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ABSTRACT

Experiments were conducted on in vitro culture of Stevia rebaudiana Bertoni, an
important non-caloric sweetening herb to explore its potential for micro-propagation. Nodes,
internodes and leaves of pot grown mature plants were used as explants and experiments
were based on surface sterilization; direct shoot proliferation; callus formation; indirect shoot

proliferation from callus and root profiferation of induced shoot.

Normal process of tissue culture technique was followed for in vifro culture of the
different explants. Different concentration of Auxins (1AA, 1BA, NAA, 2,4-D) and Cytokinins
(BAP, Kn) were used individually or in combinations in the culture media as growth regulator
supplements. For surface sterilization, 2 minutes of Mercuric chloride (HgCl:) treatment was

found the most effective for leaves and 2.5 minutes for nodes and internodes.

Nodes showed the highest percentage of direct shoot proliferation compared to
internodes. BAP (2.0 mg/) + NAA (0.2 mg/l) was thel best combination for direct shoot
proliferation. When this combination of growth regulators was used in the culture media,
highest percentage of proliferated shoots from nodes was 92.84 + 0.45, average number of
shoots per explant was 4.16 £ 0.28 and average length of the longest shoot was 2.67+ 0.98
cm. In same combination, highest percentage of proliferated shoots from internodes was
84.87 % 0.62, average number of shoots per explant was 3.95 + 0.34 and average length of

the longest shoot was 2.78 + 0.43 cm.

But internodes showed the highest percentage of callus formation compared to

nodes and leaves. 2,4-D (2.5 mg/) + NAA (1.5 mg/l) was the best combination for callus
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formation. When this combination of growth regulators was used in the cuiture media,
highest percentage of callus formation was 82.69 * 1.40 from the internodes, average day
of callus initiation was 10.00 + 0.05 and colour of callus was green. In case of nodes,
highest percentage of callus formation was 70.34  0.39, average day of callus initiation
was 10.50 * 0.15 and colour of callus was green. Again in same combination highest
percentage of callus formation was 68.21 + 0.87 when leaves were used as explants,

average day of callus initiation was 11.00 = 0.15 and colour of calius was also green.

Callus of nodes showed the highest percentage of indirect shoot proiiferation
compared to callus of internodes and leaves. BAP (2.0 mg/l) + NAA (0.2 mg/f) was the best
combination for direct shoot proliferation. When this combination of growth regulators was
used in the culture media, highest percentage of proliferated shoots from calius of the nodes
which was 94.70 £ 0.72, average number of shoots per callus was 4.25 + 0.30 and average
length of the longest shoot was 2.58 + 0.12 cm. In same combination highest percentage of
proliferated shoots from calius the internodes was 89.15 * 1.05, average number of shoots
per callus was 4.20 + 0.16 and average length of the longest shoot was 2.73 + 0.24 cm.
Again highest percentage of proliferated shoots from callus of the leaves was 84.73 + 1.17
in same cornbination, average number of shoots per callus was 3.67 + 0.42 and average

length of the longest shoot was 2.57 + 0.36 cm.

Induced shoots from nodes showed the highest percentage of root proliferation
compared to induced shoots from internodes and leaves. NAA (0.2 mg/) was the best
concentration for root proliferation. When this cancentration of NAA was used in the culture
media, highest percentage of proliferated roots was recorded 93.33 + 0.48 from induced
shoots of the nodes, average number of roots per shoot was 10.40 + 0.62 and average
length of the longest root was 2.30 + 0.15 cm. Highest percentage of proliferated roots from
induced shoots of the intemodes was 92.45 + 0.72, average number of roots per shoot was
9.08 + 0.28 and average length of the longest root was 2.38 + 0.08 ¢cm. Again in same

concentration of NAA highest percentage of proliferated roots was recorded 92.21 + 0.33
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from induced shoots of the leaves, average number of roots per shoot was 10.23 £ 0.55

and average length of the longest root was 2.36 + 0.13 cm.

After acclimatization percentages of survived plantlets from nodes, internodes and
leaves were recorded 82.64%, 81.38%, and 76.53% respectively after 4% week of

transplantation.

In the present investigation, in vifro propagation of Stevia has been demonstrated
with its overall potentiality and suitability. in vitro propagation can become an important
alternative to conventionai propagation and breeding procedures for wide range of plant

species,
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Chapter 1
INTRODUCTION

1.1 Introduction

Plants are an important source of food and medicines and play a key role in world
health {Constabel 1990). Almost all cultures from ancient times to today have used plants
as medicine. Today medicinal plants are important to the global economy (Srivastava et al.
1995), as approximately 85% of traditional medicine preparations involve the use of plants
or plant extracts (Vieira and Skorupa 1993). In the past few decades there has been a
resurgence of interest in the study and use of medicinal plants in health care and in
recognition of the importance of medicinal plants to the health system (Lewington 1993,
Mendelsohn and Balick 1994, Hoareau and DaSilva 1999). This awakening has led to a
sudden rise in demand for herbal medicines, followed by a belated growth in international
awareness about the dwindling supply of the world's medicinal plants (Bodeker 2002). Most
of the pharmaceutical industry is highly dependent on wild populations for the supply of raw
materials for extraction of medicinally important compounds. The genetic diversity of
medicinal plants in the world is getting endangered at an alarming rate because of ruinous
harvesting practices and over-harvesting for production of medicines, with little or no regard
to the future. Also, extensive destruction of the plant-rich habitat as a result of forest
degradation, agricultural encroachment, urbanization, etc. are other factors. Hence there is
a strong need for proactive understanding in the conservation, cultivation, and sustainable

usage of important medicinal plant species for future use.

In modern medicine, plants are used as sources of direct therapeutic agents, as

models for new synthetic compounds, and as a taxonomic marker for discovery of new



compounds. They serve as a raw material base for the elaboration of maore complex
semisynthetic chemical compounds {Akerele 1992). The synthesis of bioactive compounds
chemically is difiicult because of their complex structure and high cost (Shimomura ef al.
1997). Wide variations in medicinal quality and content in phytopharmaceutical preparations
have been observed. These are influenced mainly by cultivation period, season of
collection, plant-to-piant variability in the medicinal content, adulteration of medicinal
preparations with misidentified plant species, a lack of adequate methods for the production
and standardization of the crop, a lack of understanding of the unique plant physiology or
efficacy with human consumption, and consumer fraud. Generally, herbal preparations are
produced from field-grown plants and are susceptible to infestation by bacteria, fungi, and
insects that can alter the medicinal content of the preparations {Murch et al. 2000). It is
difficult to ensure the quality control as the medicinal preparations are multi-herb
preparations and it is difficult to identify and quantify the active constituents (Wen 2000).
Also, there is significant evidence to show that the supply of plants for traditional medicines
is failing to satisfy the demand (Cunningham 1993). An efficient and most suited alternative
solution to the problems faced by the phytopharmaceutical industry is development of in
vifro systems for the production of medicinal plants and their extracts. The in vitro
propagated medicinal plants furnish a ready source of uniform, sterile, and compatible plant
material for biochemical characterization and identification of active constituents (Wakhiu
and Bajwa 1986, Miura et al. 1887). in addition, compounds from tissue cultures may be
more easily purified because of simple extraction procedures and absence of significant
amounts of pigments, thus possibly reducing the production and processing costs (Chang et

al. 1992, 1994).

Plant tissue culture techniques have been increasingly applied to many medicinal
plants in particular for mass propagation, conservation of germplasm, study and production
of bioactive compounds, and for genetic improvement. Medicinal plants have vast genetic

diversity, which is a valuable source of agronomic gene/s of interest for the future. Large-
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scale plant tissue culture is found to be an attractive alternative approach to the traditional
methods of plantations, as it offers a controlled supply of biochemicals independent of plant
availability and more consistent product quality (Sajc et al. 2000). Minimal growth of tissue
in culture and cryopreservation have been used to store plant materials from a wide variety
of species (Withers 1987). Combinations of in vitro propagation techniques (Fay 1992) and
cryopreservation may help in the conservation of biodiversity of locally used medicinal
plants. Cryopreservation is a reliable method for long-term storage of the germplasm of
endangered species (Bramwell 1990). Several medicinal plant species have been
successfully cryopreserved (Bajaj 1995, Naik 1998). Therefore, the principal objective of our
research programs was to standardize the protocols of in vitro propagation for the important

Chinese medicinal plants.
1.2 In vitro propagation

In vitro propagation refers to the true-to-type propagation of selected genotypes
using in vitro culture technigues. It is an alternative method of propagation (George and
Sherrington 1984) and is being used widely for the commercial propagation of a large
number of plant species, including many medicinal plants. /n vitro propagation has been
achieved in several medicinal plants using tissue culture techniques (Rout ef al. 2000,

Nalawade ef al. 2003).

Significant progress has been made in the in vitro regeneration systems of many
traditional Chinese medicinal plants. Using tissue culture protocols for the propagation of
superior and/or endangered genotypes of medicinal plants, it is possible to produce healthy
and disease-free plants which could be released to their natural habitat or cultivated on a
large scale for the pharmaceutical product of interest. These are novel methods of
conserving the natural populations of medicinal plants, reducing the risk of their extinction.
In vitro propagation techniques impart vigor for the conservation process of the medicinal
plants and alse maintain the clonal uniformity not achieved by using seeds. The methods

could also be used for gene manipulation for crop improvement or more specifically to alter
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the expression of gene/s important for the biosynthesis of bioactive compounds. Various
strategies for using in vitro systems are being studied extensively with the objective of
improving the production and qualitative consistency of plant chemicals. Due to these
advances, research in the area of tissue culture technology for production of plant

chemicals has bloomed beyond expectations.

Various factors are responsible for in vifro morphogenesis. The source of the
explant cultured is important in determining the morphogenetic and regenerative potential,
which are significantly influenced by the phytosanitary and physiological conditions of the
donor plant (Debergh and Maene 1981, Read 1988). Prior fo the establishment of aseptic
culture, meticulous selection, identification, and maintenance of stock plants used as the
source of explants is necessary. Maintaining the donor plants in clean and controlled
environmental conditions delivers healthy and sterile explants (Sagare et al. 2001}. The
physiological age of the explants, and the explant type and size are the other factors which
exercise an influence cn formation of organs in vitro (Rout ef al. 2000). Temperature,
photoperiod, light intensity, pH of medium, carbohydrate source, type of gelling agent, plant
growth regulator concentrations in the medium, and additional media amendments also play
a determining role in the morphogenesis (Narayanaswamy 1977). The success of any
tissue culture protocol depends on the efficient acclimatization of in vitro-obtained plantlets
to greenhouse and field conditions. Plantlets growing under in vifro conditions exhibit no or
reduced photosynthetic capacity, and during acclimatization there is a need for rapid
transition from the heterotrophic to the photoautetrophic state for survival (Preece and
Sutter 1991). Thus, for effective acclimatization and better adaptation, the in vitro-raised
plantlets are gradually exposed to field conditions. Based on the plant species and culture
conditions, in vitro propagation could be achieved by direct and/or indirect shoot

organogenesis and/or somatic embryogenesis.

it is now evident that plant tissue culture is an essential component of Plant

Biotechnology which offers novel approaches to the production, propagation, conservation
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and manipulation of plants (Thorpe 1993). The success of in vitro culture depends mainly on
the growth conditions of the source material (Caswell et al. 2000, Delporte ef al. 2001),
medium composition and culture conditions (Sharan et al 2004) and on the genotypes of
donor plants. How rapidly a tissue grows and the extent and the quality of morphogenetic
responses are strongly influenced by the type and concentrations of nutrients supplied
(Niedz and Evens 2007). Inorganic macronutrient and micronutrient levels used in most
plant tissue culture studies are based on levels established by Murashige and Skoog (1962)
for tobacco tissue culture. However, many plant species and varieties do not respond well to
the classical approach, i.e. using the MS as the basic medium. This demonstrates that
alterations in hormonal ratios cannot be the sole mechanism controlling in vitro

developmental processes {(Ramage and Willams 2002).
1.3 The Asteraceae (Compositae) family

Asteraceae is one of the large families containing about one-tenth of the total
number of flowering plants, comprising about 950 genera and more than 20,000 recognized
species and characterized by small flowers arranged in a head looking like a single flower

(Rendle 1979),
1.4 The genus Stevia

Stevia, one of the 950 genera of the Asteraceae family is a genus of more than 200 species
(Gentry 1996). Members of Stevia comprise mostly of herbs but also shrubs and trees.
Originally it is said to be native to subtropical South America (Paraguay and Brazil) and
Central America but now is found over a wide range of areas 500-3500 m altitude, 1,500 -
1,800 mm rain fall and -6 °C to +43 °C temperatures (De Oliveira et al. 2004, Midmore and
Rank 2002, Yao et al. 1999).
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Stevia rebaudiana Bertoni

Stevia rebaudiana Bertoni usually grow in semi-dry mountainous ferrains, their
habitats range from grasslands, forested mountain slopes, conifer forests, to sub-alpine
vegetation. It is an herb of 80 - 180 cm tall with a life span of 3 - 5 years. It grows best in soil
that is well drained but with reasonable water holding capacity and preferably with pH 5-7;

alkaline scil should be avoided (Uddin et al. 2006, Midmore and Rank 2002).

For centuries, the Guarani Indian’s in Paraguay and Brazil used Stevia species,
Primarily S. rebaudiana, as a non-calorie sweetener in medicinal green teas for treating
heart burn and other ailments (Vanek et al. 2001); which is 250-300 times sweeter than
sucrose at 0.4% solution (Wood ef al. 1955, Ishima and Katyama 1976, Tanaka 1984, Kim
and Kinghorn 2002). Although there are more than 200 species of the genus Stevia, only S.

rebaudiana gives the sweetest essence (Savita ef al. 2004).

The worldwide demand for high potency sweeteners is expected to increase
especially with the new practice of blending different sweeteners, the demand for
alternatives is expected to increase. The sweet herb, S. rebaudiana produces, in its leaves,
just such an alternative with the added advantage that stevia sweeteners are natural plant
products. In addition, the sweet steviol glycosides have functional and sensory properties
superior to those of many other high potency sweeteners. Stevia is likely to become a major
source of high potency sweetener for the growing natural food market in the future. The task
at hand is to convert stevia from a wild plant to a modern crop well suited to efficient
mechanized production. For Canada, the necessary steps are the development of seed,
seedling and crop production system, including information on optimized crop inputs, weed
and disease control, harvest and handling methods and a breeding program aimed at
optimizing glycoside content and sensory characteristics. Understanding the biology of the
stevia plants and the chemistry and biochemistry of the sweet glycosides are prerequisites

for conversion of stevia to a modem crop.
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Now a day it has been used as a natural sweetener substituting sugar, which has
no side effects and available as concentrated liquid, crushed leaf or concentrated white
powder (Handro and Ferreira 1989).The sweet compound passes through the digestive
process without chemically breaking down, making Stevia safe for consumption for those
who need to control their blood sugar level. The first report of commercial cultivation in
Paraguay was in 1964 (Katayma et al. 1976, Lewis 1992). Since then, it has been
introduced as a crop in a number of countries including Brazil, Korea, Mexico, United
States, Indonesia, Tanzania and Canada (Shock 1982, Saxena and Ming 1988, Takayama
and Akita 1994, Fors 1995). In Brazil and Paraguay it grows wild. The property of the
species that called attention to the plant was the intense sweet taste of the leaves and
aqueous extracts. Stevia sweeteners — extracts from the leaves of this herb - are
commercially available in Japan, Korea, China, South-East Asia and South America.
Recently, stevia extracts have been extensively used as dietary supplements in the USA
(Kyoma et al. 2003). Other attributes of this natural, high intensity sweetener include non-
fermentable, non-discoloring, maintain heat-stability at 100°C and features a lengthy shelf
life. The product can be added to tea and coffee, cooked or baked goods, processed foods
and beverages. In the Pacific Rim countries like China, Korea and Japan stevia is regularly
used in preparation of food and pharmaceutical products. In Japan alone, an estimated 50
tons of stevioside is used annually with sales valued in order of $220 million Canadian
(Brandle and Rosa 1992). It is used as a table top sweetener, in soft drinks, baked goods,
pickles, fruit juices, tobacco products, confectionary goods, jams and jellies, candies,
yogurts, pastries, chewing gum and sherbets. Stevioside is of special interest to diabetic

persons with hyperglycemia and the diet conscious.

Its medicinal and commercial value lead to the world wide demand for large-scale
production of stevia plants from elite germplasm. The plant is propagated by seed or stem
cutting. Although seed propagation is very common method, seed is not efficient because of

low fertility and self incompatibility of the flowers (Felippe and Lucas 1971, Tadhani ef a/
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.2008), The propagation by seeds does not aflow the production of homogenous population
resulting in variability in sweetener level and composition (Nakamura and Tamura 1985,
Miyagawa et al.1986). Vegetative propagation by stem cuttings is also limited by the fow
number of individuals thal can be obtained simultaneously from single plant.
Micropropagation can provide genetically uniform plants in large numbers. There are few
reports of micropropagation from shoot tip, leaf and nodal cultures (Tamura et al. 1984,
Ferreira and Handro 1988a, Patil et al. 1996, Sivaram and Mukundan 2003, Mitra and Pal
2007).

14.1 Biclogy, ethnobotany and history of cultivation

Stevia rebaudiana Bert. is one of 154 members of the genus Stevia and one of only
two that produce sweet steviol glycosides (Robinson 1930, Soejarto et al. 1982, 1983). ltis
native to the valley of the Rio Monday in highlands of Paraguay, between 25 and 26
degrees south latitude, where it grows in sandy soils near streams (Katayama et al. 1976).
Stevia was first brought to the attention of Europeans in 1887 when M.S. Bertoni learned of
its unique properties from the Paraguayan Indians and Meslizos (Lewis 1992). Various
reports cited by Lewis (1992) indicate that it was long known to the Guarani [ndians of the
Paraguayan highlands who called it caa-éhé, meaning sweet herb. The leaves were used
either to sweeten maté or as a general sweetening agent. Seeds were sent to England in
1942 in an unsuccessful attempt to establish production. The first reports of commercial
cultivation in Paraguay were in 1964 (Katayama ef al. 1976, Lewis 1992). A large effort
aimed at establishing stevia as a crop in Japan was begun by Sumida (1968). Since then,
stevia has been introduced as a crop in a number of countries including Brazil, Korea,
Mexico, United States, Indonesia, Tanzania, and, since 1990 Canada (Lee ef al. 1979,
Donalisio et al. 1982, Goenadi 1983, Schock 1982, Saxena and Ming 1988, Brandle and
Rosa 1892, Fors 1995). Stevia production after eighties is cenlered in China and the major
market is in Japan (Kinghorn and Soejarto 1985). No large scale mechanized production

has been established and stevia sweeteners are not yet found in mainstream food preducts
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in most countries of the world. Progress towards large scale commercialization has been
slow, largely due fo difficulties in producing the crop, the poor quality of stevia extracts and
the absence of regulatory approvals essential for stevia sweeteners in the North American

and European markets.

