambridge.

Frick, H. 1991. Callogenesis and carbohydrate utilization in Lemna
minor. J. Plant Physiol 137 : 397 -401.

Gambor, O. L., R. A. Miller and K. Ojima. 1968. Nutrient requirements
pf suspension cultures of soybean root cells. Exp. Cell Rep.
Res. 50: 151-158.

Gamborg, O. L. and G. C. Phillips. 1986. Plant Cell, Tissue and
Organ Culture Fundamental Methods. Narosa publshing
house. Springer International, students edition. Verlag-Berlin
Heidelberg.

Gangaprasad, A., S. W. Decruse, S. Seeni and V. S. Menon. 1999.
Micropropagation and restoration of endangered Malabar
daffodil orchid Ipsea malabarica. Lindleyana 14 (1), 47-56.

Garcia, M. G., B. M. E. Gonzalez and J. A. Manzanera. 2001.

Quercus suber L. Somatic embryo germination and plant

101



conversion: pretreatments and germination conditions.. In

vitro Cell Dev. Biol. Plant 37: 190-198.
Gardi T., E. Piccioni and A. Standardi. 1999. Effect of bead nutrient

stored in vitro derived

composition on regrowth of

encapsulated microcuttings of different woody species.J.

Microencapsulation 16: 13-25
Garg, L., N. N. Bhandari, V. Rani and S. S.Bhojwani. 1996. Somatic

embryogenesis and regeneration of triploid plants in

endosperm cultures of Acacia nilotica. Plant Cell Rep. 15:

855-858.
Garin, E., E. Grenier and G. G. D March.1997. Somatic embryogenesis

in wild cherry (Prunus avium). Pant Cell Tiss. Org. Cult. 48:

83-91.
Gautheret, R.J. 1955. The nutrition of plant tissue cultures. Ann.

Rev. Plant. Physiol. 6: 433-484.

Gautheret, R. J. 1940. Novelles rezcherches sur le bourgeonnement du
tissue cambial d’ Ulmus campestris culture in vitro. C.R.

Acad. Sci. Paris, 210: 744-746.

102



Gavish, H., A. Vardi and R. Fluhr. 1992, Suppression of somatic
embryogenesis in Citrus cell cultures by extracellular
proteins. Planta 186: 511-517.

Geneve, R. L., S. T. Kester and S. El-Shall. 1990. In vitro shoot
initiation in Kentucky Coffee. Hort. Sci. 25. 578.

Gentile, A., S. Monticelli and C. Damiano. 2002. Adventitious shoot
regeneration in peach [Prunus persica (L.) Batsch]. Plant

. Cell. Rep. 20: 1011- 1016.

George, D., J. Chenieux and S. Ochatt. 1993. Plant regeneration from
aged-callus of the woody ornamental species Lonicera
Jjaponica cv * Hall’s prolific”. Plant Cell Rep. 13: 91-94.

George, E. F. 1993. Chapter 11 : Plant growth regulators In : Plant
Propagation by Tissue Culture. Part 1. Technology,
Exegenetics. Ltd. Edington England 420-479.

George, E. F. and P. D. Sherrington. 1984. Plant Propagation by
Tissue Culture Exegetics Ltd. Reading. England.

\George, E. F. 1996. Plant Propagation by Tissue Culture - The
Technology, Exegetics Ltd., U.K.

Gill, M. L. S., B. S. Dillon, Z. Singh and S. S. Gosal. 1991. Introduction

of high frequency somatic embryogenesis and plant

103



regeneration in mandarins. In :J. Prakash and R.L. M. Pierik

(eds.). New Technologies and Application. Kluwer Academic

Publishers, Dordrecht, The Netherlands, pp. 231-235.

- Gilley, A. and R. A. Fletcher. 1997. Relative efficacy of
paclobutrazol as stress protectants in wheat seedling. Pl
Growth Reg. 21: 169-175.

Godmaire, H. and C. Nalewajko. 1986. Axenic culture of Myriophyllum
spicatum L. : Importance to extracellular product estimates.
Aquat. Bot. 26: 385 —392.

Gopal, B (Ed.). 1990. Ecology and management of aquatic
vegetation in the Indian subcontinent. Kluwer Academic
Publishers. The Netherlands 246 pp.

Grillo, M. E., S. Pena and D. Perez. 1985. Mass in vitro germination of
some species of orchids in the National Botanical Garden
(Cuba). Rev. Jard. Bot. Nac. 6(2): 95-100.

Grout, B. W. W. and M. J. Aston. 1977. Transplanting of canliflower
plants regenerated from meristem culture. I. waterter loss and
water transfer related to changes in eaf wax and to xylem

regeneration. Hortic. Res., 17: 1-7

104



Gu, X. F. and J. R. Zhang. 2005. An efficient adventitious shoot
regeneration system of Zhanhua winter jujube (Zizyphus
jujube Mill.) using leaf explants. Plant Cell Rep. 23. : 775-
779.

Guha, S. and S.c. Maheswari. 1964. In vitro production of embryos from
anthers of Datura. Nature 204: 497. ’

Gujral, G. S., S. K. Jain and P. Vasudevan. 1986. Aquatic Biomass :

Production , potential and scope for exploitation. Res. and
Ind. 31: 41-47.

Gulati,'A. and P.K. Jaiswal. 1996. Micropropagation of Dalbergia
sissoo from nodal explants of mature trees. Biol. Plant. 38:
169-175.

Gupta, P. K., A. L. Nadgir, A. F. Mascarenhas and V. Jagannathan.
1980. Tissue culture of forest trees : Clonal multiplication of

Tectona grandis L. (Teak) by tissue culture. Pl. Sc. Lett. 17:

259 - 268.
Gupta, D., M. Purohit and P.S. Srivastava. 1994. Adventitious buds
from cotyledonary leaves of Pinus geradiana Wall : the

Chiloza Pine. Beitr. Biol. Pflanzen 68: 291-296.

105



Haberlandt, G. 1902. Kuturrersuche mit isoleirten pflanzonsol len
sitzungsber. Akad Wiss Wien. Mathe naturwiss Classe 111
Abt 1. 69-92. g

Hammat, N. and N. J. Grant.1997. Micropropagation of mature
British wild cherry. Plant Cell Tiss. Org. cult. 47: 103-110.

Hammershlag, F. 1982. Factors affecting establishment and growth of
peach shoot in vitro. Hort. Sci. 17: 85-86.

Harder, R. 1968. Axenische Kulfur Von. Aponogeton distachyus L.
Planta 82: 193-199. |

Harikrishnan, K.N., M. Hariharan, P. H. M. Anand and K.P. Martin.
1998. Multiple shoot regeneration and somatic
embryogenesis from Saraca asoka (Roxb.) D.C. Willde - A
medicinal tree legume. Abs. in Plant Biotechnology and In
vitro Biology in the 21* Century IX International Congress
in Plant Tissue and Cell Culture, Jerusalem Israel, June.
1998.

Hardy, 1., 1. Grang, L Jouve and T. Gaspar. 1995. Micropropagation of

Lupinus mutabilis. Meded Fac Landbouwwet Rijksuniv Gent

60 (3b), 107-1111.

106



Hausman, J., O. Neys, C. Kevers and T. Gasper. 1994. Effect of in
vitro storage at 4°C on survival and proliferation of poplar
shoots. Plant Cell. Tess. Org. Cult. 38: 65-67.

Henshaw, G. G. 1979. IAPTC Newslett 28: 2-7. /

Hemandez, 1., C. Celestino, I. Martinez, J. Homero, J. Gallego and M.
Toribio. 2001. Induction of somatic embryogenesis in leaves
from mature Quercus suber L. trees. In : Riordain F.O. (ed.).
Development of  integrated systems for large scale
propagation of elite plants using in vitro techniques. EUR
19689 ENCOST Action 822. Report of Activities 1999,
Office for official publications -of the European Communities
, Luxembourg. pp. 31-32.

Hernandez, I, C. Celestino and M. Toribio. 2003. Vegetative
propagation of Quercus suber L. by somatic embryogenesis. I
Factors affecting the induction in leaves from mature cork oak
trees. Plant Cell Rep 21: 759-764.

