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INTRODUCTION

Gymnema sylvestre R Br of family Asclepiadaceae known
as Gurmar 1n Indian folklore 1s a large, more or less pubescent
woody climber found 1n the Deccan Peninsula extending to parts
of northern and western India Leaves of this specles are opposite
usually elliptic or ovate Flowers are small vyellow and produced

in umbellate cymes

The plant 15 occassionally cultivated as a medicinal plant
and 1s used as stomachic stimulant laxative and diuretic It 1s
also used 1n the treatment of cough and sore eyes The leaves
of the plant when chewed possess the remarkable property of
paralysing the sensory buds of sweet taste for a few hours (Chopra
et al 1958) and hence have been sometimes used as a remedy

for diabetes

Diabetes mellitus 1s a common metabolic disorder of human
beings and the present mode of 1insulin therapy 1impose longterm
complication and side effects Though msulin  1s available 1n
various forms risk of hypoglycemic encephalopathy and possibility
of developing 1insulin antibodies on longterm use Ilimits i1ts utility
Other oral hypoglycemic agents also possess side effects (Chaturved:

et al  1984)

In recent years there 1s an increasing demand for natural

antidiabetic agents The efficiency of leaf powder of Gymnema



sylvestre 1n checking glycosuria and hyperglycemia has already
been reported (Srivastava et al 1981 Shanmughasundaram¢/z1990)
This particular plant 1f properly exploited can be considered as
a boon to patients suffering from diabetes mellitus The awareness
about this plant species 1s limited at present due to 1ts narrow
track of natural distribution and 1little response to conventional

propagation methods

The need of the hour is to popularise this valuable medicinal
plant for which the first step should be 1identifying a viable
procedure for large scale multiplication of superior strain As 1n
many other plant specles micropropagation through plant tissue
culture could be perfected to solve the hard to propagate nature
of Gurmar Since previous attempts in this line were not made for
the crop the present study was 1initiated at the College of Horti
culture with an objective of standardising the procedure for 1n

vitro propagation of Gurmar Gymnema sylvestre
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REVIEW OF LITERATURE

Of the many medicinal properties reported for Gymnema
sylvestire 1ts hypoglycemic property is the most valued one When
administered orally or by 1ingection they cause hypoglycemia 1in
experimental animals There are quite a few reports pertaining to

the antidiabetic effect of this plant

The hypoglycemic property of Gymnema sylvestre was imtially

reported 1o be not due to any direct influence on the carbohydrate
metabolism but to indirect stimulation of 1insulin secretion by
pancreas No water soluble or alcohol soluble substance which
destroy glucose 1in vitro has been 1identified in the leaves (Chopra

et al 1928 Mhaskar and Caius 1930 and Kirtikar et al 1975)

Manni and Sinsheimer (1965) could 1isolate various constituents

from Gymnema sylvestre leaves Nonacosane hentriacontane and

tritriacontane were 1solated by vapour phase chromatography from

a hydrocarbon fraction of Gymnema sylvestre leaves The cyclic

alcohol conduritol A rather than viburnitol was also 1isolated from

these leaves

Expertmental evaluation of hypoglycemic effect of Gymnema
sylvestre R Br in diabetic Charles Foster rats ¢v¢ reported
by Srivastava et al (1981) Oral admimistration of aqueous suspen

son of dried leaves of Gymnema sylvestre exhibited hypoglycemic

activity in moderately diabetic animals This hypoglycemia
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persisted even after discontinuation of the treatment The drug also

increased longevity 1in severe and toxic diabetic animals

Gymnemagenin a hexahydroxy triterpene has been 1solated

from the leaves of Gymnema sylvestre The sugar moleties obtained

from the hydrolysis of the saponin were D glucoronic actd and

D galactose (Chakrabartr and Debnath 1981)

Another study conducted by Srivastava et al (1988) reveals

the 1mportance of Gymnema sylvestre 1in diabetes mellitus The

aqueous extract of dried leaf powder were diven to patients and
found 1mproved signs and symptoms without any toxicity 1in liver

kidney or blocod The side effect reported was nausea

From the leaves of Gymnema sylvestre known as Gurmar

in Indian folklore, three new saponins such as gymnemic acid V
VI and VII were 1solated of which gymnemic acid V and VI were
found to have anti sweet properties (Yoshikawa et al 1989)

Shanmugasundaram et al (1990) reported the use of Gymnema sylvestre

leaf extracts 1in the control of blood glucose 1n insulin - dependent
diabetes mellitus 654 a water scluble extract of the leaves appeared

to enhance endogenous 1insulin

Though plant tissue culture offers great potential for multa
plication of species that are otherwise difficult to propagate little

has been reported for Gymnema sylvestre Callus 1induction for the

crop was earlier reported by Nazeem et al (1997) 1in a basal

medium supplemenied with kinetin and NAA



According to Murashige (1979) there are three possible

routes available for in vitro propagule multiplication namely,

(1) enhanced release of axillary buds
(11) production of adventitious shoots through organogenesis and

(111) somatic embryogenesis

2 1 Routes of in vitro propagation

2 1 1 Enhanced release of axillary buds

Morel (1960) reported the application of shoot apex culture
for rapid clonal multiplication of plants for the first time The
greatest success using this technique has been achieved 1n
herbaceous horticultural plants The success may be due to the
weak aplcal dominance and strong root regenerating capacity of the
herbaceous plants (Hu and Wang 1983) In most plants each leaf
has an axillary meristem which has the capacity to develop 1into
shoot 1dentical to the main shoot But the axillary meristems are
tnhibited by apical dominance and this can be overcome by the

supply of cytokinins (Wickson and Thimann 1958 Phillips 1975)
2 1 2 Somatic organogenesis

Levels of plant growth regulating substances 1n the culture
medium particularly high auxin and low cytokinins, often lead
to callus formation On the other hand 1f the auxin level 1s
reduced 1in the medium 1t may lead to the adventitious shoot

formation (Skoog and Miller 1957 Hussey 1986)



Somatic organogenesis may be direct or callus mediated
(Evans et al  1981) Though callus may be obtained from virtually
any specles only 1n some can plants be regenerated The reason
for this 1nability may be due to the higher proportion of polyploid

or aneuploid cells 1n those callus (Smith and Street 1974)

The main disadvantage in callus mediated organogenesis
compared to clonal propagation s the genetic variation developing
in many of 1ts component cells However the regenerated variants
can be used to complement the existing natural variability (Hussey

1986)

2 1 3 Somatic embryogenesis

The first report of somatic embryogenesis was given by
Rewnert (1959) 1n carrot cultures The positive results are Limited
to a few species but 1s a more rapid mode of plant regeneration
(Evans et al 1981) There are two routes for somatic embryogenesis
as described by Sharp et al 1980 The first in which embryos
are formed directly from the explant without the callus formation
The second 1n which 1t requires a callus formation and on the
callus embryos are formed Level of growth regulators 1n the
culture medium particularly when the auxin level 1s lowered there
1s the chance for the embryo formation or somatic embryogenesis
(Skoog and Miller 1957 Hussey, 1986) It requires auxin medium
for the 1induction of embryos and a medium devoid of growth

regulators for embryogenesis {Am_irato 1983)



7

Reviews on somatic embryogenesis have been published by
Murashige (1978) Sharp et al (1979) Vasil and Vasil (1980) and

Styler and Chin (1983)

2.2 Factors influencing success of in vitro propagation

2 21 Explant source

The plant tissues differ 1n their degree of determination
and thus theiwr ability to undergo morphogenesis Takayama and
Misawa (1979) examined the ability of different explants of Lilium
auratum and L  speciosum tc produce bulbs 1in vitro Fifty per
cent of the peduncle explants 75 per cent of the petal explants
and 95 per cent of the bulb scale explants produced bulbs Leaf
explants and explants from stamens and anthers did not even
survive the culture conditions while the explants from bulbs show

100 per cent success

Buys et al (1966) reported that different explants required
different nutrients Carnation hypocotyl and shoot tip explants
require different media for growth and organogenesis (Petru and

Landa 1974)

Callus culture was 1nitlated from explants of mature ginseng

root tissues on MS medium (Chang and Hsing 1980)

Morphogenesis of cultures from single pollen grains of

Hyocyamus niger cultured 1n a ligquid medium was reported by

Raghavan and Nagmani (1983) Root explants of Rauvolfia serpentina
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were used for the callus formation and further regeneration (Ilahi
and Akram, 1987) Anjalikumar (1992) reported the use of young

leaf discs of Thevetia purpurea for the production of callus from

which plantlets were regenerated Of the different explant tried
eye bud and shoot tip explants responded easily than floral apices
in banana (Bhaskar 1991) Lakshm: Devi (1992) reported the better
response of axillary buds than other explants i1n orchid Dendrobium
Sateeshkumar and Bhavanandan (1989) reported the use of leaf

explants of Plumbago rosea for better culture induction

The tissue age may influence whether an explant can be used
to initiate a culture or 1ts direct or indirect morphogenetic potential
Callus derived from seedlings and inflorescence explants of various
Cymbopogon species had a higher morphogenic capacity than that
arising from seeds culms roots or rhizomes (Chandra and Sreenath

1982)

Explants taken from newly originated organs are also most
likely to be capable of direct organcgenesis Pierik (1969) and
Pierik and Steegmans (1975) found that the rhizogenetic potential
of Rhododendron stem segments decreased with ihe age of the shoot
from which they were obtained In the experiments of Takayama
and Misawa (1982) most segments derived from young leaves of
Begonia produced buds and roots whereas those derived from

mature leaves usually dried



The vyoungest and less differentiated tfissues are found 1n
plant meristems and the culture of this tissues have been successful
in a wide range of species (Hughes 1981) During the maturation
process of tissues several physiological changes occur which may
influence the 1n vitro behaviour of the explants (David 1982)
In general young tissues have a higher degree of morphogenic
competence than older tissues Rao and Lee (1986) and Lakshmisita
et al (1986) found that callus could be 1induced from young tissues

of Dalbergia latifolia but not from the mature tissues

Tissues taken from field grown plants are not equally amenable
to tissue culture conditions throughout the year Litz and Conover
(1978) have reported that in papaya the time of the year that
cultures were established and the cultural operations in the field
were crucial for success Maliarcikova (1981) found that for taking
explants 1n 5t awberry August month was more suitable than July
or September Bhaskar (1991) reported that the shoot tips collected
during November to April gave least contamination rate 1in cultures
of banana Jamieson et al (1985) observed marked difference of
the time of year when Asparagus spears:mé%llected for 1n vitro
culture The 1deal period for collection of explants was April 1in

the orchid Dendrobium (Lakshmidevi 1992)

Genotype of the explant chosen for propagation 1s also
another 1mportant factor 1n the success of tissue culture Within

a species some genotypes respond easlly while others fail Welander
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(1978) reported that explants from three cultivars of Begonia x
Hiemalis differed 1n survival in culture Genotype specific effects
have also reported in Anthurium (Pierik and Steegman 1976)
Gladiolus (Hussey 1977) and 1in Geranium (Pillai and Hildebrandt

1968)

2 2 2 Surface sterilisation

The purpose of surface sterilisation 1s to remove all the
microorganisms present on the explant with minimum damage to the
plant tissue Explants for surface sterilisation are usually cut into
a size larger than that of the final and after sterilisation they
are trimmed to smaller size and transferred to the medium {MHussey

1979)

To check bacterial and fungal contamination antibiotics and
fungicides are found used either as surface sterilant or medium
additives Several workers have reported the use of various
fungicides 1n cultures for reducing fungal contamination (Brown et
al 1982  Shields et al 1984) But 1t was found that most of
the systemic fungicides and some antibiotics 1nhibit growth of the
explant cultures Dodds and Roberts (1985) suggested to avoid the
use of antibiotics Tfor sterilisation since they or their degradation
products metabolised by plant tissues may cause unpredictable
results Consequent addition of systemic fungicide 1i1n the medium
showed chlorophyll degradation and vitrification in leaves of

cardamom (Reghunath 1989)
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The most commonly used surface sterilant 1s an aqueous solut
1on of sodwm hypochlorite A dilution of 10 per cent (v/v) 1s
normally effective for the purpose particularly when 1t 1s mixed
with a surfactant like teepol or similar liquid detergent Sodium
hypochlorite being toxic to plant cells 1t 1s necessary to wash
the treated tissue twice or thrice with sterile water {Hu and Wang
1983) Concentrations ranging from 10 per cent (Minocha  1980)
to 10 0 per cent (Kuo and Tsay 1977) have been reported for

various plant species

Ethanol and mercuric chloride are the other popular surface
sterilants According to Maroti and Levi (1977) 1t was better to
rinse first with ethanol (45 per cent) for three minutes followed
by a 10 minutes bleach treatment (5 0 to 10 0 per cent) and finally
three rinses with sterile water Alcohol alone was used for surface
sterilisation (Bonga 1982) Lakshmisita (1986) used O 1 per cent
mercuric chloride for 10 to 12 minutes for sterilisation of seedling

explants of Dalbergia latifolia Mercuric chloride 0 10 to O 15 per

cent gave better sterilisation of explants than sodium hypochlorite
and absolute alcohol Reghunath (1989) and Lakshmidevi (1992)
reported the use of mercuric chloride 0 1 per cent for better

surface sterilisation of cardamom and Dendrobium, respectively

2 3 Culture medium

The success 1in plant tissue culture 1s greatly influenced

by the nature of the culture medium used A proper medium should



12

contain not only adequate quantity of major plant nutrients like
salts of nitrogen, potassium calcium, phosphorus, magnesium and
sulphur and mmnor nutrients like salts of 1ron manganese zinc
boron copper, molybdenum and cobalt but also a carbohydrate,
usually sucrose trace amounts of organic compounds like vitamins
amino acids and plant growth regulators Some cultures perform
well with the addition of undefined organic components like coconut
water fruit juice yeast extract and casein hydrolysate Generally
the plant tissu> culture media should contain the following components
like macronutrients micronutrients vitamins amino acids carbon
sources growth regulators undefined organic components and a

solidifying agent

23 1 Basal media

Recently the complexity of 1n vitro nutrients has been
considered in a more unified fashion The earlier media were
characterised by a low overall concentration of 1norganic 1ons
especlally those of potassium and nitrate and by providing nitrogen
solely In the form of nitrate Later the media developed for germi
nation of orchid seeds were similar except that they contained
ammohium 1ons (Knudson 1922 Vacin and Went 1949) Further
experiments resulted :in the development of White s (1943) medium
and Heller s (1953) medium Since 1960 however most researchers
have been using MS (Murashige and Skoog 1962) B_ (Gamborg et

5
al 1968) or SH (Schenk and Hildebrandt 1972) media After 1980
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the most popular media are WPM (Lloyd and McCown 1980) and
DCR (Gupta and Durzan 1985) especially for woody plants The
85 medium has been used for cell and protoplast culture (Gamborg
andl s‘m‘,,l.xl:'|981) Another basal medium N6 (Chu 1978) was specially

developed for cereal anther culture

Rapid propagation of Solanum xanthocarpum was achieved

by Rao and Narayanaswamy (1968) in White s media Use of basal

MS medium was reported 1n Datura innoxia (Engvild 1973) Nitsch

medium along with 15 per cent coconut water (Sopory and

Maheshwar: 1976) was also found to be effective in Datura innoxia

2 3 2 Growth regulators

Plant growth regulators are compounds that occur naturally
within plant tissues which have a regulatory rather than a nutrit-
1onal role in growth and development There are several recognised
classes of plant growth substances such as auxins cytokinmins,
gibberellins ethylene and abscissins The most important factor
i  successful tissue culture 1s the addition of growth regulators
(Krikorian  1982) The growth and morphogenesis 1n vitro are
regulated by the interaction and balance between the growth regulators
supplied 1n the medium and the growth substance produced
endogenously by cultured cells But no universal ratio of auxin
and cytokinin has so far been developed for shoot and root induction

However Hempel (1979) concluded that in majority of cases callus
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growth was supported by auxin Hasegawa (1980) alsc reported that
high concentration of auxin may not only 1inhibit axillary bud break

ing but also induce callus formation

For axillary shoot proliferation cytokinin has been utilised
to overcome the apical dominance of shoot and to enhance the branch
ing of lateral buds from leaf axils (Murashige 1974) He observed
that a variety of auxins 1including IAA NAA IBA and 2 4 D were
used either alone or in combination but among those auxins IAA
was the weakest but showed mimimum harmful effect on explant
tissue 2,4 D was the most potent and 1t stimulated callus cultures
Among the various cytokinins like zeatin kinetin and BAP the latter
1s more commonly used Lo et al {1980) reported that high cytokinin
content was deleterious to the 1initiation and elongation of roots
In general, monocotyledonous species do not show a pronounced
response to cytokinins and require high concentrations of potent
auxins such as 2 4 D to achieve changes 1n the development of
cultured tissues (Harms 1982) Hu and Wang (1983} had described
the young shoot apex as an active site for auxin biosynthesis Effect
of adenine on regeneration of Vicia faba was reported by Chakraborty

and Roy (1985)

Mandal and Gadgil (1979) reported the optimal callus growth

of Solanum nigrum 1n a basal medium supplemented with 2 4 D Rucker

(1982) obtained callus and organ formation 1n Digitalis purpurea

in MS medium supplemented with IAA A combination of IAA and



GA3 on callus formation 1n Digitalis purpurea was reported by

Rucker (1982) Ilah1 and Akram (1987) obtained callus from

RauVvolfia serpentina i1n a medium containing 2 4 D and kinetin Callus

of Plumbago rosea was developed in a media supplemented with 2 4 D

and kinetin (Satheeshkumar and Bhavanandan 1989) Callus cultures
of Origanum vulgare was 1induced 1n a medium with 2 4-D (Kumar:

and Saradhi 1992)