Stevia is a member of the Compositae family. It is a small shrubby perennial
growing up to 65 cm tall, with sessile, oppositely arranged lanceolate to oblancoelate
leaves, serrated above the middle. Trichome structures on the leaf surface are of two
distinct sizes, one large (4-5 um), one small (2.5 pm) (Shaffert and Chetobar 1994b). The
flowers are small (7-15 mm), white and arranged in an irregular cyme. The seed is an

achene with a feathery pappus (Robinson 1930).

Sfevia is an cbligate short day plant with a critical day length of about 13 h.
Extensive variability within populations for day length sensitivity has been reported {Valio
and Rocha 1966, Zaidan ef al. 1980). Plants can initiate flowering after a minimum of four
true leaves have been produced (Cameiro 1990). Sumida (1968) reported the results from a
complete diallel cross with 8 parents and found that the amount of selfing ranged between 0
and 0.5%, while outcrossing ranged from 0.7 to 68.7%, indicating that some form of seff-
incompatibility system is operating (Katayama ef al. 1976). The reproductive anatomy of the
male and female gametophytes is typical for angiosperms (Shaffert and Chetobar 1992,
1994a). Stevia is diploid and has 11 chromosome pairs, which is characteristic for most of

the South American members of the genus (Frederico et al. 1996).
1.4.2 Seed production and quality

Stevia plants can be propagated from cuttings or seed. Since germination rates are
poor and seedlings very slow to establish it is best grown as an annual or perrenial
transplanted crop. Clonat propagation is practical for small scale production, but is probably

not economically viable for large scale production where iabor casts are high.
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Given stevia's day length requirements, seed production in the Narthem
hemisphere would be best situated between 20 and 30E N latitude. The crop could be
transplanted in February or March and seed collected in late summer. Flowering under
these conditions should occur between 54-104 d following transplanting, depending on the
daylength sensitivity of the cultivars used for seed production (Katayama et al. 1976). One-
thousand seed weights for Sfevia seed usually range between 0.15 and 0.30 g and,
depending on plant density, seed yields of up to 8.1 kg ha'! are possible (Carniero 1990).
Seed germination is often poor and rates less than 50% are common (Miyazaki and
Wantenabe 1974). Given the aforementioned conditions, seed produced on one ha could
be enough to supply transplants for up to 200 ha of leaf production. Seed viability and yield
are affected by growing conditions during polfination and seed filing. Excessive rainfall
during pollination can affect both seed yield and germination (Carneiro 1990, Shuping and
Shizhen 1985). Seed is best stored at 0°C, but even under low temperature conditions
germination will stil! decline 50% over three years (Shuping and Shizhen 1995). Sealing of
storage containers or using lower temperatures did not prevent the decrease in germination

over time.
1.4.3 Cultural practices

Planting densities ranging from 40,000 to 400,000 plants/ha have been tried in
experiments conducted in Japan {Katayama ef al. 1978). Leaf yield increased with
increasing density up to 83,000 and 111,000 plants ha-! for the first year of production, The
concentration of stevioside in the leaves of Stevia increases when the plants are grown
under long days (Metvier and Viana 1979). Since glycoside synthesis is reduced at or just
before flowering, delaying flowering with long days allows more time for glycoside
accumulation. It follows that Stevia production would be best situated in a long day

environment where vegetative period is longer and steviol glycoside yields will be higher.

Fertility requirements for Stevia grown as an annual crop are moderate. Results

from Japan demonstrate that, at the point of maximum dry matter accumuiation, Stevia
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plants consist of 1.4% N, 0.3% P, and 2.4% K (Katayama et al. 1976). Total biomass
production of 7500 kg ha - are possible and of that total, 26% would be roots, 35% stems,
and 38% leaves based on the composition observed by Katayama et al. (1976) which would
require approximately 105 kg N, 23 kg P and 180 kg K from both soil and fertilizer. The
actual rates of application will vary according to soil type and production environment, and

need to be optimized for each specific situation.

Stevia is harvested just prior to flowering when steviol giycoside content in the
leaves is at its maximum (Sumida 1980, Xiang 1983). Following harvest the whole plant is
dried and the leaves separated from the stems for further processing {Murai 1988). The
stems have very low concentrations of sweet glycosides and are removed to minimize
processing costs (Brandle and Rosa 1992). Drying Stevia under artificial conditions is
affected by a number of factors including loading rate, temperature, and ambient air

conditions (Van Hooren and Lester 1992).
1.4.4 Cultivar development

A variety of plant breeding procedures have been used to improve leaf yield and
rebaudioside 1A concentration in the leaves. Based on cultivar descriptions from Japan,
China and Korea, it appears that sufficient genetic variability exists to make significant
genetic gains in leaf yield, rebaudioside A content and the ratio of rebaudioside-A to
stevioside (Brandle and Rosa 1892, Lee et al. 1979,1982, Shizhen 1995, Shyu et al. 1994,
Morita 1987). Brandle and Rosa (1992) found that the heritability of stevioside content to be
high (83%), based on calcuiations from a group of haif-sib families. Heritabilities for leaf
yield (75 %) and leaf to stem ratio (83 %) were also substantial indicating that selection
would be effective. Total sweet glycoside concentration in some lines from China was
reported to be as high as 20.5%, and a rebaudioside-A to stevioside ratio of 9:1 was
disclosed in the Japanese patent literature (Shizhen 1995, Morita 1987). Two breeding
methods reported by the latter authors were: phenotypic mass selection and, recurrent

selection for phenotype where selected plants are intercrossed before another round of
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selaction. Some cultivars such as the high rebaudioside-A selection from Japan, and
Suweon 2 and 11 from Korea are based on the selection of single plant and because of seif-

incompatibility they can only be reproduced vegetatively, which fimits their utility.

Nakamura and Tamura (1985) studied a population of 300 random individuals and
found that total glycoside concentrations at the seedling and harvest stages were not
correlated suggesting that early selection for total glycosides would not be effective.
However, the proportion of individual glycosides relative to the total was correlated between
seedlings and mature plants making early selection for glycoside composition possible. The
authors also cbserved a wide range of variation in the four main giycosides and found that
dulcoside A and stevioside, and rebaudioside A and C, were positively correlated with each
other. Stevioside and rebaudioside A, and dulcoside and rebaudicside C, were negatively
correlated with each other. These correlations can be partially explained by the biosynthetic
relationships between the individual glycosides because stevioside is the substrate for the
synthesis of rebaudioside A, piants high in rebaudioside A will probably be low in stevioside

(Shibata et al. 1991).
1.5 The chemistry of the diterpene glycoside sweeteners

The sweet diterpene glycosides of stevia have been the subject of a number of
reviews (Kinghom and Soejarto 1985, Crammer and lkan 1986, Hanson and De Ofiveira
1993). Although interest in the chemistry of the sweet principles dates from very early in the
century, significant progress towards chemical characterization was not made untif 1931,
with the isolation of stevioside (Bride! and Lavieille 1931a). Treatment of this substance with
the digestive juice of a snail yielded three moles of glucose and one mole of steviol, while
acid hydrolysis gave isosteviol (Bridel and Lavieille 1931b). isosteviol was also obtained
when steviol was heated in dilute sulfuric acid. Subsequent studies have led to the isolation
of seven other sweet glycosides of steviol. Typical proportions, on a dry weight basis, for the
four major glycosides found in the leaves of wild stevia plants is 0.3 % dulcoside, 0.6%

rebaudioside C, 3.8 % rebaudioside A and 9.1 % stevioside.

Chapter 1 [ Introduction



13

151 Structure of steviol, isosteviol and stevioside

Over 20 years after the pioneering work of Bridel and Lavieille (1931a,b) the
structure, stereochemistry and absolute configuration of steviol and isosteviol were
established, through a series of chemical reactions and correlations by (Mosettig and Nes
1955, Dolder ef al. 1960, Djerassi ef al. 1961, Mosettig ef al. 1863). Concurrent studies on
the parent glycoside indicated that one D-giucopyranose residue, hydrolyzed under alkaline
conditions yielding steviolbioside, was attached to a carboxyl group (Wood ef al. 1955) whife
the other two were components of a sophorosy! group (Vis and Fletcher 1956) bound to the
aglycone through a $-glycosidic linkage (Yamasaki ef al. 1876). Support for the proposed
stereochemistry was achieved by the synthetic fransformation of steviol into stevioside
(Cgawa et al. 1980). Earlier, several approaches to the in vitro synthesis of steviol had been
reported (Cook and Knox 1970, Nakahara et al. 1871, Mori et al. 1972, Ziegler and Kloek
1977). Spectroscopic data conceming stevicside and steviolbioside were also published

(Van Calsteren ef a/. 1993).

Ibrahim et al. (2007) isclated five {abdane diterpenoids, austroinulin, isoaustroinulin,
sterebin E, sterebin E acetate, and sterebin A acetate, along with hydrocarbons, aliphatic
alcohols, B-amyrin, B-sitosterol and stigmasterol from the chloroform soluble fraction of the

methano! extract of Stevia rebaudiana leaves.
1.5.2 Other diterpenoid glycosides

Further investigation of extracts of S. rebaudiana leaves resulted in the isolation
and identification of seven other sweet diterpenoid glycosides. The leaves of S. rebaudiana
are the sources of diterpene glycosides, such as steviolbioside, rubsoside, rebaudioside A,
B, C, D, E and F, (Table 1, Fig. 1) dulcoside and stevioside (Starratt et al. 2002). Kohda et
al. (1976) obtained the first two of these, rebaudiosides A and B, from methanol extracts
together with the major sweet substance stevioside and steviolbioside, a minor constituent

which was first prepared from stevioside by alkaline hydrolysis (Wood et al. 1955,
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Compounds Name R, R,
Stevioside p-Gic p-Glc-B-Gle(2—1)
Steviolbioside H B-Glc-B-Gle(2—1)
B-Gic-p-Gic(2—1)
Rebaudioside A B-Glc |
B-Glc(3—1)
B-Glc-B-Gle(2— 1)
Rebaudioside B H I
B-Gle(3—1)
B-Glc-a-Rha(2—1)
Rebaudioside C B-Glc i
B-Glc(3—1)
B-Gle-B-Gle(2—1)
Rebaudioside D p-Glc-p-Gle(2—1)
B-Gle(3—1)
Rebaudioside E B-Glc-B-Glc(2—1) B-Glc-p-Gle(2—1)
B-Gle-p-Xyl(2— 1)
Rebaudioside F B-Glc
B-Gle(3—1)
Ducloside A B-Gic B-Glc-a-Rha{2—1)
ORs

Cr

HCY %oor,

Fig. 1. Structures of diterpene glycosides
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1.5.3 Other constifuents

In addition to the sweet diterpenoid giycosides, several other diterpenes have been
isolated from stevia. Since these compounds may be part of the waste stream produced
during stevia processing, their avaifability in large quantities could make them into valuble
co-products, The first to be characterized were jhanol and austroinulin, previously obtained
from other plants, and 6-O-acetylaustroinulin {Sholichin ef al. 1980). Also reported were the
triterpenes $-amyrin acetate and three esters of lupeol and the sterols stigmastero! and §$-
sitosterol, previously isolated from leaves by Nabeta et al. (1876). Jhanol, austroinulin, 6-O-
acetylaustroinulin and 7-C-acetylaustroinulin as well as stevioside and rebaudioside A have
been obtained from stevia flowers (Darise ef al. 1983). Eight additional diterpenes, called

sterebins A-H, have been isolated from leaves and identified (Oshima et al. 1986, 1988).

Other chemical constituents of stevia have been reported. Rajbhandari and Roberts
(1983) identified six flavonoid glycosides in an aqueous methanol extract of leaves:
apigenin-4-0-glucoside, luteolin-7-O-glucoside, kaempferol-3-O-rhamnoside, quercitrin,
quercetin-3-O-giucoside and quercetin-3-O-arabinoside and 5, 7, 3-trihydroxy-3, 6, 4-
trimethoxyflavone (centaureidin). The major identified components in the essential oil were
the sesquiterpenes $-caryophyllene, trans-$-farnesene, “humulene, *-cadinene,
caryophyflene oxide and nerofidol and the monoterpenes linalool, terpinen-4-ol and "-
ferpineol (Fujita et al. 1977). Later, Martelli et af. (1985) identified 54 components of a steam
distillate of dried leaves from Brazil. Of these, caryophyllene oxide and spathuleno! were the
main components, totaling 43%. Interestingly, these substances were not the major
components in an essential oil preparation from a fresh sample of cultivated stevia plants

from ltaly.
1.54 Functional and sensory properties of steviol glycoside sweeteners

Of the four major sweet diterpene glycoside sweeteners present in stevia leaves

only two, stevioside and rebaudioside A, have had their physical and sensory properties
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well characterized. Stevioside and rebaudioside A were tested for stability in carbonated
beverages and found to be both heat and pH stable (Chang and Cook 1983). However,
rebaudioside A was subject to degradation upon long term exposure to sunlight. Kinghorn
and Soejarto (1985) also cite numerous Japanese studies that demonstrate that stevioside

s very stable.

Phillips (1989) has summarized the early sensory research. Stevioside was
between 110 and 270 times sweeter than sucrose, rebaudioside A between 150 and 320,
and rebaudioside C between 40 and 60. Dulcoside A was 30 times sweeter than sucrose.
Rebaudioside A was the least astringent, the least bitter, had the least persistant aftertaste
and was judged to have the most favourable sensory atfributes of the four major steviol
glycosides (Phiflips 1989, Tanaka 1997). Dubois and Stephanson (1984) have aiso
confirmed that rebaudioside A is less bitter than stevicside and demonstrated that the bitter
notes in stevioside and rebaudicside A are an inherent property of the compounds and not
necessarily the result of impurities in whole plant extracts. Relative to other high potency
sweeteners such as apsartame, bittemess tends to increase with concentration for both
stevioside and rebaudioside A (Schiffman et al. 1994), Both stevioside and rebaudioside A
are synergistic in mixtures with other high potency sweeteners such as aspartame and are
good candidates for inclusion in blends (Schiffman et al. 1995). Although specialty
applications may exist for the other giycosides, increasing levels of rebaudioside A in stevia

leaves is a clear objective for breeding work.
1.5.5 Commercial extraction of steviol glycosides

Most of the commercial processing of stevia leaves occurs in Japan and there are
dozens of patents describing methods for the extraction of steviol glycosides. Kinghorn and
Soejarto (1985) have categorized the extraction patents into: those based on solvent (Haga
ef al. 1976), solvent plus a decolorizing agent (Ogawa 1880), adsorption chromatography
(tagaki and ito 1879), ion exchange (Uneshi et al. 1977), and selective precipitation of
individual glycosides (Matsushita and Kitahara 1981). Phillips (1989) has indicated that the
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most favoured extraction processes involve four steps: aqueous or solvent extraction, ion
exchange, precipitation or coagulation with filtration, then crystallization and drying. New

methods based on ultra-filtration have also been disclosed (Tan and Ueki 1994).
1.5.6 Pharmacological activities of Sfevia rebaudiana Bertoni

S. rebaudiana extracts have been suggested to exert beneficial effects on human
health, including antihypertensive (Chang et al. 1994, Jeppensen et al 2003),
cardiovascular (Haebisch 1992, Melis 1992a), anfimicrobial (Tadhani and Subhash 2006,
Jayaraman et al. 2008, Ghosh et al. 2008), anticancerous (Jeppensen et al. 2003, Rajesh et
al. 2010), contraceptive (Melis 1999), antiobesity and antioxidant activities (Park and Cha
2010) and also thought to influence glucose metabolism and renal functions (Melis and
Sainafi 1991, Melis 1992b, Savita et al. 2004, Jeppesen et al. 2003), cytoprotective
antiulcerous (Pandiyan ef al. 2009) and prevention of dental caries (Fujita ef al. 1979).
Stevia can also inhibit bacteria and fungal growth (Rojas and Miranda 2002). S. rebaudiana

does not lower blood glucose levels in normal subjects (Ahmed and Smith 2002).
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Chapter 2
MATERIALS AND METHODS

Materials and Methods

This chapter presents the materials and the methods that were used in conducting

the investigation.
21 Materials

To conduct the present investigation following materials and equipments were

used:
211 Plant Materials

The pot grown Stevia rebaudiana plants were collected from the Tissue Cuiture
Laboratory of BARC, Gazipur. Nodes, Internodes and Leaves of healthy Stevia rebaudiana

plants were used as explants for the investigation.
212 Surface sterilant and surfactant

Mercuric chioride {(HgCl:) was used as surface sterilizing agents while Savlon (0.3%
viv an antiseptic, plus detergent, marketed in Bangladesh by ACI Bangladesh Ltd.) was

used as detergent cum surfactant in the present investigation.
2.1.3 Chemicals and sources

The chemical compound used as macronutrients and micronutrients in the present
study were reagent grade (GPR) products of either Ricdel-de-Haen, Germany; BDH,
England/india or E. Merck, Germany/india and Phyto Technology Laboratories ™ USA. The
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vitamins and growth regulators were mostly products of Phyto Technology Laboratories ™

USA/E. Merck, India. A small section of them was procured from BDH, England.
214 Culture media

The nutrient media used in plant tissue culture are composed of several
components, salts, vitamins, amino acids, growth regulator, sugars, agar or gelrite and
water. All these compounds full-fili one or more functions in the fn vitro growth of plants. The
excised explants can only grow in vifro on a suitable artificially prepared nutrient medium
which is known as culture medium. From time to time, many workers/scientists (White,
Murashige and Skoog, Gamborg, Nitsch and Nitcsh, Schenk, Hildebrandt and others) have
proposed the composition of different nutrient media for in vifro growth and development of
explant tissues. MS (Murashige and Skoog 1962) medium was used in the present study

and chemical composition of the media are listed in Table 2.