Hossain, M., R. Islam, M. R. Karim, S. M. Rahman and O.I. Joarder.
1994. Production of plantlets from Aegle marmelos nucellar

callus. Plant Cell. Rep 13: 570-573.

107



Hossain, S.N., M. K. Munshi, M. R. Islam, L. Hakim and M. Hossain.
2003. In vitro propagation of plum Zyziphus jujube Lam).
Plant Tissue Cult. 13: 81-84.

Hu, C. Y. 1968. Invitro culture of rudimentary holly embryo . Ph. D.
Dissertation, W.V. University.

Hu, C. Y., F. Rogalski and C. Ward. 1979. Factors maintaining llex
rudimentary embryos in the acquiescent state and structural
changes during in vitro inactivation. Bot. Gaz. (Chicago) 140:
272-279.

Hu, C.‘Y., I. M. Sussex. 1972. In vitro development of embryoids on
cotyledons of llex aquifolium. Phytomorphology 21: 103-107.

Hu, C. Y. and P.J. Wang. 1983. Meristem shoot tip and bud culture. In
: Handbok of plant cell culture. (Eds.) Evans, D.A., W.R.
Sharp, P.V. Ammirato and Y. Yamada 1, pp. 177-227. Mc
Millan Publishing Company, New York.

Huang, L. C., Y. H. Chang and C. L. Chang. 1994. Rapid in vitro
multiplication of the aquatic angiosperm, Anubias barteri var.

undulata. Aquat. Bot. 47: 77-83.

108



Huetteman, C. A. and J. E. Preece . 1993. Thidiazuran : a potent
cytokinin for woody plant tissue culture. Plant Cell Tiss.
Org. Cult. 33 : 105 -119.

Hutchinson, G. E. 1975. A treatise on Limnology. Vo. 111.
Limnological Botany, Wiley Interscience, New York.

Ibrahim, R., W. Mondalaers and P.C. Debergh. 1998. Effects of X-
irradiation on adventitious bud regeneration from in vitro leaf
explants of Rosa hybrida . Plant Cell Tiss. Org. Cult. 54: 37-44.

Illahi, I. and A. Akram. 1987. In vitro propagation of Rauvolfia

serpentina plants through lateral bud culture. Pak J. Agric.

Res. 8: 204-210.
Islam, R., R. Zaman, O. 1. Joarder and A. C. Barman. 1993. In vitro

propagation as an aid for cloning of Morus laevigata Wall. Plant

Cell Tiss. Org. Cult. 33: 339-341.

IUCN. 1998. IUCN-Red List of Threatened Plants. IUCN Publications ,
Services Unit, Cambridge.

Jain, N. and S. B. Babbar. 2003. Regeneration of 'juvenile' plants of
black plum ; Syzygium cuminii Skeels, from nodal explant of

mature trees. Plant Cell Tiss. Org. Cult. 73; 257- 263.

109



Jain, N. and S. B. Babbar. 2000. Recurrent production of plants of
black plum, Syzygium cuminii (L) Skeels, a myrtaceous fruit
tree, form in vitro cultured seedling explants. Plant Cell Rep
19: 519-524.

Jain, R. K., M. R. Davey, E. C. Coking and R. Wu. 1997. Carbohydrate
and osmotic requirements for high frequency plant
regeneration from protoplast derived colonies of indica and
Jjaponica rice varieties. J. Exp. Bot. 48 : 751-758.

Jaiswal, P. K. and A. Gulati. 1991. In vitro high frequency plant
'regeneration of tree legume Tamarindus indica. Plant Cell
Rep. 10: 569-573.

Jamil, K. 1990. Environmental biology of water hyacinth. Avichal
Science Foundation, Vallabh Vidyanagar, 104 pp.

Jana, M. M., R. S. Nadgauda and A. F. Mascarenhas. 1993. In vitro
propagation of non-embryonic varieties of mango via somatic
embryogenesis. In vitro Cell and Dev. Biol. 30: 155-157.

Jang, G. W., K. S. Kim and R. D. Park. 2003. Micropropagation of
venus fly trap by shoot culture. Plant Cell Tiss. Org. Cult. 72:

95-98.

110



Jarret, R. L. and N. Gawel. 1991. Abscisic acid induced growth
inhibition of sweet potato (I[pomoea batatas L.) in vitro.
Plant Cell Tiss. Org. Cult. 24: 13-18.

Jeanin, G., R. Bronner and G. Hahne. 1995. Somatic embryogenesis
and organogenesis induced on the immature zygotic embryo
of sunflower (Helianthus annus L.) cultivated in vitro : role
of sugar. Plant Cell Rep 15:200 -204.

Jenks, M. M., M. Kane, F. Marousky, D.McConnell and T. Sheehan.
1990. In Vitro  establishment and epiphyllous plantlet
regeneration of Nymphaea ‘Daubeniana’. Hortiscience 25, 12,
1664.

Jenks, M.A., E.K. Michael and D.B. McConnel. 2000. Shoot
Organogenesis from petiole explants in the aquatic plant
Nymphoides indica. Plant Cell Tiss. Org. Cult. 63: 1-8.

Jenks, M. A, M. E. Kane and D. B. McConnell. 2000. Shoot
organogenesis from petiole explants in the aquatic plant
Nymphoides indica. Plant cell Tiss. Org. Cult. 63: 1-8.

Jha, T. and S. K. Sen. 1992. Micropropagation of an elite Darjeeling

tea clone. Plant cell Rep. 11: 101-104.

111



Jones, O. P., M. E. Hopgood and P. Fareed. 1977. Propagation in vitro
of My apple root stock . J. Hort. Sci. 55: 235-238.

Jordan M. and E. Oyanedel, 1992. Regeneration of Pouteria lucuma
(Sapotaceae) plants in vitro. Plant Cell Tiss. Org. Cult. 31:
249-252.

Joshi, M. and U. Dhar. 2003. In vitro propagation of Saussurea
obvallata (D.C.) Edgew- an endangered ethnoreligious
medicinal herb of Himalaya. Plant Cell Rep. 21: 933-939.

Joshi, M. S. and S. R. Thengane. 1996. In vitro propagation of
Azadirachta indica A. Juss (neem) by shoot proliferation. Ind.
J. Exp. Biol. 34: 480-482.

Joshi, R., N.S. Sekhawat and T.S. Rathore. 1991. Micropropagation of
Anogeissus pendula Edgew —An arid Forest tree. Indian J.
Exp. Biol. 29:615-618.

Jusaitis, M.1997. Micropropagation of adult Swaisona formosa
Leguminosae: Papilionoideae ; Galegeae. In Vitro Cell Dev.
Biol. Plant 33: 213-220.

Kackar, A., S. R. Bhat, K. P. S. Chandel and S. K. Malik. 1993. Plant
regeneration via somatic embryogenesis in ginger. Plant Cell

Tiss. Org. Cult. 32: 289-92.

112



Kakkar, M. and H. Y. Mohan Ram. 1986. Regeneration of whole
plants from tissue cultures of the tropical aquatic leagume.
Neptunia oleracea. J. Plant. Physiol. 126: 83-91.

Kane, M. E., 1989a. Micropropagation of fresh water plants.
Restoration and Management notes, 7: 98-99.

Kane, M. E., E. F. Gilman and M. A. Jenks. 1991a. Regeneration
capacity of Myriophyllum aquaticum cultured in vitro J.
Aquat. Plant Manage, 29: 102-109.

Kane, M. E., E. F. Gilman, M. A. Jenks and T.J. Sheehan. 1990a.
Micropropagation of the aquatic plant Cryptocoryne lucens.
Hort. Science 25: 687-689.

Kane, M. E. and L. S. Albert. 1987. Integrative regulation of leaf
morphogenesis by gibberellic and abscisic acids in the
aquatic angiosperm Proserpinaca palustris L., Aquat. Bot. 28:
89-96.

Kane, M. E. and L. S. Albert. 1989. Abscisic acid induction of aerial
leaf development in Myriophyllum and Proserpinaca species

cultured in vitro. J. Aquat. Plant Manage 27: 102-111.

113



Kane, M. E.,, N. L. Philman, T. M. Lee and M. A. Jenks. 1991b.
Micropropagation and transplant growth performance of wet
land plants: Potendaria cordata. Hort. Science 26: 756.