Multiple shoot 1induction 1n Dioscorea floribunda was reported

by Sm:ha and Chaturved:r (1979) 1n a medium supplemented with

BAP adenine sulphate and NAA  Shoot cultures of Digitalis lanata

5
were 1nduced 1n a medium contained BAP and IAA (Eradi st al

1981) Brisa et al (1984) obtained shoot proliferation of Digitalis
obsura 1n a medium with IAA and BAP Addition of NAA and coconut

water 1n the culture media of Rauvolfia serpentina produced multiple

shoots Direct regeneration of shoots from Gloriosa superba explants

was reported by Somani et al 1989, when the media was supple
mented with kinetin Natali et al (1990) achieved rapid propagat

1on method through shoot apex culture of Aloe harbadensis with

the addition of 2 4 D and kinetin 1n the culture media

Plant regeneration through somatic embryogenesis 1in Panax
ginseng was reported by Chang and Hsing (1980) The callus was
induced 1n a medium supplemented with 2 4 D The embryord produced
when transferred 1into a media containing BAPand GA produced plant

lets Somatic embryos of Digitalis lanata were developed 1n a
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medium containing 2 4 D and plantlet regeneration in a hormone

free medium (Reinbothe et al  19%0)

2 3 3 Energy sources

Normally for the culture of cells tissues or organ 1t 1s
necessary to 1ncorporate a carbon energy source into the medium
Sucrose 1s the main carbon energy source 1in most tissue culture

T (oka

media The concentration of sucrose varied from 2 to 30 g 1
and Ohyama 1982) Many other carbon sources are found used
instead of sucrose First work in this line was reported by Gautheret
(1945) The use of alternative carbon sources like glucose maltose

raffinose, fructose and galactose were found to be less effective

and mannose and lactose being the least effective

Takayama and Misawa (1979) reported that organogenesis
in Liliaceae was 1inhibited at high sucrose levels In Episcia root
formation was greatly enhanced by adding sucrose at 30 g 11 to
the medium (Pearson 1979) In Lilium sucrose at 80 g 1 L 1ncreased

root dry welght (Takayama and Misawa 1979) Favourable effect

of maltose on embryo formation of Digitalis lanata was reported

by Reinbothe et al (1990)
2 3 4 Vitamins

Vitamins are the accessory food factors required by plant
cells 1n very small quantities to perform certain essential role in

metabolism The vitamins most frequently used 1n plant tissue
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culture are thiamine nicotinic ac:d pyridoxine bilotin riboflavin
and folic acid Among these thiamine 1s very essential and most
frequently added 1n plant tissue culture media at levels of 0 1 ppm
to 10 ppm Linsmaler and Skoog (1965) demonstrated that for
tobacco most vitamins were not essential for callus growth
Pyridoxine nicotinic acid and biotin could be deleted from the
medium without loss of growth Latham (1966) found that myo 1nositol
interacted with cytokinin to promote cell division 1in carrot phisem
explants Thorpe and Patel (1984) has reported that thiamine 1s
the most often added vitamin followed by nicotinic acid and pyri
doxine Addition of biotin at 10 ppm level was found to have a
complementary effect on the growth and development of leaves 1n
Cardamom (Reghunath, 1689) Influence of arginine on 1n vitro

rooting of dwarf apple root stock was reported by Orlikowska (1992)

2 3 5 Other organic compounds

Many undefined supplements are reported to be 1incorporated
in tissue culture media For successful growth of tissues and organs
addition of complex organic compounds to the basal medium was
reported by Conger (1981) Some of these are casein hydrolysate
coconut water vyeast extract malt extract orange and tomato juices
The drawback of these are that being undefined 1n chemical
composttion they have Ilittle control over the experiment and 1t
has been therefore recommended to avoid their use as far as

possible (Gamborg and Shyluk 1981)
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In cases where nutritional requirements have not been estab
lished mixtures of amino acids such as casein hydrolysate may
be added between 0 05 and 0 1 per cent (Huang and Murashige
1977) Adenine sulphate when added to the medium often can enhance

growth and shoot formation {(Skocog and Tsui 1948}

The discovery of Pollard et al (1961) that myo 1nositol
was present in coconut water and had growth promoting activity
led to the 1inclusion of 1nositol in plant tissue culture media Coconut
water 1s reported to be promoting growth and differentiation 1in
a wide variety of excised plant tissue 1including Datura embryos
(Vvan Overbeak et al 1941)jmdtobacco pith (Jablonski and Skoog
1954) Hawker et al (1973) observed that replacement of casein
by coconut water could double the growth rate of grape berry callus
Ilah1 (1983) reported the use of coconut water along with 2 4 D

and kinetin on successful in vitro propagation of Papavar somniferum

An enhancing effect on axillary shoot prodution was reported by
Bhaskar (1991) in banana Ilah:t and Akram (1987) reported format

on of roots in Rauwolfia serpentina by adding 100 mg/l coconut

water 1n the culture medium Addition of coconut water at 15 per
cent level was found to be beneficial on shoot proliferation in

orchid Dendrobium (Lakshmidevi 1992)

The addition of activated charcoal to plant tissue culture
media may have either beneficial or harmful effects Growth rooting

organogenesis and embryogenesis are reported to be stimulated 1in
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a varlety of species and tissue 1ncluding ginger shool tips palm
embryos (Wang and Huang 1976), onton (Fridborg and Eriksson
1975) carrot (Fridborg et al 1978} 1vy (Banks and Hackett

1978) and in banana (Bhaskar 1991)

Activated charcoal 1s reported to inhibit growth of soyabean
(Fradborg and Erikson 1975) Activated charcoal 1s also reported
as preventing browning 1in cultured tissues of date palm (Tisserat,
1979) Charcoal was found to bind hormones and other metabolites
(Weatherhead et al 1978) Activated charcoal added to liquid
MS medium at concentrations ranging from O 1 per cent to 5 per
cent reduced IAA and IBA concentrations by more than ninetyseven

per cent (Scott and Ellen 1990)

The addition of phloroglucinocl to the medium promoted the

culture growth in Cinchona ledgeriana (Hunter, 1979) and in Theobroma

cocoa (Mallika et al  1992)

2 4 Culture conditions

The culture conditions have a major role in the success of
tissue culture The physical form of the medium pH, light temper
ature and relative humidity play an 1mportant role 1in the growth

and differentiation

Light requirement involves a combaination of several
components namely, 1ntensity quality and duration An  optimum

combination of these are necessary for certain photomorphogenic
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events According to Murashige (1977) the optimum day light period
1s 16 hours for a wide range of plants Wang et al (1989) reported
the favourable effect of increasing the 1illumination period on bud

production of Petunia hybrida Maintanance of cultures i1n a 16 hour

light/8 hour dark cycle was reported by Mumtaz et al (1990} 1in

Catharanthus roseus

Yeoman (1986) reported that the usual environmental temper
ature of a species concerned should be taken 1into account for 1ts
better performance under 1n vitro conditions However most of in
vitro cultures are grown successfully at temperature around 25 + 2°C
In general tropical species need higher temperature Durahvila et
al (1992) reported the effect of tincubation temperature on morpho
genesls, callus culture and plantlet culture of sweet orange Bud
culture and callus induction were optimal at 1incubation temperature
between 21°C and 30°C The optimum temperature for root formation
was 27°C Incubation 1n the dark improved the root formation in

many specles

Hu and Wang (1983) reported that air humidity 1s not often
controlled and when 1t 1s contreclled 70 per cent has been found
to be the most frequent setting Relative humidity became an import

ant factor in hardening and planting out of in vitro raised cultures
2 5 Rooting of shoots grown 1in vitro

Although a number of plants root easily in culture shoots

of most species lack a root system Rooting can be achieved either
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by subculturing to a medium lacking cytokinins with or without root
ing hormone, or by treating the shoots with rooting hormones as
in conventional cuttings (Yeoman 1986) The concentration of rooting
hormone required 1s often critical to provide sufficient stimulus
to 1nitiate roots while preventing the excessive formation of callus

(Yeoman 1986)

Several researchers have shown that 1in wvitro rooting can
successfully be achieved by reducing salt concentrations 1in the
media particularly 1n MS B5 and LS which contain high salt
concentrations Abundant rooting was observed when the salt concent
ration in the medium was reduced to one half, one third or one-
fourth of the standard strength (Lane 1979 Skirvin and Chu

1979) Lowering of N content in the culture media promoted root

formation i1n Digitalis purpurea Rucker (1982)

Generally auxin favours rhizogenesis Among the auxins NAA
has been the most effective one for 1induction of rooting (Ancora et
al , 1981) The root elongation has been found to be very sensitive
to auxin concentration High concentrations of auxin 1nhibited root
elongation (Thl::mann 1977) The use of NAA produced short thick

roots 1n liquorice (Shah and Dalal 1980) and 1n Origanum vulgare

(Kumari and Saradhi 1992)

Rhizogenesis in Plumbago rosea was reported by Satheeshkumar

and Bhavanandan (1989) by adding IBA 1n the culture medium Some

times a combination of growth regulators are used for rooting 1in
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cultures Mumtaz et al (1990) reported the use of GA3 and BAP 1in

rooting medium of Catharanthus roseus

Lowering of sucrose level to 1 5 per cent resulted 1in the
formation of maximum roots 1n banana and orchid cultures (Bhaskar

1991 Lakshmidevi 1992)

2 6 Acclimatization and planting out

Acclimatization is imported in the case micropropagated plants
because in vitro plant material 1s not adapted for ex vitro conditions
(Brainerd and Fuchigam:  1981) The physiological abnormalities
like vitrification of leaves, may adversaly effect the survival of

plantlets

Physical, chemical and biological properties of the potting
mixture are also 1mportant 1n the plantlet establishment (Kyte and
Briggs, 1979) Thorough washing of the plantlets to remove the
traces of nutrients and sterilising the potting mixture eliminate
serious problems of fungal infection (Anderson 1980) Recent work
by Shackel (1990) indicates that stomata of apple shoots do not

close after being removed from culture

2 7 Economics of plantlet production in vitro

Economic conditions assume great importance 1n any commercial
attempt of mass multiplication of plants The high rate of multipli

cation less space and time requirement and year round production



are the factors that attribute to profitable production of plantlets

through 1in vitro techniques

Chadurved: and Sinha (1979) estimated that around 1,600

plants can be produced from a single explant of Dioscorea floribunda

in an year Rajmohan (1985) reported that by in vitro axillary
bud proliferation techniques 1n jack, on an average 65 plantlets
could be produced per year from the primary explant The unit
cost of producing one jack plantlet 1including one month hardening
was found to be Rs 9 09, whereas the cost of a jack graft at that

time was Rs 8 00

Rajeevan and Pandey (1986) could produce 19,200 papaya
plantlets from a single explant in an year and cost of production
for one plantlet was worked out to be Rs 0 86 The cost of product-

10on of one plantlet of Dalbergia latifolia, including hardening was

worked out to Rs 4 50 (Mahato, 1992)
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MATERIALS AND METHODS

The present study standardisation of 1n vitro propagation

technique 1n Gymnema sylvestre R Br was carried out 1in the

Tissue Culture Laboratory of the Department of Plantation Crops
and Spices College of Horticulture Vellanmikkara Trichur during
the period 1921 to 1993 The materials used and methodology

adopted for the study are described in this chapter

3 1 Collection and preparation of explants

The explants were collected from mature plants grown 1in
the medicinal plant garden attached to the All India Co ordinated

Research Project on Medicinal and Aromatic Plants at Vellanmikkara

Since the explants were collected from the field grown
plants chances for their microbial contamination were quite
obvious In order to control the contamination the plants were
regularly sprayed with a systemic fungicide Bavistin so0WP
(Carbendazim) and a contact fungicide Diathane M-45 (Mancozeb)

each at one per cent concentration at monthly intervals

Vine cuttings of 30 to 40 cm length with a minimum of 8
to 10 nodes were collected For the study The cuttings were
defoliated and washed free of dust The leaves and stem segments
were later thoroughly wiped with cotton dipped i1n 70 per cent
alcohol Leaf segments nodal segments and stem segments were

used as explants for the study
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3 2 Surface sterilization

Surface sterilization of the explants was carried out under
perfect aseptic condition maintained 1n a laminar air flow cabinet
which was made contamination free using a UV lamp The working
table and sides of the laminar flow were thoroughly wiped with

absolute alcohol

The explants were sterilized 1in conical flasks using surface
sterilants like absolute alcohol bleaching water and mercuric
chloride at various concentrations and treatment time (Table 1)
In all the treatmenis the explants were submerged 1in the sterilant
for the required period with frequent agitation Few drops of
surfactant (Extran MERCK) were added for increasing the efficiency
of chemical sterilants After surface sterilization, the solution was
drained off and the explants were washed free of the chemaical

sterilants using sterile water

3 3 Culture med:a

The culture media as suggested by White (1943) Heller
(1953) Murashige and Skoog (1962) Gamborg (1968} Schenk and
Hildebrandt (1972) and Woody Plant medium (Lloyd and McCown
1980) were used for the study The composition of different basal
media iried are given 1n Annexure I The best basal medium was

1dentified and used for further studies The response of the cultures



Table 1 Treatment combinations tried for surface sterilization of

explants 1n Gymnema sylvestre

RG

Treatments Time
0 1% HgCl2 5 min
0 1% HgCl2 6 min
0 1% HgCl2 10 min
0 2% HgCl2 5 man
0 2% HgCl2 10 min
Chlorine water 3 min
Chlorine water 5 min
70% alcohol soaking + 2 min
0 1% HgClZ 10 min
Alcohol flaming 2 sec
Alcohol flaming + 2 sec
0 1% HgCl 10 m1n

2
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on Oltering the major nutrients and amino acids 1in the basal medium

was also evaluated

3 31 Growth regulators

Auxins (2 4 D IAA NAA) Cytokinins (kinetin, 21P BAP)
ABA and GA3 were 1ncorporated 1n the media at various stages of
culture for direct and 1indirect organogenesis The details of combi

nation tried are given in Annexures Ila and IIla

3 32 Organic supplements

Coconut  water activated charcoal phloroglucinol caseln
hydrolysate and adenine sulphate were tried both for axillary bud
break and callus regeneration The different combinations of media

addiirves tried are given in Annexure IIb and Illb

3 3 3 Carbon sources

Carbon sources like sucrose glucose maltose and mannitol
were used for the study Different concentrations and combinations
were attempted Detalls of the treatments are given :in  Annexure Ilc

and Illc
3 4 Media preparation

The various chemicals used for preparation of media were
of analytical grade from SISCO Research Laboratories (SRL) British

Drug House (BDH) Merck and Sigma Standard procedure (Gamborg
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Shyluk 1981) was followed for the preparation of the media Stock
solutions of major and minor elements were prepared first and were
stored under refrigerated condition in amber coloured bottles The
amino acids and vitamin stocks were also prepared separately
Fresh stocks of amino acids and vitamins were prepared at every
s1x week 1interval The stock solutions for various phytohormones
were prepared as per Sigma 1991 and stored in refrigerated condit

ion

An aliquot of different stock solutions was pipetted out 1into
a clean vessel which was rinsed with distilled water  Sucrose
and 1wnositol were added fresh and dissolved Required quantities
of growth regulators were also added and the solution was made
up to the required volume The pH of the solution was adjusted

between 5 5 to § 8 using IN NaOH or HCIL

In order to prepare the sem: solid media good quality agar
(BDH) was added (0 7% w/v) and the solution was heated for melting
the agar For liquid medium a filter paper bridge was used to
hold the explant 1n position Borosil and Cornming brand vessels
were used or the study The bulk media was poured 1nto culture

tubes (15 x 2 5¢m )/conical flask (250 ml) and plugged with cotton

plugs

Sterilization of the media was done in an autoclave by apply

ing 15 ps1 pressure for 20 minutes After sterilization the culture
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tube/flasks were stored 1n an air conditioned culture room for

further use
3 5 Incculation procedure

Inoculation was carried out under strict aseptic condition
in a laminar air flow cabinet Sterilized forceps petridishes
surgical blades and blotting paper were used The surface sterilized

explants were carefully 1inoculated into the media

3 6 Culture conditions provided

The cultures were 1incubated 1n a culture room provided
with fluorescent lamps to give a light intensity of 3 000 lux for
16 hour light period The temperature was mawntained at 26° + 2°C
Humidity 1in the culture room varied between 60 and 80 per cent

according to the climate prevailed
3 7 Routes of micropropagation attempted

Different routes of micropropagation were attempted for the

in vitro multiplication of Gymnema sylvestre It included enhanced

release of axillary buds and indirect organogenesis/embryogenesis

37 1 Axillary bud release

Aplcal shoot and nodal segm nts from mature plants and
were used as explants for axillary bud release Different media

combinations were tried (Annexure IIa b and c¢) for the enhanced
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release of axillary buds A culture period of one month was allowed

for each treatment and the surviving shoots were later subcultured

Observations were recorded for the culture establishment

propagule multiplication and rooting and expressed as percentage
37 11 Culture establishment

The cultures were scored two weeks after 1inoculation for
recording the culture establishment Observations were record=d
for contamination rate  scorching/bleaching of cultures survival

and bud break
3712 Propagule multiplication

The response of cultures 1in each subcultures was observed
and recorded Survival rate 1n each subcultures number of leaves

number of shoots and shoot length were recorded

3713 Rooting

The proliferated shoots were seperated and cultured 1n MS
basal medium supplemented with different levels of auxins, IBA
and NAA (1 to 5 ppm) Activated charcoal (0 25 to 2%) was incor
porated to study 1its influence on rooting Observation on 1induction

of rooting was recorded at weekly 1intervals

maximum score of four was given for those that have occupled the

2N +£ £ 1N -l -~
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embryoids are presented in Annexure IV The morphological changes

to the embryoid were observed at weekly interval
37 23 Microtomy and histological studies of the callus

The callir having different morphology were fixed using acetic
alcohol and were processed for making parafin blocks following
the procedure prescribed by Hotchk ss, 1948  Microtome sections
of the prepared blocks were taken using an ERMA rotary

microtome

The sections were stained with Schiff s reagent and were
viewed through the microscope for 1identifying the callus different