Table 2. Chemical composition of MS media (1 litre)

Macronutrients Micronutrients Organic supplements
Chemical Amount{g)  Chemical Amount{mg) Chemicat Amount (mg)
NHsNO; 1.65 FeS04.7H;0 27.80 Myoinositol 100.00
KNO; 1.90 Na;EDTA.2H;0 33.60 Nicotinic acid 0.05
CaCl,.2H.0 0.44 Ki 0.83 Pyridoxine HCl 0.05
MgS04.7H;0 0.37 HaBO4 6.20 Thiamine HCI 0.05
KH2POq 0.17 MnS04.4H,0 22.30 Glycine 0.02

ZnS04.7H,0 8.60 Sucrose 30.00
Na;Mo04.H;0 0.25

CuSQs5H,0 0.025

CoCla.6H;:0 0.025
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215 Growth regulators

In addition to the nutrients, it is generally necessary lo add one or more growth
requlators such as Auxins and Cytokinins to the media to support goed growth of the tissues
and organs (Bhojwani and Razdan 1983). The following plant growth regulators were used

in the present investigation:
i) Auxins

Auxins promote cell enlargement and root initiation and following four types of

Auxins were used to full-fill the experimental purposes:
1H indole-3-acetic acid ({AA)
1H indole-3-butyric acid (IBA)
1-naphthéieneacetic acid (NAA)
2,4-dichlarophenoxyacetic acid (2,4-D)
ii) Cytekinins
Cytokinins promote cell division and shoot initiation and following two types of
cytokinins were used to full-fill the experimental purposes:
6-benzylaminopurine (BAP)
B-furfurylaminopurine {Kinetin or Kn)
2.1.6 Other materials
Other materials used to conducted the present investigation including:
Growth additives

Different brands of sucrose inciuding common sugar and different brands of agar

powder were used in the nutrient media as carbon source and gelling agent respectively.
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Glass wares

Cuiture tubes, conical flasks, petridishes of various capacities, measuring cylinder
(50 ml, 100 mi, 250 ml, 500 mi, 1000 ml), pipettes (0.1 mi, 0.5 m!, 1.0 m{, 2.0 ml, 5.0 mi,

10.0 ml) and beakers of different capacities.

Instruments

Pipette pump, parafilm, cotton plugs, rubber bands, aluminum foils, cotton, water-
proof marker pen, bamboo-papers, files, culture-tube rack, trolley, waste-basket and stop-

watch.
Electronic instruments

Laboratory tables, micro-wave, magnetic stirrer, hot plate, analytical loading single
pan balance with precision of 0.001 g, refrigerator, electric hot air oven range up to 250 +
2°C, digital pH meter, autoclave preferably horizontal, continucus supply of single and

double distilled water.
For aseptic transfer

Laminar airflow cabinet, scissors, scalpel handles with blades, varicus sizes of

forceps, sprit lamp and 70% ethyl alcohol.
For incubation

An aseptic culture room including racks with light arrangements and controfled

temperature of 26 + 1° C maintained with air cooler.
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2.2 Methods

Aseptic technique concerning in vitro culture of plant tissues in organs was followed
in the present study. The specific methads involved in this investigation are described under

the following heads:
2.21 Preparation of sterilant solution

Mercuric chioride (HgClz) of 0.1% concentration was used for surface sterilization of
plant materials used as explants. To prepare 0.1% solution, 0.1 g of HgCl; was taken in a
250 m} conical flask and dissolved in 100 ml distilled water. Freshly prepared HgClz was

used for surface sterilization of the explants and HgCl2 was prepared one hour before use.
22.2 Preparation of culture media

MS (Murashige and Skoog, 1962) medium was used for direct shoot proliferation,
callus formation, indirect shoot proliferation from callus and root proliferation of induced
shoot, Growth regulators were added separately to the media according to requirements.
Different constituents of MS including growth regulators of the culture media were separated
into stock solutions for ready use during the preparation of culture media. Separate stock

solution of MS (I-VH1) and growth regulators (GR) and were prepared as follows:
22.21  Preparation of stock solutions of MS (I-Viii) basal medium

As different media constituents were required in different concentrations, separate
stock solution for the macronutrients (stock solutions 1, I and Hil), micronutrients (stock
solutions IV, V and VI) and organic supplements (stock solution VIl and Vill) were prepared

for ready use.
Stock solution-I {Macronutrients)

At first 150 ml distilied water was taken in a conical flask and accurately weighted

NHsNO3 (16.50 g), KNO3 (19.00 g) and KH:PQ4 {1.70 g) were dissolved and the final
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volume was made up to 200 ml by further addition of distifled water. it was then fitered and

stored in a glass reagent bottie in the refrigerator.
Stock solution-ll {(Macronutrients)

3.70 g of MgS0s.7H,0 was weighted and dissolved in 150 ml of distilled water in &
conical flask and the final volume was made up to 200 ml by further addition of distilled

water. It was then filtered and stored in a glass reagent bottle in the refrigerator.
Stock solution-lll {Macronutrients)

4.40 g of CaCl2.2H,0 was weighted and dissolved in 150 ml of distilled water in a
conical flask and the fina! volume was made up to 200 m! by further addition of distilled

water. It was then filtered and stored in a glass reagent bottle in the refrigerator.
Stock solution-IV {Micronutrients)

Two constituents, FeS0s.7H20 (0.556 g) and Na:EDTA.2H:0 {0.746 q) were
weighted and dissolved in 350 m! of distilled water in a conical flask and the final volume
was made up to 400 mi by further addition of distilled water. it was then stored in dark glass

reagent bottle to avoid photosensitive reaction in the refrigerator.
Stock solution-V (Micronutrients)

MnS04.4H,0 (0.446 g), HiaBOs (0.124 g) and ZnSC4.7H20 (0.172 g) were weighted
and in 350 ml of distilled water in a conical flask and the final volume was made up to 400
mi by further addition of distilled water. It was then stored in glass reagent bottle in the

refrigerator.
Stock solution-VI (Micronutrients)

Ki {0.166 g), CuS04.5H20 (0.005 g), Na:Mo04.2H.0 (0.05 g) and CoCl,.6H.0
(0.005 g) were weighted and dissolved in 150 mi of distilled water in a conical flask and the
final volume was made up to 200 mi by further addition of distilled water and stored in a

glass reagent bottle in the refrigerator.
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Stock solution-Vli (Organic supplements)

Two gram of Myoingsitol was accurately weighted and dissolved in 150 mi of
distilled water in a conical flask and the final volume was made up to 200 m! by further

addition of distiled waler and stored in a glass reagent bottie in the refrigerator.
Stock solution-VIli (Organic nufrients)

Nicotinic acid (0.25 g), Pyridoxine HCI (0.25 g), Thiamine HCI (0.25 g) and Glycine
(1.0 g) were weighted and dissolved in 450 mi of distilled water in a conical flask and the
final volume was made up to 500 m! by further addition of distilled water and stored in a

glass reagent bottle in the refrigerator.
2.2.2.2  Preparation of the stock solutions of growth reguiators

In addition to the inorganic and organic nutrients, is generally necessary to add one
or more growth regulators mainly Auxins and Cytokinins to the media to support good
growth of tissues and organs (Bhojwani and Razdan 1983). Stock solutions of different

growth regulators were prepared separately as shown in Table 3.

Table 3. Plant growth reguiators and their appropriate solvents for the preparation of growth
regulators stock solutions.

Growth Final volume of  Strength of
regulators - Ag:)?spet:f Appropriate Asn;%l;r:lttgf the stock solution the stock
(solutes) (mg) solvents (m) with distilled solution
g water {ml) {mg/mi)
Auxins
IAA 10.0 70% KOH 1.0 50.0 0.2
IBA 10.0 0.1N KCH 1.0 50,0 0.2
NAA 10.0 0.1N KOH 1.0 50.0 0.2
24-D 10.0 70% Ethano} 1.0 500 0.2
Cytokinins
BAP 10.0 0.1N HCI 1.0 50.0 0.2
Kn 10.0 70% KOH 1.0 500 02
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To prepare the stock solution of any of these growth regulators, 10 mg of powdered
growth regulator was taken into a clean test tube and then dissolved in required volume of
appropriate solvent. The final volume of the solution was made 10 mi by adding distilled
water. The stock solution was then poured into glass reagent bottle and after labeling in a

refrigerator at 4-5° C for.
2.2.23  Preparation of one litre culture media

The following steps were followed to make one litre of culture media based on the

instruction chart given in the book of Bhojwani and Razdan (1983).
Step-l: Assembling of stock solutions of MS medium

Twenty mi of stock solution-l, 20 mi of stock sofution-il, 20 mi of stock solution-Hi,
20 mi of stock sciution-IV, 20 mi of stock solution-V, 1 m! of stock solution-Vi, 10 mi of stock
solution-VIl, 1 mi of stock solution-Vili were added in a conical flask containing 500 ml

distilled water and mixed well.
Step-1l: Addition of growth regulators

Different concentrations of growth regulators were added either individually or in
different combinations to the solution of step-I and were mixed thoroughly. Since each stock
solution of a growth regulator contained 10.0 mg of the chemical in 50.0 mi stock solution
(0.2 mg/l), in addition of 5.0 mi of any stock solution of a growth regulater to prepare one
litre of media resulted in 1.0 mg/l concentration of that specific growth regulator. So 0.1
mg/, 0.2 mg/l, 0.3 mg/, 0.4 mg/l, and 0.5 mg/l concentration of any growth regulators
required addition of 0.5 ml, 1.0 mi, 1.5 mi, 2.0 ml and 2.5 ml amounts of that specific growth
regulator stock solution respectively for one litre of medium. Similarly 1.0 mg/l, 1.5 mg#, 2.0
mg/l, 2.5 mg/l, 3.0 mg/l, 4.0 mgl and 5.0 mg concentration of any growth regulators
required addition of 5.0 mi, 7.5 ml, 10.0 mi, 12.5 mi, 15 mi, 20 ml and 2.5 mi amounts of that

specific growth regulator stock solution respectively for one litre of medium.
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Step-lll; Addition of sucrose

Thirty gram of sucrose was added to the solution of step-fil and mixed thoroughly
by a magnetic stirrer. Then the whole mixture was made up to one litre (1000 mi} with

further addition of distilled water,
Step-IV: pH adjustment

The pH of the solution was adjusted to 5.7 using a digital pH meter with the help of
0.1N NaOH or 0.1N HC! whichever required.

Step-V: Addition of agar

The nutrient culture media was gelled with agar. in the present experiment 6 g to 10
g agar (on the basis of its quality) was added to one litre medium. The whole mixture was
then gently heated in a microwave oven until the agar was melted completely and made the
turbid solution clear. At the time of gentle heating, continuous stirring procedure was applied

to the solution till complete dissolution of agar.
Step-VI: Dispensation of media

After heating fixed volume of hot medium was dispensed into culture vessels like
test tubes or conical flasks. Then the culture vessels were plugged with non-absorbent

cotton plugs or aluminum foils at the mouth of the culture vessels.
Step-Vil: Sterilization of media

Finally, the media containing culture vessels were sterilized by autoclaving at 121°
C for 20 minutes at 1.1 kg/cm? pressure. In case of flasks the media were allowed to cool as
vertically but the test tubes containing media were allowed to cool as slants for shoot
proliferation or as verfically for callus formation and root proliferation. Then the media
containing vessels were stored in the culture room (not more than five days) for ready to

use during aseptic manipulations. Before store, the media containing glass vessels were
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marked with different codes with the heip of a water-proof marker pen to indicate specific

growth regulators supplements.
223 Culture techniques

Techniques used in the present investigation for the regeneration of complete

plantlets from Stevia rebaudiana are described under the following headings:
2231 Isolation and sterilization of explants

Healthy, disease free and desired plant parts were collected from open environment
grown plants and washed thoroughly under running tap water. The piant materials were
then brought to laboratory and were thoroughly washed under running tap water and placed
in separate flasks. Then the materials were washed 3 to 4 times with distilled water and
taken in front of the running {aminar air flow cabinet and transferred to 250 mi sterilized
conical flask. After rinsing with 80% ethano! for 30 seconds they were immersed in 0.1%
HgCly for different durations of time. The materials were then washed with autoclaved

distilled water with at least three changes to remove all traces of HgCla.
2.23.2  Preparation of explants

The sterilized plant materials were placed on a sterilized petridish and cut into smali
pieces with a sharp scalpel. Three different explants were used in the present investigation

namely,

Nodes: Excised shoots each with a single node of approximately 1.0 cm to 2.0 cm in length.
Internedes: Excised shoots of approximately 1.0 cm fo 1.5 cm in length.

Leaves: Tender leaves were excised into smali segments.

All the dissections of plant materials were carried out in front of the running faminar
air flow cabinet for the preparation of explants and all the dissecting materials were

sterilized by autoclave.
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2.2.3.3  Inoculation

The excised explants (nodes, internodes, leaves) were cultured singly into 25X150
mm culture tube. Each culture tube contained 15 mi to 20 mi of agar gelled culture media
supplemented with individual or combination of growth regulators. All these works were
conducted aseptically in front of the running faminar air flow cabinet with the help of a pair of

sterile forceps.
2.2.34  Incubation

The inoculated tubes were then incubated in an air conditioned culture room which
provided special culture environment. The tubes were placed on the shelves of culture-tube
racks in the culture room. The cuitures were maintained at 26 + 1° C of temperature with
light intensity of 2000-3000 lux (50-70 micro E. m'2) provided by cool-white florescent tubes.
Photoperiod was maintained as 16 h of light and 8 h of dark. The culture tubes were
checked daily to note the morphogenic response of different experiments conducted in the

present investigation.
2.2.3.5  Direct shoot proliferation from the different explants

In the culture room different explants (nodes, internodes) of the culture tubes
containing specific growth regulators for shooting showed direct shoot protiferation within
few days. After four weeks of inoculation data were recorded carefully fo calculate
percentage of explants showing shoot proliferation and after six weeks data were recorded
again to calculated average number of shoots per expiant and average length of the longest
shoots. Each treatment consisted of three replications and in each replication 10-15
explants were used. The usable shoots were then excised from the shoot culture and
transferred them individually to the culiure media containing specific growth regulator for

rooting.

Chapter 2 [ Materials & Methods



32

2.23.6  Callus formation from the different explants

Within few days different explants (nodes, internodes, leaves) of the cuiture tubes
containing specific growth regulaters for calius induction showed callus formation in the
culture room. Colour of each callus was observed and data were recorded carefully to
calculate the average day of callus initiation and percentage of explants induced callus.
Each treatment consisted of three replications and in each replication 10-15 explants were
used. After attaining a convenient, size they were fransferred individually to the culture

media containing specific growth regulator for indirect shoot proliferation.
2.23.7 |Indirect shoot proliferation from calius of the different explants

For indirect shoot proliferation well grown up individual callus of four weeks of age
was taken aseptically on a sterile petridish and cut into smali and suitable sizes by a sterile
scalpe! and inoculated into the culture tubes containing culture media with specific growth
regulators for shooting. The inoculated tubes were then incubated into the culture room. In
the culture room callus of different explants (nodes, internodes, leaves) of the culture tubes
containing specific growth regulators for shooting showed indirect shoot proliferation within
few days. After four weeks of inoculation data were recorded carefully to calculate the
percentage of callus showing shoot proliferation and after six weeks data were recorded
again to caiculated average number of shoots per callus and average length of the longest
shoots. Each treatment consisted of three replications and in each replication 10-15
explants were used. The usable shoots were then excised from the shoot culture and
transferred them individually to the culture media containing specific growth regulator for

rooting.
2238 Root profiferation from induced shoots of the different explants

For root preliferation, the new induced shoots were separated aseptically from the
shoot messes and the individual shoots were then inoculated into the culture tubes

containing culture media with specific growth regutators for rooting. The inoculated tubes
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were then incubated into the culture room. Within few days inoculated shoots of the culture
tubes showed root profiferation in the culture room. Adter four weeks of inocufation data
were recorded carefully to caicufate the percentage of shoots showing root proliferaticn,
average number of roots per shoot and average length of the longest roots. Each treatment

consisted of three replications and in each replication 10-15 explants were used.
2239  Precautions for ensuring aseptic condition

All inoculations and aseptic manipulations were carried out in front of the laminar
airflow cabinet, The micro-airflow was switched on for half an hour before use and floor of
the cabinet was cleaned with 80% ethyl aicohol to reduce the chances of contamination.
The instruments like scalpels, forceps, needles efc were sterilized by an alcohol dip and
flaming methed inside the laminar airflow chamber, while not in use they were kept
immersed in alcohol. Other requirements like petridishes, bottles, conical flasks, cotton,
distiled water etc. were sterilized by steam sterilization method. Before the onset of
inoculation, hands were cleaned thoroughly by soap and then by spraying 70% ethyl
alcohol. Surgical operations were carried out taking alf possible care to ensure

contamination free condition.
224 Transplantation of plantlets under ex vitro environment

After developing sufficient root system the regenerated piantiets were ccnsidered
ready to transfer in soil. Plantlets with sufficient root system, which were grown inside the
culture vessels, were kept unplugged for 4 to 5 days .Then they were brought out from the .
controfled environment of the culture room and kept is the room temperature for 6 to 10
days to bring them in contact with normal temperature. The plantlets were then transferred
carefully from the cuiture vessels and roots of the plantiets were gently washed under
running tap water to remove cullure media attached to the root zone. Immediately after that
they were transferred to small pots filled with garden soil, organic manure and sand in the

portion of 2:2:1, taking special care not to damage of the roots. The pots with the plantlets
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were covered with small transparent polythene bags {o prevent sudden desiccation. The
inner sides of the bags were sprayed with water at every 8 hours to maintain high humidity
around the plantlets. The polythene bags were gradually perforated lo expose the plantlets
to the outer normal environment and subsequently removed after 8 to 10 days. By this time
the potted plantlets became established in the soil. This practice faciltated gradual
acclimatization of the in vifro grown new plantlets in ex vitro environment. After resuming the
new growth on soil having sufficient light extension and leaf development, the plantlets were
transferred to the larger earthen pots filled with organic manure and soil and watered
regularly. For the initial period of 30 to 40 days the potted plantiets were nurtured in the
laboratory condition under artificial light intensity of 2000-3000 lux (50-70 micro E. m-2) and
then shift under open sunlight and they became suitable for final plantation in the fields.
Data were recorded carefully after 1t, 2nd, 31 and 4% week of transplantation to calculate

the percentage of survived plantlets.
225 Calculation and presentation of data

For preseniation of data in the tables and figures, statistical methods were used to
quantify the experimental results. Percentages, means efc. were calculated by normal
mathematical methods and statistical calculations like standard error (SE) of means was

performed according to standard statisticai procedure (Steel and Torrie 1982).
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Chapter 3
RESULTS

Investigations were carried out with different explants of Stevia rebaudiana Bertoni
to standardize suitable protocols for surface sterilization; direct shoot proliferation; high
frequency of callus formation; indirect shoot proliferation from the callus and root
proliferation of the induced shoots for subsequent plant regeneration and the results of the

investigations are described under the following heads:
3.1 Surface sterilization of the different explants

To establish the explants from field grown plants under aseptic condition, surface
sterilization is essential. Standardization for surface sterilization was carried out by trial and
error experiments with 0.1% Mercuric Chloride {HgCly solution at different time duration
ranges from 0.5 to 3.0 minutes. The effects HgClz treatment with different duration of time
on surface sterilization of different the explants (Nodes, Internodes and leaves) are

presented in Table 4.
3.1.1 Effects of HgCl, treatment on nodes

In case of nodes, the ranges of percentage of free contamination was between
10.68 £ 0.83 to 93.22 + 0.58 and percentage of survived explant was between 10.68 + 0.83
to 77.48 £ 0.35. Percentage of free contamination was found 93.22 + 0.58 when HgCl
treatment was used for 3.0 minutes but percentage of survived explant was 64.51 £ 0.97,
Percentage of free contamination was 81.94 + 0.94 and percentage of survived explants
was 77.48 + 0.35 when the nodes were treated for 2.5 minutes with HgCl. Again when
HgClz treatment was used for 2.0 minutes, percentage of free contamination and

percentage of survived explant were 67.32 + 0.86 and 64.40 + 1.34 respectively. So by
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comparing both, the percentage of free contamination and the percentage of survived
explant, HgClz (0.1%) treatment for 2.5 minutes of duration was found the most effective for

the surface sterilization of nodes of Stevia.
3.1.2 Effects of HgCl treatment on internodes

In case of internodes, the ranges of percentage of free contamination was between
11.35 £ 0.92 to 96.54 + 1.81 and percentage of survived explant was between 11.35 £ 0.92
to 79.83 £ 0.83. Percentage of free contamination was 96.54 + 1.81 when the internodes
were treated with HgClz for 3.0 minutes and percentage of survived explant was 67.25
1.05. But when the internodes were treated with HgClz for 2.5 minutes, percentage of free
contamination was 84.43 + 0.58 and percentage of survived explant was 79.83 * 0.83.
Percentage of free contamination was 72.29 £ 0.45 and percentage of survived explant was
68.29 + 0.97 when the internodes were treated with HgCl2 for 2.0 minutes. So by comparing
both, the percentage of free contamination and the percentage of survived explant, HgCl2
(0.1%) treatment for 2.5 minutes of duration was found the most effective for the surface

sterilization of internodes of Stevia.
3.1.3 Effects of HgCl: treatment on leaves

In case of leaves the ranges of percentage of free contamination was between
18.20 £ 1.48 t0 98.67 + 0.72 and percentage of survived explant was between 18.20 + 1.48
to 77.11 £ 1.11. Percentage of free contamination was 98.67 + 0.72 but percentage of
survived explant was only 52.18 + 0.53 when the leaves were treated with HgCl for 3.0
minutes. Again percentage of free contamination was 95.82 + 0.66 when the leaves were
treated with HgClz for 2.5 minutes and percentage of survived explant was 76.92 + 0.76.
But when the leaves were treated with HgCl, for 2.0 minutes, percentage of free
contamination was 87.08 + 1.27 and percentage of survived explant was 77.11 + 1.11. So

by comparing both, the percentage of free contamination and the percentage of survived
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explant, HgCl (0.1%) treatment for 2.0 minutes of duration was found the most effective for

the surface sterilization of Leaves of stevia.

