
CHAPTER I 

Introduction 

The plants have been the source of medicine since time immemorial. Millions of 

people largely from the developing countries are known to have dependency on 

traditional medicine for their primary health care needs (WHO 2002, Badola and 

Aitken, 2003), for which the medicinal plants are the important source. The increased 

popularity of the traditional medicine has led to massive rise in its economic 

importance. Plants and their derivatives contribute to 25% of the medical drugs in 

developed countries (Principe, 1991 ); there is rapid increase in the international 

consumer demand for the traditional plant based medicines (Lambart et al., 1997; 

Hamilton, 2004). Majority of the population in the European North have been paying 

attention to application of medicinal plants, vitamins, natural and active biological 

derivatives in the treatment and prevention of many diseases (Galambosi eta/., 2010). 

The growing use of plants as a source of medicine has resulted in the over 

exploitation of several medicinal plant speCies from the wild (Badola and Pal, 2002; 

Schippmann et a/. 2002; Badola and Aitken, 2003, 2010; Dhyani and Kala, 2005, 

Butola and Badola, 2008a) thereby increasing the risk of extinction <if important plant 

species and/or loss of genetic diversity. Furthermore, the multifold increase in the use, 

marketing and trade as a consequence of growing industrial demand for raw materials 

(Badola and Pal, 2003, Badola, 2009), have been experienced during the past couple 

of decades exerting unprecedented pressure on the natural habitat of important 

medicinal plants, This has led to increased threat of depletion of their populations, as 

majority of the medicinal plants are largely collected from the wild. 

The medicinal and aromatic plants (MAPs) form an important source of income for 

the rural communities in several south Asian countries (Karki et al., 2003) mainly in 

the Himalayan region. In many parts of Himalaya, the communities inhabiting the 

mountain areas sustain their livelihood by collecting and marketing the important 

medicinal plants (Farooquee and Saxena, 1996; Dobriyal et al., 1997; Tandon, 1997; 

Badola, 1998, 2009; Olsen and Larsen 2003; Olsen, 2005, Larsen and Olsen, 2007). 
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Nevertheless, over collection has been identified as one of the serious threat to 

medicinal plant populations; other threats endangering the existing populations of 

medicinal plants include habitat alteration and specificity, narrow range of 

distribution, overstocking and over-grazing of areas by domestic animals, etc. 

Besides, some of the identified natural threats are pathogens, herbivores, seed 

predators, etc., which are also threatening the natural population of many of the rare 

and endangered medicinal plants (Dhyani and Kala, 2005; Badola and Pal, 2003). 

This has led to worldwide concern· over the conservation of commercially utilized 

medicinal plant resources (Hamilton, 2004; Larsen and Olsen, 2007; Badola and 

Aitken, 2010) as well as the on the diminishing populations, loss of genetic diversity, 

local extinctions and habitat degradation of the important medicinal plants (Canter et 

at., 2005). 

It is estimated that the number of. higher plant species used worldwide for medicinal 

purposes is more than 50,000 i.e., 20% of the world's vascular plants (Schippmann et 

at., 2002; Hamilton et at., 2006), the two-third of which is collected from the wild 

(Turcker, 2003). In India, approximately 8000 plant species are used for medicinal 

purposes (Planning Commission, 2000), of which, 90% of the medicinal plants having 

commercial value are harvested from the wild, and over 70% of the plants collected 

through destructive harvesting. Threat assessment of medicinal plants using IUCN 

(International Union for Conservation of Nature and Natural Resources) designed 

CAMP (Conservation Assessment of Medicinal Plants) methodology suggests that 

about 112 species in southern India, 74 species in northern, northeastern and central 

India and 42 species in the high altitude of Himalayas are threatened in the wild 

(Sharma et at., 2010). To develop conservation strategies for the threatened medicinal 

plant species, it is imperative to have better understanding on the nature of the threats 

to their survival (Badola and Aitken, 2003) at population levels, addressing habitat 

niches and viability. 
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1.2 Medicinal plants - grovv,ing importance in the 
global market 

The growing popularity of medicinal plants is well acknowledged in the international 

market, having a worth around US $60 billion (World Bank, 2004), which is 

increasing at the rate of 7% per year (Koul and Wahab, 2004). The World Health 

Organization reports international market for herbal drugs to be around $ 43 billion a 

year, which is expected to touch $5 trillion by the end of year 2050 (Christie, 2001 ). 

Approximately, 2500 species of medicinal plants are known in trade in the 

international market (Schippmann et at. 2002); the major markets include Europe, 

North America and Asia. In 1991, the herbal medicine market in the European 

countries alone was about $6 billion, with Germany accounting for the highest trade 

of$3 billion (50% of the European market), followed by France for $1.6 billion and 

Italy for $0.6 billion, while in other countries the trade touched to $0.8 billion mark. 

