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ABSTRACT

The aim of the present investigation was to standardize in vitro culture
techniques for plant regeneration and root induction from the different explants such as,
embryo, cotyledon, hypocotyl, leaf and nucellar tissue of the different 5 trecs of Aegle
marmelos. The morphogenic competence of these explants and trees were not same.
Among these cxplants thc morphogenic potentiality of the embryo explant was the
highest and the leaf explant was the lowest. The morphogenic competency of Tree 5 was
found to be higher than other trees.

The embryo explant produced large number of adventitious buds when cultured
in MS medium containing 1.0 mgl™ BA + 0.5 mgl" GA; without intermediate callus
formation. The cytokinins BA, Knr or 2ip alone was less effective. Lower concentrations
of auxins or GA3 incombination with cytokinins increased direct shoot proliferation but
supported callus growth. Occasional shoot proliferation was observed from root tip and
leaf while they were attached with parent shoot. The morphogenic potentiality of the
immature embryo was higher than the mature embryo.

Higher concentrations of auxins (5.0 mgl') incombination with lower
concentrations of cytokinins (1.0-2.0 mgl™) suppressed adventitious bud induction but

influenced callus proliferation from embryo explant.

The cotyledon explant induced multiple shoot formation directly or by passing
callus stage when incubated in MS medium containing 1.0 mgl! BA + 0.5 mgl™" GA,.
BA, Kn or 2ip with higher concentrations of auxins promoted callusing rather than direct
shoot proliferation. Kn 2.0 mgl™” + 2,4-D 5.0 mgl™ was the optimum growth regulator

supplement for callusing from the cotyledon explant.

Adventitious shoot regeneration directly or through organogenesis from the callus
was obtained from the hypocotyl explant after culturing onto MS medium supplemented
with different growth regulations formulations. Among the various growth regulators
formulations, 2.0 mgl™” BA + 0.2 mgl” NAA + 1.0 mgl" 1.0 was found more effective
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combination for direct shoot regeneration and 2.0 mgl”’ BA + 0.5 mgl? GA; was found
to be the best for shoots induction from hypocotyl callus. Growth regulator combination
2.0 mgl™ Kn + 5.0 mgl™ 2,4-D was proved to be the best for long term maintenance of

callus culture.

The leaves of in vitro grown shoots showed potentiality to regenerate shoot. BA
2.0 mgl™ + NAA 0.2 mgl” and BA 0.2 mgl™ + IAA 0.2 mgl™ were the optimum growth
regulator supplements for direct shoot regeneration. Frequent shoot regeneration was
observed from primary callus of the leaf explant. The morphogenic potentiality of more

recently formed leaves was higher than the older ones.

The nucellus of 4. marmelos showed potentiality to regenerate shoots. BA 1.0
mgl” + NAA 0.1 mgl™” was the optimum growth regulator supplement for the induction
of direct shoot regeneration from the nucellar tissue. On the other hand, the nucellar
explant induced to develop callus in 5.0 mgl™ NAA + 2.0 mgl" Kn. Multiple shoot
regeneration from the callus was obtained after the subsequent subculture onto 1.0 mgl™

BA + 0.5 mgl™ GA; supplemented medium.

The rooting potentiality of the microcuttings varied greatly with their sources of
explant and different other factors. IBA 30 mgl™ in MS medium showed more effective
media formulation for the maximum frequency of root initiation and root growth. Among
the different agar, sucrose, and pH levels in the rooting medium 7.5 gl?, 30 gt and 7.0
respectively, the best for root iitiation and root length. In gencral, the rooting
potentiality of microcuttings derived juvenile tissues was higher than those derived from
nucellar tissues. Rooted microcuttings were successfully acclimatized in non-sterile

natural environment.
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INTRODUCTION

The increased emphasis on sustainable agriculture and an increasing world
population (now at 5.25 billion), coupled with the continued loss of prime
agricultural land to housing and industry, signify that will be have to fed, clothe and
house more people than ever existed in the history of mankind. There are basically
two ways to increase the world’s food supply : one can cultivate ‘new’ land or
increase per unit crop yields. On a world wide basis, about 1.4 billion hectares of
land are cultivated and an additional 1.7 billion ha. of reasonably good land could be
brought under cultivation. These areas are mainly in Africa and in Latin America.
However, to bring such land into cultivation would require large-scale population
shifts, with all the associated social and economic problems. Clearly this is not
feasible. The alternative is to increase productivity and to do so major requirements
and approaches have been suggested. Biotechnology has a role to play in increasing
per unit crop yields and in many research areas, the promise of tissue culture

techndlogy is about to be realized.