Kane, M. E. and L. S. Albert. 1987. Integrative regulation of leaf
morphogenesis by gibberellic and abscisic acids in the
aquatic angiosperm Proserpinaca palustris L., Aquat. Bot. 28:
89-96.

Kane, M. E., G. C. Davis, D. B. McConnell and J. A. Gargiulo. 1999.
In vitro propagation of Cryptocoryne wendtii. Aquat. Bot. 63:
}97-202.

Kane, M. E., N. L. Philman, C. A. Bartuska and D.B. Mc Connel.
1993. Growth regulator effects on in vitro shoot
regeneration of Crassula helmsii. J. Aquat. Plant Manage. 31:
59-64.

Kane, M. E.,, M. A. Jenks and T.J. Sheehan 1990b. Propagation
studies in the Nymphaceae: American lotus. Water Gadn. J.
6: 31-33.

Kane, M. E. and T. J. Sheehan, 1988. Aquatic plant tigsue culture:

Fluppping up the parrot feather, Water Garden J.4: 19 -23.

114



Kane, M. E., T. J. Sheehan and F. H. Ferwerda. 1988. In vitro growth
of American lotus embryos. Hort. Science 23:611-613.

Kang, L. C. 1979. Orchids : Their cultivation and hybridization.
Eastern Universities Press, SDN, BHD, Singapore.

Kang, K. Y., S. H.’ Ha, H. B. Jeong, J. S. Jeong and S. S. Lee. 1994.
Study on the tissue culture of strawberry (Fragaria X
ananassa) 2. Organ differentiation and virus free stock
production from petiole tissue culture. R.D. A.J. Agricul.
Sci. Biotechnol. 36(2): 193-198.

Kapoor, S. and S. C. Gupta. 1986. Rapid in vitro differentiation of
Sesbania bispinosa plants , a leguminous shrub. Plant Cell
Tiss. Org. Cuit. 7 : 263-268.

Kato, M. 1996. Somatic embryogenesis from immature leaves of in
vitro grown tea shoots. Plant Cell Rep. 15 : 920-923.

Kaur, K. B. Verma and U. Kant. 1988. Plants obtained from the
Khair tree (Acacia catechu Willd. ) using mature nodal
segments. Plant Cell Rep. 17: 427-429.

Kelly, J. W. and J.J. Frett. 1986. Photoperiodic control of growth

of water lilies. Hortscience 21: 151.

115



Kim, Y. W., B. C. Lee, S. K. Lee and S. S. Jang. 1994. Somatic
embryogenesis and plant regeneration in Quercus acutissima .
Plant Cell. Rep. 13:315-318.

Komalavalli, N. and M. V. Rao. In  vitro micropropagation of
Gymnema elegans W &A- arare medicinal plant. Ind. J. Exp.
Biol. 35: 1088-1092.

Kondo. K., C. Tanaka, T. Shimada and M. Ohtoni. 1997. Developmental
morphology of seeds micropropagation of Orchis aristata
Fisher (Orchidaceae) in axenic culture. Ann Tsukuba Bot.
Gard. 16, 41-48.

Korban, S. S., P. A. O’Connor and A. Elobeidy. 1992. Effects of
thidiazuron , naphthaleneacetic acid, dark incubation and
genotype on shoot organogenesis from Malus leaves. .
Hortic. Sci. 67 : 341-349.

Kosar, N.F. 1959. Holly Breeding. Plant and Garden 15(2): 74 -
79.

Kraus, T.E. and R.A. Fletcher. 1994. Paclobutrazole protects wheat
seedlings from heat and paraquat injury- Is detoxification of

active oxygen involved ? Plant Cell Physiol. 35: 45-52.

116



Kukreja, AK. 1999. In vitro Propagation of lemon balm (Melissa
officinalis L.) through nodal bud culture of adult plant. J. of
Spices and Arom. Crops. 8(2): 171-177.

Kumar, A. 1992. Micropropagation of mature leguminous tree-
Bauhinia purpurea. Plant Cell. Tiss. Org. Cult 31: 257-259.

Kumari, N., U. Jaiswal and V. S. Jaiswal. 1998. Introduction of
somatic embryogenesis and plant regenefation of leaf callus
of Terminalia arjuna. Bedd. Cur. Sc. 75: 1502-1055.

Kumaria, S. 1991. In vitro propagation of Dendrobium fimbriatum var.
'oculatum HK. F.: Some functional and biochemical aspects of
its growth. Ph D. thesis. North Eastern Hill University, Shillong.

Kumaria, S. and P. Tandon. 1991. A symbiotic germination of
Dendrobium fimbriatum var. oculatum HKF. seeds on
different media. Pro.Indian Natl. Sci. Acad. B 57 (3-4): 277-279.

Kumaria, S. and P. Tandon. 1994. Clonal propagation and
establishment of plantlets of Dendrobium fimbriatum var.
oculatum Hook. F. In: Advances in Plant Tissue Culture in India

(Ed. P. Tandon) Pragati Prakashan, Meerut, India, pp 218-231.

117



Lal, N., P. S. Ahuja, A. K. Kukreja and B. Pandey. 1988. Clonal
propagation of Picrorhiza kurroa Royle ex Benth. by shoot
tip culture. Plant Cell Rep. 7:202-205.

Lakshmanan, P. 1994. In vitro establishment and multiplication of
Nymphaea hybrid “ James Brydon”. Plant Cell Tiss. Org.
Cult. 36,1, 145-148.

Lakshmanan, P., C. Lee and C. Goh. 1997. An efficient in vitro
method for mass propagation of a woody ornamental Ixora
occinea L. Plant Cell Rep 16: 572-5777.

Lemos, E. E. P. and D.E. Baker. 1998. Shoot regeneration in
response to carbon source on internodal explants of Annona
muricata L. Plant Growth Regul 25: 105-112.

Lerch, L. 1981. In: Metal ions in biological systems. (ed.) Sigel, H.,
Marcel 13. Peekker, Inc. New York.

Li, J., M. Jain, R.Vunsh and J. Vishnevetsky.2004. Callus induction and
regeneration in Spirodela and Lemna. Plant Cell. Rep. 22:
457-464.

Li, ZJ.,, A. Traore, S. Maximova and M J.Gultinan.1998. Somatic

embryogenesis and plant regeneration from floral explants of

118



Cacao (Theobroma cacao L.) using Thidiazuran. In vitro
cell Dev. Biol Plant. 34: 293-299.

Lin, H. S., M. J. De Jeu and E. Jacobsen. 1998. Formation of shoots
from leaf axils of Alstroemeria : the effect of the position on
the stem. Plant Cell Tiss.Org.Cult. 52: 165-169.

Linington, I. M. 1991. In vitro propagation of Dipterocarpus alatus and
Dipterocarpus intricatus. Plant Call. Tiss. Org. Cult. 27: 81-
88.

Linsmaier, E. M. and Skoog. 1965. Organic growth factor reqirements of
tobacco cultures. Physiologia Plantarum. 18: 100-127.

Liu, G. and M. Bao. 2003. Adventitious shoot regeneration from in
vitro cultured leaves of London tree (Platanus acerifolia
Wild.). Plant Cel. Rep. 21 : 641- 644,

Lloyd, G. B. and B. H. M(\:j Cown. 1980. Commercially feasible
micropropagation of mountain laurel, Kalmia latifolia, by use
of shoot tip culture. Proc. Intl.Pl. Prop. Soc. 30:421-427.

Love, S. L., B. B. Rhodes and J. W. Scoweroft. 1987. Meristem — tip
culture and virus -indexing of sweet potatoes. Practical
manuals for handling crop germplasm in vitro, IBPGR,

Rome.

119



Lu, C, Y. Ruan and M. Bridgen. 1995. Micropropagation
procedures for Leontochir ovallei. Plant Cell Tiss. Org. Cult.
42 :219 -221.

Luna, R. K. 1989. Plantation Forestry in India. International Book
Distributors, Dehradun, India.

Lynch, P. T. 1999. Tissue culture techniques in in vitro plant
conservation, Pp 41-62. In E.E. Bensen (ed.) . Plant
Conservation Biotech., Taylor and Francis, London, pp. 41-62.

Madsen, J. D. 1985. The use of vegetative propagagules for sterile
cpltures of aquatic macrophytes. Mich. Bot. 24: 169-174.