1ation 1if any

The details of the procedure adopted for taking sections

and staining was as follows

Callus cut 1nto small pieces of 0 5 cm3

Fixed in Carnoy s fixative A {Acetic alcohol 3 1),4 hrs

Passed through alcohol series
(50% 70% 80% 90% and 100%—> 4 hrs each)

Passed through alcohol butanol series
(31 11 13 and pure bgtanol—s3 4 hrs each)

Saturated with paraffin wax at 40° to 60°C
(Wax changed at intervals,of 3 hrs to remove butanol)

Embedded 1n paper boats

Sectioned using microtome (10 um)



The sections were streched and adhered on a slide with
the help of an adhesive and were stained using Schiff s reagent

The procedure adopted for staining was as follows

Xylene 1 Xylene II n butanol I
— —
(10 min) (10 man) (5 mn)

90% ethenol absolute alcohol n butanol II
(5 min) < (5 min) S (5 min)

80% ethenol 70% ethenol distilled water
(5 min) - (5 mn) ? {15 min)

Schiff's reagent & distilled water periodic acid
(20 min) (10 man) (10 man)
distilled water 20% potassium distilled water
(20 m1n) ? metabisulphate ? (10 min)
(3 min)
absolute alcohol 90% ethenol 80% ethenol 70% ethenol
(5 min) (5 min) § (5 mn) < (5 min)
n butanol n butanol Xylene I Xylene II
_— —_— _
(5 min) (5 mn) (10 min) (10 man)

L

Mounted using Canada
balsam



RESULTS
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RESULTS

The results of the 1nvestigation on the standardisation of

i vitro propagation technique 1n Gymnema sylvestre conducted

during 1991 83 at the Plant Tissue Culture Laboratory of the Depart
ment of Plantation Crops and Spilces College of Horticulture

Vellanikkara are presented in this chapter

4 1 Enhanced release of axillary buds
4 11 Culture establishment

4 111 Surface sterilisation of explants

The results of the trial for surface sterilisation of the
explants are presented 1n Table 2 Of the various surface sterilants
tried mercuric chloride 0 1 per cent gave better sterilisation for
both the explants than chlorine water absolute alcohol or their
combinations An 1inmitial wiping of explants with 70 per cent alcohol
followed by mercuric chloride treatment for a period of 10 minutes
resulted in the least rate of contaminaton 1n nodal explants whereas
a period of 6 minutes was found sufficient for surface sterilisation
of leaf segments The percentage of survival was 84 and 92 respect

ively for the stem and leaf segments

4 1 1 2 Seasonal variation 1n the rate of culture establishment

The seasonal influence on culture establishment and sustained
growth of nodal explants 1s presented in Table 3 The rate of fungal

contamination varied greatly with respect to the season of collection



Table 2 Effect of various surface sterilants and time of sterilization
on culture establishment of G sylvestre

Time Percentage of Percentage
Nodal survival without establishment 15 days
segment/ contamination after after inoculation
Treatments leaf one week
segment
Nodal Leaf Nodal Leaf
segment segment segment segment
0 1% HgCl2 5 min 48 6 83 5 65 6 67 8
0 1% HgCl2 6 min 48 9 92 0 64 3 83 9
0 1% HgCl2 10 min 84 0 Nil 70 O N1l
0 2% HgCl2 5 min 36 0 23 61 4 N1l
0 2% HgClZ 10 min 40 N1l N1l N1l
Chlorine water 3 min 53 3 N1l 59 8 N1l
Chlorine water 5 min 213 N1l 15 8 N1l
70% alcohol 2 min + 82 0 N1l 65 0 N1l
soaking + 10 min
0 1% HgCl2
Alcohol flaming 2 sec 14 6 Nil 55 N1l
Alcohol flaming 2 sec + 40 N1l N1l N1l

+ 0 1% HgCl, 10 min
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Table 3 Seasonal variations i1n the rate of fungal contam:ination and

culture establishment i1n G sylvestre
Culture

Months Contamination {%) Survival establishment

FC B C (%) (%)
January 19 0 4 7 76 2 33 1
February 36 11 95 2 50 4
March 0 0 100 0 61 6
April 26 16 85 7 30 5
May 81 6 6 3 12 0 N1l
June 100 0O N1l N1l N1l
July 100 O Nil N1l N1l
August 90 4 N1l 96 N1l
September 97 6 N1l 2 4 N1l
October 97 6 N1l 2 4 N1l
November 63 0 19 34 89 79
December 63 0 N1l 35 8 95

o0

Fungal contamination
Bacterial contamination
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of explants The cultures expressed better survival during January
to April and the 1infection was as high as 63 to 100 per cent during
the other months of the year The fungal 1infection was 1identified
as the mawn source of contamination during culture establishment
The organism was 1dentified as Colletotrichum sp based on 1ts
morphology The mycelium was localised in the plant stem and leaves
which aggregated beneath the epidermis to form the fruiting body
called acervulus Short conidiophores and setae arose from this
The conidiophores were short and the setae pointed dark coloured
and septate The conidia were born at the tip of the conidrophore
Conidia were single celled and oval shaped with prominant o1l

globules
4 113 Effect of fungicides 1n controlling the contamination rate

Regular prophylatic spraying given to the plant did not

help 1n reducing the culture contamination (Table 4)

Addition of systemic fungicide to the culture medium was
found to reduce the rate of contamination Of the different combinat
1ons tried Bavistin at 1000 ppm when 1incorporated 1n the medium
gave better results But at this high dose the rate of survival

of explants was found to be poor (Table 4)
4 11 4 Basal medium for culture establishment

The establishment of different explants 1n various basal

media tried are presented 1n Table 5 Medium MS with half the
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Table 4 Effect of adding Bavistin in the culture medium con culture

establishment of G

sylvestre

Contamination Survival Sprouting

T t

reatmen (%) (%) (%)
Contrel C 100 0 N1l N2l
(3 MS + BAP 1 ppm +

NAA O 5 ppm)

C + 250 ppm Bavistin 36 7 10 5 20
C + 500 ppm Bavistin 34 7 17 8 N1l
C + 1000ppm Bavistin 21 5 22 5 N1l

* All the explants used were collected from source plants that were
regularly sprayed with Dithane and Bavistin (0 1% each) at monthly

interval



39

Table 5 The establishment of different explants of G sylvestre in
different basal media

Culture establishment after two weeks
culture period (%)

Mecha Leaf Nodal Stem
segment Shoot tip segment segment
z MS 61 0 59 1 54 5 53 1
2 MS 63 6 60 0 60 O 59 4
MS 84 0 30 1 27 6 20 1
WPM 316 415 43 1 41 5
B5 18 7 315 22 5 315
SH 27 5 33 9 28 7 32 6
White s 52 0 40 0 42 0 40 0

Heller s 42 9 41 6 41 3 40 6
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concentration of inorganic salts was 1dentified as the best basal
medium for shoot tip nodal segments and stem segments with an
establishment rate of 60 per cent The leaf segments were found
to establish well 1in complete MS basal medium with an
establishment rate of 84 per cent More than 50 per cent survival
was also observed for all the explants when the 1norganic salts
were reduced to one fourth level At high salt concentration, the
explants other than leaf segments had a bleached appearance

especially at the cut ends

4 2 Bud break and shoot elongation

4 2 1 Effect of growth regulators

Though good culture establishment was recorded 1in the basal
medium, bud break was not observed 1n any of the cultures Nodal
segments were further cultured in the best basal media 1dentified
by varying the concentrations of the growth regulators 1in the
medium The medla combinations attempted for the purpose are given
in  Annexure IIla Out of the 360 growth regulator combinations
tried, bud break was observed only 1n 12 combinations which are
presented 1n Table 6 The bud break obtained for nodal explants
of Gymnema was less than 40 per cent even in the best growth
regulator combination 1ideni:fied Among the combinations tried half
MS basal medium with 0 4 ppm kinetin and 5 0 ppm IAA gave the
maximum bud break (Plate 1) Bud break though at reduced level

(3 to 19%) was also observed 1in combinations of BAP with the



Table 6 Effect of growth regulators on bud break and leaf production
1n nodal segments of G sylvestre

basal medium M
Cultures Established Estab shed Culture
Treatments established cultures cultures that sho ec
(pem) { ) sprouted{ 4) that o odu cal us ng

(Bud break) ced lea es at ase

)

Kin 0 4 IAA 1 0 60 6 92 N1 N
Kin 0 4 IAA 2 0 64 2 33 3 N L
Kin O 4 IAA 3 0 58 4 28 5 20 5 N
Kin 0 4 IAA 40 58 0 333 333 N
KnoOa4 IAAS O 59 5 40 O 250 N
BAP 1 0 56 2 93 N1l 3
BAP 1 0 IAA 59 1 i2 5 N1l N I
(10 to 50)

BAP 4 0 NAA O 8 57 3 19 0 4 5 20 5
BAP 4 0 + NAA 1 0 62 1 30 N 1 16 5
Kin 0 4 + TAA 40 62 7 29 7 25 5 N 1
+ GA3 {1 to 5 0)

BAP 4 0 NAA 0 8 63 3 4 1 N1l N1l
+ GA3 {1 to 5 0)

BAP 1 0 IAA 10 64 0 75 N1l N1l

GA3 (1 to 5 0)




Plate 1 Nodal segment of Gymnema showing axillary bud
break

Plate 2 Shoot elongation and leaf production in the medium
supplemented with Kin 0 4 ppm and IAA 5 0 ppm
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auxins IAA and NAA The cultures had a callusing tendency at the
base when BAP and NAA were 1ncorporated n the med um IAA at
concentrations of 2 0 to 50 ppm had a favourable effect n b d
break both 1n combination w th kinetin and BAP The growth eg lato

GA3 gave no favourable response 1n accelerating bud break

Leaf retent on was very poor n all the combinat ons dent f ed
Defol ation was the major constraint 1n carrying forward the cultu es

The shoot growth was found restricted after defoliation

4 2 2 Effect of organic supplements

Organic supplements like aden ne sulphate coconut wate
casein hydrolysate and phloroglucinol were tried so as to ncrease
the bud break and later growth Among the d fferent addit e
tried aden ne sulphate and coconut water were found to ha
favourable effects on bud break (Table 7) Maximum sprouting wa
observed 1n combainations of 2 O ppm adenine sulphate and 30 pe
cent coconut water The organic additives w~ere also found to fa ou
leaf product on in the sprouted cultures Only 4 5 per cent culture
exhibited sprouting i1n the med um supplemented with BAP and NAA
whereas 24 per cent of the cultures produced leafy shoots hen
the medium was addit onally supplemented w th adenine sulphat

{2 0 ppm) and coconut water (30 )

Growth performance of the culture 11n the var ous med:

1dentified for bud break 1s presented 1n Table 8 Much d ffe ence



Table 7 Effect of organic supplements on bud break and leaf

production 1n nodal explants of G sylvestre
Cultures Cultures Cultures Cultures
Treatments establl sprouted that that
shed () () produced showed
leaves cal us ng
() at base
2 MS + BAP 4 0 ppm + 57 3 19 0 4 5 20 o
NAA O 8 ppm
(Control C )}
C + Coconut water 30/ 49 7 34 5 22 5 N 1
C Adenine sulphate 52 3 30 5 2 o N
2 ppm
C + Coconut water 30, + 49 3 37 5 24 0 N
Adenine sulphate 2 ppm
C Phloroglucinol 53 1 75 20 N1l
(10 20 30 and 40 ppm)
C + Caseiln hydrolysate 50 2 8 2 25 4 7

{100 250 400 and
500 pom)
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was not observed with respect to number of days taken fo  bud

break Bud break was observed after 16 to 21 days culture per od

Percentage of bud break 1n the various media dent fied
varied from 19 to 40 per cent Medium MS with half the concentrat
1ion of 1norganic salts supplemented with 0 4 ppm kinetin and 5
ppm IAA registered the maximum bud break Shoot length a
number of leaves produced were also high n this combirnat on Pla
2) The mean shoot length observed was 4 0 cm afte one non
culture period Though bud break and shoot elongation was obser ¢
in the medium supplemented w th BAP (4 0 ppm) and NAA 0
ppm) the shoots were not healthy n appearance (P ate 3 ea
retention 1n the combinat ons 1identified was ery poor N ne
the cultures retalned leaves after two months culture pe od T
growth was arrested after one month even after subcultu ng
shoots 1n the same medium The shoots gradually became pale n
defoliated within two months (Plate 4) Susta ned ¢ owt of  he
shoot was not observed in any of the combinations 1dent f ed

the purpose (Table 8)

4 3 Leaf retention 1n in vitro shoots

4 3 1 Effect of different carbon sources

The effect of sucrose and other carbon sources on bud br k
shoot elongation and leaf retention are given n Table 9 D ffe en
levels of sucrose glucose maltose mann tol and thelr comb nat an

were tried of which 3 0 per cent sucrose showed better sprou n



Plate 3 Sh ot elongat on and leaf production 1n the med:r m
su plemented 1th BAP 4 0 ppm and NAA O 8 ppm

Plate 4 Cultures showing defoliation after two months culture
period



Plate 3 Shoot elongation and leaf production i1n the medium
supplemented with BAP 4 0 ppm and NAA 0 8 ppm

Plate 4 Cultures showing defoliation after two months culture
period






Table 8 Growth performance of axil ary bud cultures 1n various media ident f ed for bud break

G sylvestre

n

Days aken Bud b eak No of Mean shoot No of No of Culture
for bud () shoots  length leaves leaves show ng
Treatments break produ after produ retained call using
ced month ced after 2 tendancy
cu ture month
period culture
{em) per1iod
NS BAP 4 0 ppm 19 19 0 0 20 20 N 1 20 5
NAA 0 8 ppm (C}
C Cocon t water 30 7 34 5 0 25 30 N1 N 1
C Aden ne sulphate 2 0 ppm 2 30 5 10 25 30 Nil N1
C Co onut water 30 16 37 5 10 30 30 N 1 N1
Aden ne sulphate 2 0 ppm
MS Kn O4 ppm 7 33 3 0] 30 30 N1l N1
IAA 2 0 ppm
MS Kn O4 ppm 7 28 5 0 30 30 N1l N 1
IAA 3 0 ppm
MS Kn O4 ppm 33 3 10 4 0 0 N1l N
IAA 4 0 ppm
MS Kn 04 om 40 0 10 0 5 0 N 1 N

AA

B



P te G een ompa t ca lus nduced n e medium
supp emented th BAP 0 5 ppm and I[AA O p m



Table 8 Growth performance of ax llary bud cultures 1n various media 1dentified for bud break

G sylvestre

n

Days taken Bud break Mean shoot No of Culture
for bud ( length leaves showing
reatments break after 1 retained callus ng
month after 2 tendancy
culture month
period culture
(cm) period
MS + BAP 4 0 ppm 19 19 0 N 1 20 5
AA O 8 ppm (C)
Coconut water 30 7 34 5 N1 N1l
Adenine sulphate 2 0 ppm 21 30 5 N1l N1
Coconut water 30 16 37 0 N1l N 1
denine sulphate 2 0 ppm
MS Kn 04 ppm 7 33 0 N1l N1l
\A 2 0 ppm
MS Kn O4 ppm 7 28 0 Nil N1l
A3 0 ppm
MS Kn O 4 ppm 6 33 0 N1l N1
\A 4 0 ppm
MS Kn 04 ppm 6 40 0 N1l N 1
A 50 ppm

a
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Table 9 Effect of d fferent carbon sources on leaf retent on of

G

sylvestre
(basal medium

Kin 0 4 ppm

IAA 5 0 ppm

Cultures Cultures Cultures that
Treatment sprouted elongated with eta ned leaves
() () leafy shoots )
(4)
Sucrose 1 0 23 N1l N1l
Sucrose 2 0 24 13 5 N1
Sucrose 3 0 40 25 0 N1l
Sucrose 6 0 23 N1l N 1
Maltose 3 0O 30 111 N1
Mannitol 1 O 7 Nil Nil
Sucrose 3 0
Maltose 2 0 + 27 17 7 N1l
Sucrose 1 0
Glucose 3 0 25 40 N1l




4.7

and shoot elongation Altering the carbon sources other than sucrose
did not vyield any favourable effect on leaf retention It was also
observed that addition of mannitol completely 1nh bited the culture

growth

4 3 2 Effect of 1norganic components

The composit on of 1norganic salts was changed in one of
the best media 1i1dentified for bud break and shoot growth so as
to study the effect of 1norganic components on leaf retention Le els
of nitrates potassium magnesium and calcium were alte ed and
the results are presented n Table 10 None of the treatments ga e
significantly higher results However better results were obser ed
when the level of magnesium sulphate 1n the half MS basal med um
was 1ncreased by three times Leaf retention was 1increased by O

per cent compared to the other treatments tried

4 3 3 Effect of vitamins and am no ac ds

Varying the levels of glutamine thiamine ascorbic ac d
glycine and pyr doxine did not give any favourable effect on growth
and leaf retention 1n Gymnema cultures The results obtained a e

presented 1n Table 11

4 4 Rooting of 1n vitro shoots

Rooting of n vitro shoots was attempted by varying the

organic and 1nhergan ¢ components as well as the growth regu ato s



Table 10 Effect of

norgan c components on eaf
G sylvestre

4§

etent on of

Culture Cultures Cultu es tn
estab sh hav ng reta ned
Treatments ment leafy healthy ea e
shoots after 2 mon h
( cu ture pe o
2 MS KnO4 ppm 59 250 N
IAA 5 ¢ ppm
(Control C )
C 4M KNO3 51 9 2 N
C 2M NH4N03 53 210 N
C 2M NH4N03 4M KN03 56 20 2 N
C 2™ NHI;SOL; 52 N1t N
C M MgSOl4 6 2 o 0
C 3Mm CaCl2 59 38 9 N
C ™M Calcium gluconate 59 2 N
C 2M Calcium gluconate 54 1 6 N
C 3M Calc um gluconate 54 7 4 N
C M 53 9 2 N