Plant tissue culture (PTC), an essential component of plant biotechnology, offers
novel approaches to plant production, propagation and preservation. During the past
decade or so, major advances have been made in this field and from being an art it
has become an industrial technology. It is being used for large-scale multiplication of
ornamentals and some fruit tree species. The potential impact of these novel and
powerful biotechnologies on the genetic improvement of crop plants has generated
considerable interest, enthusiasm, and optimism in the scientific community and is in

part responsible for the rapidly expanding biotechnology industry.

The technology owes its origin to the ideas of the German plant physiologist,
Haberlandt, who in his famous address to the German Academy in 1902 suggested it
should be possible to cultivate artificial embryo from vegetative cells (Krikorian and
Berquam, 1969). He introduced the concept of totipotency, viz, that all living cell
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containing a normal complement of chromosomes should be capable of regenerating

the entire plant.

Although Haberlandt was not successful in proving his ideas, his early studies,
together with those of his students and contemporaries (Gautheret, 1985),
culminated in the successful and indefinite culture of excised roots of tomato (White,
1934). Further studies led to the independent demonstrations by Gautheret (1939),
Nobécourt (1939) and White (1939) that cells in culture can be made to
proliferation continuously and also undergo differentiation. These findings set the
stage for the large increase in research undertaken during the 1940s, 1950s and
1960s. From this period, advances such as the eradication of viruses through
meristem culture (Morel and Martin, 1952), the cultivation of single cells and
suspension cultures (Muir et al., 1954), the auxin-cytokinin basis of organogenesis
(Skoog and Miller, 1957), somatic embryogenesis (Reinert, 1959), the large scale
culture of cells, large scale production of protoplasts (Cocking, 1960), anther culture
(Guha and Maheswari, 1964), the regeneration of plants from single cells (Vasil and
Hildebrandt, 1965).

The use of tissue culture technique in vegetative propagation of plants has
become the most widely used technology in agriculture, horticulture and forestry.
During the last 25 years it has become possible to regenerate plantlets from explants
and/or callus from ornamental plants, food crops, vegetable and condiment plants,
fruit and nut crops, medicinal plants and forest trees (Murashige, 1978; Conger,
1981). Several problems such as internal infestations (Murashige, 1978),
vitrification (Debergh et al., 1981, Gasper et al., 1987), volatile emissions (Thomas
and Murashige, 1979) and production of aberrant plants need to be resolved. In
addition, some problems are specific to woody plants. These include phenolic
secretions (Chalupa, 1977, Murashige, 1978) and the need for some type of
rejuvenation or reactivation treatment for mature explants (Bonga, 1987, Franklet
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et al., 1987). However, in spite of these problems lab-scale micro-propagation

protocols exist for over 1000 plant species (Brown and Thorpe, 1980).

Protocols for the large-scale mass clonal propagation of several of heterogenous
groups such as apple and pears has already been established (Zimmerman, 1986).
Scion cultivars propagated on their own roots are also available. Unit costs are
considerable less than that of the conventionally grafied trees and are allowing for
the development of mechanized high density plantings. Similar progress is being
made with some of the stone fruit, namely, rootstock clones of peach. Several
tropical fruit trees can be regenerated via somatic embryogenesis using nucellar
tissue or by organogenesis using shoot tips and axillary buds (Litz, 1987). However,
only banana is being exploited commercially (Hwang et al, 1984). In vitro
propagation techniques have also been successfully developed for oil, date, coconut,

some ornamental palms and peach palm.

Micropropagation techniques have been developed for several berry crops and
grape (Zimmerman, 1986). Grapes can be regenerated from axillary shoots,
adventitious budding and via somatic embryogenesis but none of these methods as

yet allow for mass clonal propagation.

Successful micropropagation of forest trees is a relatively recent phenomenon
(Mott, 1981). Plantlets can be produced via organogenesis and somatic
embryogenesis in both hardwoods and softwoods and at present, protocols exist over
70 angiosperms and 30 gymnosperms. Several woody species such as wild cherry,
eucalyptus, redwood and reliata pine are now commercially micropropagated
(Haissing et al., 1987).