Makunga, N. P., A.K.Jager and J.V. Staden. 2003. Micropropagation of
Thapsia garganica a medicinal plant. Plant Cell Rep. 21:
967-973.

Malamug, J. J. F., H. Inden and T. Asahira. 1991. Plantlet
regeneration and propagation from ginger callus. Sci. Hort.

Cul. 48: 89-97.

Malaurie, B. O. Pungu amd M. F. Trouslot. 1993. The creation of an

in vitro germplasm collection of yam (Dioscorea sp. ) for

genetic resource preservation. Euphytica 65, 113-122,

120



Manzhel, A.V., R.G. Butenko and A. S. Popov. 1983. Effect of
pre-treatments of potato apices surviving after deep freezing.
Soc. Plant Physiol. 30 : 1180-1193. v

March, G. D., E. Grenier, N. Miannay, G. Sulmont, H. David and
A. David. 1993. Potential of somatic embryogenesis in
Prunus avium immature zygotic embryos. Plant Cell Tiss.
Org. cult. 34: 209-215.

Marino, G., P. Rosati and F. Sagrati, 1985. Storage of in vitro
cultures of Prunus root stocks. Plant cell. Tiss. Org. Cult., 5 :
73-78.

Martin, A. C. 1946. The comparative internal morphology of seeds.
Amer. Midland Naturalist 36(3) : 515-660.

Martin, K. P. 2003. Rapid in vitro multiplication and ex vitro rooting
of Rotula aquatica Lour., a rare rhoeophytic woody
medicinal plant. Plant Cell Rep.21: 415-420.

Maruyama, E. I. Kinoshita , K. Ishii, K. Ohba and A. Saito. 1997.
Germplasm conservation of the tropical forest trees, Cedela
odorata L., Guazuma crinita Mart. And  Jacaranda

mimosaefolia D. Don. By shoot tip encapsulation in calcium

alginate and storate at 12-25°C. Plant cell Rpt. 16: 393-396.

121



Mascarenhas, A.F. and D.C. Agrawal.1991. Prospects for in vitro v
conservation of tree germplasm. In : Zakri, A. H, N. M.
Norma, M. T. Senawi and A. G. Abdul Karim (eds).
Conservation of plant genetic resources through in vitro
methods pp 231-252. FRIM / MNCPGR, Kualampur,
Malaysia.

Mascarenhas, A. F. and E. F. Muralidharan. 1989. Tissue Culture of
Forest Trees in India. Curr. Sci. 58: 60-612.

Mathew, M. K.. 1993. Developmental studies in certain spices plants.
Ph. D. Thesis, University of Calicut.

Mathew, M. K. and M. Hariharan. 1990. In vitro multiple shoot
regeneration in Syzigium aromaticum Merr. & Perry. Ann.
Bott. 65: 277-279.

Mathur, A., A. K. Mathur, A. K. Kukreja, P. S. Ahuja and B. R. Tyagi.
1987. Establishment and multiplication of Colchi—autoteraploids
of Rauvolfia serpentina L. Benth. ex. Kurtz. through tissue
culture. Plant Cell Tiss.Org. cult. 10:129-134.

Mathur, J. and S. Mukunthakumar. 1992. Micropropagation of Bauhinia
variegata and Parkinsonia aculeata form nodal explants of

mature trees. Plant Cell Tiss. Org. Cult. 28:119 -121.

122



Mathur, N., K. G. Ramawat and D. Nandawani. 1995. Rapid in vitro
multiplication of jujuve through mature stem explant. Plant
Cell Tiss. Org. Cult. 43: 75-77.

Mattis, P. R., H.J. Swartz and G. Eisenbeiss. 1995. Development of
embryo rescue and shoot regeneration techniques in Ilex. J.of
Environmental Horticulture 13(4): 164-168.

McComb, J.A. 1985. Micropropagation of the rare species Stylidium
coroniforme and other Stylidium species. Plant Cell,
Tissue and Organ Culture 4: 151-158.

Mercier, H., C. C. J. Vieira and R. C. L. Figueiredo Rebeiro. 1992.
Tissue Culture and Plant propagation of Gomphrena officinalis
a Brazilian medicinal plant. Plant Cell Tiss. Org. Cult. 28:
249-254.

Merkle, S. A. and S.H. E. Sommer. 1986. Somatic embryogenesis in
tissue cultures of Liriodendron tulipifera L. Can. J. For
Res. 16: 420-422.

Miguel, C. M., Ph. Druart and M. M. Oliveira. 1996. Shoot
regeneration from adventitious buds induced on juvenile and
adult almond (Prunus dulcis Mill. ) explants. In vitro Cell

Dev. Biol. Plant 32 : 148-153.

123



Mittal, A. R. Agrawal and S.C. Gupta. 1989. In vitro development of
plantlets form axillary buds of Acacia auriculiformis — a
leguminous tree. Plant Cell Tiss. Org. Cult. 19: 65-70.

Mohan, K. P. T.and S. M. Jorapur. 1984. In vitro seed germination of
Calanthe masuca (D. Don ) Lindl. (Orchidaceae). J. Indian
Bot. Soc. 63: 121-123.

Mohan Ram., H. Y. 1991. Biology of Aquatic flowering plants.
Proc. Indian Natn. Sci. Acad. B 57: p 95-108.

Mohan Ram, H. Y. and M. Kakkar. 1983. Role of tissue culture in
the study of aquatic plants. Bull. Bot. Surv. India 25: 26-34.

Mohan Ram, H. Y., U. Mehta and U. R. Rao. 1981. Tissue and
protoplast culture and plantlet regeneration in legumes. Proc.
Costed. Symp. on Tissue Culture of Economically
Important Plant.

Molina, D. M., M. E. Aponte, H. Cortina and G. Moreno. 2002.
The effect of genotype and explant age on somatic
embryogenesis of coffee. Plant Cell Tiss. Org. Cult. 71:

117 - 123,

124



Moon, H. K.and A. M. Stomp. 1997. Effect of medium components
and light on callus induction, growth and frond regeneration
in Lemna gibba (duckweed) In vitro 33: 20-25.

Morte, M. A.,, E. Olmos, E. Hellin and A. Piqueras. 1991.
Micorpropagation of holly (llex aquifolium). Acta Hort.
289, 139-140.

Moura, M., S. Roest, G. S. Bokelmann, G. Loyd, B. Mc Cown, G.
Corte, A. Mendonea and E. Cellarova. 1998. Conservation of
Hypericum foliosum Aiton. An endemic Azorean species, by
micropropagation. In vitro Cellular and Developmental
Biology of Plant 34(3): 244-248.

Mouras, A. and A. Lutz. 1980. Induction repression et concervation des
cultures de tissue de carotte sauvage. Bull. Soc. Bot. Fr. 127:
93-98.

Mukopadhyay, S., M. J. Mukopadhyay and A. K. Sharma. 1991. In
vitro multiplication and regeneration of cytologically stable
plantlets of Rauwolfia serpentina Benth. through shoot tip
culture. Nucleus Calcutta, 34(3): 170-173.

Murashige, T. 1974. Plant propagation through tissue cultures. Ann.

Rev. Plant Physiol. 25: 135-166.

125



Murashige, T. 1978. In : Thorpe T.A. (ed.) Frontiers of Plant
Tissue Culture, University of Calgary Press, Calgary, pp 15-
26. g

Murashige, T. and F. Skoog. 1962. A revised medium of rapid %
growth and bioassay with tobacco tissue cultures. Physiol.
Plant. 15: 473-497.

Nadgauda, R. S. and A. F. Mascarenhas 1986. A method for
screening high curcumin containing (Curcuma longa L.)
cultivars in vitro J. Plant Physiol. 124: 359-364.

Naidu, 'M. M. and C. S. Sreenivasan. 2004. Effect of abscisic acid
and cytokinins on cultured zygotic embryos of Coffea arabica
cv. Cauvery (Catimor). Plant Cell Tiss. Org. Cult. 79 :
279-284.

Nair, L. G. and S. Seeni. 2003. In vitro multiplication of Calophyllum
a,.etalum (Clusiaceac), an endemic medicinal tree of the
Western Ghats. Plant Cell Tiss. Org. Cult. 75: 175-178.