AgNO




Table 11 Effect of vary ng vitamins and aminoac ds on leaf etent on
of G sylvestre
Culture Cultures Cultures tha
establish having leafy etained e e
Treatments ment () shoots { ) after 2 month
culture pe od
MS Kin O 4 ppm 59 5 250 N
IAA 5 0 ppm
{Control C )
C 1M glutamine 5 2 22 2 N1
C 2M glutamine 59 2 20 3 N1l
C 3M glutam ne 54 6 20 0 N1
C 4M glutamine 57 0 23 2 N
C 5M glutamine 56 8 23 0 N
C 1™ Th am ne 54 2 19 7 N 1
C 2M Th amine 53 7 19 2 N
C 2M As orb1 ac d 57 3 17 5
C 3M Ascorbic acid 54 2 19 5 N1
C 2M glyc ne 51 5 20 1 N
C 3M glyc ne 53 2 23 2 N 1
C 1M pyridox ne 49 9 21 6 N 1
C 2M pyridox ne 52 1 22 0 N 1




The media combinations tried for the purpose are listed i1n Table 2

None of the treatments tried could 1nduce roots 1n Gymnema
cultures However shoot elongation was observed 1n modified MS
medium with one fourth concentration of inorgan c salts
supplemented with activated charcoal 0 5 mg/l Defol at on as a

problem 1n rooting stage also

4 5 Indirect organogenesis/embryogenesis
4 5 1 Callus induction and proliferation

4 511 Effect of growth regulators

The effect of wvarious growth regulator combinations for
inducing callr 1n different explants 1s presented 1n Tables 3 1and
14 Among the various growth regulator combinations tried n the
MS basal media for leaf explants BAP at levels 05 toe 10 ppm
1in combination with NAA 05 to 20 ppm and 2 4D at 05 to 20

ppm gave the best response for callusing (76 to 90 per cent)

The callus 1nduced at low levels of BAP n comb nations
with NAA were green and friable (Plate 5a and 5b) whereas IAA
at levels 05 to 2 0 ppm 1n combinations with low levels of BAP
induced green compact callus 1n Gymnema leaf segments (Plate ¢)
The callr were cream watery and friable when 2 4 D was 1incor
porated in combination with BAP (Plate 7a and 7b) Callus mo phology
was found mainly influenced by the type of auxin and the r concent

ration rather than the type of cytokinin used The kinetin levels



Table 12 Effect of different
G sylvestre

media combinat ons on recoting of

1

Mean Shoot Leaf Root
initial  length retention nduct o
Treatments shoot  after after one
length one month
{cm) month ()
(cm)
1 MS basal media 05 05 N1l N 1
7 MS IBA 1 0 ppm 05 05 N 1 N
2 MS + IBA 2 0 ppm 05 05 N1l N
MS + IBA 3 0 ppm 05 07 N 1 N 1
z MS IBA 4 O ppm 05 07 N1l N 1
MS + IBA 5 0 ppm 05 07 N1l N1t
2 MS NAA 1 0 ppm 05 05 N1 N1l
2 MS + NAA 2 0 ppm 05 05 N1l N 1
7 MS NAA 3 0O ppm 05 05 N1 N 1
2 MS + NAA 4 0 ppm 05 05 N 1 N 1
2 MS NAA 5 0 ppm 05 05 N1l N1l
MS 0 25 charcoal 05 35 N1l N1l
MS + 0 5 charcoal 05 40 N1 N1l
MS + 14 charcoal 05 35 N1l N
MS 24 charcoal 05 35 N1l N1
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Plate 5a Green friable callus 1nduced 1n the medium
supplemented with BAP 0 5 ppm and NAA 1 0 ppm

Plate 5b Green friable callus enlarged view (16 x)






Plate 6 Green compact callus i1nduced in the medium
supplemented with BAP 0 5 ppm and IAA 1 0 ppm






Plate 7a Cream watery callus induced 1n the medium
supplemented with BAP 0 5 ppm and 2 4 D 1 0 ppm

Plate 7b Cream watery callus enlarged view (16 x)
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tried (05 to 10 ppm) were found to 1nh bit the callus ng nd
low callus i1ndex (29 1 to 216} was recorded for all the comb nations
tried w th kinetin as compared to those with BA ( 04 to 368 8)

The results are presented 1n Table 13

The response of stem segments to var ous growth regulato
combinations tried for callusing 1s presented n Table 14 The
percentage callusing and the callus 1ndex recorded for stem segments
1in  various media combinat on followed the same trend as for leaf
segments Combinations of BAP 05 to 1 0 ppm either with NAA
05 to 20 ppm or with 2 4D 05 to 20 ppm gave the max mum
response to callusing (81 6 to 90 per cent) Callus ndex recorded
was the maximum for media combinations with BAP either with NAA
05 to C ppm or 24D 05 to 10 ppm As for the leaf exp ant
kinet n was found less effective 1n 1nducing call n the sten
segments The callus morpholegy was also of the s m lar patte n
as described for those 1induced from leaf segments The type of
growth regulator and 1ts concentration was found critical n dete m n
ing the nature of callus produced rather than the type of explants

or basal medium used

4 51 2 Effect of organic supplements

The effect of organic supplements like coconut water and
caseln hydrolysate on callus growth and 1ts morphology 1s presented
1in Table 15 Coconut water did not 1nfluence much the callus indu t

1on in Gymnema leaves but the later proliferation was found redu ed



Table 15 Effect of organic supplements on callus growth and morphology

ments Callus Callus Callus Morphology of callus
induction prol feration ndex produced

(o) ()

BAP 1 0 ppm L 91 3 90 4 361 6 Dark green friable callus
) 5 ppm (Control C )} ) S0 0 86 6 346 4 Green friable callus
oconut water 10° L 90 5 72 9 271 6 Green friable callus

S 87 6 59 0 262 9
oconut water 15 L 83 7 74 9 251 1 Pale green friable callus

S 81 2 71 0 243 6
oconut water 20 L 91 6 62 5 183 2 Cream friable callus

S 82 0 60 2 164 0O
oconut water 30 L 80 4 b3 7 90 4 Cream friable callus

S 84 2 49 5 84 2 Pale yellow friable callus
asemn hydrolysate L 59 0 97 59 0 Pale green compact callus
pm S 60 1 90 60 1
aseln hydrolysate L 53 3 35 Pale green compact callus
pm S 51 2 10
aseln hydrolysate L 41 9 Pale yellow compact callus
pm S 39 5
aseiwn hydrolysate L 23 3 Pale yellow compact callus
pm S 20 2

L Leaf segment
S Stem segment

Uy



when coconut water up to a level of 30 per cent was nco porated
in the medium The callus index recorded was also lov n al the
combinations of coconut water tried as compared to the cont ol
medium The coconut water also nfluenced the callus morphaology
by changing the colour of the newly formed callt The callus ~h h
was 1nitially dark green appeared pale yellow when higher e els
of coconut water was 1ncorporated 1n the med um (Table 15)
Percentage callusing callus proliferation and the callus 1ndex was
greatly reduced when casein hydrolysate was ncorporated n the
medium The external appearance of the calli was also found alte ed
by caseln hydrolysate It became pale yellow and compact n

contrast to dark green and friable nature n control medium

4 51 3 Effect of carbon sources

Among the different carbon sources tr ed sucrose at 3 0 pe
cent level gave the maximum callusing The callus ndex recorded
was 362 Other carbon sources tried like glucose mannitol and

maltose did not improve the callus ng rate 1n Gymnema sylvesire

(Table 16) The reduction 1in callus growth was the maximum hen

mannitol was 1ncorporated 1n the medium

4 5 2 Callus morphology as influenced by growth regulator combinat
on  and culture per od
The changes 1n callus morphology at varying ntervals of
the culture period was stud ed The 1mitial callus produced as

vory white and friable 1n all the combinat ons tried (Table



Table 16 Effect of different carbon source on callus growth and proliferation 1n G

sylvestre

Basal medium MS BAP 1 0 ppm NAA ©C 5 ppm)

Treatments ( )

Callus 1ndex

Morphology of callus

I I1 1 produced
Subculture Subculture Subculture

Sucrose 1 0 166 3 166 3 83 Pale green compact callus
Sucrose 2 0 286 8 286 8 179 2 Pale green friable callus
Sucrose 3 0 362 0O 362 0 362 0 Dark green friable callus
Sucrose 6 0 61 7 61 7 61 7 Green compact callus
Maltose 3 0O 147 3 73 6 Green friable callus
Minnitol 1 O Sucrose 2 0O
Maltose 2 O sucrose 1 0O 149 0 149 0 74 5 Pale green compact callus
Glucose 3 0 237 0O 237 0 158 0O Pale green compact callus

-



able 17

Effect of different growth regulators on callus morphology of G

culture period

sylvestre at different intervals of

Cul ture period

ments

1 week 2 week 4 weeks 6 weeks 8 weeks
BAP 1 0 ppm Ivory white Pale green Dark green Dark green Brown friable
) 5 ppm friable callus friable callus friable callus friable callus callus
BAP 1 0 ppm + Ivory white Cream compact Pale green Brown compact Brown compact
5 ppm friable callus compact callus callus callus
BAP 1 O ppm Ivory white Cream watery Pale cream Brown watery Brown friable
05 ppm friabie callus callus watery callus callus callus
Kn 10 ppm Cream friable Pale green Brown compact Brown compact
) 5 ppm callus friable callus callus callus
Kin 1t 0 ppm White to pale Pale green
5 ppm green compact compact callus

callus

Kin 1 0 ppm White watery Pale vyellow Brown friable Brown friable
05 ppm callus watery callus callus callus




Media with BAP and NAA 1nduced dark green fr able callus w thn
4 to 6 weeks culture period The callus gradually wurned b o n
and remalned friable for about 8 weeks Kinetin and NAA combinat
1ons 1nduced pale green friable callus Media supplemented w th
IAA nduced pale green compact callus within four weeks The callus
irrespective of the cytokimin supplemented turned bro n  bu
remained compact for six week time Similarly medi ~ th 2

gave pale creamy to vyellow watery callus 1n four eeks t me an

turned brown within six weeks culture period

4 6 Organogenesis/embryogenesis

The callus nduced n different media comb nat ons e e
cultured upto the 7th subculture by varying the growt regulato
combinations (Annexure Illa) None of the comb nations tred ga e
favourable response w~ith respect to indirect organcgenesis o]
scopical examination of the cally having different morphology and
age showed no signs of organogenesis The aged call were fo nd
to accumulate starch granules on the surface (Plate 8) Microtome
sections showed uniform cells without any vascular d fferentiat on
(Plate 9) Lignified cells were observed 1n the callus ma ntained

for more than 6 weeks (Plate 10)

Embryoids were formed n a very few media combinat ons
and the resuits are presented 1n Table 18 Though the frequency
was less embryogenesis was observed in the callus ma ntained n

MS basal media supplemented with combinations of BAP NAA BAP



Plate 8 Starch granuls developed on aged callus
enlarged view (16 x)






Plate 9 Photomicrograph of callus showing uniform cells
(150 x)

Plate 10 Photomicrograph of callus showing lignified cells
(150 x)






late 1 Callus show ng globular embrvord

P ate 12 Torpedo s age of embryoids
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MS 5 MS BAP 0 ppm AA 0 ppm MS M35 K 0 pem 2480 0 ppm
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(1

IAA and kinetin 2 4 D Embryoids were observed n green f able
calli pale yellow compact calli and 1n creamy white friable cal

The embryolds observed were 1nt ally globular 1n shape with
smooth surface (Plate 11) which later developed 1nto torpede 1 ke
structures (Plate 12) They were found to be highly unstable and
got reverted to callus phase within five days 1f not subcultured

(Plate 13)

4 6 1 Embryo germination and further growth

The embryoids formed were subcultured at d fferent stages
of ts developments to various media combinations None of the
combinations attempted could support further growth and germinat on
of the embryoids They elther became brown and later dried up
or turned to a callus phase agaln Embryo maturat on could not

be achieved 1in any of the treatment tr ed for the purpose (Table 9



Plate 11 Callus showing globular embryo:d

Plate 12 Torpedo stage of embryoids






Plate 13 Revertion of embryoids to callus phase
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Table 19 Subculture response of embryoids of G sylvestre in various

media

co nb natnons

Teatment
(Subculture med:ia)

Response
after one week

Liquid basal MS medium

Sem1 solid basal MS medium

1

0

20

40

4 0

1

0

ppm

ppm

ppm

ppm

ppm

+ NAA 0 8 ppm

+ 2 4 D 0 25 ppm

Kin 1 0 ppm + NAA 0 25 ppm

Kin 1 0 ppm + IAA 0 25 ppm

Kin 1 0 ppm + NAA 05 ppm + ABA 1 0 ppm

MS + BAP
MS + BAP
MS + BAP
MS + BAP
MS + BAP
MS +
MS +
MS +
MS +

Turned brown and dried

Started callusing

Turned brown and dried

Kin 10 ppm + 2 4 D 0 5 ppm + ABA 1 0 ppm




DISCUSSION
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DISCUSSION

Propagation of Gymnema sylvestre one of the few medicinal

plants 1dentified for hypoglycemic properties is found rather
difficult due to 1ts scarce seed set and poor rooting of cuttings
or low success 1n other vegetative propagation methods The plant
acquired 1ts 1mportance due to Its efficiency in controlling the
glucose level 1n blood 1 1nsulin dependent diabetes mellitus and
also due to 1ts property to enhance endogenous insulin {Shanmugha~
sundaram et al 1990) There exists a tremendous need to
popularise this important medicinal plant which has got wide

adaptability under humid tropical conditions

Attempts were made for the first time to standardise the

in vitro propagation technique of Gymnema sylvestre 1n the Plant

Tissue Culture Laboratory Department of Plantation Crops and Spices
College of Horticulture Mature vines maintained in the medicinal
plants garden of the All India Co ordinated Research Project on
Medicinal and Aromatic Plants at the College of Horticulture was
used as the source material for the study The results obtained

are discussed hereunder

5 1 Enhanced release of axillary buds

5 1 1 Culture establishment

The explants collected from mature vines of Gymnema sylvestre

could be effectively surface sterilised with mercuric chloride at



G4

0 1 per cent The treatment time varied from 6 minutes to 10 minutes
according to the nature of the explants used Maxtmum survival
rate recorded was 92 per cent for leaf segments and 84 per cent
for nodal segments Increasing the treatment time resulted in high

rate of mortality of the explants

Effective use of mercuric chloride as a surface sterilant
at 01 per cent level has besn reported by Lakshmi Sita (1986)

in Dalbergia latifolia, Reghunath (1989) 1n Elettaria cardamomum

Lakshmidev: (1992) 1n DPendrobium, Sharma (1992) 1n Tylophora

indica and Babu et al (1992) in Zingiber officinale

Microbial interference was the major problem in establishing

in  wvitro cultures of Gymnema sylvestre Great seasonal variation
was also observed for the same Incidence of fungal infection 1in
cultures of field explants has been recorded as a serious problem
1n micropropagation Doublin (1984) observed that the percentage
of 1nfection was more than 90 for field explants regardless of the
procedure used for their sterilization Fungicidal spraying of mother
plants have been suggested by Legrand and Mississo (1986) as a

method for reducing culture contamination but i1n Gymnema sylvestre

attempts made on this 1line did not give favourable result 1n
reducing microbial contamination The microbial interference 1in
Gymnema cultures however was season dependent The main 1inter
ference for culture establishment was fungal infection and the organism

was 1dentified as Collectotrichum sp Months of January to April




was 1dentified as the best period for establishing the cultures of

Gymnema sylvestre with the mimimum fungal interference The micro

bial 1interference was as high as cent per cent during the months
of June July  High 1infection rate i1n 1in viiro cultures has been
widely reported to cause problems depending ¢n both species and
growing conditions (Borrod 1971  Seabrook et al 1976  Yang,
1977 Boxus 1978 Doublin 1984 and Mahatce 1992) Seasonal variat
1on for microbial 1interference 1in cultures of Gymnema might be due
to the favourable environment for the microbes during certain
periods of the year Relatively dry periods were found to suppress

the microbial population 1n cultures

In Gymnema sylvestre addition of systemic fungicide to

the culture medium was found to have remarkable influence :in reducing
the rate of contamination Of the different combinations tried
Bavistin (Carbendazim) 1000 pom when 1incorporated 1in the medium
gave better results But at this high dose the rate of explant
survival was found to be poor (Table 5) Similar results of fungi
cide toxicity have been reported by Brown et al (1982) and Shields

et al (1984)

Dodds and Roberts (1985) suggested to avoid the use of
fungicides for sterilisation since they or their degradation products
may be metabolised by plant tissues with unpredictable results
Addition of systemic fungicide 1in the culture medium showed chloro
phyll degradation and vitrification in leaves of cardamom {Reghunath

1989)



Among the various basal media tried for culture
establishment (3 MS ., MS WPM B5 SH White s and Heller s)
MS basal medium with half the concentrations of 1inorganic salts
was 1dentified as the best for nodal segments with an establishment

rate of 60 per cent The leaf explants established well 1n complete

MS medium with an establishment rate of 84 per cent (Table 13)

Modified basal MS medium with reduced major elements has
been 1dentified for axillary bud 1mtiation 1n various other

medicinal plants like Cinchona ledgeriana (Hunter 1979)  Solanum

nigrum (Mandal and Gadgil 1979) Panax ginseng (Choi et al 1982)

Asclepias erosa (Lee et al 1985) and Valeriana wallichi1 {Madhur

and Ahuja, 1991) In Gymnema sylvestre at high salt concentrations

the explants had a bleached appearance at the cut end whtch
probably hindered the nutrient uptake leading to poor culture
establishment High salt concentration of MS medium might not be
suitable for the establishment of cultures and may be even toxic

to the explant tissue

51 2 Bud break and shoot formation

In 1ts natural habitat the axillary buds of the climbing

vine Gymnema sylvestre are normally dormant due to strong apical

dominance The application of cytokinin to the axillary buds 1s
reported to overcome this apical dominance in many crops (Murashige
1974) The direct effect of cytokinin 1n tissue culture may vary

according to the particular compound used the type of cultures
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and the variety of plant from which 1t was derived (George and

Sherrington 1984)