In recent years the technique of micropropagation has been used for the rapid
clonal multiplication of many fruit plants (Zimmermann and Broome, 1980a;
1980b; Anderson, 1980b;, Hutchinson, 1981; Zimmermann, 1981; Jones et al,
1985, Zimmermann, 1985). In vitro plant regeneration and subsequent
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establishment in soil have been reported for an Indian cultivar of guava (Jaiswal and
Amin, 1986; Amin and Jaiswal, 1987). Mango (Mangifera indica), the most
important fruit tree of the tropics, was initially exposed to in vitro culture by Rao et
al. (1981a), Litz et al. (1982) demonstrated somatic embryogenesis from nucellar
tissue of five polyembryonic cultivars of mango. They also reported (1984) somatic
embryogenesis in other two cultivars ‘ono’ and ‘chino’, but in both the works they
failed to develop plantlet. Initial success on in vifro cloning of jackfruit (Arfocarpus
heterophyllus) was achieved by Rao ef al. (1981a). Later plant regeneration using
explant from mature tree through precocious axillary bud proliferation and
organogenesis have been reported by different workers (Amin, 1987, Rahman and
Blake, 1988; Roy and De; 1990). Rao et al. (1981) started the work on in vitro
culture of mangosteen. Much later, Goh et al. (1988) reported that plantlets were
obtained from aseptically germinated seedlings. Normah (1990); Normah and Siti
Maisarah (1990) were successful in obtaining multiple shoots from mangoesteen

seeds which were segmented and cultured in vitro.

In virro plant regeneration has been reported through embryogenesis f‘rom
nucellar or integumental tissues of tropical fruits Syzgium spp., Myrciaria
cauliflora and Eriobotrya japonica. A complete protocol of microcloning has been
demonstrated by Yadav et al. (1990). In vitro regeneration though cotyledon culture
of some tropical fruit namely, Averrhoa carambola, Citrus microcarpa, Cucumis
melo and Litchi chinensis were reported by Rao er al. (1981a). They found, callus
development at various degree in all of the species but organogenesis was sporadic.
Root and shoot development occurred only in C. melo. Regeneration of plant in vitro
from somatic tissues of Averrhoa carambola was first attempted by Litz and
Conover (1980) who observed best callus growth and shoot differentiation from
seedling leaf explants. Rao et al. (1982) described callus formation associated with
occasional organogenesis from cotyledon culture. More recently, Litz and Griffis
(1989) reported regeneration of shoot without roots from cultured leaf segments of a

mature carambola tree selection.
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Considerable work has been done in Bangladesh in fev;r years on in vitro
propagation of Morus nigra (Yadav et al., 1990), M. indica (Patel et al., 1983), M.
alba (Hossam et al., 1990; Zaman et al., 1991; Islam et al., 1993; Zaman et al.,
1992; 1993), M. laevigata (Islam et al., 1992; Hossain ef al., 1992). Papaya plants
have been regenerated from seedlings apices (Rahman et al.,, 1992; Islam et al.,
1993) petiole explants (Rahman er al., 1992; Hossain et al., 1993) and shoot tips
(Hossain ef al., 1991) and lateral buds (Islam ef al., 1993) of mature trees. In recent
years, the technique of micropropagation has been used for rapid clonal propagation
of many tree plants, namely, Delonix regia (Rahman et al., 1992), Caesalpinia
pulcherrima (Rahman et al., 1993) and Morus laevigata (Islam er al, 1992;
Hossain et al., 1992). Aegle marmelos plants have regenerated from hypocotyl
(Arya et al., 1981), leaf-derived callus (Islam ef al., 1992), leaf (Islam et al., 1993),
nucellar callus (Hossain er al., 1994), nucellus (Hossain et al., 1993), cotyledon
derived callus (Islam et al., 1993) and cotyledon (Hossain et al., 1994).

Besides these facts many tropical and subtropical fruits are being exposed for
tissue culture propagation to assess morphogenic potentialities and methods for large
scale micropropagation for many of the fruit plants yet to be established. Although
large number of fruit as well as forest tree species have been successfully cultured at
the research level, only a few can be cultured well enough to justify the cost of tissue
culture propagation on commercial level (Levin and Vasil, 1988) which in term
limited the growth of the micropropagation industry (Hussey, 1983; 1986; Rowe er
al., 1987, Levin et al., 1988).

Bangladesh is rich in fruit tree species and has been regarded as a gene pool of
many fruit trees. Aegle marmelos corr. is one of the major indigenous fruit tree
species that has been listed as an underexploited tropical plant (Purseglove, 1968)
with promising economic value (Hossain, 1992). 4. marmelos locally called bael or
bael fruit (Beng.), bengal quince (Eng.), Vilva (Sanskrit), Shriphall (Hindi). The

s

generic name, Aegle is latin origin from the name of a goddes of ancient Greek and

the specific epithet marmelos is a Portuguese word. A. marmelos belongs to the
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crassinucellate family ‘Rutaceae’, of which polyembryony is a common
phenomenon (Melchior, 1964; Rangaswamy, 1981); having 130 genera and 1500
spp. (Persglove, 1968).