Nanda R. M. and G. R. Rout. 2003. In vitro somatic embryogenesis

and plant regeneration in Acacia arabica. Plant Cell Tiss.

Org. Cult. 73 :131-135.

126



Nayar, M. P. 1997. Changing Pattern of Indian Flora. Bull. Bo’&y
Surv. India 19: 145-154.

Nayar, M. P. and A.R. K. Sastry (eds.).1990. Red. Data Book of
Indian Plants . BSI, Calcutta.

Negri, V., H. H. Hammad and A. Standardi. 1995. A space saving
storage technique for in vitro cultures of apple germplasm.
J. Genet Breed 49: 127-132.

Negri, V., N. Tosti and A. Standardi, 2000. Slow growth storage of
single node shoots of apple genotypes. Plant Cell Tiss. Org.
Cult. 62: 159-162.

Nikam, T. D. and M. G. Shitole. 1999. In vitro culture of Safflower
L.cv.Bhima, initiation, growth optimization and organogenesis.
Plant Cell Tiss. Org. Cult. 55: 15-22.

Nirmal Babu, K., K. Samsudeen, M. J. Ratnambal and P. N. Ravindran.
1996. Embryogenesis and plant regeneratin from ovary derived
callus cultures of ginger (Zingiber officinale Rosc). J. Spic.
Arom. Crop. 5: 134-138.

Nitsch, J. P. 1951. Growth and development of excised ovaries. An.

J. Bot. 38 : 566-577.

127



Noel, N., J. C. Leple and G. Pilate. 2002. Optimization of in vitro
micropropagation and regeneration of Populus X
interamericana  and Populus X euramericana hybrids (P.
deltoids, P. trichocarpa and P. nigra) . Plant Cell Rep. 20
1150-1155.

Noiton, D., J. H. Vine and M. G. Mullini. 1992. Effect of serial
subculture in vitro on the endogenous levels of indole-3-acetic
acid and abscisic acid and rootability in microcuttings Jonathar
apple. Pl. Growth . Reg. 11: 377-383.

Nuutila,' AM., C. Villiger and KM. Oksman —Caldentey. 2002.
Embryogenesis and regeneration of green plantlets from oat
(Avena sativa L.) leaf-base segments : influence of nitrogen
balance, sugar and auxin. Plant. Cell Rep. 20: 1156-1161.

Palacios, N., P. Christon and M. J. Leech. 2002. Regeneration of
Lonicera tatarica plants adventitious organogenesis from
cultured stem explants. Plant Cell Rep. 20 : pp. 808- 813.

Palni, L. M. S., S. Bhuchar and B. P. Kothyari. 1994. A simple
polypit can greatly reduce nursery time of tree seedlings

Hima — Paryavaran. 6: 10-11.

128



Panaia, M., T. Senaratna, E. Bunn, K. W. Dixon and K
Sivasithamparam. 2000. Micropropagation of the critically
endangered western Australian species Symonanthus bancrofti
(F. Muell.)) L. Haegi (Solanaccac). Plant Cell Tiss. Org.
Cult. 63:23-29.

Parliman, B.J., P. T. Evans and E. A. Rupert. 1982. Tissue culture
of single rhizome explant of Dionaea muscipula Ellis ex.L.,
the venus fly trap, for rapid asexual propagation.J. Am. Soc.
Hortic. Sci. 107: 305-310.

Patil, V. M. and M. Jayanthi. 1997. Micropropagation of two
species of Rauvolfia (Apocyanaceae). Cur. Sci. 72(12): 961-
965.

Pattnaik, S. and P. K. Chand 2000. Morphogenetic response of the
alginate- encapsulated axillary buds from in vitro shoots of six
mulbrerries. Plant Cell Tiss. Org. Cult. 60-:177-185.

Pereira, A. M. S., B. W. Bertoni, B. A.D. Gloria, A. R. B. Araujo, A.
H. Januario, M. V. Lourenco and S. C. Franca. 2000.
Micropropagation of Potomorphe umbellata via direct
organogenesis from leaf explants. Plant cell. Tiss. Org. Cult.

60: 47-53.

129



Perez,

Pesce.

C., B. Fernandez and R. Rodriguez. 1983. In vitro plant
regeneration through asexual embryogenesis in cotyledonary
segments of Coryllus avellana L. Plant Cell Rep. 2: 226-228.
P.G. and E. Rugini. 2004. Influence of plant growth
regulators, carbon sources and iron on the cyclic secondary
somatic embryogenesis and plant regeneration of transgenic

cherry root stock ‘colt’ (Prunus avium x Pseudocerasus).

Plant Cell Tiss. Org. Cult. 79 : 223-232.

Pence, V. C. 1999. The application of Biotechnology for the

Philip,

(?onservation of endangered plants. In : Benson, E.E. (ed.),
Plant Conservation Biotechnology. Taylor and Francis Ltd.,
U.K.., pp. 227-250.

V.J, D. Joseph, G.S. Triggs and N. M. Dickinson. 1992.
Micropropagation of black pepper (Piper nigrum  Linn.)

through shoot tip cultures. Plant Cell Rep. 12: 41-44.

Philipson, J. D.,, O. Neill, M. J. Wright, C. W. Bray and D. H.

Warhurst. 1987. Plants as a source of antimalarial and
amoebicidal compounds. In XIV International Botanical

Congress Grenter, W., B. Zimmer and H.D. Behnke (eds.)

Berlin pp 291.

130



Pliego-Alfaro, F., M. J. R. Monsalud, R. E. Litz, D.T. Gray and
P.A. Moon. 1996. Effect of abscisic acid , osmolarity and
partial desication on the development of recalcitrant mango
somatic embryos. Plant Cell Tiss. Org. Cult. 44: 63-70.

Prance, G. F. 1997. The conservation of botanic diversity. In N.
Maxted, B.V. Ford-Lloyd and J. G. Hawkes (eds.). Plant
Genetic Conservaton. Chapman and Mall, London.

Preece, J. E.,, G. M. Mc Granahan, L. M. Long and C. A. Leslie.
1995. Somatic embryogenesis in Walnut (Juglans regia) In:
Jain, S. M., P. K. Gupta and R.J. Newton (eds.). Somatic
Embryogenesis in Woody Plants (Vot. 2). Kluwer Academic
Publishers, the Netherlands, pp. 99-116.

Pretto, F. R. and E. R. Santarem. 2000. Callus formation and plant
regeneration from Hypericum perforatum leaves. Plant Cell
Tiss. Org. Cult. 62(2): 107-113.

Pritchard, H. W., B. W. W. Grout and K. C. Short. 1986. Osmotic
stress as a pre-growth procedur¢ for cryopreservation. 3.
Cryobiology of Sycamore and Soyabeen cell suspension. Ann.

Bot., 57: 379- 387.

131



Priyadarshan, P.M., KM. Kuruvilla and R. Naidu. 1988.
Biotechnological studies in Cardamom (Elletteria
cardamomum Maton.). Effects of vivid media protocols and
genotypic specificity on micropropagation. Nat. Symp. on
New Trends in Biotechnology. Oxford 1BH.

Przetakiewiez, A., W. Orezyk. 2003. The effect of auxin on plant
regeneration of wheat , barley and Triticale. Plant Cell Tiss.
Org. Cult. 73: 245-256.

Purohit, S.D. and A. Dave. 1996. Micropropagation of Sterculia
urens Roxb. —an endangered tree species. Plant Cell Rep.
15: 704-706.

Purohit, S. D., A. Dave and G. Kukda. 1994. Micropropagaﬁon of
safed musli (Chlorophytum borivilianum) - a rare Indian
medicinal herb. Plant Cell Tiss. Org. Cult. 39: 93-96.

Radojevic, L. 1979. Somatic embryos and plantlets from callus
cultures of Paulownia tomentosa Stend. Z. Planzenphysiol.
91: 157-162.

Raghuvanshi, S. S. and A. Srivastava, 1995. Plant regeneration of
Mangifera indica wusing liquid shaker culture to reduce

phenolic exudation. Plant Cell Tiss. Org. Cult. 41: 83-85.

132



Rahman, S. M., M. Hossain, B. K. Biswas, O.1. Joarder and R.