In the present study very few media combinations were

1dentified for 1nducing bud break i1n Gymnema sylvestre Out of

the various combinations tried for the purpose only 12 gave
favourable response Growth regulator combinations of kinetin (0 4
ppm) with IAA (2 0 to 50 ppm) and BAP (4 0 ppm) with NAA (0 8
ppm) gave better response 1in half MS basal medium Among the
comblnations identified for bud break media having kinetin and
IAA alone produced healthy shoots with normal leaves The
cytokinin BAP alone or 1in combination with auxins did not favour

healthy shoot formation

The action of kinetin might be stronger than BAP and IAA
being thermolabile and photosensitive the combination of low
kinetin and relatively high IAA favoured bud break and later

growth 1n Gymnema sylvestre The growth regulator combinations

of BAP with NAA 1nduced callusing in the cultures and this might
be the reason for low bud break and shoot formation in this
combination though 1t gave a better culture establishment at initial

stages

Use of kinetin 1n the culture medium has been reported for

bud break 1in Gloriosa superba (Somani et al 1989) The

favourable effect of BAP 1in bud break has also been reported earlier
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1n various medicinal plants like Dioscorea floribunda (Sinha and

Chaturved:, 1979) Digitalis lanata (Erder et al 1981) Digitalis

purpurea (Rucker 1982) Glycyrrhiza glabra (Syrtanova and Mukhit

dinova, 1984) and Catharanthus roseus (Mumtaze et al  1990)

Gibberelic acid tried at varicus combinations did not yield
any favourable result for the growth of cultures Inhibitory effect

of GA, 1n cultures has been reported earlier by Heide (1969) 1in

3
Begonia Bhasker (1991) 1in banana and Mahato (1992) in Dalbergia

latifolia However Rucker (1982) found an enhancing effect of GA3

in Digitalis purpurea cultures

The maximum bud break recorded for Gymnema in the present
study was only 40 per cent in the best media 1identified Hence
the media combinations tried 1n the present study 1s presumed to
be not sufficient to eliminate ilhe limiting factors for the 1in vitro

culture of Gymnema sylvestre

513 Effect of organic supplements on bud break and shoot formation

Organic supplements like adenine sulphate coconut water,
casein hydrolysate and phloroglucincl were tried so as to study
their effect on bud break and later growth Maximum enhancement
in sprouttng was observed 1n combilnations of 2 0 ppm adenine
sulphate and 30 per cent coconut water (Table 7) The organic addit

ive were also found to favour leaf production 1in the sprouted
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cultures This 1s 1n confirmity with the observations made by Van
Overbeak et al (1941) 1in Datura, Mandal and Gadgil (1379) 1n

Solanum nigrum Ilahi (1983) in Papavar somniferum and Ilahi1 and

Akram (1987) 1n Rauvolfia serpentina wherein coconut water 1s

reported to support healthy cultures

In the present study 1incorporation of coconut water in the
culture media could induce leaf production 1n 22 5 per cent of
cultures Addition of adenine sulphate along with coconut water
slightly 1increased the number of healthy cultures and gave 24 per
cent cultures with leaves while the control media recorded only
4 5 per cent healthy cultures Here the higher percentage of sprout
ing and leaf production might be a combined effect of both coconut
water and adenine sulphate However the results clearly indicate
the promotive effect of coconut water on culture sprouting and leaf

production in Gymnema sylvestre The favourable effects of coconut

water 1n the promotion of growth and differentiation of excised
tissues and organ have been attributed to the presence of cytokinins

and gibberelin like substances in it (Straus and Rodney 1960)

Incorporation of casein hydrolysate a complex mixture of
amino acids has been attempted by several workers Enhancement
in multiple shoot production by adding casein hydrolysate has been

reported by Mascarenhas et al (1983) 1in Hevea brasiliensis and

Mahato (1992) 1in Dalbergia latifolia However addition of casein

hydrolysate in the culture medium gave no favourable response 1n



Gymnema sylvestre Similar observation have been reported by

George and Sherrington (1984) 1n several plant species both 1n

monocots and dicots

Phloroglucinol a phenolic auxin synergist commonly used

1n tree specles gave no favourable results i1n Gymnema sylvestre

Instead 1t reduced the percentage of culture establishment and
culture sprotuing when 1ncorporated i1n the medium Hunter (1979)
reported the promotive effect of phloroglucinol in culture establish

ment and growth of Cinchona ledgeriana and Mallika et al (1992}

1in Theobroma cacao

Leaf retention was very poor 1in all the combinations 1denti-
fied for bud break 1n Gymnema Defoliation of the newly formed
shoots was the major constraint i1n carrying forward the cultures
The shoot growth was found restricted after defoliation None of
the media combinations 1identified for bud break could support leafy
shoots for a period of two months The leaves became chlorotic

turned pale yellow and were shed within two month s period

5 1 4 Enhancement of leaf retention

The composition of 1norganic salts was changed in one of
the best media 1identified for bud break so as to study their
effect on leaf retention The mnitrates potassium  magnesium and
calcium were altered 1n the present study None of the treatments

gave significantly higher results However better results were
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observed when the level of magnesium sulphate in the half MS basal
medium was 1ncreased by three times compared to the standard
strength Healthy leaves were retained 1n 10 per cent of the
cultures when magnesium sulphate was 1ncorporated 1n the culture
medium The favourable effect of magnesium on shoot growth has
also been reported 1n Chest:nut (Chevre et al , 1986} Magnesium
sulphate would have helped leaf retention in Gymnema through the
favourable influence of magnesium 1in chlorophyll formation Favourable
effect of altering the 1inorganic components 1n the culture medium
has been reported for enhancing bud break and shoot elongation
1n  gooseberry (Wainwright and Flegman 1985) and 1in Dalbergia

latifolia (Swami et al  1992)

Incorporation of various vitamins like glutamine thiamine
ascorbic acid and pyridoxine did not yield any favourable response

for leaf retention i1n Gymnema sylvestre

Carbon source 1in the culture medium was altered at different
levels to study their favourable influence 1f any for leaf retent
1on 1n Gymnema cultures Using the carbon sources other than sucrose
did not yield any favourable effect on leaf retention In the present
study 3 0 per cent sucrose was found to be the optimum level
for sprouting and shoot elongation Gamborg et al (1974) suggested
that the efficiency of nitrate and ammonium 1ons can depend on

sucrose concentrations and the effect of cytokinins on cell division



/4

may also be dependent on the sugar availability The use of alter
native carbon sources like glucose maltose raffinose  fructose
and galactose have been reported to be less effective (George and
Sherrington  1984) Varying effects were found 1n using different
sugars as energy source 1n cultures (Reghunath 1989 Mahato

1992)

The hypoglycemic property of Gymnema sylvestre mght be

due to 1ts direct or indirect 1influence on carbohydrate metabolism
The same mechanism though not yet fully understood might be
acting in the 1n vitro culture system especially 1interfering the
sucrose absorption and ufilisation The poor response of Gymnema
for 1n vitro culture system could thus be explained through 1ts

interaction 1n sugar metabolism

515 Rooting of i1n vitro shoots

Rooting was attempted for the 1in vitro shoots by varying
the organic and 1inorganic components as well as the growth regulators
in the culture medium None of the combinations tried yielded
favourable result again signifying the recalcitrant nature of
Gymnema as 1in other stages of 1in vitro cultures Pulse treatment
with the rooting hormone IBA or 1ncorporating IBA at different
levels 1n the rooting media did not favour root 1initiation The
response was not altered even when the carbon source was reduced

or activated charcoal was incorporated in the culture medium The
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only response expressed by Gymnema shoots was the 1increase 1in
shoot elongation when cultured 1in the growth regulator free low
salt media incorporated with charcoal (+# MS with 05 per cent
charcoal) The shoots thus formed again were unhealthy and defoliated

within one month culture period without any root induction

Abundant rooting has been reported 1n various crops when
the salt concentration 1in the medium was reduced to one half one
third or one fourth of the standard strength (Lane, 1979 Skirvin
and Chu 1979) Shoot elongation 1n a medium without any growth
regulators has been reported earlier by Syrtanova and Mukhidinova

(1984) 1n Glycyrrhiza glabra Activated charcoal has frequently

improved plant tissue culture by absorption of growth 1inhibitors
prevention of unwanted callus growth and promotion of morphogenesis
(George and Sherrington 1984) Kim and Lee (1988) reported that
addition of 05 per cent activated charcoal in half strength MS
media containing BA at 05 ppm showed best shoot and root growth
from axillary buds of Ziziphus Similar results has also been

reported for Cypress (Capuana et al  1991)

The favourable effect of IBA the rooting hormone 1s widely
reported 1n many plant species (Erﬁel et al (1981) 1in Digitalis
lanata Choi et al (1982) in Panax gtnseng Ilah: and Akram (1987)

in Rauvolfia serpentina and Sateeshkumar and Bhavan[:é‘an (1989) 1n

Plumbago rosea) However none of the media combinations tried

in the present study could induce rooting 1n Gymnema
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The low success recorded for 1n vitro multiplication and

rooting of Gymnema sylvestre from nodal explants in the present

study could be attributed to various factors Previous attempts
and successful reports in this line was lacking for the crop The
study was taken up for the first time without knowing 1ts behaviour
under 1n vitro cycle The microbial interference during the culture
establishment stage was the main constraint in studying the response
of cultures to various media combainations Due to the seasonal
variation in microbial 1interference the study was to be restricted
to a period of four months from January to April in the year of

study The cultures of Gymnema sylvestre can be counted as rather

recalcitrant based on the results of the present study The cultures
were found shy to respond to the treatments tried at various stages
of micropropagation Though moderately good culture establishment
could be obtained, the response recorded for bud break shoot
elongation leaf retention and rooting were not encouraging Much
more efforts are to be put into for standardising the 1in vitro

techniques for rapid multiplication of Gymnema sylvestre through

axillary bud release and proliferation

5.2 Indirect organogensis

Indirect or callus mediated organogenesis 1s an alternative
method for micropropagation Wherever applicable 1t 1s the fastest
method of shoot multiplication and has been suggested as a potential

method of cloning plant species (Murashige 1974) The most serious
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drawback 1n the use of callus culture 1s the possible genetic
instability of the cells However callus mediated organogenesis
as a method of clonal propagation has been reported in a number
of medicinal plants  Successful micropropagation techniques have

been reported by Sinha and Chaturved: (1979) 1in Diascorea floribunda

Erdei1 et al (1981) 1n Digitalis lanata Rucker (1982) in Digitalis

purpurea, Kothari et al (1986) 1in Artemesia scoparia Ilah: and

Akram (1987) 1n Rauvolfia serpentina Sateeshkumar and Bhavanandan

(1989) 1n Plumbago rosea and Mumtaz et al (1990) in Catharanthus

roseus

52 1 Culture establishment

Different explants of Gymnema sylvestre like leaf segments

stem segments and nodal segments were tried for inducing calli
Different basal media were used and cultures were found to be estab
lished 1in all the basal media tried though at varying frequencies
Complete MS and half MS (with half the concentration of 1inorganic
salts) registered better culture establishment after three weeks
culture period Stem and nodal segments exhibited better establish-
ment 1n half MS and leaf segments in complete MS medium Use of
MS medium for culture establishment has been reported earlier by

Chor et al (1982) 1in Panax ginseng, Ilah: {1983) :n Papavar

somniferum, Mhatre et al (1984) 1n Tylophora indica Sateeshkumar

and Bhavanandan (19289) in Plumbago rosea and Mumtaz et al (1990)

1n Catharanthus roseus
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5 2 2 Callus 1nduction and 1ts proliferation

5221 Effect of growth regulators

Among the varwous growth regulator combinations attempted
in the MS basal media for leaf explants BAP at level of 05 to
10 ppm with NAA 05 to 20 ppm or 2 4D at 05 to 2 0 ppm gave
the best results for callus 1induction with an establishment percent
age of 75 to 90 and callus index of 104 to 368 8 Both leaf and stem
explants responded similarly for callus induction and proliferation
Callus 1induction rate and 1ts morphology varied according to the
growth regulators used Dark green friable callus was obtained in
a combination of BAP and NAA at concentrations varying from 0 5
to 20 ppm Use of Kkinetin 1nstead of BAP 1induced pale green
friable callus with a low callus 1index (23 1 to 216) Similarly
IAA 1nstead of NAA 1induced pale green compact callus with lower
callus index In the present study use of 2 4 D along with kinetin
or BAP induced pale cream watery callus the proliferation rate
being more with BAP than with Kkinetin levels Use of 2 4 D for
callus 1induction was reported earlier 1in several crops by Mandal

and Gadgil (1978) 1in Solanum nigrum Ilahir and Akram (1987) 1n

Rauvolfia serpentina Sateeshkumar and Bhavanandan (1989} 1in

Plumbago rosea Mumtaz et al (1990) 1in Catharanthus roseus and

Neenakumari and Saradhi (1992) in Origanum vulgare

522 2 Effect of organic supplements on callus growth

Organic supplements like coconut water and casein hydrolysate
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were 1ncorporated in the media to cbserve the response of calli

Promotive effect of coconut water on callus growth was

reported by Mandal and Gadgil (1979) 1n Solanum nigrum Ilahi

{1983) in Papaver somniferum and Mahato (1992) 1in Dalbergia latifolia

Contrary to this result 1n Gymnema sylvestre coconut water did

not give any favourable result on callus growth and morphology
instead the callus turned pale and proliferation was found reduced
The cytokinin like compounds present 1n the coconut water might
have caused this type of response Coconut water also contain a
number of cell division factors and free amino acids CShantz and
Steward 952) which might have a deleterious effect on callus

growth 1n Gymnema

Casein hydrolysate a complex mixture of amino acids when
1ncorporated in the callus proliferation medium reduced the
percentage of callusing callus proliferation and the callus 1index

in Gymnema sylvestre Inhibitory effect of casein hydrolysate has

also been ohserved 1n Dalbergia latifolia {(Mahato 1992)

52 3 Effect of different carbon source on callus growth and
morphology

A suitable carbon or energy source 1s required for the growth

and proliferation of callus In Gymnema sylvestre among the different

carbon sources tried sucrose at 3 0 per cent level gave the maximum
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callusing This 1s 1n agreement with the observations made by

Mumtaz et al  (1990) 1n Catharanthus roseus Incorporation of

mannitol totally 1inhibited the callus proliferation 1n  Gymnema

sylvestre

5 3 Indirect organogenesis

None of the treatments tried gave favourable response on
callus differentiation and microscopte studies of the callus revealed

the presence of uniform cells without any vascular differentiation

5 4 Indirect embryogenesis

The callus 1induced on leaf and stem segments of Gymnema
sylvestre were subcultured to different media combinations so as
to 1nduce embryoids Though at lower frequencies (6 to 20 per
cent) embryogenesis could be achieved 1in a few combinations like
BAP + NAA, BAP + IAA and kinetin + 2 4 D Most of the media
combinations tried were unfavourable for embryogenesis The
embryoids observed were 1nitially globular 1n shape with smooth

surface which later developed into torpedo like structures

Somatic embryogenesis was attempted in a number of medicinal
plants, and the posltive results include the reportis of Chang and
Hsing {1980) 1in Panax ginseng Reinbothe et al (1990) 1in Digitalis

lanata and Anjalikumar (1992) 1n Thevetia purpurea




The embryoids formed in Gymnema sylvestre were subcultured

to different media for their further growth and maturation None
of the treatments gave favourable results The embryoids either
turned brown and dried up or turned to a callus phase Reymond
et al (1990) reported the deleterious effect of BAP on plantlet
formation and the promotive effect of callusing from embryocids of

sweet potato

Response of Gymnema sylvestre for 1indirect embryogenesis

and further manipulations of embryoids so as to obtain normal plant
lets was found not encouraging All the normal procedures for callus
induction and embryogenesis were attempted for the plant Though
profuse callusing could be achieved by manipulating the growth
regulator combinations inthe culture media the rate of embryogenesis
was very poor Different levels of growth regulators were attempted
at various stages of callus growth so as to 1induce embryogenesis
but with no favourable response Stress was induced to the cultures
by prolonging the culture period by altering the carbon source
and by 1incorporating growth inhibitors 1in the media again with

little favourable response

The embryoids formed in Gymnema cultures were again peculiar
in that they exhibited a strong callusing tendancy 1if retained 1n
the same media The profuse callusing rate and the revertion of
embryoilids to the callus stage were the limiting factors that

prevented successful plantlet formation through indirect embryogenesis



Since the number of embryoids that could be recovered
for further mampulations were limited, the treatment combinations
tried 1in the present study were not sufficient to 1identify the best

media that could support further growth of the embryoids
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SUMMARY