A. marmelos is a medium-spreading, deciduous spiny tree (Prain, 1963; Singh,
1985) and important due to its fruit and socio-cultural values. Moreover, the fruit
plant can be adapted and grown in very wide range of has the capacity to adopt
successfully to- a wide range of habitats from arid, semi-arid, xerophytic to
mesophytic soil having pH 6-10 and temperature from 7°c-45°c. It can grow up to
1200-1500m altitude. The fruit grows well and gives good yield in both humid and
dry condition. It is native to Indo-Barma subcontinent (Hooker, 1975), grown well
throughout the South East Asia, specially in India, Bangladesh, Pakistan, Sri-Lanka,
Barma and Thailand either in wild or under cultivation (Singh et al. , 1976,
Heywood and Chant, 1982; Zaman, 1988). Now a days, it has been introduced into
other tropical countries of Western Africa and South America (Purseglove, 1968).

A. marmelos is a slow growing deciduous free. The bark of the tree is thick,
nearly smooth, soft and grayish-white in colour. The leaves are alternate, trifoliate,
deep green in colour with pungent smell due to presence of a volatile oil secreted
from numerous oil gland (Zaman, 1988) shed during winter and sprout during
spring, membranous leaflet, subcrenulate, extipulate. The flowers are large (1-3” in
diameter), sweet scented, greenish white, pedicles and calyx pubescent, axillary in
panicle; blossoms during spring. The sepals are small, 4-5, deciduous. Petals 4-5,
imbricate, spreading. The stamens are numerous (30-60), inserted out side the
minute disk; filament free, shoot sublate; anther elongate, erect. Ovary ovoid, 80-20
locular; loculi peripheral, round thick and broad axis; style stout, stigma capitate or
oblong or fusiform, deciduous; ovules numerous, 2-serrate in each locule. Fruit large
(2-12" in diameter), globose or ovoid or pyriform, green when unripe and turns
greenish yellow-brown when ripe. Each fruit was 8-15 crescent shaped seed sac
filled with gum and seeds embedded in aromatic, sweet and thick pulp. Testa
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In vitro studies of A. marmelos were first started by Singh (1963), who obtamed
nucellus tissue but failed to get any results because the nucelli did not survive. Arya
et al. (1981) demonstrated plant regeneration through organogenesis from hypocotyl
and cotyledon derived callus. Not much progress was obtained in in vitro of A.
marmelos until recently. Hossain (1992) made systematic efforts to culture in vitro
regenerate plant from mature and juvenile tissues of this plant. However, he did not
obtain satisfactory results since rooting was poor. The aim of the present
investigation was to standardize techniques for in vitro culture of A. marmelos
tissues. However, success of these approaches depend on the ease of in vitro
culturing of 4. marmelos tissues and their penultimate organogenesis to yield fertile
trees. It has been established that overall response in tissue culture of 4. marmelos is
genetypically oriented, as various cultivars under the same in vitro culture
conditions exhibit different responses (Hossain, 1992), The present study was,
therefore, primarily directed at;

1. Determination of optimal growth regulator concentration for the most
efficient production of clones either through precocious axillary and
adventitious bud proliferation directly or through indirect regeneration via
intermediate callus stage from different explant sources.

2, Optimization of culture condition for adventitious root induction on in vitro
propagated shoots.
3. Investigation on iz vitro responses of different genotypes of A. marmelos on

multiple shoot induction from different explants and on adventitious rooting
of micropropagated shoots.

4. Establishment of 77 vitro grown plants on the soil under natural environment.
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MATERIALS AND METHODS

2.1 MATERIALS

2.1.1 Plant Material

Five different trees of Aegle marmelos Corr. were used as experimental

material for the in vitro investigation. The following parts of the plants were used

as explants viz., immature embryo, mature embryo, cotyledon, hypocotyl, leaf and

nucellus. Hypocotyl and leaf explants were collected from in vitro grown seedlings.

Embryo, cotyledon & nucellar explants were collected from mature field grown

plant. Plants of five trees which are located at the Rajshahi University campus and

its near superb were the sources of these explants. The tree were considered on the

basis of ripe fruits and other characters which are given in the table.

Characters of five trees which were considered as the source of plant materials,

Geno- 4 Fruit shape '"Fruit | 'Fruit 2Pulp | *Number | Approximate
type diameter, | weight, | weight, g| of fruits | age ofthe
cm, X g X per plant, X| plants (years)
T-1 Round at the base, oval at 2.5-50 50-125  25-80  450-600 30
the apex
T-2 Pear shaped 5.5-10.5 175-400 145-375 400-500 40
T-3 Round 8.0-14.0 550-850 400-750 300-450 20
T-4 Round atthe base, ovalat  13.0-17.0 1000~  950-3000 150-250 25
the apex 1500
T-5 Round at the base, gradually  >25 6500- 6000- 50-100 45
oval at the apex 10000 9000

! Diameter and weight of fruits were measured from 10 randomly selected mature fruit of

three plants for cach genotype.