In European countries, in the span of 4 years (1991-1994) the herbal market recorded 

a rise of $4 billion reaching to $10 billion; the herbal market was about $4 billion, 

$1.0 billion and $5 billion, respectively, in USA, India and other countries (Prajapti et 

al., 2003). In 1997, the European market alone reached to about $7.0 billion followed 

by France ($1.8 billion), Italy ($700 million), the United Kingdom ($400 million), 

Spain ($300 million) and the Netherlands (about $100 million) [Calixto, 2000]. The 

present global market of herbal drugs has reached to US $250 billion. 

The nutraceuticals (nutritionally or medicinally enhanced foods with health benefits) 

are in the huge demand in developed countries like USA and Japan. Its market in the 

USA and Japan alone is about US$ 80-250 billion (with a similar market in Europe) 

and US$ 1.5 billion, respectively. As per the annual Herbal Supplement Usage Study 

for the year 1997, it was revealed that one in five adults in USA take herbal 

supplements (Wood, 1997). 

1.2 Changing market trend of medicinal plants in India 

For having 2.5% of the world's total geographical area and bestowed with 8% of the 

global biodiversity, India ranks sixth among 12 mega biodiversity countries of the 
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world. Of the 34 hotspots in the world, India forms the part of two biodiversity 

hotspots, (i) Indo-Burma and (ii) Western Ghat. Of about 45,000 plant species (nearly 

20 per cent of the global species) in the Indian subcontinent, approximately 8000 

species (both higher and lower plant groups) are of medicinal value (Planning 

Commission, 2000). Different types of forest systems prevailing in the country 

harbour about 90% of the medicinal plant biodiversity. Tremendous increase in the 

domestic demand for the medicinal plants has been observed with the resurgence of 

Indian traditional medicinal systems in the current past (Badola and Aitken, 2003). 

Approximately, 289 species of medicinal plants were reported to be used as 

traditional medicine during Vedic period, the number increased to 650 species from 

1500 BC to 500 AD, and by 1900 AD, it reached to 1814 species (Rath, 2005). 

Today India stands as second largest exporter of herbal products/drugs in the world; 

despite having rich biodiversity, the country has market share limited to only 1 to 2%. 

The volume of medicinal plants exported from India were 32882.8 tons, 37976.3 tons 

and 36617 tons with monetory value ofRs.2159.518 million, Rs.2377.952 million and 

Rs.l764.799 million, respectively, during the year 1996-97, 1998-99 and 1999-2000. 

The export of medicinal plants and its product from India was estimated to be Rs. 

4.46 billion in the year 2000 (NMPB, 2002) and Rs. 3.16 billion in 2000-01 .(Rawal, 

2003). In spite of assuming the conventional growth rate at 15%, India still lags 

behind China. It was reported that when transactions of China and Thailand were 

Rs.2500 crore and Rs.IOOO crore, respectively, India could achieve a figure ofRs.436 

crore only. India uses approximately 8000 plants species compared to approximately 

5000 plant species used in traditional Chinese medicine (Rath, 2005); but still, 

traditional Chinese medicine is well established compared to Indian Ayurvedic 

medicine in the international market (Aneesh et a/., 2009). The demand and supply 

ratio of the raw materials to the pharmaceutical sectors are not balanced in the 

country. For example, the gap between demand and supply of MAPs was estimated to 

be about 40,000 to 200,000 tons in year 2000 and was estimated to increase from 

52,000 to 400,000 tons in 2005 (Planning Commission, 2000). In year 2002, the 

demand of medicinal raw drugs in the country was 2.72 lakh tons as against an 

estimated supply of 1.20 tons (Rath, 2005). The volume of the annual demand of raw 
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materials by the pharmaceuticals in India in the year 2005-2006 was 3,19,500 metric 

tons having worth value of Rs. 1069 crores (Ved and Goraya, 2007). Currently, the 

sale of total herbal products in India is estimated at $1 billion (Joshi eta!., 2004) and 

the export of herbal crude extract reached about $80 million (Samy and 

Gopalkrishnakone, 2007). 

Currently, the Indian herbal industry has an annual turnover of Rs. 7,500 crore as 

against Rs. 14,500 crore of the pharmaceutical industry which is estimated to double 

by the year 2015 at the current growth rate of 15 percent. The global herbal industry is 

estimated to grow to Rs 70,000 crore by the year 2015 from the current level of Rs 

30,000 crore (www.niir.org). India has potential to compete in the global herbal 

market, which largely depends on the quality of the products it produces. 

1.3 Medicinal Plants - in context to Indian Himalayan 
Region 

The Himalaya region, considered as an exceptional landscape in the world for its 

biological and cultural richness, is particularly gifted with one of the richest medicinal 

plant species diversity (Badola and Aitken, 2003, 2010), largely for having diverse 

agro-climatic conditions. Nonetheless, the region is under considerable anthropogenic 

threats due to extraction of a wide variety of natural resources for subsistence as well 

as for the commercial purposes. Indian Himalayan Region (IHR) harbours over 1748 

species of medicinal plants. Of the total medicinal plants species of IHR included in 

the Red Data Book, 31% are native, 15.5% are endemic and 14% have already 

assessed as threatened (Samant et a!., 1998). On the regional scale, Uttaranchal 

harbours the maximum species of medicinal plants (Kala, 2004); cumulatively, 

however, Sikkim and Daijeeling hills represent maximum number of medicinal plant 

species (Badola and Aitken, 2003). Nevertheless, the continuous exploitation of 

several medicinal plant species from the wild (Kala, 2003, Badola, 2010) and 

substantial loss of their habitats during past 15 years (FAO, 2003) have resulted in 

population decline of many high value medicinal plant species (Badola and Pal, 2002, 