The effects of HgCl; (0.1%) treatment for different duration of times on nodes,

intemodes and leaves are presented by histogram graph in Fig.2.
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Table 4. Effects of HgCl2 treatment with different duration of time on surface sterilization of
the different explants of Stevia rebaudiana.

Time Percentage of free contamination Percentage of survived explants

(minutes)

Nodes Intemodes Leaves Nodes Internodes Leaves

0.5 1068+083 11.35+092 18201148 10.68+083 11.35+092 18.20x1.48
1.0 3255+068 3482+126 41.38x077 3255+068 3482x128 HM3x077
15 4889x£055 5346+073 5814x139 4539:044 5108+068 5436040
20 6732086 7229x045 87.081127 6440+134 6829+097 7111111
25 81944094 B443+£058 09582+066 77481035 79.83+0.83 7692+0.76

3.0 9322+ 058 9654+181 9867+072 6451+097 67.25+1.05 5218x053
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3.2 Direct shoot proliferation from the different explants

Different concentration of Cytokinins and Auxins were used individually and in
combination in the cuiture media to observe the effects of the growth regulators on direct
shoot proliferation from nodes, and internodes. In all cases nodes showed the highest

percentage of proliferated shoots compared to internodes (Plate 2).

3.2.1 Effects of individual growth regulators on direct shoot prolfiferation
from the different explants

Two types of Cytokinins (BAP and Kn}, each with six different concentrations (0.5
maf, 1.0 mg/l, 1.5 mgf, 2.0 mg/l, 2.5 mgfl, 3.0 mg/l) were used in the culture media to find
out the effects of individual growth regulators on direct shoot proliferation from nodes and
internodes and the results are presented in Table 5. Kn was found fess effective than BAP
on direct shoot proliferation from the different explanis when they were used individually in

the culture media.
3.211  Effects of BAP on direct shoot proliferation

Shoot proliferation rate from nodes and internodes and was average when BAP
was used singly in the culture media in different concentration. Nodes showed the highest
percentage of proliferated shoots which was 57.67 * 0.57 in the cuiture media with BAP
(2.0 mg/l). Average number of shoots per explant was 3.62 + 0.12 and average length of
the longest shoot was 2.68 + 0.21 cm. But in case of internodes, highest percentage of
proliferated shoots was 44.49 + 0.92 in the same concentration of BAP and the average
number of shoots per explant was 3.47 + 0.22 and average length of the fongest shoot was
2.32 = 0.73 cm. Other concentrations of BAP showed average results. The effects of
different concentration of BAP on direct shoot proliferation from the different explants are

presented by histogram graph in Fig. 3.
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3212 Effects of Kn on direct shoot proliferation

Shoot profiferation rate from nodes and internodes and was low compared to BAP
when Kn was used singly in the culture media in different concentration. Highest percentage
of proliferated shoots from the nodes was recorded 51.20+0.76 with Kn (2.0 mg /) in the
culture media. Average number of shoots per explant was 3.37 + 0.48 and average length
of the longest shoot was 2.64 + 0.23 cm. But in the same concentration of Kn, highest
percentage of proliferated shoots from the internodes was 40.25 + 0.79, average number of
shoat per explant was 3.21 £ 0.11 and average length of the longest shoot was 2.33 + 0.39
cm. Cther concentrations of Kn showed average resuls. The effects of different
concentration of Kn on direct shoot proliferation from the different explants are presented by

histegram graph In Fig. 4.
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Table 5, Eﬁ‘ectg of different concentration of BAP and Kn on direct shoot proliferation from
the different explants of Stevia rebaudiana.

Treatment Percentage of explants Average number of shoots ~ Average length of the
"(3:19 n‘;" shawing proliferation per explant fongest shoots (cm)
Nodes Internodes Nodes Infemades Nodes Intemodes
0.5 26.20 + 1.90 2355+077 280+028 2481017 2181011 210%0.61
1.0 3860+068 3267+£024 317+023 302:034 2271054 218+0.28
1.5 4945+035 4153058 325+039 318+006 255+032 230044
BAP
2.0 57.6T+0.57 44491092 3621042 3472022 258+021 232107
25 46251080 40121041 327+053 3221041 248+038 2271042
3.0 3440+ 023 31771047 310+£027 3.07+057 2301046 221%0.75
05 2255+071 1943+012 265+021 234+008 215019 204038
1.0 385+123  3077+083 306+£035 2794021 235£030 2221012
15 4524+088 3428+063 310+060 3.08+£043 252+049 227035
Kn
20 5420+ 0.76 40251079 3371048 3.21+0.11 264£023 233£039
25  4265+013 33.08+£035 305+033 258+027 251042 2261066
30 3055+045 28.11+148 2881029 248+0.04 238+015 21810.29
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322 Effects of combined growth regulators on direct shoot profiferation
from the different explants

From the results of effects of individual growth regulaters on direct shoot
proliferation from the different explants (3.2.1) it is clear that Kn is less effective than BAP
on direct shoot profiferation from nodes and interncdes. To find out the effects of combined
growth regulators on direct shoot proliferation from nodes and internodes, different
concentration of Cytokinins (BAP) with different concentration of Auxins (IAA, IBA, NAA)
were used in different combinations. Percentage of shoot proliferation from different
explants was much better when Cytokinins and Auxins were used in combination in the
culture media compared to their individual effects on direct shoot proliferation and
combination of BAP and NAA in the culture media was found the most effective on direct
shoot proliferation from the different explants.

3.2.21 Effects of different concentration of BAP with different
concentration of IAA

Four different concentrations of BAP (1.0 mgf, 1.5 mg/l, 2.0 mg/l, 2.5 mg/l) with five
different concentrations of 1AA (0.1 mg/l, 0.2 mg/l, 0.3 mg/l, 0.4 mg/, 0.5 mg/l) were used in
the culture media to find out the combined effects of BAP and IAA on direct shoots
profiferation from nodes and internodes and the results are presented in Table 6. In most of
the cases 1AA (0.2 mgfl) or IAA (0.3 mgfi) with different concentration of BAP showed the

best resuft.

BAP (1.0 mg/i) with five different concentration of IAA: In case of nodes as
explants the highest percentage of profiferated shoots was observed when BAP (1.0 mg/l) +
IAA (0.3 mgfl) was used in the culture media which was 89.26 £ 0.38. In this combination
the average number of shoots per explant was 3.32 £ 0.08 and average length of the
fongest shoots was 2.46 + 0.57 cm. But in case of internodes, the highest percentage of
proliferated shoots was 58.33 + 0.25 In same combination of the growth regulators and the

average number of shaots per explant was 3.17 £ 0.27 and average length of the longest
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shoots was 2.35 + 0.43 cm. Other combinations showed average performances of shoot
proliferation of the explants. The effects of BAP (1.0 mg/) with different concentration of IAA

on direct shoot proliferation from the different explants are presented by histogram in Fig. 5.

BAP (1.5 mgfl) with five different concentration of IAA: When BAP (1.5 mg/l) +
IAA (0.2 mg/l) was used in the culture media, highest percentage of proliferated shoots was
recorded from the nodes which was 72.48 + 0.43, average number of shoots per explant
was 3.49 + 0.28 and average fength of the longest shoots was 2.49 + 0.11 cm. But when
BAP (1.5 mg/l) + IAA (0.3 mg/l) was used, the highest percentage of proliferated shoots
from the internodes was 66.17 + 0.29 and average number of shoots per explant was 3.26
+ 0.16 and average length of the longest shoots was 2.41 = 0.77 ¢m. Other combinations
showed average performances of shoot proliferation of the explants. The effects of BAP (1.5
mg/l) with different concentration of IAA on direct shoot proliferation from the different

explants are presented by histogram in Fig. 8.

BAP (2.0 mg/l) with five different concentration of I1AA: BAP (2.0 mg/l) + IAA
(0.2 mg/l) in the culture media showed the highest percentage of proliferated sheots from
the nodes which was 76.48 + 0.24.This was the best result among the BAP + [AA
combinations. In this combination average number of shoots per exptant was 3.86 * 0.66
and average length of the longest shoots was 2.52 + 0.41 cm. In the same combination of
the growth regulators highest percentage of proliferated shoots from the internodes was
71.60 % 1.03, average number of shoots per explant was 3.72+0.19 and average length of
the longest shoots was 2.36 * 0.53 cm. Other combinations showed average performances
of shoot proliferation of the explants. The effects of BAP (2.0 mg/l) with different
concentration of IAA on direct shoot proliferation from the different explants are presented
by histogram in Fig. 7.

BAP (2.5 mg/l) with five different concentration of IAA: Highest percentage of
profiferated shoots was found from the nodes which was 71.28 + 0.15 when BAP (2.5 mgfi)

+ 1AA (0.2 mg/l) was used in the cuiture media and average number of shoots per explant
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was 3.41 + 0.34 and average length of the longest shoots was 2.56 + 0.49 cm. In same
combination of the growth regulators highest percentage of proliferated shoots from the
interncdes was 66.24 + 0.11, average number of shoots per explant was 3.27 £ 0.18 and
average length of the longest shoots was 2.40 + 0.25 cm. Other combinations showed
average performances of shoot proliferation of the explants. The effects of BAP (2.5 mg/l)
with different concentration of 1AA on direct shoot proliferation from the different explants

are presented by histogram in Fig. 8.
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Table 6. Effects of different concentration of BAP with different concentration of IAA on
direct shoot proliferation from the different explants of Stevia rebaudiana.

Treatment Percentage of explants Average number of Average length of the
(mgh) showing proliferation shoots per explant fongest shoots (cm)
BAP  1AA Nodes Intemodes Nodes Intemodes Nodes internodes

01 6145$029 48751087 329:038 3.40:091 231:054 217080
02 65721054 5416+031 344+051 328056 243£020 2321037
10 03 69.26£038 5833+025 332008 3474027 246+ 057 235%0.43
04 6455+1.08 5248+058 326+0.23 3.05:+062 238+088 220+026
05 59.24+021 4782+1.40 3192043 288+034 2341039 21810.14
0.1 6760018 6144+023 3341067 318+077 235078 221071
02 7248+043 64856+043 349:028 336+032 249%+011 2.36+048
15 03 7125:061 6647+029 338+035 3264016 253+035 2411077
04 6535+026 6042+054 331:051 314038 2442073 2312090
05 6284+057 5767x035 326£022 3.08+045 2371048 220034
01 7015+149 6595+018 370049 3564013 2411094 227012
02 76481024 71601103 3B6+0.66 3.72+019 252+0.41 236%0.53
20 03 7361+038 67.33:033 376+020 3.60+0.25 2.63+057 248+0.76
04 7033£074 6546+078 3691053 3521088 255:044 2411034
0.5 6784102 6125019 3642017 | 346+034 247+082 2291023
01 64721055 5B47+048 334:024 316:082 236+031 2181066
0.0 71.28+0415 66241011 341£034 327+0.18 2561049 240025
25 03 6755:+026 6340+047 3321055 3.18+026 2481047 2.33+0.31
04 6370083 5067124 327£079 3.40+035 2431057 2241003
05 62471077 5617085 3232057 305+016 2343041 21640 64
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3222  Effects of different concentration of BAP with different
concentration of IBA

Four different concentrations of BAP (1.0 mg!l, 1.5 mgf, 2.0 mgll, 2.5 mg/) with five
different concentrations of IBA (0.1 mgfl, 0.2 mg/l, 0.3 mg/l, 0.4 mg/, 0.5 mg/l) were used in
the culture media to find out the combined effects of BAP and IBA on direct shoots
proliferation from nodes and internodes and the results are presented in Table 7. In most of

the cases IBA (0.3 mg/l) with different concentration of BAP showed the best result.

BAP (1.0 mg/l) with five different concentration of IBA: In case of nodes as
explants the highest percentage of proliferated shoots was observed when BAP (1.0 mg/l) +
IBA (0.3 mg/l) was used in the culture media which was 70.37 % 0.35. in this combination
average number of shoots per explant was 3.38 + (.26 and average length of the longest
shoots was 2.43 + 0.38 cm. But in case of internodes, the highest percentage of proliferated
shoots was 59.68 + 0.89 in same combination of the growth regulators and average number
of shoots per explant was 3.15 + 0.19 and average length of the longest shoots was 2.43 +
0.41 cm. QOther combinations showed average performances of shoot proliferation of the
explants. The effects of BAP (1.0 mg/l) with different concentration of IBA on direct shoot

proliferation from the different explants are presented by histogram in Fig. 9.

BAP (1.5 mg/l) with five different concentration of IBA: When BAP (1.6 mg/l) +
IBA (0.2 mg/l) was used in the culture media, highest percentage of profiferated shoots was
recorded from the nodes which was 73.15 + 0.43, average number of shoots per explant
was 351 + 0.15 and average length of the longest shoots was 2.48 1 0.43 ¢cm. The highest
percentage of proliferated shoots from the internodes was 6342 + 0.22 in same
combination of the growth regulators and average number of shoots per explant was 3.33 +
0.58 and average length of the longest shoots was 2.48 + 0.10 cm. Other combinations
showed average performances of shoot proliferation of the explants. The effects of BAP (1.5

mg/l) with different concentration of IBA on direct shoot proliferation from the different

explants are presented by histogram in Fig. 10.
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BAP (2.0 mg/l) with
(0.2 mg/)

ve different concentration of IBA: BAP (2.0 mg/} + IBA
in the culture media showed the highest percentage of proliferated shoots from
the nodes which was 79.52 + 0.79.This was the best result among the BAP + IBA
combinations. in this combination average number of shoots per explant was 3.92 + 0.56
and average length of the longest shoots was 2.54 + 0.48 cm. In the same combination of
the growth regulators highest percentage of proliferated shoots from the internodes was
71.68 + 0.18, average number of shoots per explant was 3.50 + 0.31 and average length of
the longest shoots was 2.54 + 0.57 cm. Other combinations showed average performances
of shoot proliferation of the explants. The effects of BAP (2.0 mg/) with different
concentration of IBA on direct shoot proliferation from the different explants are presented

by histogram in Fig. 11.

BAP (2.5 mgll) with five different concentration of IBA: Highest percentage of
proliferated shoots was found from the nodes which was 73.84 + 1.31 when BAP (2.5 mg/l)
+ |BA (0.2 mg/t) was used in the cullure media and average number of shoots per explant
was 3.43 + 0.82 and average length of the longest shoots was 2.53 + 0.16 ¢m. In same
combination of the growth regulators highest percentage of proliferated shoots from the
internodes was 64.75 + 0.55, average number of shoots per explant was 3.35 + 0.43 and
average length of the longest shoots was 2.53 + 0.27 cm. Other combinations showed
average performances of shoot proliferation of the explants. The effects of BAP (2.5 mg/l)
with different concentration of IBA on direct shoot proliferation from the different explants

are presented by histogram in Fig. 12.
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tration of BAP with different concentration of IBA on
on from the different explants of Stevia rebaudiana.

T'anl'g;f;”t P:f:?\:ﬂ?:;g[?rglfi f:(g{;nls Average number of Average length of the
n shoots per explant longest shoots (cm)
BAF  IBA Nodes Intemodes Nodes Intemodes Nodes Internodes
01 6254+132 5028+044 3344 012 295+047 228+057 228x0.70
0.2 6584+087 5535068 347:039 320%0.13 242+092 242+026
1.0 03 70371035 5968+089 3.38+026 315+019 243+038 2431041
04 6317£022 51.20£1.06 3311031 308+044 235:019 235+0.87
05 6028097 48.62+047 324+028 287+038 231+031 2.31+0.23
01 66471085 5871+£092 338+019 315049 2321008 232:044
02 T7345+043 63421022 351+015 3.33+058 248+043 2.4810.10
1.5 03 7067+028 61.33+048 341:033 3261036 2501068 2.50+0.38
04 6592+076 54831053 329+051 3161022 239+071 2391057
05 6325x124 5246027 327+036 310039 231:063 2311062
04 7280zx0.55 6117081 367x024 3421044 237+026 2371038
0.2 79521079 T7168+018 3921056 J360+031 2541049 254%0.57
20 0.3 7439+033 6438x170 379+018 348015 2571033 2571023
0.4 7163+£021 6042+024 374x025 3361034 2491029 2491036
05 7082+055 5967+098 365:031 3301079 2402054 240+053
01 67254028 5642:1.39 331064 3202016 236£030 236048
02 73.84+131 64751055 3.43:+082 3.35+043 253x0.16 2.53%0.27
25 03 7042:095 59.33£068 2330:049 3222023 2511097 2511058
04 67.62+036 5740:043 3231028 3145+047 245+028 245+0.14
05 6489+074 5285:066 318+030 3052042 2291022 2291039
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3223  Effects of different concentration of BAP with different

concentration of NAA

Four different concentrations of BAP (1.0 mgfl, 1.5 mg/l, 2.0 mgfi, 2.5 mg/l) with five
different concentrations of NAA (0.1 mgfl, 0.2 mg/, 0.3 mg/l, 0.4 mg/l, 0.5 mg/l) were used in
the culture media to find out the combined effects of BAP and NAA on direct shoots
proliferation from nodes and internodes and the resuits are presented in Table 8. In most of

the cases NAA (0.2 mg/)) with different concentration of BAP showed the best result.