* Pulp weight was taken at least from 15 randomly selected fruits after removing hard testa.

* Number of fruits per plant was taken at least from 10 plants of each genotype while the

fruit began to ripe.
4 Ripe fruits of T-1, T-2, T-3, T-4 and T-5 are shown in the table.
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2.1.2. " Nutrition Media

Unless otherwise mentioned MS revised basal salt formulation (Murashige
and Skoog, 1962) was used to conduct most of the experiments. Other media
composition employed in the present study were : Bs (Gamborg et al., 1968)
formulation, White's (White, 1943), LS (Linsmaier and Skoog, 1965) and N6
(Chu et al, 1975) fonnulation.'s. The media were used either as original
formulations or as in modified forms to fulfil the special need of the experiment,

which are mentioned in appropriate places.

2.1.3 " Plant Growth Regulators

The following plant growth regulators were employed for the present
investigation :

Auxins :
Indole-3-acetic acid (IAA)
Indole-3-butyric acid (IBA)
a-naphthalene acetic acid (NAA)
2,4~dichlorophenoxy acetic acid (2,4-D)

Cytokinins :
6-Benzylaminopurine (BAP)
6-Furfurylaminopurine (Kn)
2-Isopentenyl adenine (2ip)

Gibberellic acid (GA;)

* For detail chemical compositions of the media formulations, Appendix may be seen.

® Source of the chemicals : Carolina Biological Supply Co., California, U.S.A.

| D~ 1876
Rajshahi University Library
Docu.enttiien seclion

Docuner Nu,m D- [g?é

1213y V /A o
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2.1.4. Sterilizing Agents

In the present investigation murcuric chloride (HgCl,) used as sterilizing

agents. Tween-80 and “Salvon were used as detergent and surficant.

2.2. METHODS

The methods involved in this study were described below under separate
heads.

2.2.1. Preparation of Stock Solution

Different constifuents of different culture media formulations were prepared
into stock solution as macro-nutrients, micro-nutrients, organic components and
growth regulators separately for ready use during the preparation of the culture

media.

2.2.1.1. Stock solution of macro-nutrients (soln. A) : Stock solution of macro-
salts were prepared at 10X that of the required concentration. Required amount of
all the macro-salt components presceibed for a particular medium formulation were
weighed with electronic balance and dissolved separately in substantial volume of
double distilled water (DW). The solutions were sequentially poured into a 1 litre
volumetric flask. Final volume of the solution was made upto 1 litre by adding
sufficient amount of DW. Special care was taken during dissolving calcium
chloride (CaCl,). The solution after filtering through Whatman No. 1 filter paper,

was poured into clean plastic bottle and stored into refrigerator at -18°C.

Commercial product of 20% cetrimide is used as antiseptic as well as detergent; ICI, U.K. marketed in
Bangladesh by the ICI Bangladesh Ltd.
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2.2.1.2. Stack solution of micro-nutrients : Two separate stock solution of micro-

salts were prepared as follows :

(a) Stock solution of FeSO, and Na-EDTA (soln. B) : This solution as prepatred
at 100X of that of required concentration. Requisite amount of FeSO, and Na-
EDTA were taken and dissolved separately into clean glass beakers containing 22
hours (h) at 58°C by placing in an incubator. p of the solution was adjusted at 5.6
and after filtering it was stored at 4°C in refrigerator.

(b) Stock Solution of rest of the micro-nutrients (soln. C) : This was made at
100X in 500 ml DW as described for solution A. All components were weighed
(except CaCl,) separately and dissolved in 400 ml of DW. CaCl, was dissolved
separately and added to the solution. Finally, the volume of the solution was

adjusted upto 500 ml and after filtering was stored at -18°C in a plastic bottle.

2.2.1.3. Stock solution of organic components (soln. D) : This stock solution
-was also prepared at 100X, dissolved in 100 ml DW as described for the stock
solution A. The solution was stored at -18°C in a plastic bottle.

Glutamine and tyrosine were directly added to the medium whenever

necessary.

2.2.1.4. Stock solution of growth regulators : Stock solution of different
phytohormones was prepared separately. Details of the methods of preparation of

stock solution are given in the table.
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Different plant growth regulators and their solution.