2003). Consequently, many of the valuable medicinal plants can now only be found 

growing in small scattered populations in remote areas (Hussain and Sher, 1998). 
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1.4 Medicinal plants and current problems 

The studies on medicinal plants of Indian Himalayan region have mostly been focused 

on their inventory, distribution and uses; a meager proportion of researches have been 

dedicated on population and habitat relationships. Dhar et a!., (2000) reviewed the 

status in this regard and revealed that 50% of the study were focused on the 

distribution and availability, 16.3% on status (21% on population studies, 79% 

general), 24.4% on cultivation and propagation, 4.7% on extraction and trade and 

4.7% on conservation of medicinal plants of IHR. Such insufficient knowledge base 

hampers scientists and natural reso.urce managers to make proper assessment of the . 

quantitative harvesting of medicinal plants from the wild (Badola and Aitken, 2003). 

Data covering different climate and' geographical regions of the Himalaya, especially 

location specific, are imperative to identifY relative threats to natural populations of 

plant species; particularly those treated threatened (Badola and Pal, 2003). In recent 

years, some studies concerning population structure of threatened Himalayan 

medicinal plant taxa have appeared for different localized parts; these either focused a 

single taxa (Airi eta!., 1997, 2000; Bhadula et al., 1996; Nautiyal et. a!., 2003a) or a 

group of taxa (Kala, 2000; Negi and Upreti, 2000; Uniyal et al., 2002). Few have 

attempted identifYing habitat preferences of the targeted taxa using quantitative tools 

(Airi eta!., 1997, 2000, Uniyal eta!., 2002). Different populations of a plant species 

may exhibit noticeable inter and intra variations (Bhadula eta!, 1996). For example, 

N autiyal et a!. (200 1) assessed the differences in active ingredients for two types of 

leaf variants of Picrorhiza kurrooa. Understanding and identifYing morphological and 

genetic traits, specific to each targeted taxa, may have high importance in identifYing 

superior germplasm for the conservation programme (Badola, 2002, Badola and 

Aitken, 2003). In general, insufficient studies are in hand which cover different 

regwns of Himalaya and limited to some taxa; that means, many of the highly 

sensitive and valuable taxa of conservation value need immediate attention focusing 

detailed studies. 

Approximately, 80% of the medicinal plants used by contemporary Ayurvedic 

industry in India are collected from the natural populations (Gupta, 1993). There are 
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factors such as slow growth rate, low population density and narrow geographical 

ranges of several medicinal plants make them more prone to extinction (Nautiyal et 

a!., 2002). There are several other causes such as land use changes, introduction of 

non-native species, habitat alteration, climate changes, fragmentation and degradation 

of the plant populations and genetic drift (Kala, 2000), which hastens the threat of 

extinction to those medicinal plants already considered threatened. Therefore, an 

urgent need is felt to formulate and implement regeneration I conservation strategies 

using both in-situ and ex-situ mechanisms targeting the over exploited medicinal plant 

species with an aim to strengthen the maintenance of biodiversity as well as 

preservation of the indigenous knowledge. 

In addition, the growing demand for raw material of several medicinal plants at both 

national and international market has exerted unprecedented harvesting pressure on 

their- natural habitats, and Indian Himalayan plant diversity victimized the most 

(Badola and Pal, 2002; Badola and Aitken, 2003). Resultantly, several medicinal plant 

species found their inclusion in the Indian Red Data Book, and in IUCN threatened 

list (V ed et al., 2003a,b ), and over a dozen have been prioritized by an international 

forum of experts for their immediate conservation through ex-situ cultivation in 

Himalaya (Badola and Pal, 2003). To strengthen either, in-situ or ex-situ, mechanism 

assessment of potential populations and appropriate technologies for propagation and 

mass multiplication vis-a-vis developing accurate information on the cost-benefit ratio 

of the cultivation are a must steps. The awareness amongst masses in in-situ 

conservation and the involvement of stakeholders, especially farmers in the 

cultivation demonstrations and in furtherance of the efforts would be important at the 

same time. 