BAP (1.0 mgll) with five different concentration of NAA: In case of nodes as
explants the highest percentage of profiferated shoots was observed when BAP (1.0 mgf) +
NAA (0.2 mg/l) was used in the culture media which was 77.38 + 0.96. In this combination
average number of shoots per explant was 3.56 + 0.45 and average fength of the longest
shoots was 2.55 + 0.15 cm. But in case of internodes, the highest percentage of proliferated
shoots was 67.75 £ 0.28 in same combinaticn of the growth regulators and average number
of shoots per explant was 3.33 £ 0.36 and average length of the longest shoots was 2.63 +
0.70 cm. Other combinations showed average performances of shoot proliferation of the
explants. The effects of BAP (1.0 mg/]) with different concentration of NAA on direct shoot

proliferation from the different explants are presented by histogram in Fig. 13.

BAP (1.5 mg/l) with five different concentration of NAA: When BAP (1.5 mg/l) +
NAA (0.2 mg/l) was used in the culture media, highest percentage of proliferated shoots
was recorded from the nodes which was 81.44 1 0.37, average number of shoots per
explant was 3.64 + 0.46 and average length of the longest shoots was 2.61 + 0.44 cm. In
case of internodes, the highest percentage of proiiferated shoots was 73.33 1 0.59 in same
combination of the growth regulators and average number of shoots per explant was 3.45 +
0.18 and average length of the longest shoots was 2.72 £ 0.31 cm. Other combinations
showed average performances of shoot proliferation of the explants. The effects of BAP (1.5

mg/l) with different concentration of NAA on direct shoot proliferation from the ditferent

explants are presented by histogram in Fig. 14.
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BAP (2.0 mg/) with five different concentration of NAA: BAP (2.0 mgf}) + NAA

(0.2 mgfl) in the culture media showed the highest percentage of profiferated shoots from

the nodes which was 92.84 + 045, This was the best result among the BAP + NAA
combinations. In this combination average number of shoots per explant was 4.16 + 0.28
and average length of the longest shoots was 2.67 + 0.98 cm, In the same combination of
the growth regulators highest percentage of proliferated shoots from the internodes was
84.87 £ 0.62, average number of shoots per explant was 3.95 + 0.34 and average length of
the longest shoots was 2.78 + 0.43 ¢m. Other combinations showed average performances
of shoot proliferation of the explants. The effects of BAP (2.0 mgfl) with different
concentration of NAA on direct shoot proliferation from the different explants are presented

by histogram in Fig. 15.

BAP (2.5 mg/l) with five different concentration of NAA: Highest percentage of
proliferated shoots was found from the nodes which was 82.68 + 0.57 when BAP (2.5 mg/l)
+ NAA (0.2 mgfl) was used in the cufture media and average number of shoots per explant
was 3.53 £ 0.43 and average length of the longest shoots was 2.57 + 0,37 cm. In same
combination of the growth regulators highest percentage of proliferated shoots from the
internodes was 74.25 + 0.29, average number of shoots per explant was 3.38 % 0.16 and
average length of the longest shoots was 2.63 £ 0.71 cm. Other combinations showed
average performances of shoot proliferation of the explants. The effects of BAP (2.5 mg#)
with different concentration of NAA on direct shoot profiferation from the different explants

are presented by histogram in Fig. 16.
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Table 8. Effects of different conce

i niration of BAP with diff tration of NAA on
direct shoot proliferation, ith different concentr

from the different explants of Stevia rebaudiana.

Tr?alr;n)ant Percer]tage of exp!gnts Average number of Average length of the
mg showing praliferation shoats per explant langest shoats (cm)
BAP NAA Nodes Internades Nades Intemodes Nodes intemodes

01 68421048 5617033 342+061 320095 239:058 2461039
02 77.38+086 67.75£028 3564045 3331036 255+015 263070
1003 7265£017 63484056 344:034 328:028 247031 2524023
04 6758+134 58.20£095 330:029 320:066 2.41+048 2.45+049

05 64.15+142 5580087 331:040 3424037 2361073 242055

01 7167022 61.78+124 347+029 328:x075 243+040 249072
0.2 81441037 73331059 3641046 345+018 2611044 272103
15 03 7820042 6915:£039 352:093 333+006 252029 2581038
04 7257+£1.33 6345+028 3454022 3254046 2451076 2521004

05 6726:x056 5670147 337041 317078 239+058 244+053

01 79331080 6748058 371057 352x024 253014 2.58x0.11
0.2 92842045 84871062 4161028 3951034 2671098 2761043
20 03 8639+091 78331048 396011 370:076 260x072 2.64+0.81
04 7862+£122 T7045+071 3841049 36561025 254x0056 258027

05 7445038 6525+053 3.70+074 3481087 249:x031 253+048

04 7475+004 5290096 338+0.27 322+094 243+069 249:023
0.2 8268+057 74252029 3531043 3381016 257+0.37 263+071
25 03 7745+076 68301051 341018 3271077 249+041 255:+030
04 73244025 64761082 337:074 3204043 242+028 248+ 056

05 67.89+044 59171048 3294048 310£025 236+022 24141038
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3.3 Callus formation from the different explants

Uifferent concentration of Auxins (IAA, IBA, NAA and 2,4-D) were used individually
and in combination in the culture media to observe the effects of the growth regulators on
callus formation from nodes, intemnodes and leaves. In all cases internodes showed the

highest percentage of callus formation compared fo nodes and leaves (Plate 3).

3.31 Effects of individual growth regulators on callus formation from the
different explants

Four different types of Auxins (IAA, IBA, NAA and 2,4-D), each with five different
concentrations (1.0 mg/l, 2.0 mgfl, 3.0 mg/, 4.0 mg/, 5.0 mg/) were used in the culture
media to find out the effects of individual growth regulators on callus formation from nodes,
internodes and leaves and the results are presented in Table 9. But alf types of Auxins were
found less effective on callus formation from nodes, internodes and leaves when they were

used individually in the culture meda.
3.31.1  Effects of IAA on callus formation from the different explants

Callus formation rate from nodes, internodes and leaves was very low when 1AA
was used singly in the culture media in different concentration. Only 18.54 * 0.75 nodes
showed callus formation in the culture media with 1AA (4.0 mg/l). Average day of callus
initiation was 13.85 * 0.83 and colour of callus was brownish green. In case of internodes,
percentage of callus formation was 22.70 + 0.58, average day of callus initiation was 13.50
+ 0.49 and colour of callus was yellowish green. [AA (4.0 mg/l} in the culture media showed
only 16.54 + 1.08 leaves to form callus. Average day of callus initiation was 14.20 * 0.18
and colour of callus was brownish green. The effects of different concentration of IAA on

callus formation from the different explants are presented by histogram in Fig. 17.

3312 Effects of IBA on callus formation from the different explants

Callus formation rate was also low from nodes, intenodes and leaves when 1BA

was used singly in the culture media in different concentration. Only 24.33 + 152 callus
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formation was recorded from the nodes, when IBA (4.0 mg/l) was used in the culture media,

average day of callus initiation was 13.67 + 0.09 and the callus were brownish green in

colour. In case of internodes, percentage of callus formation was 28.24 + 0.49 in same
concentration of IBA. Average day of callus initiation was 13.25  0.18 and colour of callus
was yellowish green. Again IBA (4.0 mg/l} in the culture media showed 22.43 + 1.13 leaves
to form callus and in this case average day of callus initiation was 13.80 + 0.30 and colour
of callus was brownish green, The effects of different concentration of IBA on callus

formation from the different explants are presented by histogram in Fig. 18.
3.3.13  Effects of NAA on callus formation from the different explants

Different concentration of NAA in the culture media showed medium callus
formation rate from nodes, internodes and leaves. Percentage of callus formation was 27.21
+ 0.90 from the nodes when NAA (3.0 mg/l) was used in the culture media. Average day of
callus initiation was 12.80 * 0.65 and the callus were yellowish green in colour. Percentage
of callus formation from internodes was 32.35 + 1.15 in the same concentration of NAA and
average day of callus initiation was 12.50 + 0.30 and colour of callus was also yellowish
green. In case of leaves, percentage of callus formation was recorded 25.87 + 0.95 when
NAA (3.0 mg/l) was used in the culture media. Average day of callus initiation was 13.10 +
0.27 and colour of callus was yellowish green as callus of nodes and internodes. The effects

of different concentration of NAA on callus formation from the different explants are

presented by histogram in Fig. 19.

3314  Effects of 2,4-D on callus formation from the different explants

Different concentration of 2,4-D in the culture media showed good result compared
to other auxins (IAA, IBA, NAA) in callus formation from nodes, internodes and leaves. From
nodes 38.56 + 1.33 callus were formed when 24-D (2.0 mg/l) was used in the culture
media. Average day of callus initiation was 13.10 * 0.20 and colour of callus was light

green. Percentage of callus formation from internodes was 42.71 + 0.44 in the same
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concentration of 2,4-D and this was the best result among different types of Auxins used
individually in the culture media. Average day of callus initiation was 12.45 & 0.28 and
colour of callus was also light green. In case of leaves, percentage of callus formation was
recorded 36.45 + 0.63 when 2,4-D (2.0 mg/L) was used in the culture media. Average day
of callus initiation was 13.10  0.51 and colour of callus was yeliowish green. The effects of

different concentration of 2,4-D on callus formation from the different explants are presented
by histogram in Fig. 20.
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Table 9. Effects of different Concentration of |AA, IBA, NAA and 2,4-D on callus formation

from the different explants of Stevia rebaudiana,
Tr?rz:lg?;ni Average day of callus inifiation Percentage of explants induced callus ~ Cofour of callus
: N L N N L N IN L

10 14.60+0.89 13.6£0.44 1475:071 1057£1.18 10.13+1.82 B.4630.39 Bg By Bg
20 13.67+0.57 13.25:0.32 14.20£049 14.33:0.80 16.20+1.23 10.39+0.74 By Bg Bg
IAA - 3.0 13.33:+053 13251082 13.55+0.06 17.25+1.42 20341080 15124170 Bg Yg Bg
40 13.85:0.83 13.50+0.49 14.20£018 18.5410.75 22.70£0.58 16.54+108 Bg Yg Bg

5.0 144010656 13.80+060 14.67+035 16761143 18.41+057 13.3740.46 Bg Bg Bg

1.0 14.45£0.39 13.60£0.38 14.70:047 10.60+1.63 12.44:1.32 10.66058 Bg Bg Bg
20 135520.70 13.20+0.76 13.75:0.88 15442052 16.82+1.04 12.19+1.35 Bg Bg Bg
IBA 3.0 13.10:0.35 12.85+0.07 13.25:075 20.47:0.38 24.86+1.19 18.35+1.05 Yg Yg Yg
40 13.67+0.09 13.25t0.13 13.8010.30 24.2311.52 28.24t0.49 2243+113 By Yg Bg

50 14.15+0.92 13.40+027 14.33£0.18 18.15+1.20 20.11£0.38 15.76+080 Bg Bg Bg

10 14.15:0.94 13.45:042 14.33+0.37 16.68+0.78 20.59+0.44 14.05+0.69 Bg Bg Bg
20 13.20+0.24 12.7520.38 13.45:0.44 24131093 2856+1.23 20.34+054 Yg Yg Bg
NAA 3.0 12.8040.65 12504030 13.10£0.27 27.2130.90 32.35t1.15 25871095 Yg Yg Yg
40 13.17+0.34 12.85:0.17 13.55£0.09 22.89+1.30 26.97+0.39 18.36£136 Yg Yg Bg

50 13.85+0.77 13.00:065 14.00:0.15 20.45+1.08 2285151 1649+1.02 Bg Yg Bg

10 13.80£0.17 13202033 1400:028 2512:046 28.22:060 2413172 Yg Yg Yg
20 1340£020 12450028 1310:0.51 38.56+1.33 42711044 3645:063 Lg Lg Yg
24D 30 12676059 12201034 12858022 37.78:0.79 40.642085 35741077 Lg g g
40 12808038 1256:022 13158064 33366036 36442096 3265:080 Yg Yg g

12.70+0.37 13.80£047 2853+0.98 30821148 2509062 Yg vg Yg
Green, Lg = Light Green; Yg = Yellowish Green; Bg = Brownish Green

50 13.5520.51

*N=Nodes; IN= Intemodes; L=Leaves, Gr =
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3.3.2 Effects of combineg growth regui

different explants ators on callus formation from the

From the resuits of effects of individual growth regulators on callus formation from

the different explants (3.3.1), it is clear that 24-D and NAA showed better result than 1AA

and IBA. To find out the effects of combined growth regulators on caflus formation from

nodes, intemodes and leaves, five different concentrations of 2,4-D (1.0 mg#, 1.5 mgil, 2.0

mg/, 2.5 mgfl, 3.0 mg/l) with five different concentrations of NAA (0.5 mg/, 1.0 mg/l, 1.5
mgfl, 2.0 mgfl, 2.5 mg/l) were used in different combinations and the results are presented
in Table 10. Percentages of calius formation were much better when 2,4-D and NAA were
used in combination in the culture media compared to their individual effects on callus
formation. In all cases NAA (1.5 mg/)) with different concentration of 2,4-D showed the best

result.

2,4-D (1.0 mgli) with five different concentration of NAA: Highest percentage of
callus formation was recorded 53.56 + 0.53 from the nodes when 2,4-D (1.0 mg/l) + NAA
(1.5 mg/t) was used in the culture media. Average day of callus initiation was 11.50 £ 0.13
and colour of callus was light green. In this combination, highest percentage of callus
formation from internodes was 58.29 + 0.38, average day of callus initiation was 11.15 &
0.25 and the callus were light green in colour. Again highest percentage of callus formation
was recorded 49.55 + 1.21 in the same combination of 2,4-D and NAA when the leaves
were used as explants. Average day of callus initiation was 12.20 + 0.30 and colour of
callus was also light green. The effects of 2.4-D (1.0 mg/l) with different concentration of

NAA on callus formation from the different explants are presented by histogram in Fig. 21.

2,4-D (1.5 mg/i) with five different concentration of NAA: When 2,4-D (1.5 mg/l)

+ NAA (1.5 mg/l) was used in the culture media, highest percentage of caflus formation

observed 60.44 + 1.26 from the nodes. Average day of callus initiation was 11.50 + 0.17

and colour of callus was green. Highest percentage of callus formation was 65.10 £ 0.08 in

case of internodes in the same combination and average day of callus initiation was 11.25 +
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0.46 and the call ; .
S were green in colour. Again highest percentage of callus formation was

+ .
57.08 + 0.67 from the leaves in the Same combination of 2,4-D and IAA. Average day of

callus initiation was 11.80 + 0,16 and colour of callus was light green. The effects of 2,4-D

(1.5 mg/l) with different concentration of NAA gn callus formation from the different explants

are presented by histogram in Fig. 22,

2,4-D (2.0 mg/l) with five different toncentration of NAA: In case of 2,4-D (2.0
mgl) + NAA (1.5 mg/l) in the cuiture media, highest percentage of callus formation from
nodes was recorded 66.81 x 0.85, average day of callus initiation was 11,85 + 0.16 and
colour of callus was green. In same combination highest percentage of callus formation
from the internodes was 74.62 + 1.06. Average day of callus initiation was 10.50 + 0.20 and
the callus were green in colour. Again leaves as explants, highest percentage of callus
formation was 65.59 + 0.90 in same combination of 2,4-D with NAA. Average day of callus
initiation was 11.50 + 0.35 and colour of callus was also green. The effects of 2,4-D (2.0
mg/l) with different concentration of NAA on callus formation from the different explants are

presented by histogram in Fig. 23.

2,4-D (2.5 mg/l) with five different concentration of NAA: 2,4-D (2.5 mg/) + NAA
{1.5 mg/l) was found the most effective combination for callus formation in the culture
media. All types of explants (nodes, internodes, feaves) showed highest percentage of
callus formation in this combination and all callus were green in colour. Highest percentage
of callus formation was 70.34 £ 0.39 when the nodes were used as explants, average day
of callus initiation was 10,50 £ 0.15. But in case of internodes highest percentage of callus
formation was 82.69 + 1.40 which was the best result of callus formation. Average day of
callus initiation was 10.00 * 0.05. Again in this combination the leaves showed highest
percentage of callus formation which was 68.21 £ 0.87, average day of calius formation was
11.00 + 0.15. The effects of 2,4-D (2.5 mg/L) with different concentration of NAA on calius

formation from the different explants are presented by histogram in Fig. 24.
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2,4-D (3.0 mgfl) with five different concentration of NAA: Highest percentage of
callus formation was recorded 55.24 + 1.18 from the nodes when 2,4-D (3.0 mg/l) + NAA
(1.5 mg/l) was used in the culture media. Average day of callus initiation was 12.33 % 0.17
and colour of callus was fight green. In this combination, highest percentage of callus
formation from internodes was 62.50 + 0.63, average day of callus initiation was 12.25 %
0.30 and the callus were green in colour. Again highest percentage of callus formation was
52.81 £ 0.52 in the same combination of 2,4-D and NAA when the leaves were used as
explants. Average day of callus initiation was 12.45 + 0.29 and colour of callus was light
green, The effects of 2,4-D (3.0 mg/l) with different concentration of NAA on callus formation

from the different explants are presented by histogram in Fig. 25.
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Table 10. Effects of different conce
callus formation fram the
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n~tration of 2,4-D with different concentration of NAA on
different explants of Stevia rebaudiana.