Growth | Amounttaken | Dissolving solvent |Final volume of the stock | Strength of
regulators (mg™) {ml) solution with DW (ml) the stock
solution
IAA 10 80% ethanol 1 ml 10 1
IBA 10 70%ethanol 1 ml 10 1
NAA 10 0.IN KCH 10 1
70% ethanol 0.5 ml
2,4-D 10 70% ethanol 0.5 ml 10 1
BAP 10 0.INKOH 1 ml 10 1
Kn 10 0.INHC1 0.5 ml 10 1
21p 10 70% ethanol 1 ml 10 1
GA, 10 0.IN HC1 0.5 ml 10 1

To prepare stock solution, 10 mg of any of the growth regulators was taken
in a clear test tube and dissolved in required volume of appropriate solvent. Final
volume of the solution was made upto 10 ml by adding DW. Thus stock solutions
of all growth regulators were prepared and stored at 4°C.

2.2.2. Sterilent Solution

HgCl, solution at various concentrations generally 0.1% was used for
surface sterilization of plant materials. To prepare 0.1% solution, 1 gm of HgCl,
was taken in a 1 litre bottle and dissolved in 1000 ml sterilized DW. Freshly
prepared HgCl, was always used. Generally HgCl-g solution was prepared 1 hour

before use.

2.2.3. Preparation of Culture Medium

To prepare 1 litre of any of the above mentioned culture medium the

following steps were involved :
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vi)

vii)

viii)

100 ml of stock solution A and 5 ml of each of the stock solution B, C and
D were taken in 1 litre volumetric flask containing 750 ml DW.

Different concentration of hormonal supplements as required was added
singly or in combination to the solution and thoroughly mixed. Since 1 ml of
each of the hormonal stock solution contained 1 mg solute, therefore,
addition of 1 ml stock solution of any of the hormone of 1 litre medium
resulted 1 mgl™ concentration. Hormonal concentration was made different

by varying the volume of the stock solution as per requirement.
Other supplements such as glutamine, tyrosine, etc. if required, were added.

Unless stated otherwise, the p* of the medium was adjusted with a p™ meter
using 0.1N KOH or 0.1N HCI whichever necessary.

Unless otherwise mentioned, 6 gl phytoagar and 30 gl™' sucrose were added
to the medium. With the special need of the experiment any of these

supplement condition was varied keeping other unchanged.
Final volume of the medium was made 1 litre by adding DW.

The medium was then transferred to 1 litre bottle and heated under low
pressure in an autoclave for 5 minutes (min) to melt the agar. The medium
was shaked well to ensure uniform distribution of agar throughout the

medium.

Requisite volume of the medium (while still hot) was then dispensed into

cultue vessel (test tube/conical flask) of varying size.

The culture vessels were then plugged with non-absorbent cotton wrapped in
cheese-cloth or heavy duty alumnium foil. Then the vessels were marked

properly by glass marker to indicate the specificity of the medium.

Finally, the culture vessels containing medium were sterilized by
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autoclaving at 120°C for 15 min at 1.1 kg/cm pressure and stored in the

culture room (not more than a week) for ready use.

As GA,; is degraded at higher temperature and by autoclaving, this hormone
was filter sterilized and added to cool autoclaved medium using microfilter of pore

size 0.2 mm.
2.2.4. Collection, Surface Sterilization and Preparation of Explant

Different explants used in this investigation, their sources and process of

preparation are summarized in the table.

Explant types, sources and methods of surface sterilization.

Plant Source of Plant Method of Washing Surface Sterilization
Materials Materials
HeCl,
Conc. Duration
(Min)
‘Embryo  Seeds of ripe and Washed in 1% Savion + 4 drops 0.1 1.0
cotyledon various stages of Tween 80 for 10 mins followed by
developing fruits 3 rinses with DW
Nucellus  Seeds of 30-130 days Washed in 1% Savlon + 1 drops 0.1 10
old developing fruits Tween 80 for 10 mins followed by
3 rinses with DW
Hypocotyl Asceptically grown —_— — —_
seedlings
Leaf In vitro regenerated | _ — —
shoots from explants