1.5 Medicinal plants -a concern in Sikkim 

Sikkim harbors over 500 species of medicinal plants that occur right from the humid 

river valleys to the high cold trans-Himalayan desert. Prior to the governmental ban 

imposed on 'the collection of medicinal plants in the year 2000, Sikkim was one of the 

important sources of in-situ raw material harvesting and had traditionally been one of 

the major suppliers of the medicinal herbs to the markets in Siliguri, Kolkata and New 
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Delhi. Amongst high value medicinal plant species harvested from these areas, some 

of prominent ones were Aconitum heterophyllum, A. ferox, Bergenia ciliata, Cordycep 

sinensis, Dactylorhiza hatagirea, Nardostachys grandiflora, Panax pseudoginseng, 

Picrorhiza kurrooa, Podophyllum hexandrum and Swertia chirayita, etc. The State 

government is seriously concerned about the rapidly depleting medicinal plants 

resources in the state caused by the large scale collection from the wild in the recent 

past. As an initiative to conservation, (i) collections of medicinal plants have been 

banned in the State; (ii) numbers of medicinal plant species have been promoted in 

nursery cultivation in the state; and ,(iii) farmers who are interested in medicinal plant 

cultivation are being provided. with subsidy loans. Further, the government is also 

planning to have large collection centres for the medicinal plants in which farmers can 

deposit their products which will go directly to the Pharmaceutical companies. With 

this, the farmers get the direct and maximum benefits. However, it must be pointed 

out that, the current conservation efforts are riot enough to ensure the survival of 

threatened medicinal plant species in wild, where their potential and viable 

populations are expected to be maintained as vital gene banks. There is an urgent need 

in the state to carry out research firstly on population assessment for their quantum 

availability, community structure, potentiality of the regeneration and habitat 

characteristics of the threatened medicinal plant taxa, which is essentially required in 

designing and implementing the suitable and effective conservation management 

plans. Secondly, the research is imperative on identifYing and prioritizing viable 

populations for long term storage and developing the standard propagation and mass 

multiplication protocols, strengthening ex-situ cultivation programmes. Also, it would 

be important to develop and highlight the nondestructive and sustainable harvesting 

methodologies of threatened medicinal plant species. So far in Sikkim Himalaya, 

there is highly insufficient research work available on above aspects; however, some 

fragmentary publications are available in the form of scattered or isolated efforts, 

aiming mostly towards medicinal use of the items or taxonomic findings. In fact, 

preparation of an inventory alone would not be able to meet the growing need of 

planned utilization of medicinal plant resources within the state. It is essential to 

assess the level and extent of exploitation of medicinal plant from the wild stock and 

to put in place necessary checks. The knowledge in this field would enable 
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introduction of timely cultivation in desired cases and maintain the required balance 

between the sustainable use and exploitation of limited natural resources. At the same 

time, in-situ level understanding on the habitats supporting potential populations of 

the threatened medicinal plant taxa and their distribution is a vital step in planning 

conservation, particularly in Sikkim Himalaya. 

1.6 Importance of current research and the focal 
species 

The current research lucidly addresses the above mentioned priority in relation to rich 

plant biodiversity of Himalaya, focusing mainly on one of the highly marketed and 

threatened medicinal plants, the Swertia chirayita. Despite the great demand of the 

species in Indian and International market (Badola and Pal, 2002), the plant is still 

collected from the wild, as such the existing population of S. chirayita is depleting at 

an alarming rate in different parts of Himalaya. Concerning over the declining 

population of the species, the IUCN (International Union for Conservation of Nature 

and Natural resources) has categorized the species as critically endangered (Ved eta!., 

2003b ). Species is also listed as endangered in Indian Red Data Book and has been 

assessed as critically rare and virtually endemic to Indian Himalaya (Samant et a!., 

1998), and vulnerable to Sikkim (Ved eta!., 2003a). It has been prioritized at the top 

amongst 14 species for immediate conservation through ex-situ cultivation by an 

international forum of experts (Badola and Pal, 2002), and also prioritized by the 

National Medicinal Plant Board (Government of India) as well as State Medicinal 

Plant Board (Government ofSikkim) in Sikkim. 

At present, the available publications and reports available so far, focusing on the 

conservation of Swertia chirayita, suggests several existing constraints, which need to 

be addressed: 

1. So far, meager effort has been made to assess the availability of the species 

and its microsite preferences in natural habitats. Only very limited work is 

restricted to covering very few populations from the central and north-western 

Himalaya 
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2. Assessment of the threat status of the species has been done on the basis of 

IUCN's CAMP (Conservation assessment of medicinal plants) method, no 

field assessment data are available indicating its exact status 

3. No information is available on the regeneration potential of the species from 

the eastern Himalaya; the scattered available information indicates very low 

seed viability in S. chirayita and majority of studies have given emphasis on 

its micro-propagation. 

4. Assessment of seed viability over a long period of storage, as essential tool for 

successful conservation plan, is completely ignored aspect. 

5. Available information reveals problems in domestication of the species 

6. So far, no scientifically validated agro-techniques have been published on the 

species 

7. Phenological studies, an important tool in determining the seed sowing, 

seedling transplantation as well as harvesting time, is completely absent for 

the species. 

8. Current information, except the present studies, is not sure about the exact life 

span of S. chirayita 

There is a wide scope for exploring different aspects of S. chirayita. Such gaps in the 

related research field raise questions regarding the vulnerability of the species, 

emphasizing the need for focused research. 

