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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 plantlels from nodes, internodes and 

leaves were recorded 82.64%, 81.38%, and 76.53% respectively after 4th week of 

transplantation. 

In the present investigation, in vitro propagation of Stevia has been demonstrated 

with its overall potentiality and suitability. In vitro propagation can become an important 

alternative to conventional propagation and breeding procedures for wide range of plant 

species. 
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1.1 Introduction 

Chapter 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 
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compounds. They serve as a raw material base for the elaboration of more complex 

semisynthetic chemical compounds {Akerele 1992). The synthesis of bioactive compounds 

chemically is difficult because of their complex structure and high cost (Shimomura et 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-plant 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 

vitro 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 {Wakhlu 

and Bajwa 1986, Miura et al. 1987), 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-

Chapter 1 m Introduction 
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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 techniques. 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. In vitro propagation has been 

achieved in several medicinal plants using tissue culture techniques (Rout et al. 2000, 

Nalawade et 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 also 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 

Chapter 1 W Introduction 
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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 vftro 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 to 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 on formation of organs in vitro (Rout et 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 vftro conditions exhibit no or 

reduced photosynthetic capacity, and during acclimatization there is a need for rapid 

transition from the heterotrophic to the photoautotrophic 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 

Chapter 1 m Introduction 
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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 et 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). 

Chapter 1 W Introduction 
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Stevia rebaudiana Bertoni 

Stevia rebaudiana Bertoni usually grow in semi-dry mountainous terrains, 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 soil 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 eta/.1955, lshima 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 et 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 modern crop. 

Chapter 1 m Introduction 
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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 et al 
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.2006). The propagation by seeds does not allow 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 low 

number of individuals that 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). 

1.4.1 Biology, 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). It is 

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 Mestizos (Lewis 1992). Various 

reports cited by Lewis (1992) indicate that it was long known to the Guarani Indians of the 

Paraguayan highlands who called it caa-ehe, meaning sweet herb. The leaves were used 

either to sweeten mate 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 et 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 et al. 1979, 

Donalisio et al. 1982, Goenadi 1983, Schock 1982, Saxena and Ming 1988, Brandle and 

Rosa 1992, Fors 1995). Stevia production after eighties is centered 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 products 
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in most countries of the world. Progress towards large scale commercialization has been 

slow, largely due to 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 oblancoe!ate 

leaves, serrated above the middle. Trichome structures on the leaf surface are of two 

distinct sizes, one large (4-5 µm), one small (2.5 µm) (Shaffer! 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). 

Stevia is an obligate 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 et al. 1980). Plants can initiate flowering after a minimum of four 

true leaves have been produced (Carneiro 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 self­

incompatibility system is operating (Katayama et al. 1976}. The reproductive anatomy of the 

male and female gametophytes is typical for angiosperms (Shaffer! 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. Clonal propagation is practical for small scale production, but is probably 

not economically viable for large scale production where labor costs are high. 
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Given stevia's day length requirements, seed production in the Northern 

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 Stevia seed usually range between 0.15 and 0.30 g and, 

depending on plant density, seed yields of up to 8.1 kg ha·1 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 pollination and seed filling. Excessive rainfall 

during pollination can affect both seed yield and germination (Carneiro 1990, Shuping and 

Shizhen 1995). Seed is best stored at 0°C, but even under low temperature conditions 

germination will still decline 50% over three years (Shuping and Shizhen 1995). Sealing of 

storage containers or using lower temperatures did not prevent the decrease in germination 

overtime. 

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 et al. 1976). Leaf yield increased with 

increasing density up to 83,000 and 111,000 plants ha-1 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 accumulation, 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 -1 are possible and of that total, 26% would be roots, 35% stems, 

and 39% 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 glycoside 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 

rebaudiosideOA 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 1992, 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 calculations from a group of half-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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