Islam. 1993. Micropropagation of Caesalpinia pulcherima
through nodal bud culture. Plant cell Tiss. Org. Cult. 32:
303-305.

Rai, V. R. and K. S.J. Chandra. 1988. In vitro regeneration of
plantlets from shoot callus of mature trees of Dalbergia
latifolia. Plant Cell Tiss. Org. Cult.- 13: 77-83.

Rajani, M. S. and H. G. V. G. Urs. 1998. Multiple shoot induction
from cotyledonary explants of Tabebuia species in vitro.
Phytomorph. 48: 207-213.

Ramana, V. R., C. H. Venu, T. Jayasree and A. Sadanadam. 1996. Direct
somatic embryogenesis and transformation in Cicer arietinum
L. Ind. J. Exp. Biol. 34: 716-718.

Ramsay, M. M. 1997. An integrated approach to endangered plant
conservation at Royal Botanic Gardens, Kew : A role of in
vitro techniques. In vitro 33(3) Pt. 2: 15.

Ramsay, M. M. and J. Stewart. 1998. Re-establishment of the lady’s
slipper orchid (Cypripedium calceolus L) in Britain.

Botanical Journal of the Linnean Society 126, 173-181.

133



Rao, K. S. 1986. Plantlets from somatic callus tissue of the East
Indian Rose wood (Dalbergia latifolia). Plant Cell Rep. 5:
199-201.

Rao, M. M. and G. L. Sita. 1996. Direct somatic embryogenesis
from immature embryos of rose wood. Plant Cell. Rep. 15:
355-359.

Rao, P. S. 1965. In vitro production of embryonal proliferation in
Santalum album L. Phytomorph. 15: 175-179.

Rao, R. R. 1997. Diversity of Indian flora. Proc. Indian Watr. Sci./
Acad. B. 63 (3): 127-138.

Rao, S. and H. Y. Mohan Ram. 1981. Regeneration of whole plants
from cultured root tips of Limnophila indica Can.J. Bot.
59: 969-973.

Rathore, T. S., R. P. Singh and N. S. Sekhawat. 1991. Clonal
propagation of desert teak (Zecomella wundulata) through
tissue culture. Plant Science. 79: 217-222.

Reed, B. M. 1992. Cold storage of strawberries in vitro : A

comparison of three sorage systems. Fruit Varieties Journal

46, 98-102.

134



Roca, W. M. 1990. IBPGR — CIAT Pilot In vitro Project. IBPGR
Progress Report.

Rout, G. R., S. Samantaray and P. Das. 1995. Somatic embryogenesis
and plant regeneration from callus culture of Acacia catechu-
a multipurpose leguminous tree. Plant Cell Tiss. Org. Cult.
42: 283-285.

Roy, P. K., M. M. Rahman and S. K. Roy. 1996. In vitro propagation
of Syzygium cuminii L. from selected elite trees. Acta Hort.
429: 489-495.

Roy, S. K. and S. K. Datta. 1985. Clonal propagation of legume
: v
tree Albizzia procera through tissue culture. Bangladesh I.
Bot. 14(2): 127-131.

Roy, S. K., S. L. Rahman and P. C. Datta, 1988. In vitro propagation
of Mitragyna pavifolia Korth .Plant Cell Tiss. Org. Cult. 12,
75-80.

Sachs, T.and K.V. Thimann. 1964. Release of lateral buds from
apical dominance. Nature. 201: 939 -940.

Sahoo, Y. and P. K. Chand. 1998. In vitro multiplication of a

medicinal herb Tridax procumbens L. Influences of

135



explanting season, growth regulator synergy, culture passage

and planting substrate. Phytomorph 48 : 195-205.

Saikia, F. R., C. C. Baruah, A. C. Deka and M. C. Kalita. 2001

Saini,

Micropropagation of Hydrocotyle rotundifolia —an indigenous
medicinal plant of N.E. India. J. of Medicinal and Arom. Pl
Sc. 23(14): 291-293.

R. and P. K. Jaiwala. 2000. In vitro multiplication of
Peganum harmala. An important medicinal plant. Indian J.

of Exp. Biol. 38(5): 499-503.

Sajina, A.,, M. Mini, C. Z. John, K. Nirmal Babu, P. N. Ravindran

and K. V. Peter. 1997. Micropropagation of large cardamom
(Amomum subulatum Roxb.) J. Spic. Arom. Crop. 6: 145-

148.

Sakamura, F. and T. Suga. 1989. Zingiber Rosc. (Ginger): In vitro

propagation and the production of volatile constituents. In :
Biotechnology in Agriculture and Forestry. Vol. 7, Medicinal

and Aromatic Plants II (Ed.) Bajaj Y.P.S. pp. 524-538

Springer-Verlag —Berlin Heidelberg.

136



Salvi, N. D.,, H. Singh, S. Tivarekar and S. Eapen. 2001. Plant
regeneration from different explants of neem. Plant Cell Tiss.
Org. Cult. 65 : 159-162.

Samarajeewa, P. K., M. D. Dassanayake and S. D. G. Jaywardena.
1993. Clonal propagation of Gloriosa superba L. Ind. J. Exp.
Biol. 31 : 719-720.

Sancak,C., S. Mirici and S. Ozcan. 2000. High frequency shoot
regeneration from embryo explants of Hungerian Vetch. Plant
Cell Tiss. Org. Cult. 61: 231-235.

Sansberro, P., H. Rey, L. Mroginski and M. Callavino. 1999. In vitro
plant regenerationof llex paraguariensis (Aquifoliaceae). In
vitro Cell Dev. Biol. Plant; 35, 3, 401-02.

Sarasan, V., M. M. Ramsay and A. V. Roberts. 2002. In vitro
germination and induction of direct somatic embryogenesis in
‘Bottle palm’ [Hyophorbe lagenicaulis (L. Bailey) H. E.
Moore], a critically endangered Mauritian palm. Plant cell
Rep. 20: 1107-1111.

Sarkar, K. P.,, R. Islam, A. Hoque and O. I. Joarder. 1996. In vitro
propagation of Rauvolfia serpentina through tissue culture.

Planta Med. 62(4): 358-359.

137



Sarma, D., S. Sarma and A. Baruah. 1999. Micropropagation and in
vitro flowering of Rauvolfia tetraphyla. A potent source of
antihypertension drugs. Planta Med. 65: 1-2.

Sasamota, M. and Y. Hosoi. 1992. Calus proliferation from the
protoplasts of embryonic cells of Quercus serrata. Plant Cell
Tiss. Org. Cult. 29: 241-245.

Schenk, R. U. and A. C. Hildetbrandt. 1972. Medium and techniques
for induction for  growth of monocotyledonous  and
dicotyledonous plant cell cultures. Can. J. Bot. 50: 199-204.

Schimt, W., S. Peters and L. Beerhues. 2000. Xanthone 6-
hydroxylase from cell cultures of Centaurium erythroea and
Hypericum androsaemum L. Phytochemistry 53: 427-431.

Scott, P., R. L. Lyne. 1994. The effect of different carbohydrate
sources upon the initiation of embryogenesis from barely
microspores. Plant Cell Tiss. Org. Cult. 36: 129 -133.

Sculthorpe, C. D. 1967. The biology of aquatic vascular plants,
Edward Arnold, London, pp. 610.

Seeni, S. and K. K. Sabu. 1997. Conservation and economic
utilization of plant resources through biotechnological means.

In : Pushpangadan, P., Ravi, K. and Santosh, V. (eds.,),

138



Conservation and Economic Evaluation of Biodiversity Vol 1.
Oxford IBH Publishing Co., New Delhi, pp. 239-249.

Sehgal, A., H. Y. Mohan Ram and J. R. Bhatt. 1993. In vitro
germination, growth, morphogenesis and flowering of an
aquatic angiosperm Polypleurum stylosum (Podostemaceae).
Aquat. Bot. 45: 269-283.

Sessler, G.J. 1978. Orchids and How to Grow Them. Prentice —
Hall, Inc., New Jersey.

Shahana, S. and S. C. Gupta. 2002. Somatic embryogenesis in
Sesbania sesban var. bicolor. A multipurpose fabaceous woody
species. Plant Cell Tiss. Org. Cult. 69: 289-292.