1.6.1 The genus 'Swertia' 

The genus 'Swertia L.' belongs to family Gentianaceae. It is named by Linnaeus 

(1753) in honor of Emanuel Sweert (rarely spelled Swert, 1552-1612), a Dutch 

gardener and illustrator who published an important "Florilegium" (a catalogue with 

over 560 different flowers in II 0 plates - all in contemporary hand colouring) in the 

early 1600s. The genus Swertia is large, and taxonomically a distinct and difficult 

genus (Suksathan, 2001; Rijal, 2009) and has always been debated due to the 

morphological similarities of the species of Swertia to its related genera i.e., Halenia, 

Loatogonium and Veratrilla (Chassot et al., 2001; Joshi and Joshi, 2008). Clarke 

(1885) divided the genus Swertia into three subgenera: Ophelia, Euswertia and 
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Poephila. It is cosmopolitan and mainly distributed in temperate regions of the 

northern hemisphere (Ho and Pringle, 1995). However; the genus is also represented 

in tropical regions and in the southern hemisphere (Meuse! eta!., 1978). It is known 

from all the regions except Australia, New Zealand, South and Central America, and 

its highest species diversity are in the Himalaya and south-western China (Meuse! et 

al., 1978; Suksathan, 2001) due to which, Ho eta!., (1994) assumed south-western 

China to be the major centre of the origin of the genus. According to them, Swertia 

has diversified and dispersed to south-east Asia as well as to Africa and North 

America from China and have formed two secondary centre of diversification. In 

addition, Sudan-Zambezian region in Africa is a second distribution centre (Ho et al., 

1994). The genus Swertia is highly polymorphic (Chassot et al., 2001) and their 

superficial resemblances often pose difficulties in species delimitation (Nemomissa, 

1998). The genus Swertia is not a monophyletic taxon, instead it is highly a 

paraphyletic group and its closest genera include Obolaria, Gentianella and Halenia 

(Joshi, 2011). 

Globally, the genus Swertia comprises of about 170 species, of which approximately 

79, 27 and 40 species are distributed in China, Nepal and India, respectively. Sikldm 

alone, a northeastern Indian State harbours 13-14 species of Swertia. The Swertia 

species are rich sources of xanthones, flavonoids, iridoid and secoiridoid glycosides 

and triterpenoids. The species of genus Swertia are very well-known for their 

pharmacological properties and its bitterness. Several species of Swertia finds 

extensive use in folk medicine as an alternative, febrifuge and anthelmintic as well as 

a bitter tonic; they are known for their therapeutic potential against fever, cold, cough, 

stomachache, hepatitis, pneumonia, dysentery, scabies, spasm, pain, and malaria, and 

used as antidepressant, mutagenic, antipsychotic, tuberculostatic, choleretic, 

antioxidant, antiinflammatory and antidiabetic drug. In China, 30 species, of about 79 

species of genus Swertia, are well acknowledged in the folk traditional medicines 

(Tian et at., 2008) and about 13 species have been registered in the provincial book as 

folk medicine (Chen et al., 1999). 
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1.6.2 The species distribution 

Swertia chirayita [(Roxb. ex Fleming) H. Karst] is indigenous to temperate Himalaya 

and distributed from Afghanistan to Bhutan through Nepal, normally grows along 

1200-3000m as!. In India, S. chirayita is found in Kashmir, Himachal Pradesh, 

Uttaranchal, Darjeeling (1500-2500), Sikkim (1500m - 2900m), Arunachal Pradesh, 

and Meghalaya (!200m -1500m). In Bhutan, species grows between 1900m to 3000m 

as!. Its synonyms are Swertia chirata, Buch.-Ham., Ophelia chirata Griseb., 

Agathotes chirayita D. Don., Gentiana chirayita Roxburgh., Gentiana chirata Wall., 

and Gentiana jloribunda Don. In Sikkim, S. chirayita is known as chirowto, pothi 

chirowto, kalo chirowto, rato chirowto (Nepali); Rung kyen (Lepcha); and Titto 

(Bhutia). It is also called Chirayita, Charaita,. chirata (Hindi); .Charayatah, Chirayita 

(Marathi); Chirayatin (Gujarati); Chireta (Bengali), Nelabevu (Kannada); Chiaravata, 

Chiraita shireen (Urd_u), Qasabuzzarirah (Arab, Farsi); East Indian Balmony or Indian 

Gentian (English) and Viktaka (Sanskrit) etc.; in Nepal, it is known as Chirrato and 

Chiraita; and in Bhutan, it is known by the name Khalu due to its bitter taste. 

1.6.3 Plant morphology 

S. chirayita is about 3-5 ft tall triennial erect herb, with single stem bearing numerous 

branches but sometimes un-branched. However, in some cases in nature, S. chirayita 

grows up to 7ft under good habitat conditions (personal observation). The stems are 

robust, smooth, purplish red in colour; the lower portion is cylindrical while the upper 

portion is quadrangular containing easily separable yellowish pith. The leaves are 

sessile, opposite, lanceolate, acute, entire, 3-5 nerved; the lower leaves are much 

larger. The roots are yellowish, simple, short, stout, tapering, ca. 0.5 - lm long and 1 

- 1.5 em in thickness near the crown. Flowering in S. chirayita is in the form oflarge 

panicle, leafY, many flowered and the whole inflorescence is approximately 2 ft. long. 