Treatment
(mgfl)

Average day of callus initiation

Percentage of explants induced callus

Colovur of callus

24D NAA

*N

IN

L

N

IN

L

N

IN

L

10

05
1.0
1.5
2.0
25

13.2510.35
12.10£0.08
11.5020.13
12.50£0.26
13.33+0.35

0.5
1.0
1.5
2.0
25

12.80+0.18
11.50+0.40
11.15£0.25
12.1010.39
13.00£0.20

13.75+0.33
12.50£0.17
12.20£0.30
12.85+0.22
14.33+0.45

35.60+1.23
48.89+0.87
53.56+0.53
40.12+0.49
33.08+0.79

38.22+1.59
92.57+0.80
58.29+0.38
45.80x1.55
35,51+1.19

32.58+1.06
44,75+1.54
49,55¢1.21
38.43£0.76
30.67+0.92

Yg
Lg
Lg
Yg
Bg

Yg
Lg
Ly
Yg
Yg

Yg
Lg
Lg
Yg
Bg

14.00+0.04
13.00+0.12
11.50£0.17
12.20+0.09
13.2010.23

13.2520.33
12.50+0.25
11.2510.46
11.67+0.18
12.40+0.39

13.7520.28
13.00+0.50
11.800.16
1250+0.28
13.50+0.43

41.62+1,04
52.59+0.36
60.4411.26
46.57+1.33
42.83+0.48

44.03+0.55
95.78+0.32
£5.10£0,08
51.93+0.85
46.46+0.78

38.33+0.87
48.29+0.59
§7.0810.67
44.12+1.36
39.50+1.08

Yg
Ly
Gr
Yg
Yg

Yg
Lg
Gr
Lg
Yg

Bg
Yg
Lg
Yg
Bg

20

0.5
1.0
15
20
25

13.10£0.15
12.20+0.03
11,85£0.16
11.8020.23
12.50+0.37

12.50+0.50
12.00£0.35
10.50£0.20
11.50£0.55
12.5010.15

13.2510.14
12.50£0.33
11.50£0.35
12.00£0.48
13.00+0.33

45.22+0.39
56.30+0.28
66.8110.85
50.34+1.17
48.91+1.02

48.50+1.35
58.1110.86
74.6241.06
55.04+0.36
52.59£0.77

40.28+1.28
52.47+0.73
65.59x0.90
48.34+1.43
45.76+0.83

Yg
Lg
Gr
Lg
Yg

Yg
Ly
Gr
Lg
Lg

Yg
Lg
Gr
Lg
Yg

25

05
1.0
1.5
20
25

12.50+0.02
11.25+0.08
10.5010.15
11.20+0.08
12.25+0.19

12.00+0.12
10.80+0.20
10.00£0.05
10.65+0.20
12,00£0.05

13.00£0.10
11.50£0.16
11.00£0.15
11.40£0.06
12.500.15

52.27+0.71
64.5910.44
70.34+0.39
62,35+0.90
58.86£0.57

58.23+0.45
70.4421.88
§2.69£1.40
71.82+0.91
68.07+1.11

48.22+0.59
61.40+1.19
68.2110.87
58.70+0.61
54.72+1.20

Lg
Gr
Gr
Gr
Lg

Lg
Gr
Gr
Gr
Gr

Lg
Lg
Gr
Lg
Lg

30

0.5
1.0
1.5
20
2.5

14.10+0.11
13,16x0.23
12.33£0.17
12.6710.08
13.40+0.23

13.33£0.36
12.75+0.45
12,2520.30
12.40+0.22
13.00£0.15

14.25+0.31
13.20£0.66
12.45£0.29
12.85+0.31
13.67+0.47

38.25+1.68
49.602045
55.2411.18
43.58+1.70
36.14+1.98

42.7810.65
54.3310.89
62.50+0.63
47.8620.72
39.25+0.34

35.66+1.09
45.92+1.14
52.8110.52
40.54+0.38
32.56+1.30

By
Yg
Lg
Lg
Bg

Yg
Ly
Gr
Yg
Bg

Bq
Lg
Lg
Yg
Bg

“N=Nodes, IN= Inlemodes: L=Leaves; Gr = Green; Lg = Light

Green Yg = Yellowish Green, Bg = Brownish Green
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3.4 Indirect shoot proliferation from callus of the different explants

Different concentration of Cytokinins and Auxins were used in the cufture media to

observe the effects of the growth regulators on indirect shoot proliferation from the caflus of

nodes, internodes and leaves. In all cases callus of nodes showed the highest percentage

of proliferated shoots compared to the callus of internodes and leaves.

3.4.1 Effegts of individual growth regulators on indirect shoot
proliferation from callus of the different explants

By comparing the results of direct shoot proliferation from different explants (3.2) it
is clear that combination of different growth regulators (Cytokinins + Auxins) in the culture
media was more effective on direct shoot proliferation compared to individual growth
regulators. For this reason in case of indirect shoot proliferation from callus of different

explants only effects of combined growth regulators were observed.

342 Effects of combined growth regulators on indirect shoot proliferation
from callus of the different explants

To find out the effects of combined growth regulators on indirect shoot proliferation
from the callus of nodes, internodes and leaves, different concentration of Cytokinins (BAP)
with different concentration of Auxins (IAA, IBA, NAA) were used in different combinations
and combination of BAP and NAA in the culture media was found the most effective on

indirect shoot proliferation from callus of the different explants.

3421 Effects of different concentration of BAP with different
concentration of IAA

Four different concentrations of BAP (1.0 mg/l, 1.5 mg#, 2.0 mg/l, 2.5 mgfl) with five

different concentrations of IAA (0.1 mgA, 0.2 mg/, 0.3 mg/, 0.4 mg/, 0.5 mg/l) were used in

the culture media to find out the combined effects of BAP and IAA on indirect shoots
oroliferation from the callus of nodes, intemodes and leaves and the results are presented

in Table 11. In most of the cases IAA (0.2 mg/h) or [AA (0.3 mg/) with different concentration

of BAP showed the best result.
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BAP (1.0 mgfl) with five different Concentration of [AA:
nedes the hi

In case of callus from

ghest percentage of proliferated shoots was observed when BAP (1.0 mg/l) +

IAA (0.3 mgll) was used in the culture media which was 66.17 + 0.62. 1 this combination

average number of shoots per calius was 3.25 + ¢ g5 and average length of the longest

shoots was 240 + 0.16 cm. But in case of callus of internodes, the highest percentage of
proliferated shoots was 63,18 + 0.45 in same combination of the growth regulators and
average number of shoots per callus was 3.30 + 0.22 and average length of the longest
shoots was 2.46 + 0.55 cm. Again in the same combination of BAP and IAA the highest
percentage of proliferated shoots from the caliys of leaves was 61.58 + 1.38, average
number of shoots per callus was 3.33  0.26 and average length of the longest shoots was
2.49 £ 0.20 cm. Other combinations showed average performances of shoot proliferation of
the callus. The effects of BAP (1.0 mg/[) with different concentration of 1AA on indirect shoot

proliferation from callus of the different explants are presented by histogram in Fig. 26.

BAP (1.5 mgfl) with five different concentration of IAA: When BAP (1.5 mg/) +
{AA (0.2 mg/l) was used in the culture media, highest percentage of proliferated shoots was
recorded from the callus of nodes which was 70.22 + 1.21, average number of shoots per
callus was 3.45 * 0.39 and average length of the longest shoots was 2.42 + 0.13 cm. But
when BAP (1.5 mg/l) + IAA (0.3 mgfl) was used, the highest percentage of proliferated
shoots from the callus of internodes was 67.48 + 0.17 and average number of shoots per
callus was 3.35 + 0.59 and average length of the longest shoots was 2.55 + 0.28 cm. Again
in case of callus from leaves, the highest percentage of proliferated shoots was 65.17 +
0.23 in same combination of the growth regulators and average number of shoots per callus

was 3.40 + 0.63 and average length of the longest shoots was 2.53 + 0.31 cm. Other

combinations showed average performances of shoot proliferation of the callus. The effects

of BAP (1.5 mg/l) with different concentration of 1AA on indirect shoot proliferation from

callus of the different explants aré presented by histogram in Fig. 27
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BAP (2.0 mgfl) with five different concentration of |AA: BAP

(2.0 mg/l) + IAA
(0.2 mgfl) in the culture medi

3 showed the highest percentage of proliferated shoots from

the callus of nodes which was 75.62 + 0.84. This is the best resylt among the BAP + IAA

On average number of shoots per callus was 3.80 £ 0.17 and
ongest shoots was 2,57 + 0,09 cm. In the same combination of the

growth regulators highest percentage of proliferated shoots from the callus of internodes

combinations. In this combinati

average length of the |

was 73.67 = 1.07, average number of shoots per callus was 3.85 + 0.11 and average
length of the longest shoots was 2.69 + 0.23 cm, But in case of calius from leaves, the
highest percentage of preliferated shoots was observed in the same combination of BAP
and 1AA in the culture media which was 72.42 + 0.76. In this combination average number
of shoots per callus was 3.45 + 0.82 and average length of the longest shoots was 2.64 +
0.12 cm. Other combinations showed average performances of shoot proliferation of the
callus. The effects of BAP (2.0 mgfl) with different concentration of IAA on indirect shoot

proliferation from callus of the different explants are presented by histogram in Fig. 28.

BAP (2.5 mgfl) with five different concentration of IAA: Highest percentage of
proliferated shoots was found from the calfus of nodes which was 70.86 + 1.05 when BAP
(2.5 mg/l) + 1AA (0.2 mg/l) was used in the culture media and average number of shoots per
callus was 3.40 + 0.11 and average length of the longest shoots was 2.51 + 0.20 cm. In
same combination of the growth regulators highest percentage of proliferated shoots from
the callus of internodes was 69.75 & 1.29, average number of shoots per callus was 3.40 £

0.31 and average length of the longest shoots was 2.60 £ 0.51 cm. In case of callus from

leaves, highest percentage of proliferated shoots was 67.54 + 0.95 in same combination of

the growth regulators and average number of shoots per callus was 3.33 + 043 and

average length of the longest shoots was 253 + 0.28 cm. Other combinations showed
{2.5 mg/l) with

average performances of shoot proliferation of the callus. The effects of BAP

different concentration of 1AA on indirect shoot profiferation from callus of the different

explants are presented by histogram in Fig. 29
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Table 11. Effects of giﬁergnt concentration of BAP i
shoot profiferation from callus of the diﬁervsg?ed

Treatment

1
BAP 1A

0.1
0.2
10 03
04

0.5

Percentage of calius showing

proliferation

89

ifferent concentration of {AA on indirect
Xplants of Stevia rebaudiana.

Average number of shaots per  Average length of the longest

*N

IN

L

callus shoots {cm}

N N L N IN L

58.30+0.73
63.84+0.89
66.1710.62
62.75+£1.15

56.42+0.34

56.40+1.90
60.72+0.37
63.18+0.45
58.67+0.88

53.82+0.76

53.85+1.13
58.26+0.28
61.58+1.38
96.42+0.49

49.60+0.93

3.20:0.38 3.25+0,81 3100.07 2.23+0.22 2.30+0.41 2.26+0.30
3.40+0.14 340069 3.25+017 2,36x0.10 2.42+0.28 2.42+0.12
3.25:0.65 3.30£0.22 3.33£0.26 2.40+0.16 2.4610.55 2.49+0.20
3.1540.29 3.15:0.97 3.1540.81 2.32:0.31 2.37+0.20 2.370.41

2.35¢0.08 3.00+0.66 2.90+0.30 2.26+0.24 2.32+0.77 2.28+0.35

0.1

0.2

15 03

04

0.5

64.55+1.06

70.22¢1.21

68.4510.57

63.84£0.43

61.33£0.29

62.33+1.58
65.24+£0.49
67.48£0.17
62.6511.33

60.42+0.86

58.47+1.22
62.55x0.56
65.17£0.23
59.75x0.38

52.20+1.27

3.30£0.25 3.30£0.40 3.15:0.13 2.30+0.06 2.37£0.32 2.330.15
3.45£0.39 3.45+0.37 3.33:0.49 2.42£0.13 2.52+0.11 2.46+0.36
3.35+0.60 3.35£0.59 3.40£0.63 247+0.52 2.55+0.28 2.53+0.31
3.30£0.22 3252018 3.25+075 2.3820.34 2.45:0.26 24110.20

3.20+0.62 3.15+0.54 3.10+0.39 2.33:0.10 2.33+0.88 2.35+0.14

0.1
0.2
20 03
0.4

05

69.20:0.77
75.6240.84
7144070
67.151.32

63.32+1.64

68.15+0.69
73.6711.07
70.25+0.46
66.45+0.94

62.84+1.26

66.5810.80
12.4240.76
68.33+1.58
63.78£0.49

58.67+0.60

3.6010.48 3.65¢0.79 3.33+0.92 2.36+0.14 2.43+0.09 2.48+0.44
3.80+0.17 3.85%0.11 3.45£0.82 2.57+0.09 2.691£0.23 2.64£0.12
3.65£0.55 3.70+0.23 3.75£048 2.51+0.25 2.60£0.19 2.56+0.29
3.60+0.20 3.60+0.61 3.40+0.06 2.46+0.62 2.55+0.44 2.44:0.51

3.50£0.42 3.45+0.25 3.25+0.44 2.380.57 2.46+0.06 2.39+0.27

0.1
0.2
25 03
04

0.5

63.25+0.44
70.8611.05
65.50+0.39
60.88+0.51

57.62+0.37

61.45+0.58
69.75¢1.29
64.2810.44
60.17+0.92

57.84+0.85

60.15¢1.24
67.54£0.95
63.4710.68
59.20+1.04

54.431.40

3.25+0.46 3.30+0.68 3.15+0.80 2.32+0.29 2.41+0,82 2.45+0.17
3.40%£0.11 3.4040.31 3,33t0.43 2.51£0.20 2.60+0.51 2.530.28
3.30+0.29 3.35+0.63 3.45+0.27 242+0.14 2.53+0.12 2.44£0.08
3.20£0.71 3.20£0.17 3.25£0.31 2.3420.08 2.38+043 2.37+0.25

3.15+0.28 3.10+0.22 3.00£0.56 2.2710.13 2.34£0.31 2.32+0.80

i

"N=Nodes; IN= Intemodes; L=Leaves
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3422 Effects of different .
concentration of |IBA Concentration of BAP with different

Four different concentrations of ap (1.0 mg/l, 1.5 mgi, 2.0 mag#, 2.5 mg/l) with five

different concentrations of iBA (0.1 mg, 0.2 mg/l, 0.3 mg/l, 0.4 mg/, 0.5 mgh) were used in

a to find out the combined effects of BAP and IBA on indirect shoots
proliferation from the cai

the cuiture medi

lus of nodes, internodes and leaves and the results are presented

in Table 12. in most of the cases IBA (0.2 mgh) or IBA (0.3 mg /) with different

concentration of BAP showed the best result.

BAP (1.0 mg/l) with five different concentration of IBA: In case of callus from
nodes the highest percentage of proliferated shoots was observed when BAP (1.0 mgf) +
IBA {0.3 mg/l) was used in the culture media which was 69.24 + 0.81. In this combination
average number of shoots per callus was 3.40 + 0.07 and average length of the longest
shoots was 2.57 + 0.40 cm. But in case of callus of intemodes, the highest percentage of
proliferated shoots was 65.17 + 1.1% in same combination of the growth regulators and
average number of shoots per callus was 3.20 + 0.48 and average length of the fongest
shoots was 2.69 + 0.27 cm. Again in the same combination of BAP and IBA the highest
percentage of proliferated shoots from the calius of leaves was 62.33 + 0.58, average
number of shoots per callus was 3.45 £ 0.12 and average fength of the longest shoots was
2.49 + 0.36 cm. Other combinations showed average performances of shoot proliferation of
the callus. The effects of BAP {1.0 mg/l) with different concentration of IBA on indirect shoot

proliferation from callus of the different explants are presented by histogram in Fig. 30.

BAP (1.5 mg/l) with five different concentration of IBA: When BAP (1.5 mg/l) +
IBA (0.2 mg/1) was used in the culture media, highest percentage of proliferated shoots was

recorded from the calius of nodes which was 70.24 + 1.39, average number of shoots per

calius was 3.55 + 0.41 and average length of the fongest shoots was 2.51 £ 0.33 cm. In the

same combination if BAP and IBA the highest percentage of proliferated sheots from the

callus of internodes was recorded 68.33 + 0.13 and average number of shoots per callus
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was 3.45 £ 0.50 and average length of e longest shoots was 2,65 + (.28 cm. But when

BAP (1.5 maf) * 1BA (0.3 mgA) was used in the culture media, the highest percentage of

profferated shoots from callus of leaves was recordeg 67.60 + 0.58 and average number of

shoots per callus was 3.55 + 0.24 ang average length of the longest shoots was 2.62 +

0.17 em. Other combinations showed average performances of shoot pro
callus. The effects of BAP (

fiferation of the
1.5 mgfl) with different concentration of 1BA on indirect shoot

proliferation from callus of the different explants are presented by histogram in Fig. 31.

BAP (2.0 mgil) with five different cancentration of 18A: BAP (2.0 mgft) + IBA
(0.2 mg/l) in the culture media showed the highest percentage of proliferated shoots from
the callus of nodes which was 78.33 + 0.24. This is the best result among the BAP + [BA
combinations. In this combination average number of shoots per caflus was 4.05  0.31 and
average length of the longest shoots was 2.61 + 0.06 ¢m. In the same combination of the
growth regulators highest percentage of proliferated shoots from the callus of internodes
was 75.43 £ 0.80, average number of shoots per calius was 3.75 + 0.26 and average
length of the longest shoots was 2.72 £ 0.48 ¢m. But in case of callus from leaves, the
highest percentage of proliferated shoots was observed in the same combination of BAP
and IBA in the culture media which was 71.43 % 0.53. in this combination average number
of shoots per callus was 3.55 + 0.18 and average length of the longest shoots was 260 +
0.22 cm. Other combinations showed average performances of shoot proliferation of the
callus. The effects of BAP (2.0 mg/l) with different concentration of [BA on indirect shoot

proliferation from callus of the different explants are presented by histogram in Fig. 32.

BAP (2.5 mg/l) with five different concentration of IBA: Highest percentage of

proliferated shoots was found from the callus of nodes which was 73.68 = 0.79 when BAP

(2.5 mg/) + IBA (0.2 mg/l) was used in the culture media and average number of shoots per

callus was 3.50 + 0.46 and average length of the longest shoots was 2.53 + 0.52 cm. in

same combination of the growth regulators highest percentage of proliferated shoots from

the callus of internodes was 68.27 + 1.22, average number of shoots per callus was 3.50
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0.11 and average length of the longest shoots was 2.62 + 0.23 cm. In case of callus from
leaves, highest percentage of proliferated shoots was 65.33 + 0.94 in same combination of
the growth regulators and average number of shoots per callus was 3.40 + 0.39 and
average length of the longest shoots was 2.50 + 0.34 cm. Other combinations showed
average performances of shoot proliferation of the callus. The effects of BAP (2.5 mgfl) with

different concentration of 1BA on indirect shoot proliferation from callus of the different

explants are presented by histogram in Fig. 33.
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Table 12. Effects of different concentrat;
shoot proliferation from caljys

Treatment
A

iBA
0.1

AP

0.2
10 03
0.4

05

Percentage of callus showing

proliferation

Con of BAP with di
of the different explants.