Sharma, A., P. Tandon and A. Kumar. 1992. Regeneration of
Dendrobium  wardianum  Wamer  (Orchidaceae) from
‘synthetic seeds’ Indian J. Exptl. Biol. 30, 747-748.

Sharma, N. and K. P. S. Chandel. 1992. Low temperature storage of
Rauvolfia serpentina Benth. ex Kunz. an endangered endemic
medicinal plant. Plant Cell Rep 11(4): 200-203.

Sharma, N., K. P. S. Chandal and V. K. Srivastava. 1991. In vitro
propagation of Coleus forskohlii Briq. A threatened medicinal

plant. Plant Cell Rep. 10: 67-70.

139



Sharma, N., K. P. S. Chandal and A. Paul. 1995. In vitro conservation
of threatened plants of medicinal importance. Indian Journal
of Plant Genetic Resources, 8, 107-112.

Sharma, S. and N. Chandra. 1988. Organogenesis and plantlet
formation in vitro in Dalbergia sissoo Roxb. J. Plant Physiol.
132: 145-147.

Sharma, S. K. and P. Tandon. 1987. Axenic genmination of some
epiphytic orchids of Meghalaya. J. Orchid Soc. India 1(1,2) 85-
90.

Sharma, T. R. and B. M. Singh. 1997. High-frequency in vitro
multiplication of discase -free Zingiber officinale Rosc. Plant
Cell Rep. 17: 68-72.

Sharp, W. R., M. R. Sondah, L. S. Caldas and S. B. Maraffa. 1980. The
physiology of in vitro asexual embryogenesis. Hortic. Rev. 2:
268-310.

Singh, B. and T.D. Pruthi. 1998. Biodiversity in herbal medicines.
Sc. Rep. 4: 52-58..

Sita, G.L. 1986. Sandalwood (Santalum album L.) In: Biotechnology in
agriculture and forestry I Trees, (Ed.). Bajaj, Y.P.S. pp 363-

374., Springer- Verlag, Berlin.

140



Sita, G. L., C. S. Vidyanathan and T. Ramakrishnan. 1982. Apllied
aspects of plant tissue culture with specific reference to tre/e
improvement. Cur. Sc. 51 : 88-92.

Sita, G. L., K. S. Sreenatha and S. Sujatha. 1992. Pantlet production
from shoot tip cultures of red Sandalwood ( Petrocarpus
santalinus L..) Cur. Sci. 62: 532-535.

Sita, G. L., N. V. Raghava and C. S. Vaidyanathan. 1979. Differentiation _
of embryoids and plantlets from shoot callus of Sandal
wood. Plant Sc. Lett. Pp 265-270.

Skolmen, R. G. 1986. Acacia (Acacia koa Gray). In : Bajaj, Y.P. S.
(ed.) Biotechnology in Agriculture and Forestry Vol. 1. Trees
1( pp-375-384). Springer-Verlag, Berlin.

Skoog, F.and C. O. Miller. 1957. Chemical regulation of growth and
organ formation in plant tissues cultured in vitro. Symp. Soc.
Exp. Biol. 11: 118-130.

Slovin, J. P. and J. D. Cohen. 1985. Generation of variant lines of
Lemna gibba G, via tissue culture, for use in selection auxin

metabolism mutants. Plant Physiol. Suppl. Am. Soc. Plant.

Physiol. 77: 11.

141



Sondahl, M. R., T. Nakamura and W. R. Sharp. 1985. Propagation of
Cofee. In : Tissue culture in Agriculture and Forestry (Eds.).
Henke, R. R, K. S. W. Hughes, M. J. Constantin and
Hollaender, pp 215-233, Plenum Press, New York.

Staritsky, G. and E. A. Zandvoort. 1985. In vitro propagation and
genetic conservaton of tropical woody crops . Acta Botanica
Neerlandica 34, 238.

Stenberg, M. L. and M. E. Kane. 1998. In vitro germination and
cultivation of Encyclia bothiana Var. erythronioides, an
endangered Florida Orchid. Lindleyana 13: 101-112.

Steward, F. C., M. D. Mapes and K. Mears. 1958. Organised growth
and development of cultured cells. II. Organisation in cultures
grown from freely suspended cells. Am. J. Bot. 45: 705-708.

Su, W. W., W. J. Hwang, S. Y. Kim and Y. Sagawa. 1997. Induction of
somatic embryogenesis in Azadirachta indica. Plant Cell
Tiss. Org. Cult. 50: 9-95.

Subramanyam, K. 1962. Aquatic angiosperms, Botanical Monograph
No. 3. Council of Scientific and Industrial Research, New

Delhi. Pp. 190.

142



Sudha, C. G. and S. Seeni. 1996. In vitro propagation of Rauwolfia
micrantha, a rare medicinal plant. Plant Cell Tiss. Org. Cult.
44(3): 243-248.

Swedlund, B. R. and D. Locy. 1993. Sorbitol as the primary carbon
source for the growth of embryonic callus of maize. Plant
Physiol 103: 1339-1346.

Takebe, 1., G. Labib and G. Melchers. 1971. Regeneration of whole
plants from isolated mesophyll protoplasts of tobacoo. Natur
wissenschaften, 58: 318-320.

Tandon, P. 2000. Role of biotechnology in conservation of plant
genetic resources in the 21 century — An Indian
perspective. Platinum Jubilee Lecture, 87" Session , Indian
Science Congress Association, Pune.

Tandon, P. 2004. Conservation and sustainable development of plant
resources of North East India . Man and Socienty 1 (1), 49-59.

Tandon, P. and T. S. Rathore. 1992. Regeneration of plantlets from
hypocotyle derived callus of Coptis teeta. Plant Cell tiss org.
Cult. 28, 115-117.

Tandon, P. and T. S. Rathore. 1994. Mass clonal multiplication of

the threatened Indian insectivorous plant (Nepenthes khasiana

143



Hook F.) through shoot bud culture, p 185-192. In P.
Tandon(ed.). Advances in Plant Tissue Culture in India.
Pragati Prakashan, India, pp. 185-192.

Tandon, P. and S. Kumaria . 1998. Threats to plant diversity in high
altitude of North-East India and conservaton of rare and
endangered plants using biotechnological approaches. In:
Saha, S., Ray, P.K. and Sinha, B. (eds.) Science at High
Altitude. Allied Publishers Ltd., India, pp. 140-147.

Tandon, P., T.S. Rathore and J. C. Dang. 1990. Mass multiplication
and conservation of some threatened plant species of
Northeast India through tissue culture, Abstracts VIIth
International Congress on Plant Tissue and Culture Amsterdam,
Netherlands: IAPTC, p. 136.

Tang, W. and R.J. Newton. 2005. Plant regeneration from callus
cultures derived from mature zygotic embryos in white pine
(Pinus strobus L.). Plant Cell Rep. 24: 1-9.

Tantos, A., A. Meszaros, 1 Farkas, J. Szalai, and G. Horvath. 2001.
Triacontanol- supported miccropropagation of woody plants.

Plant Cell Rep. 2: 16-21.

144



Teng, W. L. 1999. Source, etiolation and orientation of explants
affect in vitro regeneration of Venous fly trap (Dionaea
muscipula) . Plant Cell Rep. 18: 363-368.

Thomas, P. and M. B. Ravindra. 1997. Shoot tip culture in mango:
Influence of medium, genotype, explant factors, season and
decontamination treatments on phenol exudation, explant
survival and axenic culture establishment. J. Hort. Sci. 72:
713-&22.

Tisserat, B. 1981. Date palm tissue culture. Agric. Res. Serv. Adyv.

Agric. Technol.,, Western Ser. No. 17, U.S.D.A., Calif, pp.1-

f

50.

Tomes, T., B, E. Ellis, P. M. Harney, K. J. Kasha and R.L. Peterson.
1982. Application of plant cell and tissue culture in
agriculture and industry, Univ. of Guelph, Guelph.

Uma, M. C. and H. Y. Mohan Ram. 1972. In vitro culture of
Valisneria spiralis. Phytomorphology 22: 121-124.

Upadhyay, N., A. Y. Makoveychuk, L. A. Nikoleava and T. B.
Batygina. 1992. Organgenesis and somatic embryogenesis in
leaf callus culture of Rauwolfia caffra Sond. J. Plant

Physiol. 140: 218-222.