Flowers are hermaphrodite, small, stalked, greenish-yellow, tinged with purple colour, 

rotate and tetramerous. The corolla is twice as long as the calyx and divided near the 

base into four ovate - lanceolate segments. The upper surface of the petal bears a pair 

of nectaries covered with oblong scales and ending as fringes. Capsules are small, 

ovoid-acute, unilocular, two-valved containing numerous minute seeds. The seeds are 
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many-sided and angular. S. chirayita has three years life cycle; in the first and second 

year, the plants remain in rosette form; however in the third year, plant grows 

abruptly, bears flowers, fruits and the plant totally senescence; in rare cases, S. 

chirayita completes its life cycle in three years (personnal observation). The whole 

process of flowering organ development to seed shedding completes within 6-7 

months from late June to mid December. The mode of pollination is the cross 

pollination (Koshoo and Tandon, 1963) as bumble bee, honey bee and other insect, 

particularly bee family, were observed collecting nectars from the flowers of S. 

chirayita; however, Chakraborty et al., (2009) emphasized it to be the self pollinator. 

1.6.4 Chemical constituents in Swertia chirayita 

Swertia chirayita is known to contain amarogentin, amaroswerin (Korte, 1955; Medda 

et al., 1999; Keil et al., 2000); xanthones derivatives likel,5,8-trihydroxy-3-

methoxyxanthone, 1-hydroxy-3,5,8-trimethoxyxanthone, 1-hydroxy-3, 7 ,8-trimethoxy 

xanthone, 1 ,8-dihydroxy-3,5-dimethoxy-xanthone, 1 ,8-dihydroxy-3, 7- dimethoxy 

xanthone, 1,3,6,7-tetrahydroxy xanthone C-2-~-D-glucoside (mengiferin), 1,3,8-

trihydroxy-5- methoxy xanthone, 1,3,5,8-tetrahydroxy xanthone and 1,3,7,8-

tetrahydroxy xanthone (Ghosal et al., 1973); chiratol (Asthana et al., 1991), 

swerchirin (Bajpei et al., 1991; Saxena and Mukherjee, 1992; Saxena et al., 1993), 

enicoflavine (Dalal and Shah, 1956), gentiamine, swertiamarin (Bajpei et al., 1971); 

syringareinol, sweroside, (Chakravarty et al., 1994) sweroside-2'-0-3", 5"-trihydroxy 

biphenyl-2"carboxylix acid ester (Chaudhury and Daniewshi, 1996), chiratol, 

gentianine, gentiocrucine (Purushothaman et al., 1973a,b ), swertanone, swertenol, 

gammacer-16~en-~-ol, 21-a-H-hop-22(29)-en-3-~-ol, taraxerol, ursolic acid 

(Chaiaavarty et al., 1991), swerta-7,9(11)-dien-3~-ol, lupeol, kairatenol, pichierenol, 

monohydroxy terephthalic acid, 2,5-dihydroxy terephthalic acid (Chakravarty et al., 

1992a), Kairatenol (Chakravarty et al., 192b), chiratenol (Chakravarty et al., 1990), 

oleanolic acid (Sharma, 1983; Yeung and Che, 2009), ~-amyrin, erythrodiol, 0-
taraxasterol (Sharma, 1982, 1983), episwertinol, chiratanin (Mandai and Chatterjee, 

1987), mangostin (Mandai, 1992); pentacosanoic acid (Srivastava et al., 2010). The 

herb is also known to contain ophelic acid (an amorphous bitter principle), chiratin 

(yellow bitter glucoside) discovered by Hohn in 1869. It also possesses resin, gum, 
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carbonates and phosphate of potassium, calcium and magnesium but does not contain 

tannin. (www.henriettesherbal.com/eclecticlkings/swertia-chir). 

1.6.5 Use of Swertia chirayita in Ayurveda 

The species bears high pharmacological importance; whole plant is used in traditional 

medicine; however the root is mentioned to be the most effective part. According to 

Lloyd (1911), "this drug has long been held in esteem by the Hindoos being 

frequently mentioned by Susruta. It first attracted attention in England in 1829 and 

was introduced into the Edinburgh Pharmacopoeia in 1839. The plant was first 

described by Roxburgh in 1814. However, there is no record of its introduction into 

Indian medicine or to its original usage is possible, other than that it is a gift of native 

medication and is described in Sanskrit writings". Its medicinal efficacy is officially 

registered and recognized in Indian pharmaceutical codex, the British and the 

American pharmacopoeias and in different traditional systems of medicines such as 

the Ayurveda, Unani and Siddha http://crdd.imtech:res.in/indipedia/index.php/ 

Chirayita). In Ayurveda, S. chirayita is described as bitter in taste (rasa: tikta), it is 

light and dry (guna: laghu, ruksha) because of which, it is easily digestible; it has 

cooling potency ( virya: shita) and produces pungent post digestive effect [ vzpaka 