97

fferent concentration of IBA on indirect

Average number of shoots per

‘N N

L

callus

Average length of the fongest
shoets {cm)

N IN L

58.70+0.77 55.28+0.48
63.45£0.46 59.46+1,02
60.2410.81 £5.17+1.19
63.8521.27 59.87+0.56

57.33£0.92 53.55+0.74

51.8411,16
58.55+0,59
62.3310.58
57.28+0.62

49.80+1.37

N IN L

3.35:0.24 3.15:067 3.15+0,08

3.55£0.17 3.35+0.23 3.25+0.15

340£0.07 3.20£0.48 3.450.12

3.35¢0.29 3.10x0.16 3.30:0.37

3.25+0,13 3.00£0.22 3.10+0.54

2.3240.53 2.44+0.17 2.2610.41
2.4610.24 2.56+035 2.42+0.19
2.5710.40 2.69+0.27 2.4910.36
2.440.73 2.5310.08 2.34+0.80

2.30£0.45 2.42+0.31 2.26+0.11

0.1
0.2
15 03
04

0.5

62.17+0.85 61.45¢1.18

70.24+1.39 68.33£0.13
69.75x1.04 65.26+0.37
64.98+1.23 60.37+1.05

60.4520.69 57.64+0.32

60.55£0.64
69.43+0.37
67.60+0.58
62.28+0.48

58.64+1.23

3.40£0.22 3.25+039 3.20+0.55

3.554£0.41 3.4530.50 3.40+0.18

3.45:0.13 3.35+0.44 3.55+0.24

3.35+0.04 3.25+0.35 3.33x0.72

3.300.58 3.15¢0.20 3.15:0.27

2.3610.23 2.45+0.49 2.37+0.51
2.5110.33 2.65£0.28 2.54+0.72
2624017 2.74+0.44 2.62+0.17
2.48+0.20 2.61£0.35 2.460.28

2.35+0.41 2.43+0.32 2.33£0.44

0.1
0.2
20 03
0.4

0.5

71.2520.97 68.54+0.94
78.3310.24 75.4310.80
72.84+0.62 69.86x0.28
71.47+0.90 66.17£0.73

69.46+1.76 62.35+1.24

65.54£0.75
71.43£0.53
68.25£1.36
65.47+0.47

61.56+0.22

3.70+0.28 3.55+0.91 3.331£0.33

4,05£0.31 3.7510.26 3.5510.18

3.80+0.70 3.65+0.52 3.70z0.31

3.50+0.86 3.40+0.28

3.7540.35

3.65£0.12 3.40x031 3.25+0.55

2.4210.04 2.5310.16 2.40+0.37
2,6110,06 2,72+0.49 2,600.22
2.68+0.58 2.81x0.21 2.6810.71
2.52+0.33 2.63+0.70 2.51+0.54

243£0.17 2.52+0.35 2.39+0.23

0.1
0.2

25 03
04

05

69.55£1.38 63.75+0.50

73.68+0.79 66.2711.22
71.95+1.50 65.42+0.34
63.70+0.57 61.48+1.09

61.242£0.28 58.231.37

61.57£0.78
65.3320.94
62.82+0.48
59.78+0.71

56.4241.42

3.35:0.33 3.30+0.57 3.25%0.36

3.50+0.46 3.50+0.11 3.40£0.39

3.40£0.09 3.35:0.80 3.60+0.48

3.25:0.31 3.25:048 3.33:0.32

3.20+0.27 3.15:0.09 3.20£0.18

2.3520.81 2.46+0.26 2.34+0.12
2.53£0.52 2.62£0.23 2.5010.34
2.58+0.31 2.70+0.09 2.61+0.28
2.44+0.27 2.52+0.13 2.43+0.75

2312049 243x0.75 2.33+0.11

*N=Nodes; IN= Intemodes; L=Leaves
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3423  Effects of different

Four different concentrations of BAP (1.0 mgfl, 15 mg/l, 2.0 mgfl, 2.5 mg/l) with five

| 0.2 mgfl 0.3 mgA, 0.4 mg/l, 0.5 mg/l) were used in
the culture media to find out the combined effects of BAP and NAA on indirect shoots

different concentrations of NAA (0.1 mg,

proliferation from the callus of nodes, internodes ang leaves and the results are presented

in Table 13. In most of the cases NAA (0.2 mg/) or 1AA (0.3 mg/l) with different
concentration of BAP showed the best resuit.

BAP (1.0 mg/l) with five different concentration of NAA: In case of callus from
nodes the highest percentage of profiferated shoots was observed when BAP (1.0 mgfl) +
NAA (0.2 mg/l} was used in the culture media which was 78.64 + 0.69. In this combination
average number of shoots per calfus was 3.60 + 0.13 and average length of the longest
shoots was 2.40 + 0.06 cm. But in case of callus of internodes, the highest percentage of
profiferated shoots was 72.46 x 1.40 in same combination of the growth regulators and
average number of shoots per calius was 3.50 + 0.29 and average length of the longest
shoots was 2.47 + 0.33 cm. Again in the combination of BAP {1.0 mg/) + NAA (0.3 mgfl) in
the culture media, the highest percentage of proliferated shoots from the callus of leaves
was 67.33 + 0.56, average number of shoots per cailus was 3.55+0.17 and average length
of the longest shoots was 253 + 0.28 cm. Other combinations showed average
performances of shoot proliferation of the callus. The effects of BAP (1.0 mg/l) with different

concentration of NAA on indirect shoot proliferation from callus of the different explants are
presented by histogram in Fig. 34.

BAP (1.5 mg/l) with five different concentration of NAA: When BAP (1.5 mg/l) +

NAA (0.2 mg/l) was used in the culture media, highest percentage of proliferated shoots

was recorded from the callus of nodes which was 86.22 t 1.24, average number of shoots

per callus was 3.70 + 0.29 and average length of the longest shoots was 2.45 £ 0.37 cm.

roliferated shoots from the callus of internodes was 81.26 £ 0.17 in

Highest percentage of p
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e combinati i
the SaM naion of BAP with NAA ang average number of shoots per callus was 3.67

average length of the longest shaots was 2.56 + 0.22 cm. Again in the
combination of BAP (1.0 mg/l) + NAA (0.3 mg/)

+ 0.34 and

in the culture media, the highest percentage

lus of leaves was 77.58 + 0.94, average number of shoots
per callus was 3.75 + 0.05 and average |

of proliferated shoots from the cal

ength of the longest shoots was 2.64 + 0.43 cm.
ons showed average performances of shoot proliferation of the callus. The
effects of BAP {1.5 mg/l) with different concentration of NAA on indi

Other combinati

rect shoot proliferation
from cailus of the different explants are presented by histogram in Fig. 35.

BAP (2.0 mg/l) with five different concentration of NAA: BAP (2.0 mgfi) + NAA
(0.2 mg/l} in the culture media showed the highest perﬁentage of proliferated shoots from
the callus of nodes which was 94.70 x 0.72. This Is the best result among the BAP + NAA
combinations. In this combination average number of shoots per callus was 4.25 % 0.30 and
average length of the longest shoots was 2.58 + 0.12 cm. In the same combination of the
growth regulators, highest percentage of proliferated shoots from the callus of internodes
was 89.15 = 1.05, average number of shoots per callus was 4.20 + 0.16 and average
length of the longest shoots was 2.73 + 0.24 cm. But in case of calius from leaves, the
highest percentage of proliferated shoots was observed in the same combination of BAP
and NAA in the culture media which was 84.73 £ 1.17. In this combination average number
of shoots per callus was 3.67 £ 0.42 and average length of the longest shoots was 2.57 +
0.36 cm. Other combinations showed average performances of shoot proliferation of the
callus. The effects of BAP (2.0 mgh) with different concentration of NAA on indirect shoot

proliferation from callus of the different explants are presented by histogram in Fig. 36.

BAP (2.5 mg/l) with five different concentration of NAA: Highest percentage of

proliferated shoots was found from the callus of nodes which was 84.67  1.28 when BAP

(2.5 mg/l) + NAA (0.2 mg/)

per calius was 3.65 + 0.44 and avera

was used in the culture media and average number of shoots
ge length of the longest shoots was 2.45 + 0.08cm.In

same combination of the growth reguiators highest percentage of profferated shoots from
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he callus of internodes was 79.84 + 0.82, average number of shoots per callus was 3.45 £
0.18 and average length of the longest shoots was 2.62 £ 0.07 cm. In case of callus from
leaves, highest percentage of proliferated shoots was 78.45 + 0.65 in same combination of
the growth regulators and average number of shoots per callus was 3.55 + 0.26 and
average length of the longest shoots was 2.50 + 0.39 ¢cm. Other combinations showed
average performances of shoot proiferation of the callus. The effects of BAP (2.5 mgfl) with

diffierent concentration of NAA on indirect shoot proliferation from callus of the different

explants are presented by histogram in Fig. 37.
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1able 13 Effects of different concentration of
shoot proliferation from callus of the

BAP with differe

diff

Treatment

(mg/l)
MW -
gAP NAA N

W

1.0

proliferation

Percentage of callus showing

IN

L

Average number of shoots per

N
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nt concentration of NAA on indirect

erent explants of Stavia rebaudiana.

Average length of the longest

callus shoots (cm)

IN L N IN L

01 70.2641.03

0.2 78.6410.89
03 74.86x1.31
04 67.17£0.80

0.5 62.3610.59

65.3810.95
72.4611.40
69.17+1,09
63.6320.54

58.82+0.48

56.25+0.48
63.84+1.32
67.3310.56
62.20+0.88

55.4241.24

3.45£0.28
3.6010.13
3.50+0.31
3.40+0.58

3.35+0.06

3.330.44 3.2020.08 2.26+0.12 2.36+0.08 2.300.37
3.50£0.29 3.3320.22 2.40+0.06 2.47+0.33 244:0.15
340+0.27 3554017 2,52+0.28 2.51:0.21 2.53£0.28
3.25+0.19 3.30+0.34 2.38+0.33 2.42+0.17 2.36+0.38

3.15£0.52 3.15£0.31 2.24%0.13 2.37+0.28 2.25:0.43

1.5

01 74.4610.66

0.2 86.22£1.24
0.3 81.3911.10
04 76.45+0.48

0.5 71.63x0.92

70.58+0.89
§1.2610.17
76.35+0.68
71.42+1.22

66.25+1.16

65.86+1.33
76.38+0.59
77.5810.94
66.2610.34

62.45£1.08

3.50x0.23
3.7010.29
3.60+0.18
3.50+0.79

3.40£0.20

3.4020.18 3.332045 2.32+0.28 2.41+0.44 2.33£0.19
3.6740.34 360+0.11 2.4540.37 2.56+0.22 2.47+0.56
3.50£0.08 3.75£0.05 2.568+0.22 2.40+0.14 2.6410.43
33340.27 3.67+0.22 2.42+0.03 2.43£0.21 2.46+0.52

3.25+0.33 3.25£0.85 2.28+0.19 2.38+0.33 2.30+0.25

20

01 84.25:044

0.2 94.70%0.72
0.3 89.67+1.43
04 85.15+0.59

0.5 79.22+0.75

78.46+0.95
89.1511.05
84.26+0.86
78.820.74

72.52+1.38

73.42£1.38
84.7381.47
76.2610.49
70.6710.81

67.15+0.62

3.8040.11
4.250.30
4.00£0.46
3.8540.08

3.65+0.63

3‘8010.2‘5 3.45+045 2.3810.33 2.46+0.19 2.3720.77
4204016 3.6740.42 2.5810.12 2.73£0.24 2.5710.36
3,9016.59 3.90+0.18 2.63+0.41 2.62+0.32 2.72x0.17
3.75¢0.26 3.70+0.37 2.45+0.09 2.54+0.18 2.49+0.22

3.50+0.14 3.33:0.54 2.36+0.15 2.42£0.49 2.37+0.36

25

o ————

0.1 78.43+0.86

0.2 B4.67+1.28
0.3 80.33x0.48
04 74.88+1.09

0.5 6645x1.14

71.78+0.89
79.8440.82
74.3320.77
69.45¢1.45

64.5720.31

69.25%147
78.4510.65
71.33+1.28
66.58+0.61

61.20£0.58

3.45:0.29
3.65£0.44
3.50+0.38
3.45+0.20

3.3010.18

3.33+0.05 3.33£0.33 2.3040.27 2431034 2.35+0.57
3.45+0.18 3.55£0.26 2.45%0.08 2.62£0.07 2.50+0.39
3.40+0.44 3.7510.07 2.49+0.19 2.56+0.11 2.64+0.24
3.25+0.37 3.45:0.66 2.36:041 2.456+0.59 2.43+0.18

3.10£051 3.15£0.43 2264020 2.38+0.34 2.32:0.07

*N=Nodes; IN= Internodes; L=Leaves
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15 Root proliferation from indyceg shoots of the different explants
Three types of Auxins UAA, IBA, NAA), each with different concentration were used

in the culture media for the proliferation of roots from new induced shoots of the different

explants and the results are presented in Table 14. In a) cases NAA was found the most

effective than IAA and IBA on root proliferation and induced shoots from rodes showed the

highest percentage of proliferated roots compared to induced shoots from internodes and

jeaves (Plate 4).

3.5.1 Effects of IAA on root proliferation from induced shoots of the different
explants

Six different concentrations of 1AA (0.1 mg#, 0.2 mgl, 0.3 mg/l, 0.4 mg/l, 0.5 mgll,
1.0 mg/l) were used in the culture media for root proliferation of the induced shoots. Highest
percentage of proliferated roots was recorded 87.75 + 0.54 from induced shoots of nodes
with JAA (0.3 mg/l) in the culture media. Average number of roots per shoot was 6.40 + 0.32
and average length of the longest root was 2.33 £ 0.07 cm. In this concentration, highest
percentage of proliferated roots was recorded 86.38 + 1.15 from induced shoots of
internodes and average number of roots per shoot was 5.51 + 0.24 and average length of
the longest root was 2.31 £ 0.40 cm. In case of leaves, highest percentage of proliferated
roats from induced shoots was recorded 84.92 * 0.47 in same concentration of |AA,
average number of roots per shoot was 5.36 + 0.69 and average length of the longest root
was 2.28 + 0.11 cm. Other concentrations of IAA also showed better performances of root
proliferation of the new induced shoots. The effects of different concentration of 1AA on root
proliferation from induced shoots of the different explants are presented by histogram graph

in Fig. 38.
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3.5.2 Effects of IBA on root P .
different explants proliferation from induced shoots of the

Same as 1AA, six different concentrations of |8 0.1 mg#, 0.2 mg/, 0.3 mg/, 0.4

mg/l, 0.5 mg/l, 1.0 mgfl) were used in the culture media for root proliferation of the induced

shoots. When [BA (0.3 mg/) was used in the Culture, highest percentage of proliferated
roots from the induced shoots of nodes was recorded 90,17 + 0.88, average number of
roots per shoot was 7.20 + 0.32 and average length of the longest root was 2.26 + 0.17 cm.
In this concentration of IBA, highest percentage of proliferated roots from shoots of
internodes was 90.73 + 0.28, average number of roots per shoot was 8.15 + 0.19 and
average length of the longest root was 2.29 + 0.22 cm. Again in same concentrations of
IBA, highest percentage of profiferated roots from the induced shoots of leaves was
recorded 88.29 + 0.75, average number of roots per shoot was 8,77 + 0.41 and average
length of the longest root was 2.32 £ 0.30 cm. Other concentrations of IBA also showed
better performances of root proliferation of the new induced shoots. The effects of different
concentration of 1AA on root proliferation from induced sheots of the different explants are
presented by histogram in Fig. 39.

35.3 Effects of NAA on root proliferation from induced shoots of the
different explants

Again six different concentrations of NAA (0.1 mg/, 0.2 mg/l, 0.3 mg/l, 0.4 mgil, 0.5
mgfl, 1.0 mg/f) were used in the culture media for root proliferation of the induced shoots.
NAA was found most effective on root proliferation and percentage of root proliferation from
induced shoots of different explants was also high compared to other two Auxins (IAA, [BA).
Highest percentage of proliferated roots was recorded when NAA (0.2 mg#t) was used in the

culture media which was 93.33 + 0.48 from induced shoots of nodes. This is the best result

of root proliferation from induced shoots among different Auxins used in the culture media.