The present 1nvestigation was carried out during the period
1991 93 1in the Tissue Culture Laboratory of the Department of Plant
ation Crops and Spices College of Horticulture Vellanikkara with
the objective of standardising the technique of micropropagation

of Gymnema sylvestre Mature plants 1n the medicinal plant garden

attached to the All India Co ordinated Research Project on Medicinal
and Aromatic Plants were used as the source of explants The salient

findings of the 1nvestigation are presented below

1 Of the various surface sterilants tried, mercuric chloride at
01 per cent level was found effective 1n establishing asceptic

cultures of Gymnema sylvestre The treatment time varied from

6 to 10 minutes, respectively for leaf and stem explants during

the best season identified

2 Microbial 1interference caused by Colletotrichum sp was 1dent:
fied as the main source of contamination during culture establish

ment stage

3 Prophylactic spraying of mother plants with contact fungicide
Dithane M 45 and systemic fungicide Bavistin did not reduce

the contamination rate

4 Addition of systemic fungicide in the culture medium was found
to reduce the rate of contamination with Iittle survival of the

explants
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Seasonal variation was observed for the microbial interference
and the period from January to April was 1identified as the best

season for establishing the cultures

Complete MS basal media was 1identified suitable for establishing
cultures of leaf segments whereas nodal segments survived
better when the 1inorganic salt concentration was reduced to half

the standard strength

Half MS basal medium with 0 4 ppm kinetin and 2 0 to 5 0 ppm
JIAA gave maximum bud break and leaf production from nodal

segments

Coconut water alone and in combination with adenine sulphate

favoured shoot formation in 1in vitro cultures

Addzition of GA3 did not have any favourable effect on bud break

and shoot elongation

Incorporation of both phloroglucinol and casein hydrolysate was

found to reduce the percentaje of sprouting

Sucrose at 3 0 per cent level was 1dentified as the best carbon

source for supporting Gymnema cultures and leaf retention

Use of mannitol 1in the culture medium completely 1inhibited the

culture growth
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Among the altered 1inorganic salt concentrations tried a three
fold 1ncrease 1n magnesium sulphate level was found to 1increase

leaf retention by 10 per cent

Changing the vitamins and amino acid concentrations 1in the

medium gave no favourable results

Low levels (10 to 5 0 ppm) of auxing like IBA and NAA could

not induce rooting in Gymnema shoots

Activated charcoal at 500 mg 1‘l did not improve rooting but

favoured shoot elongation

Leaf segments responded better than stem segments for callus

1nduction

wh
MS basal medlumA3 O per cent sucrose and growth regulator
combination of 05 ppm BAP -+ 10 ppm NAA was 1identified

as the best basal medium for callus induction

Callus morphology and proliferation rate varied with the growth

regulator combinations

No favourable response was obtained with the addition of
coconut water and casein hydrolysate 1n the callus proliferation

medium

Embryogenesis though at low frequencies (6 to 20 per cent)

was observed 1n the callus maintained 1n MS basal medium



22

23

&4

supplemented with combinations of BAP + NAA BAP + IAA and

kinetin + 2,4 D

The embryoids developed upto the torpedo stage in the best

medium 1dentified

Further growth and germination of the embryoids could not
be achieved as they either turned brown and dried up or were

reverted to the callus phase in subsequent subcultures



RLFERENCTS

—



REFERENCES

Amiratc P V 1983 Embryogenesis In Evans D A Sharp W R
Ammirato P V Yamada Y (Ed ), Handbook of Plant Cell
Culture Volume 1 , New York, Macmillan p 82-123

Ancora G Bellr Domani M L and Cuozzo L 1981 Globe artichoke
plants obtained from shoot apices through rapid 1in vitro
micropropagation Sci Hort 14 207 213

Anderson W C 1980 Mass propagation by tissue culture Principles

and techniques Proc Conf Nursery Production of Fruit

Plants through Tissue Culture Applications and Feasibility
usonaA Maryland p 1 10

Anjalikumar 1992 Somatic embryogenesis and high freguency plant
let regeneration 1n callus cultures of Thevetia purpurea
Plant Cell Tissue Organ Cult 31 47 50

Babu K N Samsudeen K and Ratnambal M J 1992 In vitro plant
regeneration from leaf derived callus 1n ginger (Zingiber
officinale Rose) Plant Cell Tissue Organ Cult 29 71 74

Banks, M S and Hackett W P 1978 Differentiation from Hedera
helix Pl Physiol Suppl 61 245

Bhaskar, J 1991 Standardisation of 1in vitro propagation techniques
in banana M Sc (Hort ) thesis Kerala Agricultural University

Vellanitkkara

Bonga J M 1982 Tissue culture techniques In Bonga J M and
Durzan D J (Ed ) Tissue Culture 1in Forestry, Martinus

Nijhoff Boston pp 4 35




¥ Borrod G 1971 Contribution aletude des cultures 1n vitro des
tissues de Chataignier C R Acad Sc1 Ser D 272 56-58

¥ Boxus P L 1978 Round table conference 1in vitro multiplication

of woody species Gembloux Belgium CRA, 5-10

Brainerd K E and Fuchigami, L H 1981 Acclimatization of asepti
cally cultured apple plants to low relative humidity J
Am Soc Hort Sci 160 515 518

Brisa M C, Bermudez P and Segura J 1984 Hypocotyl cultures

of Digitalis obsura L , relationship between morphogenesis

and cardiotonic glucoside production Anales de Edafologiay
Agrobiologia 43 883 888

Brown D M Groom C L , Cyitamk M Brown M , Cooper, J L
and Arditti, J 1982 Effects of fungicides and bacteriocides
on orchid seed germination and shoot tip cultures in vitro
Plant Cell Tissue Organ Cult 1 165 180

Buys, C Poortmans, P and Rudele M 1966  Serian massige
meristem Kutturen and auswahl virus freier nelken imgrossem
Carten Welt 66 305

Capuana M , Giannini, R , Lambardi M Leva A R and Nicese
FP 1991 Micropropagation of mature plants of cypres

(Cupressus semperuirens L ) Acta Horticulturae 289 91 92

Chakrabarty D and Debnath N B 1981 Isolation of gymnemagenin
the sapogenin from Gymnema sylvestre J Inst Chem
Calcutta 53(IV) 155 158

Chakraborthy, S and Roy, S C 1985 Effect of adenine on regenerat
1on of Vicia faba in tissue culture Curr Sci 54(15) 758-760



E N

Chandra K S J and Sreenath H L 1982 p 703-705 Fujwara A
(Ed ) Plant tissue culture 1982 Proc Fifth Int Cong

Plant Tissue Cell Cult Japan Jap  Assoc Plant tissue

culture, Tokyo

Chang, W C and Hsing YI 1980 Plant regeneration through
somatlc embryogenesis 1n root derived callus of ginseng
(Panax ginseng) Theoretical Pratical Genetics, 57(3) 133
135

Chaturvedtr H C, Misra P and Jain M 1984 Proliferation of
shoot tips and clonal multiplication of Costus speclosus 1in
long term culture PL Sci Lett 35 67 71

Chaturvedt H C and Sinha, M 1979 Mass propagation of Dioscorea
floribunda by Tissue culture National Botanical Research

Institute Lucknow Extension Bulletin No 6 p 6

Chevre A M Gill S S Mouras A and Salesses G 1986 1In
vitro vegetative multiplication of chest nut J Hort Sci
67(1) 212 214

Chor K I Kim M W and Shin H S 1982 Root and shoot formation

from callus and leaflet cultures of Ginseng (Panax ginseng

CA Mevyer) Plant tissue culture manual Plant Tissue

Culture Association for plant tissue culture p 171-172

Chopra R N Bose J P and Chatterjee N R 1928 A comment
on the Medicinal properties Gymnema sylvestris Ind J

Med Res 16  July

Chu EC 1978 The N6 medium and 1its applications to anther

culture of cereal crops Proc Symp Pl Tissue Cult Science
Press Peking p 45 50




Conger B V 1981 Cloning Agricultural plants viz 1n vitro Techni
ques CRC Press Florida p 1-74

David A 1982 In vitro propagation of Gymnosperms In Bong
J M and Durzan D J (Ed ) Tissue Culture 1in Forestry
Martinus Nijhoff Boston p 72

Dodds JH and Roberts L W 1985 Experiments 1in Plant Tissue
Culture Cambridge University Press London p 28

Doublin P 1984 Extractable Production Section IX In Evans
D A Sharp W R Ammirato P V and Yamada Y (Ed )
Handbook of Plant Cell Culture MacMillan Pub Co New
York p 541 564

Durahvila N Cogorcena Y and Ortera V 1992 Morphogenesis

and tissue culture of sweet orange Citrus sinensis effect

of temperature and photosynthetic radiation Plant Cell Tissue
Organ Cult 29 11 19

% Engvild K C 1973 Triploid petunias from anther cultures Heredity

Evans

T4 144 147

I Kiss Z and Maliga P 1981 Rapid clonal multiplication
of Digitalia lanata in tissue culture Pl Cell Rep 11 34 35

D A Sharp W R and Flinck C E 1981 Growth and
behaviour of cell cultures Embryogenesis and organogenesis
In Thorpe T A (Ed ) Plant Tissue Culture Methods and

Appplications 1n Agriculture Academic Press New York

pp 45 114



¥ Fridborg G and Eriksson, T 1975 Effects of activated charcoal
on growth and morphogenesis in cell cultures Physiol Plant
34 306

Fridborg G Pederson M Landstorm LL and Erikssen, T 1978
The effect of activated charcoal on tissue cultures Absorption
of metabolities 1nhibiting morphogenesis Physiol Plant 43
104 106

Gamborg, O L Constabel F and Shyluk J P 1974 Organogenesis
in callus from shoot apices of Pisum sativum Physiol Plant
30 125 128

Gamborg O L Miller R A and Ojmma K 1968 Nutrient require
ments of suspension cultures of soyabean root cells Exp
Res 50 151 158

Gamborg oL and Shyluk JP 1981 Nutrition media and
characteristics of plant cell and tissue cultures In Thorpe
TA (Ed) Plant Tissue Culture Methods and Applications
1n_Agriculture Academic Press New York pp 21 24

X

Gautheret R J 1945 Une Uole nouvelle en bidogie ve ge tale la

culture des tissues Gallimard Paris pp 123 146

George EF and Sherrington P D 1984  Plant Propagation by

Tissue Culture Exegetics Limited Basingstoke pp 690

Gupta P K and Durzan D Z 1985 Shoot multiplication from mature
trees of Douglas fir (Psuedotsuga menziesil) and sugar pine
(Pinus lambertina) Pl Cell Rep 4 177 179

Harms C T 1982 Malze and cereal protoplasts facts and perspect

ives In Sheridan W F (Ed ) Maize for Biological Research

University of North Dakota Press Grand Forks ND USA
pp 373 448



Hasegawa P M 1980 Factors affecting shoot and root 1initiation
from cultured rose shoot tips J Am Soc Hort Sci 105
216 220

Hawker JS Downton LJsS Wiskich D and Mullins MG
1973 Callus and cell cultures from grape berries HortScience
8 398 399

Heide O M 1969 Non reversability of gibberellin induced 1nhibit
ion of regeneration 1n Bagonlia leaves Physiol Plant 22
671 679

Heller R 1953 Racherches sur la nutrition minerals de tissue
vegetaux cultivar 1n vitro Ann Sc: Nat Bot Veg 14
1-223

Hempel N 1979 Application of growth regulators for in vitro propa-

gation of ornamental plants Acta Hort 91 247 250

Hotchkiss R D 1948 Microchemical reaction resulting in the stain
ing polysaccharide structures i1n fixed tissue preparations
Arch Biochem 16 131 141

Hu CY and Wang P J 1983 Meristem shoot tip and bud cultures
In Evans, D A Sharp W R Ammirato P V and Yamada
Y (Ed ) Handbook of Plant Cell Culture Vol I Techniques

for propagation and breeding Macmillan Publishing Co
New York pp 177-227

Huang LC and Murashige T 1977 Plant tissue culture media
Major constituents their preparation and some applications

Tissue Culture Assoc Mannual 3 539-548




Hughes, K W 198f Ornamental species In Canger B V (Ed )
Cloning Agriculture Plants via 1n vitro Techmgues CRC Press
Inc Florida pp 6 33

Hunter C S 1979 In vitro culture of Cinchona ledgeriana L J
Hort Sci 54(2) 111 114

Hussey G 1977 In vitro propagation of gladiolus by precoclous

axillary shoot formation Sci Hort 6 287-296

Hussey G 1979 Tissue culture and 1ts application to plant propa
gation Plantsman 1 133 145

“Hussey G 1986 Vegetative propagation of plants by tissue culture
In Yeoman MM (Ed ) Plant Cell Culture Technology

Bllackwell Scientific Publications London

Ilahy I 1983 Tissue culture of QOpium poppy (Papaver somniferum)
hypoctoyls Pak J Bot 15(1) 13 18

Ilah1 I and Akram M 1987 1In vitro propagation of Rauvolfia

serpentina plants through lateral bud culture Pak J Agric

Res 8(2) 204 210

¥ Jablonski J J and Skoog F 1954 Cell enlargement and cell divis

1on 1n excised tobacco pith tissue Physiol Plant 28 393




1975 Indian Medicinal

K Calus JF and
pp 1624 1627

- v [W'S) a a An L CS

Plants Phanerogamia In Blaster
Mhaskar K S (Ed ) Indian Medicinal Plants

L 1922 Non symbiotic germination of orchid seeds Bot

Knudson
Gaz 73 1 25
Kothar:r S L and Chandra N 1986 Adventitious shoot production

from stem 1internode and callus cultures of Artemesia scoparia

Waldt J Pl Physiol 24(5) 409 412

plants from aseptically

1982 Cloning higher
57 151 218

Krikorian AD
Biol Rev

cultured tissues and cells

Regeneration of plants from callus

Kumarir N and Saradhi P 1992
Rep 11 476 479

cultures of Origanum vulgare L Pl Cell

1977 Propagation of chinese cabbage by

Kuo CG and Tsay J S
HortScience 112 459 460

axillary bud culture

1979 A simplified entry into tissue culture

Kyte L and Briggs K
International Plant

Proc Int Pl Prop Soc

production
Propagation Society pp 29

Lakshmidevi S 1992 Standardisation of explant for 1in vitro propa
Kerala Agricultural

in Dendrobium spp M Sc  thesis

gation
University Vellanitkkara

S and Tejavathr D H 1986 Plant

Lakshmi Sita G Chatopadhyay
regeneration from shoot callus of rosewood (Dalbergia latizolia

Rep 5 266 268

Roxb ) PL Cell



1X

Lane WD 1979 The influence of growth regulators on root and
shoot 1nitiation from flax meristem tips and hypocotyls 1n
vitro Physiol Plant 45 260 264

Lee CW and Thomas J G 1985 Propagation of desert milkweed
by shoot tip culture HortScience 20(2) 263 264

Legrand B and Mississo E 1986 Effect of size of the explants
and growth regulators on the development of tissues of
Theobroma cacao L var Amelonado cultivated in vitro Cafe

Cacao The 30(4) 239 246

Linsmaier E M and Skoog F 1965 Organic growth factor require

ments of tobacco tissue cultures Physiol Plant 18 100

Litham D S 1966 Phytochem 5 269 286 In Khoder M Villemur
P and Jonard R (ed ) 1979 Compt Rend Acad Sci
Paris 288D 323 326

Litz R E and Conover R A 1978 In vitro propagation of papaya
HortScience 13 2471 242

Lloyd B and McCown B 1980 Commercially feasible micrpropagat

1ion of Mountain Laurel Kalmia latifolia by use of shoot tip

culture
Lo OF, Chen CJ and Ress J G 1980 Vegetative propagation
of temperate foliage grasses through callus culture Crop

Sci 20 363 367

Mahato K C 1992 1In vitro propagation of Dalbergia latifolia Roxb

through tissue culture M Sc thesis Kerala Agricultural

University



Maliarcikova V 1981 Production of strawberry plants by meristem

Mallika

Mandal

culture Vedecke Prace Vyskumncho Ustavu QOvocnhych a
Okrasnych Drevin V  Boimiciah 3 109 115

V K Shanker A M Sindhu K Rekha C Vijayakumar
N K and Nair R V 1992  Plantlet regeneration 1n vitro
from nodal segments of cacao (Theobroma cacao) and field

planting J Pln Crops 20(2) 112~-114

S and Gadgil V N 1979 Differentiation of shoot buds
and roots 1in fruit callus cultures of Solanum mnigrum L Ind
J Exp Biol 1(9) 876 878

#Manni P E and Sinsheimer J E 1965 Constituents from Gymnema
sylvestre leaves Pharm Sci 54 1541 1544

Marotr M and Leva E 1977 Hormonal regulation of the organmisat
lon from meristem cultures In Novak FJ (Ed ) Use
of Tissue Cultures 1n Plant Breedimg Czechoslovak Academy
of Sciences Prague pp 337

Mascarenhas AF Hazara Z Potdar v Kulkarni D K and
Gupta P K 1983 Rapid clonal multiplication of mature
forest trees through tissue culture In Fujiwara A (Ed )
Plant Tissue Culture Proc Fifth Int Cong Plant Tissue
Cell Cult Tokyo

Mathur J and Ahuja P S 1991 Plant regeneration from callus

cultures of Valeriana wallichii DC Plant Cell Rep 9 523 526

Mhaskar K 'S and Caius JF 1930 Ind Med Res Memoris

March 1



Mhatre, M Bapat V A and Rao P S 1984 Plant regeneration
in protoplast cultures of Tylophora indica J Pl Physiol
115(3) 231 235

Minocha SC 1980 Callus and adventitious shoot formation 1n
exclsed embryos of white pine (Pinus strobus) Can J
Bot 58 366-370

#* Morel G 1960 Producing virus free cymbidiums Am Orchid Soc
Bull 29 495-497

Mumtaz, N Choudhary Q F and Quraishi1 A 1990 Tissue culture
studies of Catharanthus roseus J Agric 6(5) 467 470

Murashige T 1974 Plant propagation by tissue culture Ann Rev

Pl Physiol 25 135-166

Murashige T 1977 Clonal propagation of horticultural crops
through tissue culture In Barz W Reinhard and Zenk
M H (Ed ) Plant Tissue Culture and Its Biotechnological
Applicatigns Springer Verlag New York p 392-403

Murashige T 1978 Principles of rapid propagation In Hughes
K W Henke R and Constantitn M (Ed ) Propagation of
Higher Plants through Tissue Culture Bridge between

Research and Application Tech Inf Centre U S D E Umv
Tennessee U S A p 14 24

Murashige T and Skoog F 1962 A revised medium for rapid
growth and bloassays with tobacco tissue cultures Physiol
Plant 15 473 497



Natali, L Sanchez, J C and Cavallimi A 1990 In vitro culture
of Aloe barbadensis Mill micropropagation from vegetative
meristems Plant Cell Tissue Organ Cult 20(1) 71 74

Nazeem P A Sudhadevi P K Joseph L and Geetha C K 1991
In wvitro callus production from leaves of Gymnema sylvestre
R Br Ancient Sci Life 11(182) 43 45

Oka S and Ohyama K 1882 pp 67 68 Funwara A (ed ) Plant
tissue culture 1982 Proc Fifth Int Cong Plant Tissue Cell