(post digestive effect): katu (pungent)]. Ifact as raktasodhaka (blood purifier) and 

vranasodhana (wound cleaner). It alleviates kapha and pitta doshas (kaphapittahara), 

stimulates bile from the liver (saraka), relieves from sensation of excessive thirst 

(trishnasodham), alleviates burning sensation from the body (dahanut), it is useful in 
' 

respiratory discomfort and cough (shwas kasanut), alleviates skin diseases (kushtha 

pranut), can be employed effectively in edema and related conditions (shotha 

pranuta), and is useful in hemorrhoids and other problems of the anal region (arsha 

hara) [http://www.ayurvedicdietsolutions.com/Chirayata.php; 

http:/llogayurveda.com/plant-profiles/171-swertia-chirata.html]. The use of S. 

chirayita have been mentioned in Caraka Samhitha Sutra (an early ayurvedic text on 

internal medicine), the origin of which dates back to Maurya Period (3rd to 2"d 

Century BCE). In Charaka Samhita, Kiratatikta is referred to as jvaraghna 

(antipyretic) and stanyasodhana (lactodepurant). The name of the plant itself indicates 

the origin of plants from Kirata desa (country of the Kirantis). Over centuries it has 
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been used in Ayurveda as a bitter tonic, febrifuge and anthelmintic. 

(www.herbalcureindia.com/herbs/swertia-chirata). In ancient Indian literature, 

Miidhavachikitsii text, chapter Jvarachikitsii, one of the most important post Caraka 

Sushruta Samhita mentions effectiveness of S. chirayita in Jvara or fever (Mishra, 

2009). Plant is used separately or in combination with other herbs in Ayurvedic, 

Siddha, Unani, Tibetan and Chinese traditional medicine for treating different health 

problems. 

1.6.6 Medicinal importance of Swertia chirayita 

The whole plant of S. chirayita has long been used in India, and later has been 

introduced into Europe. Plant is used to treat fever, malaria, gastritis, scanty urine, 

hypertension, melancholia, hepatitis, cold, cough, intestinal worms, diarrhoea, 

stomachache, bronchial asthma, dyspepsia, debility, liver diseases, and is effective in 

curing gastric ulcers (Biswas and Chopra, 1982; Kirtikar and Basu, 1984; Rafatullah 

et at.; 1993; Rastogi and Srivastava, 1996), mental disorder (Chopra eta!., 1958) and 

arthritis (Kumar, P. et a!., 2004). S. chirayita is used in India to offer alcoholic a 

temporary distaste from alcohol (Lockhart, 1989). It improves and tones up the 

digestive system as a whole. The decoction or powder is beneficial in increasing the 

appetite and relieving the constipation. The decoction of S. chirayita ( chirata) and 

Eclipta alba (bhmgaraja) with honey controls hyperacidity. When taken along with 

camphor and shilajit, plant is effective in rheumatic diseases, syphilis and chronic 

fever. On taking the powder or decoction of S. chirayita with honey, it effectively 

controls vomiting sensation in pregnant women. However, if taken in large quantity, 

plant nauseates and upset the stomach. In India, this plant has been employed in 

intermittents and remittents, combined with the seeds of Guilandina Bonducella. It 

cari be used in number of forms as powder, infusion, tincture, or fluid-extract 

(www.herbalcure-india.com/herbs/swertia-chirata; 

www.henriettesherbal.com/eclectic/kings/swertia-chir). 

The whole plant is soaked in water overnight and the bitter juice is taken tonic the 

next morning during malarial fever; indigestion, worms in stomach especially in 

children (Pradhan and Badola, 2008). The decoction of the root is taken to cure liver 
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diseases; paste of the plant is also used in common ailments like cough, cold, asthma, 

headache and fever; the roots crushed and paste rubbed over joints for quick relief 

from pain; leaves warmed and paste prepared with mustard oil applied over boils and 

scabies. The whole plant is used to treat fever in swine and ruminants and to in 

stimulating the appetite in swine (www.divineremedies.com/swertia _ chirata). 

Concoction of chirata (S. chirayita) with cardamom (Ammomum subulatum), turmeric 

(Curcuma longa) and kutki (Picrorhiza kurroaa) is given for gastrointestinal 

infections, and along with ginger it is considered good for fever (Kirtikar and Basu, 

1984). When given along with neem (Azadirachta indica), manjishta (Rubia manjith) 

and gotu kola (Centella asiatica), it cures different skin problems. It is used in 

combination with other drugs in cases of scorpion bite (Nadkarni, 1976). The root of 

S. chirayita impart yellow colour to cotton and is used to dye linen (Jain and Tarafdar, 

1970). The anti-feedancy properties of S. chirayita against jute semilooper Anomis 

sabulifera (Malic et a/., 1985) and hairy caterpillar Spilosoma oblique (Sharma et al., 

1992) have been reported. The beverage industry has discovered an alternative bitter 

product from S. chirayita (i.e. used in the liquor industries to impart bitter flavour to 

mouth). 