2.2.4.1 Embryo and cotyledon : The ripe fruits and fruits at different stages of
development were collected from mature plants and brought to laboratory. The
fruits were washed in running tap water for 30 min. The fruits were cut into pieces
and seeds were collected carefully with the help of a pair of forceps and dissecting
blade. The seeds were then washed with DW containing 1% Savlon (v/v) and 4
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drops of Tween 80 for 10 mins to remove gummy substance. This was followed by
successive 3 wasing with DW 1o make the material free from savlon. Subsequently
the materials were transferred to running laminar-flow hood. Surface sterilization
was carried out in 0.1% HgCl,. The sterilent with explants was constantly shaked
while sterilization to increase the release of free Cl,. To remove every trace of the
sterilent, the material was then washed at least six times with sterile DW. The
sterilized seeds were then taken in a sterilized petridish and seed coats were
carefully removed with the help of a sterilized surgical blade, forcéps and needle.
After removing seed coat from the seeds, embryo and cotyledon were isolated
carefully under the dissecting microscope. The cotyledons either in intact condition
on cut into pieces and incubated in the culture vessels containing media. The
embryos were also incubated in the culture media. For future use, the fruits were

stored in refrigerator at 4°C.

2.2.4.2. Nucellar tissue : Developing seeds from 90-130-day-old fruits were
collected and surface sterilized as mentioned earlier (2.2.4.1). To coliect nucellus
tissues, the sterilized seeds were placed under dissecting microscope and seced coat
was removed very carefully. Precaution was taken to avoid any injury to the tissue.
Developing cotyledon with embryo was removed from the exposed nucellus tissue
by careful excision and pressing at a micropiler end with the help of a curve needle.
Precaution was also taken to ensure complete removal of embryonic tissues from

the nucelli. The nucelli were then transformed to the culture media.

2.2.4.3. Hypocotyl explant : Yor this purpose, seeds from the ripe fruits were
collected and sterilized as mentioned earlier (2.2.4.1). The sterilized seeds were
incubated (16h light/8h dark) in culture vessel containing MS medium, 2.0%
sucrose, 0.6% agar having p" 5.8. Hypocotyl explants (area 0.7-1.0 cm were in
length) dissected from the 14-20 days old aseptically grown seedlings were used as

noculum.
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2.2.4.4. Leaf explant : In vitro regenerated shoots were aseptically taken out from
culture vessel and leaves excluding petiole were dissected. These explants were
cultured singly in 30 ° 150 mm culture tubes or 250 ml flask containing culture

media.
2.2.5, Culture Environment :

Unless metioned specially, all cultures were grown in an air conditioned
culture room illuminated by 40w white fluorescent tubes fitted at a distance of 30
cm from culture shelves., The culture room temperature was 25 +2°C and light
intensity was 35.2 +£5 E/m/sec. Except special need most of the cultures were
incubated at a photoperiod of 16h light and 8h dark. For dark treatment, the
cultures were raised in an incubator and maintained at desired temperature or the

culture vessels were placed in a cardboard box in the same room.
2.2.6. Setting and Designing of Experiments :

Different experiments were conducted on various chemical and physical
conditions (factors) of the medium for evaluating proper culture requirements for
the optimum morphogenic potentialities of different explants. Generally cultures
were grown onto culture media supplemented with 3% sucrose, 0.8% agar and p"
at 5.8. In order to determine the optimum condition of a specific factor,
experiments were conducted with various condition of a specific factor,
experiments were conducted with various degree modification of these factors
keeping other constant. Most of the treatment in an experiment had at least 20
replicate cultures and data were collected from 10 randomly selected cuttures. All
the experiments were repeated three times. The cultures were grown for 2-3
consecutive passages at 4-5 week interval of each and data on different parameters

were recorded at the end of 2nd or 3rd passage.

2.2.77. Subculture :
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and flamed over a spirit lamp before each time of use. Acéessory glass wares such
as petridishes, bottles, conical flask etc, were hot air sterilized in an oven at 150°C
for 1 hour. Other tissue culture kits such as filter paper, cotton, thread etc. were
also sterilized by autoclaving before use. The floor of the laminar-flow cabinet and

hand were washed with 70% ethanol before starting aseptic procedure.
2.2.9. Microcutting Preparation and their Rooting :

The usuable shoots (one or more than one cm in length) were collected
aseptically from proliferating culture of different types of explants at different
stages of subculture. Until transferred to the rooting media the shoots were kept in a
sterilized glass beaker lined with moistened filter paper to avoid desiccation. The
cuttings were prepared from these shoots by snaping off the basal leaves and
cultured individually in 25 % 150 mm tubes containing 15-20 ml rooting media
having different strength of basic salt composition and different auxin

concentration. The cultures were incubated under different physical factors.
2.2.10. Transplantation of Plantlets Under In vivo Environment :

Rooted clones were taken out from the culture tubes and washed carefully
under running tap water for complete removal of remains of the medium. Polythene
bags (9X 15 cm) were kept ready filled with garden soil, organic manure and sand
in the proportion of 2:1:1 respectively. The soil in the polythene bags was
moistured uniformly and treated with agroson (250 mgl”, w/v) two days before
transplantation. The clones were then transplanted in the bag's soil (one in each
bag) with special care then made sealed with the help of a pieces thread for
providing high humidity to the clones. The bags containing transplanted clones
were ekpt in the culture room under artificial illumination. On the 6/7th day after
transplantation the polythene bags near proximity were perforated to allow

ventilation to the clones. The polythene bags were finally reopened on the 15th day.
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placing explants in it. Each culture vessel was weighed again after placing
explant (single explant/culture vessel) and weight of the explant was found

out as follows :

Wt. of explant = Wt. of culture vessel + explant
- Wt. of culture vessel.