145



Upadhyay, R.,, N. Arumugam and S. S. Bhojwani. 1989. In vitro
propagation of  Picrorhiza kurroa Royle Ex Benth.— An
endangered species of medicinal importance. Phytomorphotogy,
39 (2,3) pp- 235-242.

Upreti, J. and U. Dhar. 1996. Micropropagation of Bauhnia vahlii
Wight and Arnott — leguminous liana. Plant Cell Rep. 16:
250-254.

Vasil, I. K. and A. C. Hilderbrandt. 1965. Variation of morphogenetic
behaviour in plant tissue cultures. 1. Cichorium. Am. J. Bot.
53: 860-869.

Vasil. I. K. and A.V. Vasil. 1980. In: Vasil, 1. K. (ed.) Internatinal
Review of Cytology, Suppl. 11A. Academic Press, New
York. Pp. 145-173.

Vidyashankari, B. 1988. Seed germination and seedling morphology
in Indotristicha ramossimma (Podostemaccae) Grown in

vitro, Curr. Sc. 57: 369-373.
Vidyashankari, B. and H. Y. Mohan Ram. 1987. In vitro germination
and origin of thallus in Griffithella hookeriana

(Podostemaceae). Aquat Bot. 28: 161-169.

146



Vietez, A. M. and M. L. Vietez. 1980. Culture of chestnut shoots
from buds in vitro. J. Hort. Sci. 55: 83-84.

Villarreal, M. L. and G. Rojas. 1996. In vitro propagation of Mimosa
tenuiflora (Willd) Poiret, a Mexican medicinal tree. Plant
Cell Rep. 16: 80-82.

Vyas, P., M. S. Bisht, S. Buchar, S. Sharma and L. M. S. Palni.
1999. Polypit : An improved technique of raising nursery
plants. Journal of Sustainable Forestry. 8(1) : 43-59.

Wakabayashi, K., N. Sakurai and S. Kuraishi. 1991. Effects of
abscissic acid on the synthesis of cell wall polysaccharides in
segments of etiolated squash hypocotyls II. Levels of UDP -
Neutral Sugars. Plant Cell Physiol., 32(3): 427-432.

Walkey, D. J. A. 1972. Production of apple plantlets from axillary
/bud meristem. Can. J. Bot. 52: 1085-87.

Watt M. P., B. A. Gauntlett and F. C. Blackeway. 1996. Effect of
antifungal agents of in vitro cultures of Eucalyptus gra@is.
South African Forestry Journal 175: 23-28.

Watt, M. P., N. L. Thokoane, M. David and F. Blakeway. 2000. In
vitro storage of Eucalyptus grandis germplasm under minimal

growth conditions. Plant Cell Tiss. Org. Cult. 61: 161-164.

147



Wawrosch, C., P. R. Mallaand B. Kopp. 2001. Clonal propagation
of Lilium nepalensel D Don. A threatened medicinal plant of
Nepal. Plant Cell. Rep. 20: 285-288.

Welander, M. 1988. Plant regeneration from leaf and stem segments of
shoots raised in vitro from mature apple trees. J. Plant Physiol.
132: 738-744.

Werner, EM. and A.A. Boe. 1980. In vitro propagation of malting 7
apple root stock. Hort. Sc. 15: 509 -510.

White, P. R. 1963. The cultivation of Animal and Plant Cell. The Ronald
Press Co. New York,USA.

Wilkins, C. P. 1991. Conservation of tree crops. In : J.. H. Dodds (ed.),
In vitro Methods for conservation of Plant Genetic
Resources, pp. 151-237. Chapman and Hall, London.

Wilkins, C. P., H. J. New Bury and J. H. Dodds. 1980. Tissue culture
conservation of fruit trees, pp. 73-74. FAO/ IBPGR, Plant
Genetic Resources Newsletter.

Wilkins, C. P., H. J. New Bury and J. H. Dodds. 1998. Tissue culture
conservation of fruit trees. FAO/IBPGR. Plant  Genetic

Resources Newsletter. 73/74, 9-20.

148



Winton, L.L. 1970. Shoot and tree production from aspen tissue
cultures. Am. J. Bot. 57: 904-909.

Withers, L. A. 1979. Freeze preservation of somatic embryos and
clonal plantlets of carrot (Daucus carota). Plant Physiol 63:
460-463.

Withers, L. A. 1980. Tissue culture storage for genetic conservation.
IBPGR Tech. Rep., FAO, Rome.

Withers, L. A. 1991. In vitro conservaton. Biological Journal of the
Linnean Society, 43: 31- 42.

Withers, L. A. and F. Engelmann. 1998. In vitro conservation of
plant genetic resources. In :Altman, A. (ed.) Agricultural
biotechnology. Marcel Dekker, Inc., New York., pp. 57-88.

Withers, L. A. 1986. In vitro approaches to the conservation of plant
genetic resources. In : Withers, L.A. and P.G. Anderson
(eds.). Plant Tissue Culture and its Agricultural Applications
pp. 261-276. Butterworts, London.

Wochok, Z.S. 1981. The role if tissue culture in preserving in
threatened and endangered plant species. Biological

conservation 20: 83-89.

149



Wu, J.H, J.S. Cheng, W.C. Zhang and S.Y. Wu. 1990. Studies
on the ovule culture and somatic embryogenesis of Citrus. J.
Fruit Sci. 7: 19-24.

Xie, D.Y. and Y. Hong. 2001. Regeneration of Acacia mangium
through somatic embryogenesis. Plant Cell Rep. 20: 34-40.

Yadav.V., M. Lal and V.S. Jaiswal. 1990. In vitro micropropagation of
the tropical fruit tree Syzigium cumini L. Plant Cell Tiss.
Org. Cult. 21: 87-92.

Yam, T. W., J. Arditti and M. A. Weatherhead. 1989. The use of
darkening agents in seed germination and tissue culture

media for orchids: A review. J. Orchid Soc. Indica 3 (1-2),

35-39.
Yamamoto, Y. T., N. Rajbhandari, X. Lin, B. A. Bergmann, Y.
Nishimura and A.M. Stomp. 2001. Genetic transformation of

duckweed Lemna gibba and Lemna minor. In vitro 37: 349-

353.
Yancheva, S. D. S. Golubowicz, E. Fisher, S. Lev-Yadun and M. A.
Flaishman. 2003. Auxin type and timing of application to

determine the activation of the developmental programme

150



during in vitro organogenesis in apple. Plant Sci. 165: 299
-309.

Yang,J. Z. Hu, G. Q. Guo and G. C. Zheng. 2001. In vitro plant
regeneration from cotyledon explants of Swainsona salsula
Taubert. Plant Cell Tiss. Org. Cult. 66: 35-39.

Yepes, L. M., H. S. Aldwinckle. 1994. Factors that effect leaf
regeneration efficiency in apple, and effect of antibiotics in
morphogenesis. Plant Cell Tiss. Org. Cult. 37: 257-269.

Yusuf, A., R. K. Tyagi and S. K. Malik. 2001. Somatic embryogenesis
and plantlet regeneration from leaf segments of Piper
colubrinum. Plant Cell Tiss. Org. Cult. 65: 255-258.

Zimmerman, R. H. 1983. Factors effecting in vitro propagation
apple cultivars. Acta Hort. 131: 171-178.

Ziv, M. and A.H. Halvy. 1983. Control of oxidative browning and
in vitro  propagaton of  Strelitzia reginae. Hort. Sci. 18:

1085- 1087.

151



BIODATA

Name : SHRI JITEN CHANDRA DANG

Fathers Name : Late KIRSING DANG

Date of Birth : 01. 03. 1963

Present Address Senior Lecturer, Botany Department
Don Bosco College, Tura
Meghalaya
Pin 794 002

Permanent Address : Goipani Village

P. O. Koomsang, Doomdooma
District Tinsukia, Assam

Sex : Male
Nationality : Indian
Category : ST

Educational Qualifications

Name of the examination Board/University Division Year of
passing

HSLC Board of Secondary II 1978
Education, Assam

Pre-University Dibrugarh University, Assam 11 1980

B.Sc. (Botany Hons.) North-Eastern Hill II 1983
University, Shillong

M.Sc. (Botany) North-Eastern Hill II 1985
University, Shillong

Z

J.C. Dang