Culture Japan Jap Assoc Plant Tissue Cult Tokyo

Orlikowska, T 1992 Influence of arginine on 1n vitro rooting of
dwarf apple root stocks Plant Cell Tissue Organ Cult
31(1) 9 14

Pearson A E 1979 Effects of auxin and cytokinins on morphogenesis
of three varieties of Episcia M Sc thesis The University

of Tennessee Knoxville

Petru E and Landa Z 1974 Organogenesis 1n 1solated carnation

plant callus tissue cultivated in vitro In vitro 16 450

*Phillips IDJ 1975 Apical dominance A Rev Pl  Physiol
26 341 367

# Pierik R L M 1969 Neth J agric Sc1 17 203-208

Pierak R L M and Steegman H H M 1975 Analysis of adventitious
root formation 1in 1solated stem explants of Rhododendron
Sci1 Hort 31 4

Prerik R L M and Steegman HH M 1976 Vegetative propagation
of Anthurium schezerianum shoot through callus cultures
Sci Hort 4 291




¢ Pillax S K and Hildebrandt A C 1968 In vitro differentiation
of geranium (Pelargonium hortorum) plants from apical meri-

stems Phyton 25 81-82

Pollard J K Shantz E M and Steward F C 1961 Hexitols 1n

coconut mlk theiwr role 1n nature of dividing cells Pl

Physiol 36(7) 27 31

Raghavan V and Nagmanmi R 1983 Morphogenesis of pollen callus

cultures of Hyoscyamus niger Am J Bot 70(4) 524 531

Rajeevan M S and Pandey R M 1986 Economics of mass propa
gation of papaya through tissue culture In Withers L A
and Alderson P G (Ed ) Plant Tissue Culture and 1ts Agri

cultural Applications Butterworths London p 211 215

Rajmohan K 1985 Standardisation of tissue/meristem culture techniq
ues 1in mportant horticultural crops Ph D thesis Kerala

Agricultural University Vellanikkara

Rao AN and Lee S K 1986 Overview of the in vitro propagation
of woody plants and plantation crops 1In Withers L A
and Alderson P G (Ed ) Plant Tissue Culture and 1its Agri

cultural Applications Butterworths London pp 123 138

Raoc P S and Narayanaswamy S 1968 Planta 2(3) 372 375

Raymond P C Schultheis J R and Cantliffe D J 1990 Plant

recovery from sweet potato somatic embryos HortScience

25(7) 795 797

Reghunath B R 1989 In wviiro studies on the propagation of

cardamom (Elettaria cardamomum Maton) Ph D thesis Kerala

Agricultural University Vellanikkara



X1lv

Reinbothe C Diettrich B and Luckner M 1990 Regeneration

of plants from somatic embryos of Digitalis lanata J Pl
Physiol 137(2) 224 228

Rewnert J 1959 Uber die kontroller der Morphogenese and die
Induktion Von Advientive embryonen and gewebekulturen ans
Karotten Planta 15(3) 318 333

Rucker W 1982 Combined 1influence of 1indole acetic acid gibbere
llic acid and benzylaminopurine on callus and organ different-
1ation 1n  Digitalia purpurea leaf explants Z Pflanzenphysiol
107(2) 141 151

Sateeshkumgr* K and Bhavanandan K 1989 Regeneration of plants
from leaf callus of Plumbago rosea Linn Indian J Exp
Biol 27(4) 368 369

Schenk R V and Hildebrandt A C 1972 Medium and techniques
for 1induction and growth of monocotyledonous and dicoty-~

ledonous plant cell cultures Can J Bot 50 199 204

Scott J N and Ellen G S 1990 Stability of IAA And IBA 1n
nutrient medium to several tissue culture procedures Hort
Science 25(7) 800 802

Seabrook J E A Cumming B G and Dionne L A 1976 The 1n
vitro induction of adventitious shoot and root apices on
Narcissus (daffodzl and Narcissus) cultivar Can J Bot
31(4) 41 44

Shackel K C 1990 Field response of in viitro raised apple seed-
lings Arch Biochem 13 121 127




Shah R R and Dalal KC 1980 In wvitro multiplication of
Glycyrrhiza Curr Sci1 49 69 71

Shanmugasundaram ERB Gop1lnath K L and Ragendran Vv M
1990 Possible regeneration of the 1islets of Langerhans 1in
streptosotocin diabetic rats given Gymnema sylvestre leaf
extracts J Ethenopharmacol 30(3) 265 279

Shantz E M and Steward F C 1952 Coconut milk factors the
growth promoting substances in coconut milk J Am Chem
Soc 74 393

Sharma N and Chandal K P S 1992 Effects of ascorbic acid
on axillary shoot 1induction 1n Tylophora indica (Burm f)
Merrill Plant Cell Tissue Organ Cult 29 109 113

Sharp, WR Larsen P O Paddock E F and Raghavan V 1979
Plant Cell and Tissue Culture Principles and Applications
Ist ed Ohio State Univ Press Ohio U S A pp 892

Sharp W R Sondahl M R Caldas L S and Maraffa S B 1980
The physiology of 1n vitro asexual embrycgenesis Hort
Rev 2 268 310

Shields R Robinson S J and Anslow P A 1984 Use of
fungicides 1n plant tissue culture Plant Cell Rep 3 33-36

Sinha M and Chaturvedr H C 1972 Rapid clonal propagation of
Dioscorea floribunda by 1n vitro cultures of excised leaves
Curr Sci1  48(4) 176 178

Skirvin RM and Chu MC 1979 In wvitro propagation of

Foreever Yours rose HortScience 1i4 608 610



Skoog F and Miller C O 1957 Chemical regulation of growth
and organ formation in plant tissues cultures in vitro Symp
Soc Exp Biol 11 118 131

g Skoog F and Tsui C 1948 Chemaical control of growth and bud

formation 1n tobacco stem segments and callus cultured 1n
vitro Am J Bot 35 782

Smith, S M and Street HE 1974 The decline of embryogenic
potential as callus and suspension cultures of carrot (Daucus

carots L ) are serially subcultured Ann Bot 38 223 241

Somani V J John, C K and Thengane R J 1989 In vitiro propa
gation and crom formation in Gloriosa superba L Indian J
Exp Biol 27(6) 578-579

Sopory S K and Maheswar: S C }976 Development of pollen

embryoids 1in anther culture of Datura 1nnoxia I General

observations and effects of physical factors J Exp Bot
27 49 57

Srivastava Y Jhala C1 Nigam S K Kumar A and Bhatt
V H 1981 Experimental evaluation of hypoglycemic effect
of Gymnema sylvestre R Br in alloxan cdiabetic charles
Foster rats Diabetic Assoc India 21(4) 139 142

Srivastava Y Raval B H and Verma Y 1988 Gymnema sylvestre

R Br 1in diabetes mellitus Arogya J Health Sci 16 62 64

Straus J and Rodney R E 1960 Response of Cupressus funebris

tissue culture to gibberellins Sci 131 1806 1807



XVIl

Styer, DJ and Chin C K 1983 Meristem and shoot tip culture
for propagation pathogen elimination and germplasm preser
vation Hort Rev § 221-227

Swami B V R Himabindu, K and Sita G L 1992 In vit o micro
propagation of elite rosewood (Dalbergia latifolia Roxb)
Pl Cell Rep 11 126 131

Syrtanova G A and Mukhitdinova Z V 1984 Trials on the clonal
propagation of Glycyrrhiza glabra and G uralensis Fisch
on nutrient media J Rastit Resur 20(1) 85 88

Thakayama S and Misawa M 1979 Differentiation in Lilium bulb
scales grown 1in vitro - effect of varlous culture conditions

Physiol Plant 46 184 190

Thakayama, S and Misawa, M 1982 Factors affecting differentiation

and growth 1n wvitro and a mass propagation scheme for
Begonia Scientia Hort 16 65-75

Thaimann KV 1977 Hormone Action 1n the Whole Life of Plant

University of Massachusetts Press Amherst p 271 279

Thorpe T A and Patel, K R 1984 Clonal propagation Adve tious
buds In Vasil! I K (Ed ) Cell Culture and Somatic Cell

Genetics I Laboratory procedure and their Applications

Academic Press Orlando p 49 57

Tisserat B 1979 Propagation of date palm (Phoenix dactylifera

L) in vitro J Exp Bot 30 1275 1283

4 Vacin, E and Went F 1949 Some pH changes 1n nutrient solution

Bot Gaz 110 605 613



2 Van Overbeak J , Conklin M E and Blakeslee A 1941 Factors
in coconut milk essential for growth and development of very

young Datura embryos Science 94 350

Vasil I K and Vasil V 1980 Clonal propagation Int Rev Cytol
Suppl 11(A) 145 173

Wainwright H and Flegmann A W 1985 The micropropagation of
gooseberry {Ribes uva-crispa L ) I Establishment in vitro
J Hort Sci 60(2) 215 221

Wang J F Sun R F and Zhang L Y 1889 The effect of culture
conditions on organogenesis in Petumia in vitro Acta Horti
culturae Sinicia 16(3) 227 231

Wang P J and Huang L C 1976 Beneficial effects of activated

charcoal on plant tissue and organ cultures In vitro 12 260

Weatherhead M A Burdon J and Henshaw GG 1978 Some
effects of activated charcoal on an additive to plant tissue
culture media Z Pflanzenphysiol 89 141

Welander T 1978 1In vitro propagation of clones from different
cultivars of Begonia x hiemalia Swed J agric Res 8
181-183

* White P R 1943  Nutrient defeiciency studies and an 1mproved
inorganic nutrient for cultivation of excised tomato roots
Growth 7 53 65

Wickson M E and Thimann K V 1958 The antagonism of auxin

and Kkinetin in apical dominance Physiol Plant 11 62 74



Yang H J 1997 Tissue culture technique developed for asparagus

propagation HortScience 12 140 141

Yeoman, M M 1986 Plant Cell Culture Technology Blackwell Scientific
Publications, Malabourne, Rp 33

Yoshikawa, K , Amimoto, K , Arithara S and Matsura K 1989
Gymnema acid V, VI VII from Gur-mar, the leaves of
Gymnema sylvestre R Br Chemical Pharmaceutical Bulletin
Vv  37(3) 852 854

“ Originals not seen



ANNEXURE



ANNEXURE I

Composition of different basal media iried for 1in vitro culture of
Gymnema sylvestire

a) White s medium (White, 1943)

Major nutrients mg/1 Minor nutrients mg/1
Ca(NO3)2 4H20 200 O H3503 1 50
Fe2(504)3 25 MnSOl+ 4 50
KNO3 80 0 Zn504 1 50
KCl 65 0 K1 075
M9504 7H20 360 O
Na2504 200 Q
NaZHZPO4 ZHZO 16 5

QOrganic constituents

Inositol
Nicotnic acid
Pyridoxine HCI1
Thiamine HCL

© 0 ©0
T =

b} Heller s medium (Heller 1953)

Macronutrients mg/1 Micronutrient mg/1
NaNO3 600 MnSO4 4HzO 01
CaCl2 ZHZO 75 ZnSO4 7H20 10
MgSO4 7H20 250 H3803 10
KC1 750 KI 0 01
NaHzF’O4 HZO 125 Cu504 0 03
FeCl3 6H20 0 06

Organic constituents mg/1

Thramine 10



Annexure I Continued

c) MS medium (Murashige & Skoog 1962)

Macronutrients mg/1 Micronutrients

KN3 1900 Mn504 4H20

NH4NO3 1650 ZnSO4 7H20

CaCl2 ZHZO 440 H3803

MgSOa 7H20 370 KI

KH2P04 170 CuSO4 5H20
NazMoO4 ZHZO
CaCl2 6H20
Fe504 7H20
NaZEDTA 2H20

Organic _canstituents mg/1

Myo-1nositol 100

Thiamine-HCl1 01

Nicotinic acid 05

Pyridoxine HCl 05

Gylcine 20

d) Bg medium (Gamborg et al  1968)

Macronutrients mg/1 Micronutrients

KNO3 2500 MnSO4 Hzo

CaCl2 ZHZO 150 ZnSO4 7H20

MgSO4 7H20 250 H3BO3

NaHzPO4 HZO 150 KI

(NH&)2 504 134 CuSO4
NAzMoO4 2H20
CoCl2
NaFeEDTA

Organic constituents mg/l

Mye 1nositol 100 O
Thiamine HCl 100
Nicotinic acid 10

Pyridoxine HCl 10

mg/1

22 30
8 60
6 20
0 83
0 025
025
0 025
27 80
37 30

mg/1

0 025
0 025
0 25



Annexure I Continued

e) SH medium (Schenk & Hildebrandt

Macronutrients

KNO,
CaCl, 2H,0
MgS0, 7H,0
NH,H,PO,

Organic constituents mg/1

mg/1

2500

200
400
300

Myo 1nositol
Thiamine HCl

Nicotinic acad

Pyridoxine HCL

1000
50
50
05

1972)

Micronutrients

MnSO4 HZO

ZnSO4 7H20
H3BO3
KI

CuSO4 5H20
Na,MoO, 2H,0

2 4 72

CoCl2 6H20

FeSO4 7H20

NaZEDTA 2H20

f) Woody Plant medium {Lloyd & McCown 1980)

Macronutrients

NH,NO,
Ca(NO,), 4H,0
CaCL, 2H,0
MgSO, 7H,0

KH2P04

mg/1

400

556
22

1850
340

Micronutrients

MnSO4 HZO

ZnSOl‘_ 7H20
H?’BO3

CuSO4 5H20

NaZMOO4 ZHZO

FeSO4 7H20

Na2EDTA 2H20

3
Q
2
-

G OO0 O a v - o

—
O O = =2 DD O O C O

—
[

mg/1

22 30

27 80
37 30



ANNEXURE-II
Media combinations tried for culture establishment and bud bréak in Gymnema sylvestre
/

a) Combinations of growth regulators

Basal media Cytokimin {ppm) Auxin (npm)-
1 2 3 '

2 MS (with 3% sucrose) BAP 0 5 -
BAP 10
BAP 2 0
BAP 4 0
BAP 6 0
BAP 8 0
BAP 10 O
BAP 0 5 ¢ NAA OS5 10 15 and 20
BAP 0 5 IAA 05 10 15 and 20
BAP 10 NAA 05 10 20 and 25
BAP 1 0 IAAO2 04 06 08 10,15 20and 25
BAP 2 0 NAA OS5 10 15and 20
BAP 2 0 IAA OS5, 10, 15 and 20
BAP 3 0 NAA O2 04 06 08, 10and 20
BAP 3 0 IA A0 2, 04 06 08 10and 20
BAP 4 0 NAA 02 04 06 08 10,15 and 20

Contd



Annaxure-II

Continued

1 2 3
2 MS {(with 3% sucrose) BAP 4 0 IAA 02, 0.4, 06 08and 10

BAP 5 0 NAA 05 10 20 and 25
BAP 10 O NAA O 2, 04, 06, 08, 10, 20 30 and 40
BAP 10 O IAA 05 10, 15 and 20
BAP 4 0 NAA 02, 04, 06 and 0 8 GA3(1t05)
BAP 10 IA A10 15, 20and 25 GA3(1 to 5)
Kin 0 5 -
Kin 1 0
Kin 2 0
Kin 4 O -
Kin 6 O -
Kin 8 0
Kin 10 O
Kin 0 2 NAA 05 10 15 and 20
Kin 0 5 NAA OS5 10 15 and 20
Kin 0 4 IA AO5 10 15, 20 30and >0
Kin 0 5 NAA O2 O4, 06 08 10 15 and 20
Kin 0 5 IA AO5 10 15and 20
Kin 10 NAA O5 T1T0 15 and 20
Kin 10 I AO5 10 15and 20
Kin 2 0 NAA OS5 10 15 and 20

Contd



Annexure II Continued

1 2 3

2 MS (with 3% suc ose) Kin 2 0 IAAOS5 10 15 and 20
Kin 3 0 NAA 05 10 15and 20
Kin 30 I MO2 04 06 08 10 15, 20and 25
Kin 50 NAA 05 10 15 and 20
Kin 50 IAA 05 10, 1 5 and 20
Kin 10 O NAA 05 10 15 and 20
Kin 10 0 IAAO5 10 15 and 20
BAP 1 0 + NAA 025 05 10 and 15
Kin 10
BAP 10 + NAA 025 05 10and 15
Kin 2 0
BAP 2 0 + NAA 025 05 10 and 15
Kin 1 0
BAP 1 0 + IAA 025 05 10 and 15
Kin 10
BAP 1 0 + IAA 025 05 10 and 15
Kin 2 0
BAP 2 0 + IA AO5 10 15 and 20 GA3(1to5)
Kin 2 0
21P 05 NNA OS5 10 15 and2 0
21IP 0 5 IAAO0OS5 10 15 and 20
21P 10 NAA 05 10 15 and 20

Contd



Annexure II Continued

1

2 3
7 MS (with 3% sucrose) 21P 10 IAAO5 10 15 and 20
2i1P 2 0 NAAAOS 10 15 and 20
21IP 2 0 IAA OS5 10 15 and 20
21IP 5 0 NAA O0O5 10 15 and 20
21P 5 0 IAA 05 and 10




Annexure II Continued

b} Combinations of growth regulators with organic supplements

1

2
3 MS (3% sucrose) BAP 0 5 ppm NAA 0 5 ppm Coconut 3water‘ 15% and 30%
BAP 0 5 IAA 05
BAP 10 NAA 0 5§
BAP 10 IAA O 5
BAP 2 0 NAA O 2
BAP 2 0 NAA 0 4
BAP 2 0 NAA O 8
BAP 2 0 NAA 10
BAP 2 0 NAA 2 0
BAP 2 O IAA 0 5
BAP 2 0 IAA 10
BAP 3 0 IAA 0 5
BAP 3 0 IAA 10
BAP 4 O NAA 0 2
BAP 4 0 NAA & O
BAP 4 0 NAA 0 6
BAP 4 ¢ NAA 0 8
BAP 4 0 NAA 10
BAP 4 0 IAA 0 2