After 5 weeks of culture, each explant with proliferating callus was taken
out and weighted. Entire process was operated in front of running laminar flow
cabinet and sterilized petridishes were used to avoid contamination of the calli.

Fresh weight of the callus was found out as follows :

Fresh weight of callus = Wt. of explant with callus - Wt. of explant.
Weight of explants and calli were taken in g,
2.2.12. Statistical Analysis :

All experiments were consisted of at least 20 replicate cultures and each of
the experiments was repeated thrice. Data were recorded at least from 10 randomly

selected cultures and mean values were calculated separately for each replication.

For evaluating and interpreting the results, collected data were analysed
following the biometrical methods developed by Mather (1949) and Allard (1960)
based on the mathematical models of Fisher et al. (1932). Statistical analysis of

data given as percentage was carried out from angular transformed values.

2.2.12.1. Mean and standard error of mean : The mean of different batch of
culture of different replications were worked out by taking arithmetic mean using

the following formula :
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Plate 1A:

Plate 1B:

Plate 1C:

Plate 1D:

PLATE 1 (A-D)

Multiple shoot proliferation and callus induction from immature and

mature embryo explants
ple shoot from embryo in low (0.5-1.0

A plantiet developed with multi ¢ -
mgl™) or high concentration (5.0 mgl") of cytokinins after 25 days of

culture.

- -1
A shoot proliferating callus of immature embryo in 1.0 mgl™ BA after
35 days of culture.

A very small nodule like protrusion coming out from the hypocotyl
surface in 5.0 mgl™ BA within 15-25 days of culture

Nodule like structures developed into adventitious buds from immature
embryo, after 35 days of culture.







Plate 2A:

Plate 2B:

Plate 2C:

Plate 2D:

PLATE 2(A-D)

Multiple shoots formation from embryo explants.

Multiple shoot proliferation from immature embryo in 1.0 mgl! Ba
after 5 weeks of culture

Multiple shoots developed from immature embryo explant, afier
subculture in 1.0 mgl™ BA (5 weeks after subculture)

Multiple shoots developed from immature embryo in 1.0 mgl-1 BA +
0.5 mgl™ GA; after 5 weeks of culture.

Multiple shoots developed from mature embryo in 2.0 mgl-1 BA after 8
weeks of culture.
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observed that tree 5 gave the highest frequency shoot formation explants and number
of shoots per explant (table 1, 2, 5 & 6).

The results of the analysis of variance are shown in Tables 1, 2, 5 & 6. In the
analysis of variance the main items (tree and treatment) were significant against
experimental error whereas the items replication, BA, Kn, 2ip and difference
between hormones were non-significant (table 1 and table 2). The regression analysis
showed that trees interacted significantly with the environment (Figs. 1 & 2). The
nine different treatments i.e., the concentrations and combinations of BA, Kn & 2ip

were treated as different environment.
3.1.2 Cotyledon Culture for Shoot Regeneration:

Cotyledon explants collected 5 different trees were cultured on to 9 different
concentrations of BA, Kn and 2ip and the results concerning with this experiment are
given in Tablés 9 & 10. Pattern of morphogenic differentiation of the cultured
explant markedly varied with the concentrations and types of cytokinins present in
the culture media. First visible change after transferring of the explant in the culture
media occurred by the enlargement of size. The explants were white in colour before
culturing to the media but became green within 7-10 days of culture through
chlorophyll synthesis. During resuming new growth most of the explants in all

treatments induced to develop trace of callus at the cut surface of the explant.

In most of the media formulations, a number of explant showed adventitious
bud proliferation. Initially adventitious buds were wvisible as tiny nodule like
structures within 10-15 days of culture that subsequently developed to adventitious
buds within next 15-20 days of culture (plate 3A). In majority cases bud
proliferation occurred throughout the surface of explant. In a few cases adventitious
bud regeneration occurred only from cut surface of the explant. There was no visible
difference between dorsal and ventral surface of the