Average number of roots per shoot was also high which was 10.40+0.62 and average

length of the fongest root was 2.30 £ 0.15 cm. Highest percentage of profiferated roots from

induced shoots of intermodes was recorded 9245 £ 0.72 in same concentration of NAA in

Chapter 3 B Results



112

ihe culture media and average number of roots per shoot was 9.08 + 0.2 and average
length of the fongest root was 2.38 + 0.08 cm. Again in the same concentration of NAA,
highest percentage of profiferated roots from induced shoots of leaves was recorded 92.21
4 0.33, average number of roots per shoot was also high which was 10.23 + 0.55 and
average length of the iongest root was 2.36 + 0.13 cm. Other concentrations of NAA also
showed better performances of root proliferation of the new induced shoots. The effects of

different concentration of NAA on root profiferation from induced shoots of the different

explants are presented by histogram in Fig. 40.
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¢ 14, Effects of different concentration of (a4, 1A 5
shoots of the different explants of Steyja reba

/””;;centaga of shoots showing

1abl nd NAA on raot proliferation from induced

udiana,

Average number of roots

Treatment roct proliferation per shoot Average length of the longest
(mg) v N L . rools (cm)
N L N IN L

01 7656:034 7816131 744010.06 4671013 3882072 3412035 2154012 2186020 2155031

02 8675026 86.25:0.80 83.8720.35 7751044 5484029 5.224087 224403 2295009 2155055

03 B7.75:0.54 86.3841.15 B4.9260.47 6.40£0.32 5.5110.24 536069 233£0.07 2312040 228501

04 76.33:0.81768.29£0.56 79.11£0.18 4.3310.56 4.81+0.60 4.4410.59 226+0.19 2.25+0.38 2.22:0.16

05 68.80:1.22 64.33£0.39 65.72:0.23 3.85:0.71 4.07:0.37 3.92:044 2204034 2.00+054 2245041

1.0 61.25:0.39 62.4820.27 61.38+0.48 3.25:0.34 3.20£0.92 3.55:0.85 2.10+0.38 2.15:0.19 2.14:0.23

01 78.67+0.76 74.89+0.44 73.1920.51 5.80+0.92 4.78+0.18 4.34+031 2.10+049 2.12+0.08 2.13+0.34

0.2 89.85:0.45 88.2110.91 85.45£1.57 9.25+0.44 7.501+0.78 5.19+0.25 218+0.33 2.38:0.86 2.26+0.18

0.3 80.1740.88 90.73+0.28 88.29+0.75 7.20£0.32 8.15%0.19 8.77+0.41 2.2610.17 2.2910.22 2.32+0.30
iBA

04 79.42+0.31 75.43+1.39 74,58+0.45 4.85+0.90 5.32+0.36 6.16+0.28 2.2010.05 2.22+0.31 22810.26

05 70.20£1.21 70.55+0.87 64.930.23 4.10+0.56 3.4520.20 4.29:+093 2.15:0.35 2.15:049 2111054

10 64.76+1,04 66.81+1.20 61.22+0.17 3.55¢£0.88 3.03x041 3.45:0.08 2.05:0.28 2.12+0.38 2.12:0.39

e ———

01 B4.60+0.61 88.52+0.54 B3.65£0.90 6.35:0.37 7.86:0.89 6.22+0.57 223:0.30 2.25+0.17 225+0.44
02 93.33:0.48 92.45¢0.72 92.2110,33 10.40+0,62 9.08+0.28 10.23£0.35 2.30+0.15 2.38+£0.08 2.36:0.13

03 91.4040.11 90.27£0.35 91.35:0.48 8.17:048 7.49+059 8.27+0.18 242+0.31 2401013 2441034
NAA

04 80.1541.05 84 58+055 82.43+0.61 5.4510.58 5.51x0.15 6.00:0.30 2.32£0.08 2281033 2.25+0.58

0.5 71.55+0.69 68.03+0.21 61.33£0.94 4.70x0.12 4374066 4.62£0.86 2254013 2.2640.58 2221036

10 67.4810.40 62.10+0.56 63.35¢1.27 3.85:0.37 3572070 313£0.45 2.18:0.28 2.15£042 2.16:0.18

"N=Nodes; IN= Intemodes, L=Leaves
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1.6 Establishment of plantlets derived from the different explants

The regenerated new plantiets derived from the different explants (nodes

internodes, leaves) were acclimatized under natyraf environment and percentages of

survived plantlets are presented in Table 15. Plantlets derived from nodes showed highest

percentage of survival rate compared to plantlets derived from internodes and leaves under

natural environment (Plate 5 and 6).

Under natural environment percentage of survived plantiets derived from nodes
was recorded 86.17% after 1%t week, 83.56% after 2nd and 82.64% after 3¢ week of
transplantation and remained 82.64% after 4% week. Percentage of survived plantlets
derived from internodes was recorded 84.79%, 82.61% and 81.38% after 1st, 2nd and 3rd
week of transplantation respectively and it remained 81.38% after 4% week. Again
percentage of survived plantlets derived from nodes was 81.62% after 1st week of
transplantation and it became 78.30% and 76.53% after 2n¢ and 3 week and remained
76.53% after 4 week. Percentages of survived plantlets derived from the different explants

atter transpiantation under natural environment are presented by histogram graph in Fig. 40.
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Chapter 4
DISCUSSION

In Stevia, regeneration has been obtained by organogenesis from different
explants: leaves (Ferreira and Handro 1987, 1988a, Yang and Chang 1979), axillary shoots
(Bespalhok ef al. 1985), stem tips (Tamura et al. 1984), suspension cultures (Ferreira and

Handro 1388b), embryogenic callus (Bespalhok and Hattori 1997) and anthers (Flachsland
et al. 1896).

In the present study the combination of BAP and NAA in the culture media was
found the most effective on direct shoot proliferation from the different explants. In all cases
nodes showed the highest percentage of proliferated shoots compared to internodes. BAP
(2.0 mg/) + NAA (0.2 mg/) in the culture media showed the highest percentage of
proliferated shoots from the nodes which was recorded 92.84 £ 0.45, average number of
shoots per explant was 4.16 + 0.28 and average length of the longest shoot was 2.67 +
0.98 cm. Combination of BAP and NAA in the culture media was also found the most
effective on indirect shoot proliferation from calfus of the different explants. In all cases
callus of nodes showed the highest percentage of proliferated shoots compared to the
calius of internodes and leaves and BAP (2.0 mg/l) + NAA (0.2 mgfl) in the culture media
was the best combination for the highest percentage of proliferated shaots from callus of all
types of explants. Anbazhagan et al. (2010) cultured shoot tip, nodal segment and leaf as
explants on Murashige and Skoog (MS) medium supplemented with different concentrations
of BA, Kn and IAA both in individual and in combined form for shoot inductions and the best

results were obtained from MS medium supplemented with BA+ IAA at the concentrations
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of 1.0 mgfl and 0.5 mg/! respectively. Among the explants used, shoot tip stood first in
inducing shoot. development, Best root formation of in vitro developed shoots could be

achieved on half-strength Nitsch (N6) medium supplemented with 1AA at concentration 1.0
mo/ (Jena et af, 2009).

This in vifro propagation studies confirmed the importance of plant growth
regulators in the initiations of callus, shoot, root and on the whole the regeneration of plant.
In this way, the two cytokinins namely, BAP and Kn used in this study, the BAP proved a
befter one than Kn in shoot induction from all explants used i.e. nodes, internodes and
leaves. Where as Kn could initiate shoot tip and nodal explants only and this is documented
by early studies also (Murashige 1974, Benne and Davies 1986, Rogers ef al. 1998). Cn the
other hand, mineral nutrients are being as the basic component of culture media play a vital
role in rapid growth of tissue and the extent and the quality of marphogenesis of tissue
(Niedz and Evens 2007). in this study, the synergistic effect of both BAP + IAA at
concentrations 2.0 mg/t and 0.2 mg/! respectively, were found best in regenerating shoot
from shoot tip and nodal explants. Similar type of results have also been got by early
workers in the same species, i.e. S. rebaudiana (Tamura et al. 1984, Ferreira and Handro
1988a,b, Patil et a/. 1996, Sivaram and Mukundan 2003, Aparajita and Amita 2007, Ahmed
et al. 2007, Mitra and Pal 2007, Jain et al. 2009, Pafil and Shah 2009). /n vitro propagation
of Stevia has been carried out by Das ef al. (2006) shows that 2, 4-D at 1.0 mg/l and kinetin
at 0.2 mg/l combinations provide extensive initiation of callus which was proliferative and
best maintained in NAA at 0.1mg/ and BAP at 2.0 mg/i combinations. For callus formation
from the different explants, combination of 2,4-D and NAA was found the most effective. In
all cases internodes showed the highest percentage of callus formation compared to nodes
and leaves and 2,4-D (2.5 mg/l) + NAA (1.5 mg/l) in the culture media was the best

combination for the highest percentage of callus formaticn from all types of explants.

NAA in the culture media was found the mast effective on root proliferation from

induced shoots of the different explants. In all cases induced shoots from nodes showed the
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highest percentage of proliferated roots compared to induced shoots from internodes and
leaves and NAA (0.2 mgfl) in the culture media was the best concentration for the highest
percentage of proliferated roots from induced shoots of ail types of explants. The root
induction was gradually decreased with increasing concentrations of auxin types. Simitar
types of results were found by earlier workers in the same species (Sivaram and Mukundan
2003, Ahmed et al. 2007, Mitra and Pal 2007). Kalpana et al. (2010} incorporated a range of
higher concentrations of CuSQs-5H20 in MS medium significanty and fond enhanced direct
shoot bud induction and proliferation from cultured leaf and nodal explants taken from
mature plants of S. rebaudiana. Shoot bud induction medium was supplemented with BAP
(2.2 pM) and NAA (2.8 pM). When the concentration of CuSQs-5H20 in the induction
medium was raised to 0.5 uM (five times the MS level, i.e. 0.1 yM) there was significant
increase in percentage response along with increase in shoot bud number per explant. The
shoots were healthy, well developed with dark green broader leaves. Ibrahim et al. (2008a)
used nutrition medium MS at full salt strength of major and minor elements for in vitro

culture of S. rebaudiana.

Ahmed ef a/. (2007) observed the induction of muitiple shoots from nodal segments
was the highest in MS medium supplemented with 1.5 mg/t BA + 0.5 mg/l Kn. For rooting
different concentrations of IBA, NAA and IAA were used and highest rooting percentage
(97.66%) was recorded on MS medium with 0.1 mg/t IAA. Taware ef al. (2010) found
optimal shoot initiation on medium centaining 0.3 mg/l kinetin and root induction was
optimized on MS medium with 2.0 mg/l IBA. Callus optimization was observed on MS
medium supplemented with 0.1 mg/ 2,4-D; shoot initiation from callus was maximum in
MS+BA+24.D. Uddin ef al. (2006) made an explants culture of S. rebaudiana on MS
medium containing 2,4-D at 2, 3, 4 and 5 mg/l for calius induction and observed the inter-
nodal segments initiated callus earlier than node and leaf with the highest amount of cailus
was found with 3.0 mg/l 2,4-D. Rafiq et al. (2007) obser_ved maximum shoot formation was

by supplementing 2.0 mgi! BAP. In contrast 0.5 mglt NAA caused the maximum root
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formation in nodular stem sections of S, rebaudiana. Simitar results were also observed by

other workers in Bangladesh (Huda ef al. 2007, Hossain ef 4/, 2008, Ibrahim et al. 2008b).

Other researchers also reported the influence of cytokinin on shoot multiplications
in different plant species. Bondarev (2001) reported that micro-cuttings with apical or axil
buds were most effective explants for large-scale production, when cuitivated on the
hormone-free medium, and this allowed producing the plants by several thousand for 3-4
months. The addition of litle concentrations of 6-BAP or a-NAA and 6-BAP to the nutrient
medium was established to induce adventitious shoot formation by increasing a propagation
coefficient (Sivaram and Mukundan (2003) reported the efficient regeneration of shoot apex,
nodal, and leaf explants of S. rebaudiana when cultured on MS medium supplemented with
8.87 BAP and 5.71 pM IAA, The effect of NAA and IBA on root induction was positive,
however, auxin's concentration had a positive effect on the number of roots/shoot and it was
higher in the case of NAA than IBA Steven et al. (1992) reported that 1.0 mgl! NAA in
medium showed maximum rooting in regenerated shoots of S. rebaudiana. The potential of
IBA in root induction bas been reported in many species. In root induction experiment, 0.5
mgtt NAA was found better as maximum roots proliferated, that results are better than

reported by Steven ef al. (1992).

Kalpana et al. (2009) used liquid shoot culture of S. rebaudiana in MS medium
containing BAP (1.5 mg/l) and 1AA (0.5 mg/) that developed and evaluated in relation to
shoot multiplication, on average 37 new shoots per explants were obtained within 3 weeks.

Direct shoot regeneration from Stevia leaves was done by Sreedhar et al. (2008)

Similar studies on shoot proliferation have been performed by Akita and Shigeoka
(1994), Patil ef al. (1996), Nepovin and Vanek (1998), Sikach (1998), Sivaram and
Mukundan (2003) Ahmed et al. (2007), Debnath (2008) and Sairkar et al.( 2009). They also
reported that plant hormone is necessary for shooting, elongation and rooting. In most of

cases BA was found to be essential for growth and multiple shoot formation.
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The resuit of the experiment and other earlier research report clearly support the
possibility of propagating 8. rebaudiana by adopting in vitro techniques. The climatic
requirements of this tropical efite medicinal plant indicate that it can be introduced in the hilly
areas of Sylhet and Chittagong. The unique selling points of Stevia sweetener are very
strong in Bangladesh due to the presence of diabetic and other metabolic disease including
obesity. Here Stevia in vitro propagation has been demonstrated with its overall potentiality
and suitability. In vitro propagation can become an important alternative to conventicnal

propagation and breeding procedures for wide range of plant species.

The present investigation suggests that (i) in vifro micropropagation of S.
rebaudiana may be the best way to bypass the limitation of conventional technique, (i) MS
medium with BAP (2.0 mgfl) was the superior to combination with NAA (0.2 mgff) for shoot
induction in micro cuttings, (iii} MS with NAA (0.2 mg/) was the superior to |AA and IBA for
days and length of root initiation in micro cufting. The culture established through the
present investigation may also be commercially ufilized as a source of disease free planting

materials.
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Chapter &
SUMMARY

The present investigation was undertaken to standardize in vitro culture techniques
for mass propagation and conservation of a non-sugar natural herbal sweetener, Stevia
rebaudiana Bertoni. Nodes, internodes and leaves of pot grown mature plants were used as
explants and experiments were based on surface sterifization; direct shoot proliferation;

callus formation; indirect shoot proliferation from callus and root proliferation of induced

shoot,

Surface sterilization of the different explants: For surface sterilization 0.1%
HgCl. treatment for 2.5 minutes was found the most effect when nodes were used as
explants, percentage of free contamination was 81.94 + 0.94 and percentage of survived
explants was 77.48 = 0.35. HgCla treatment for 2.5 minutes was also found the most
effective for surface sterilization of internodes, percentage of free contamination was 84.43
+ 0.58 and percentage of survived explants was 79.83 + 0.83. But in case of leaves, HgClo
treatment for 2.0 minutes was found the most effective, percentage of free contamination

was 87,08 + 1,27 and percentage of survived explants was 77.11 + 1.11.

Direct shoot proliferation from the different explants: Combination of BAP and
NAA in the culture media was found the most effective on direct shoot proliferation from the
different explants. In all cases nodes showed the highest percentage of proliferated shoots
compared to internodes. BAP (2.0 mg/l} +NAA (0.2 mg/l) in the culture media showed the
highest percentage of proliferated shoots from the nodes which was recorded 92.84 + 0.45,
average number of shoots per explant was 4.16 + 0.28 and average length of the longest

shoot was 2.67 + 0.98 cm, Highest percentage of proliferated shoots from the internodes
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was recorded 84.87 + 0.62 in the same combination of BAP and NAA in the culture media,

average number of shoots per explant was 3.95 + 0.34 and average length of the longest

shootwas 2.78 £ 0.43 ¢cm.

Callus formation from the different explants: For calius formation from the
different explants, combination of 2,4-D and NAA was found the most effective. In all cases
internodes showed the highest percentage of callus formation compared to nodes and
leaves and 2,4-D (2.5 mg/l) + NAA (1.5 mg/l) in the culture media was the hest combination
for the highest percentage of callus formation from all types of explants. Highest percentage
of calfus formation was recorded 82.69 + 1.40 from the internodes, average day of callus
inifiation was 10.00 £ 0.05 and colour of callus was green. In case of nodes, highest
percentage of callus formation was recorded 70.34  0.39, average day of callus initiation
was 10.50 £ 0.15 and colour of callus was green. Again highest percentage of callus
formation was recorded 68.21 & 0.87 when leaves were used as explants, average day of

callus initiation was 11.00 £ 0.15 and colour of callus was also green.

Indirect shoot proliferation from cailus of the different explants: Combination
of BAP and NAA in the culture media was found the most effective on indirect shoot
profiferation from callus of the different explants, in all cases callus of nodes showed the
highest percentage of proliferated shoots compared to the calus of internodes and leaves
and BAP (2.0 mg/l) + NAA (0.2 mg/l) in the culture media was the best combination for the
highest percentage of proliferated shoots from callus of all types of explants. Highest
percentage of proliferated shoots from callus of the nodes which was recorded 94.70 +
0.72, average number of shoots per callus was 4.25 + 0.30 and average length of the
longest shoot was 2.58 + 0.12 cm. Highest percentage of proliferated shoots from calfus the
internodes was recorded 89.15 + 1.05, average number of shoots per callus was 4.20 +
0.16 and average length of the longest shoot was 2.73 + 0.24 cm. Again highest

percentage of proliferated shoots from callus of the leaves was recorded 84.73 + 1,17,
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average number of shoots per callus was 3.67 + 0.42 and average length of fhe longest
shoot was 2,57 + 0.36cm,

Root proliferation from induced shoots of the different explants: NAA in the
culture media was found the most effective on root proliferation from induced shoots of the
different explants. In all cases induced shoots from nodes showed the highest percentage of
profiferated roots compared to induced shoots from internodes and leaves and NAA (0.2
mgfl) in the culture media was the best concentration for the highest percentage of
profiferated roots from induced shoots of all types of explants. Highest percentage of
profiferated roots was recorded 93.33 + 0.48 from induced shoots of the nodes, average
number of roots per shoot was 10.40 + 0.62 and average length of the longest root was
230 £ 0.15 cm. Highest percentage of proliferated roots from induced shoots of the
intemodes was 92.45 + 0.72, average number of roots per shoot was 9.08 + 0.28 and
average length of the longest root was 2.38 + 0.0B cm. Again highest percentage of
proliferated roots was recorded 82.21 + 0.33 from induced shoots of the leaves, average
number of roots per shoot was 10.23 + 0.55 and average length of the longest root was

236 0.13cm.

Establishment of plantlets derived from the different explants: Shoots with
proliferated roots (new regenerated plantiets) were gradually acclimatized and established
successfully on the soil under natural environment and percentages of survived plantlets
from nodes, internodes and leaves were recorded 82.64%, 81.38%, and 76.53%

respectively after 4t week of transplantation.

The methodologies developed in the present investigation are simple, highly
effective and reproducible and can be utilized for in-vitro mass propagation of Stevia

rebaudiana Bertoni for its conservation and commercial exploitation.
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CONCLUSION

Significant progress has been made in the in vitro regeneration systems of many
traditional medicinal plants. Using tissue culture protocols for the propagation of superior
andfor endangered genotypes of medicinal plants, it is possible to produce healthy and
disease-free plants which could be released to their natural habitat or cultivated on a large
scale for the pharmaceutical product of interest. These are novel methods of conserving the
natural populations of medicinal plants, reducing the risk of their extinction. In vitro
propagation techniques impart vigor for the conservation process of the medicinal plants
and also maintain the clonal uniformity not achieved by using seeds. Various strategies for
using in vitro systems are being studied extensively with the objective of improving the
production and qualitative consistency of plant chemicals. Due to these advances, research
in the area of tissue culture technology for production of plant chemicals has bloomed

beyond expectations.

The results of the experiment and earlier research reviews clearly support the
initiation and maintenance of callus of Stevia rebaudiana by adopting in vitro techniques. In
vitro propagation of this plant has been carried out with its overall potentiality and suitability
using different phytohormone combinations and the results, show that Cytokinin (BAP) and
Auxin (NAA) combination was better for both direct and indirect shoot proliferation, 2,4-D
and NAA combination was better for callus initiation and for callus maintainance, and NAA

was better for root proliferation from the induced shoots. By using the method described
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above, hundreds of clonal plants can be produced from one nodal explant by continuous
subculturing of shoot propaguies. The multiplication rate that was achieved was not
significantly large to be commercially significant, but the resuits provide a basis for further

research in micropropagation of other genotypes of S. rebaudiana.
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