Contd



Annexure II Continued

1

3

2 MS (3% sucrose)

BAP
BAP
BAP
BAP
BAP

BAP
BAP
BAP
BAP
BAP
BAP
BAP
BAP

BAP
BAP
BAP
BAP

BAP

Ll S S — R
o © ©

P WN -

[~
QO O C

00 ppm IAA O 4 ppm

0

cC O O 0O O o o ©

IAA 06
IAA 0 8
IAA 10
NAA 0 5

IAA O
NAA
NAA
NAA
NAA
NAA
NAA
NAA

O = O O © = -
N O O N O O U

NAA
NAA
NAA
NAA

O = O O
o O O >

IAA 05

Coconut water 15% and 30%

Adenine sulphate 1,2,3 4 5 10 20
30 40 ppm

Coconut water 15% and 30% and
adenine sulphate (1 to 5 ppm)

Casein hydrolysate 100 250
400 and 500 ppm

Contd



Annexure II Continued

1 2 3
3 MS (3% sucrose) BAP 1 0 ppm NAA 0 5 ppm Casein hydrolysate 100 250,
400 and 500 ppm
BA® 1 0 IAA 0 5
BAP 2 O NAA 0 2
BAP 2 0O NAA O 4
BAP 2 O NAA O 8
BAP 2 0 NAA 10
BAP 2 O NAA 2 O
BAP 2 0 IAA 05
BAP 2 0 IAA 10
BAP 3 0 IAA 10
BAP 4 O NAA O 2
BAP 4 O NAA O 4
BAP 4 O NAA O 6
BAP 4 0 NAA 0 8
BAP 4 0 NAA 10
BAP 4 0 IAA 0 2
BA 4 0 IAA 0 4
BAP 4 O IAA 05
BAP 4 0 IAA 0 8
BAP 4 0 IAA 1 0

Contd



Annexure~II Continued

t

1 3
MS (3% sucrose) BAP 0 5 ppm IAA 0 5 ppm Phloroglucinol 10 20 30 and
40 ppm
BAP 0 5 IAA 05
BAP 10 NAA 0 5
BAP 1 0 IAA 05
BAP 2 0 NAA 0 2
BAP 2 0O NAA 0 4
BAP 2 0 NAA 0 6
BAP 2 0 NAA 0 8
BAP 2 0 N 10
BAP 2 0 NAA 2 0
BA 20 IAA 05
BAP 2 0 IAA 10
BAP 3 0 IAA 10
BAP 4 0 NAA 0 2
BAP 4 0O NAA O 4
BAP 4 0 NAA 0 B
BAP 4 0 NAA 0 8
BAP 4 0 NAA 10
BAP 4 0 IAA 0 2
BAP 4 0 IAA O 4
BAP 4 O IAA 0 6
BAP 4 0 IAA 0 8
BAP 4 0 IAA 1.0

Contd



Annexure II Continu=d

c) Combrinations of growth regulators with carbon source

1 2 3
1 MS BAP 1 0 ppm NAA 0 25 ppm with sucrose 1% 2% 3% and 6%

BAP 10 NAA 0 5

BAP 10 NAA 10

BAP 10 IAA 0 25

BAP 10 IAA OS5

BAP 1 0 IAA 10

BAP 1 0 NAA 0 5

BAP 2 0 NAA 10

BAP 2 0 IAA 0 5

BAP 2 0 1AA 10

BAP 3 0 NAA 0 5

BAP 3 0 NAA 10

BAP 3 O IAA 05

BAP 3 0 IAA 10

BAP 4 Q NAA 0 5

BAP 40 NAA 10

BAP 4 0 IAA 0 5

BAP 4 0 IAA 1 0

Contd



Annexure II Continued
1 2 3
T MS Kin 0 2 ppm NAA 1 0 ppm with sucrose 1% 2% 3% and 6%
Kin 0 2 IAA 1 0
Kin O 4 NAA 10
Kin 0 4 NAA 2 0O
Kin 0 4 IAA 10
Kin 0 4 IAA 2 0
Kin 0 4 IAA 30
Kin 4 0 IAA 4 0
Kin 4 0 IAA 50
BAP 10 NAA 0 5 with maltose 3%
BAP 10 NAA 10
BAP 1 0 IAA 05
BAP 1 0 IAA 10
BAP 2 0 NAA 6 5
BAP 2 O NAA 10
BAP 2 0 IAA 05
BAP 2 0 IAA 10
BAP 3 0 NAA 10
BAP 3 0 IAA 10
BAP 4 0 NAA 10

Contd



Annexure II Continued
1 3
3 MS BAP 4 0 ppm IAA 1 0 ppm with maltose 3%
Kin 0 2 NAA 0 5
Kin 0 2 NAA 1 0
Kin 0 2 IAA 05
Kin 0 2 IAA 10
Kin O 4 NAA 1 0
Kin O 4 NAA 2 0
Kin 0 4 NAA 3 0
Kin 0 4 NAA 4 0
Kin O 4 IAA 10
Kin 0 4 IAA 2 0
Kin 0 4 IAA 30
Kin 0 4 IAA 40
Kin 0 4 IAA 50
BAP 2 0 NAA 10 With mannitol 1% and sucrose 2%
BAP 2 0 IAA 10
BAP 3 0 NAA 10
BAP 30 IAA 10
BAP 4 0 NAA 10
BAP 4 0 IAA 10
Kin 0 2 IAA 10

Contd



Annexure~II Continued
1 2 3
3 MS Kin 0 2 ppm IAA 2 0 ppm with mannitol 1% and sucrose 2%

Kin O 4 NAA 10

Kin 0 4 NAA 10

Kin 0 4 NAA 2 0

Kin 0 4 NAA 4 O

Kin O 4 IAA 1

Kin O 4 IAA 2 0

Kin O 4 JIAA 3 0

Kin O 4 IAA 4 0

BAP 1 0 NAA 1 0 with maltose 2% and sucrose 1%
BAP 1 0 IAA 10

BAP 2 0 NAA 1 0

BAP 2 0 IAA 10

BAP 2 0 IAA 2 0

BAP 2 0 IAA 30

BAP 2 0 IAA 4 0

Kin 0 2 NAA 10

Kin 0 2 IAA 10

Kin 0 4 NAA 10

Kin 0 4 NAA 2 0

Contd



Annexure II Continued

1

3

5 MS

Kin
Kin
Kin
Kin
Kin
BAP
BAP
BAP
BAP
BAP
BAP
Kin
Kin
Kin

Kin
Kin
Kin
Kin
Kin
Kin
Kin
Kin

0 4 ppm IAA 10 ppm

0
0
0

(o]
~

[ G TR N Y W P S ¥

OO OO0 0O0OC0CQO0C © O O

4
4
4

O O ¢ O C O

T I I

IAA 2 0
IAA 30
IAA 40
IAA 50
NAA O 5
IAA 0 5
NAA 1 0
IAA 10
NAA 10
IAA 10
NAA 10
NAA 2 0
NAA 10

NAA 2 0
NAA 3 0
NAA 4 0
IAA 10
IAA 2 0O
IAA 3 0
IAA 4 0
IAA 5 0

with maltose 2% and sucrose

with glucose 3%

1%




a} Combinations of growth regulators

MS basal medium with 3% sucrose

ANNEXURE III

Media combinations tried for indirect organogenesis/embryogenesis wn Gymnema sylvestre

BAP 05 and NAA 05 10 15 and 2 0 ppm
BAP 05 and IAA 05 10 15 and 2 0 ppm
BAP 0 5 and 2,4 D 05 10 15 and 2 0 ppm
BAP 1 0 and NAA 025 05 10 and 2 C ppm
BAP 10 and IAA 025 05 10 and 2 0 ppm
BAP 10 and 24D 025 05 10 and 20 ppm
BAP 3 00 and NAA 05 10 15 and 2 0 ppm
BAP 300 and IAA 35 10 15 and 2 0 ppm
BAP 30and 24D 05 10 15 and 20 ppm
BAP 4 0and 24-D 02 04 06 08 and 1 0 ppm
BAP 6 0 ppm

BAP 8 0 ppm

BAP 10 0 ppm

BAP 4 0and 24 D05 10 135 ZOppm(GA3‘Ito
5 ppm)

Kin 0 5 and NAA 025 05 10 and 2 0 ppm
Kin 05 and IAA 025 05 10 and 2 0 ppm
Kin 05 and 24D 025 05 10 and 2 0 ppm
Kin 10 and NAA 05 10 15 and 2 0 ppm
Kin 1 0 and IAA OS5 10 15 and 2 O ppm
Kin 10and 2,4 D 05 10 15 and 2 0 ppm

contd



Annexure III Continued

MS basal medium with 3% sucrose Kin 30 and NAA OS5 10 15 and 2 0O ppm
Kin 30 and IAAO0OS5 10 15 and 2 0 ppm
Kin 30 and 24D 05 1 15 and 2 0 ppm
Kin 50 and 2 4D 05 1 15 and 2 O ppm
Kin 8 0 ppm

&)
0]

Kin 10 0 ppm

Kin 4 0and 24 D05 10 15 and 2 0 ppm
(GA3 1 to 5 ppm)

b) Combinations of growth regulators with organic supplements
MS basal medium with 3% sucrose BAP 05 NAA OS5 10 15 20 ppm and coconut

water 10 15 and 30%

BAP 05 24D 05 10 15 20 ppm and coconut
water 10 15 and 30%

BAP 10 NAA OS5 10 15 20 ppm and coconut
water 10 15 and 30%

BAP 10 IAA OS5 10 15 20 ppm and coconut
water 10 15 and 30%

BAP 10 24DO05 10, 15 20 ppm and coconut
water 10 15 and 30%

BAP 30 24D05 10 15 20 ppm and coconut
water 30%

Contd



Annexure III Continued

MS basal medium with 3% sucrose



BAP 40 NAA OS5 10 15 20 ppm and coconut
water 30%

BAP 40 24D05 10 15 20 ppm and coconut
water 30%

BAP 50 NAA OS5 10 15 20 ppm and coconut
water 30%

BAP 50 24D 05 10 15 20 ppm and coconut
water 30%

BAP 8 0 ppm and coconut water 20%
BAP 10 0 ppm and coconut water 20%

Kin 05 24-D 05 10 15 20 ppm and coconut
water 20%

Kin 10 NAA OS5 10 15 20 ppm and coconut
water 20%

Kin 10 IAA OS5 10, 15 20 ppm and coconut
water 20%

Kin 10 24DO05 10 15 20 ppm and coconut
water 20%

Kin 40 24DO05 10 15 20 ppm and coconut
water 15%

Kin 8 0 ppm and coconut water 30%
Kin 8 0 ppm and coconut water 30%

Kin 10 0 ppm and coconut water 30%

Contd



Annexure III Continued

MS basal mechun with 3% sucrose

BAP 10 NAA OS5 10 15, 20 ppm and Caseln
hydrolysate 100 250 ppm

BAP 10 24DO05 10 15 20 ppm and Casein
hydrolysate 100 250 ppm

BAP 40, NAA O35 10 15 20 ppm and Caseiwn
hydrolysate 250 ppm

BAP 40 24DO0S5 10 15, 20 ppm and Casein
hydrolysate 250 ppm

Kin TO NAA OS5 10 15 20 ppm and Casein
hydrolysate 100 ppm

Kin 10 IAA OS5 10 15 20 ppm and Casemn
hydrolysate 100 ppm

Kin 10 24DO0S5 10 15, 20 ppm and Caseln
hydrolysate 100 ppm

Kin 20 NAA OS5 10 15, 20 ppm and Caseln
hydrolysate 100 200 ppm

Kin 20 24D05 10 15 20 ppm and Caseln
hydrolysate 100 200 ppm

Kin 40 24DO05 10 15 20 ppm and Caselin
hydrolysate 200 ppm

c) Combinations of growth regulators with carbon source

MS basal medium BAP 0 5 ppm NAA 0 5
BAP 05 ppm 2 4D 05
BAP 1 0 ppm NAA 05
BAP 10 ppm 2 4D 05

15 and 2 0 ppm with sucrose 1 2 3 and 6%

15 and 2 0 ppm

15 and 2 0 ppm
15 and 20 ppm

Contd



Annexure III Continued

MS basal medium Kin 0 5 ppm NAA 05 10 15 and 2 0 ppm with sucrose 1 2 3 and 6%
Kin 05 ppmm 24D 05 10 15 and 2 0 ppm
Kin 10 ppm NAA 05, 10 15 and 2 0 ppm
Kin 10 ppm 24D 05 10 15 and 2 0 ppm
BAP 0 5 ppm NAA 05, 10, 15 and 2 0 ppm maltose 3%
BAP O 5 ppm 24D 05, 10 15 and 2 0 ppm
BAP 10 ppm NAA OS5 10 15 and 2 0 ppm
BAP 1 0 ppm 24D 05 10 15 and 2 0 ppm
Kin 05 ppm NAA 05 10 15 and 2 0 ppm
Kin 05 ppm 24D 05 10 15 and 20 ppm
Kin 10 ppm NAA OS5 10 15 and 2 0 ppm
Kin 10 ppm 24DO0S5 10 15 and 2 0 ppm
BAP 10 ppm NAA 05, 10 15 and 2 0 ppm with mannitol 1% + sucrose 2%
BAP 10 ppm 24D 0S5 10 15 and 2 0 ppm
Kin 10 ppm NAA OS5 10 15 and 20 ppm
Kin 10 ppm 2 4-D 05 10 15 and 2 0 ppm
BAP 10 ppm NAA 05 10 15 and 2 0 ppm with maltose 2% + sucrose 1%
BAP 10 ppm 24D 05 10 15 and 20 ppm
MS basal medium with 3% sucrose BAP 10 NAA 05 10 15 and 2 0 ppm and Adenine sulphate
2 ppm
BAP 10 24DO05, 10 15 and 2 0 ppm and
BAP 40 24-D 0S5, TO 15 20 ppm and Adenine sulphate

10 ppm

Contd



Annexure III Continued

MS basal medium with 3% sucrose Kin 10 NAA OS5 10 15 20 ppm and Adenine sulphate 2 ppm
Kin 10 24DO05 10 15 20 ppm
Kin 40 NAA OS5 10 15 20 ppm
Kin 40 24DO05 10 15 20 ppm

Kin 10 ppm NAA 05 10 15 and 2 0 ppm with maltose 2% +
sucrose 1%

Kin 10 ppn 24DO05 10 15 20 ppm

BAP 10 ppm NAA OS5 10 15 and 2 0 ppm with glucose 3%
BAP 10O ppm 24D05 10 15 and 20 ppm

Kin 10 ppm NAA 05 10 15 and 2 0 ppm

Kin 10 ppm 24DO0S5 10 15 and 20 ppm

Kin 20 ppm NAAC5 10 15 and 2 0 ppm

Kin 2 0 ppm 2,4D 05 10 15 and 20 ppm



ANNEXURE 1II

Media combinations tried for indirect organogenesis
and further growth of embryoids

Basal MS liquid
MS sem: solid
MS + BAP 1 0 ppm
MS + BAP 2 0 ppm
MS + BAP 4 0 ppm
MS + BAP 4 0 prm + NAA 0 8 ppm
MS + BAP 1 0 ppm + 2 4 D 0 25 ppm
MS + Kin 1 0 ppm + NAA O 25 ppm
MS + Kin 1 0 ppm + IAA 0 25 ppm
MS + Kin 1 0 ppm + NAA 0 5 ppm + ABA 1 0 ppm

MS + Kin 1 0O ppm + 2 4 0 05 ppm + ABA 1 0 ppm
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ABSTRACT

A study was taken up in the Department of Plantation Crops
and Spices College of Horticulture Vellanikkara during 1991-93
to standardise the 1in vitro technique for multiplying Gymnema
sylvestre R Br which 1s locally known as Gurmar This being
the first attempt of micropropagation 1in this crop the methodology
was to be standardised from the imitial stage itself Nodal segments
leaf segments as well as stem segments collected from mature vines
mailntained 1n the College of Horticulture were used as explants

in the present study

Different routes like enhance release of axillary buds
organogenesis and embryogenesis were attempted for the pignt The
main limitation in establishing 1n  wvitro cultures of oymnema
sylvestre was 1identified to be microbial interference which was

mainly due to the fungus Collectotrichum sp Great seasonal

variation was observed for the fungal 1interference and the period
from January to April was 1dentified as the best season for establ:

shing the cultures of Gymnema sylvesire Mercuric chloride at 0 1

per cent level was 1dentified as the best surface sterilant with
the survival rate being 82 to 94 per cent according to the explant
material used Basal medium MS supported the cultures of leaf
segments while the 1norganic salts were to be reduced to half level
for supporting the cultures of stem segments Out of the various

growth regulator combinations tried for bud break and shoot elongat



1on 1n Gymnema kinetin and IAA could support bud break and
healthy shoot production Coconut water and adenine sulphate when
supplemented 1n the medium favoured healthy shoot 1induction
Survival rate of newly formed shoots were very poor due to leaf
abscission Higher levels of MgSO4 in the medium helped leaf retent
1on to the extent of 10 per cent None of the treatments tried could

induce roots 1n the in vitro shoots

Profuse callusing could be 1nduced from leaf and stem
segments 1n MS basal medium supplemented with growth regulators
BA + NAA and BA + 2 4 D with a callus index ranging from 280
to 360 The callt did not respond to organogenesis Callus mass
consisted of uniform cells without any vascular differentiation The
morphology and growth rate varied according to the growth
regulator comblnations tried Stray 1nstances of embryogenesis (6
to 20%) were observed when cultured 1in growth regulator combinat
ions of BA + NAA BA + IAA and Kin + 2 4D The embryocids
developed upto torpedo stage and failed to grow further They
exhibited a strong callusing tendancy and got reverted to the callus

stage within 5 days

The results of the {present study would be a ploneering
report that unravels the 1in vitro response of Gurmar for micro
propagation Since the plant exhibited a relatively recalcitrant nature
at various stages of 1in vitro culture much more concerted efforts
are to be made for standardising the protocol for micropropagation

of Gymnema sylvestre