1.6.7 Pharmacological properties of Swertia chirayita 

S. chirayita has blood sugar lowering (Mukherjee and Mukherjee, 1978; 

Chandrasekhar eta/., 1987; Saxena eta/., 1991, 1993, 1996; Saxena and Mukherjee, 

1992) or hypoglycemic (Chandrasekhar et al., 1990; Asthana eta/., 1991; Bajpai et 

a/., 1991; Banerjee et al., 1994; Kar et al., 2003) or anti-diabetic (Arya et al., 2010); 

anti-inflammatory (Mandai eta/., 1992; Chowdhary eta/., 1985, 1995; Banerjee et 

al., 2000; Kumar et al., 2002, 2003; Kumar, P. eta/., 2004); anti-hepatotoxic (Karan 

et al., 1999a,b) or hepato-protective (Chakravarty et al., 1994; Mukherjee et al., 

1997); anti-tuburculous (Komatsu eta/., 1971); anti-pyretic (Bhargava et al., 2009); 

anti-tumor (Balasundari et al., 2005); anti-fungal, anti-bacterial (Bhargava and Garg, 

2007); anti-malarial (Bhat and Surolia, 2001; Brahmachari et al., 2004); anti-oxidant 

(Balasundari eta/., 2005; Tripathi eta/., 2005; Kumar et a/., 2011 ); anti-carcinogenic 

(Lin eta/., 1996; Das et al., 2004; Saha et al., 2004, Saha and Das, 2010; Nawab et 

a/., 2011); anti-platelet, anti-viral (Verma eta/., 2008), anti-helmintic (Iqbal et al., 
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2006; Kekuda et al. , 2009); anti-cholinergic (Rafatullah et a!., 1993); anti-microbial 

(Alam et a/., 2009; Kekuda et a!., 2009), central nervous system depressant (Leslie 

and Chungath, I987; Srivastava et a/. , 20 I 0), analgesic (Alam et a!., 201 0), 

chemopreventive (Saha eta/., 2004), anti-arthritic (Kumar eta/. , 2002, 2003; Kumar 

P. et a/., 2004) properties. It can also reduce hyper-proliferation (Kar et a/., 2003; 

Reen et a!., 200 I; Tripathi et a!., 2005; Saha et a/., 2006). Medda eta/., ( I999) have 

reported the anti-leishmania! acti vity of the plant extract against Leishmania donovani 

in golden ham sters. The herb can also be used as natural larvicide (Balaraj u et al., 

2009) and possesses wound heal ing property (Manjunath et a/. , 2006). Ray et al. , 

( 1996) reported that the herb inh ibits the catalytic acti vity of topoisomerase I 

of Leishmania donovani . The efficacy of an oral formulation consisting of S. 

chirayita, Fumaria indica, Tephrosia purpurea, Sphaeranthus indicus and Zi::.yphus 

jujuba in treating scabies has been reported by Ali et al. , (2006) . 

1.6.8 Herbal and Ayurvedic preparations from Swertia 
chirayita 

The plant is practiced in the preparation of herbal drug: Diabegon, 0 -400, Chirayita 

tablet, GlucoBuster (anti-diabetic tablet) , DBCare (which lowers high blood sugar), 

Himoliv, and Melicon V (an herbal antiseptic and antifungal veterinary ointment). It 

is one of the ingredients in Kabdeen (a poly herbal non pharmacopoeial Unani 

formulation for treating viral hepatitis), Sudarshan churna (remedy for pyrexia), 

Chandra Prabati (the ayurved ic drug for curing cancer), Mahasudarsana churna, Palas 

abijadi chhurna, Kiratatiktadi kvatha, Bhunimbad i kvtha, Tikatapancaka kvatha, 

Kiratadi tai la, etc. Also, plant is one of the ingredients of Dermafex oil, Suvarna hair 

vitaliser and Sisa hair vitaliser for men (www. banlab.com!Healingherbs/chirayta), 

etc. 
1 7 OEC 2012 

1.6.9 Economic importance of Swertia chirayita 

S. chirayita is extracted both for domestic use as well as for the commercial benefits 

from different parts of the Himalaya (Dutta, 2004; Olsen, 2005; Anon ymous, 2008; 

Dhital , 2009). During 1992-93, 18 tonnes of S. chirayita was collected by the farmers 

• 241098 
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(Dhital, 2009). During 1997-98, amongst the top five harvested medicinal plants in 

Nepal, S. chirayita contributed 14.5% of the total trade, which was estimated to be 

9870 quintal as whole plant dry biomass (Olsen, 2005). The current market rate of 

raw dried S. chirayita is Rs. 300/kg (Nepal currency) in Nepal (Phoboo and Jha, 

2010). The local collector used to get Rs. 800/kg (Nepal currency) in the past in Nepal 

(Phoboo et a!., 2008); however, owing to adulteration, the rate has come down 

(Phoboo and Jha, 2010). Sikkim (India) had a figure of 3440 kg of S. chirayita trade 

from the wild during the year 1990-92 (Rai et a!., 2000), which provides a gloomy 

state of population loss of the species. Several instances of wild harvesting of S. 

chirayita in the state are in the record indicating the availability of illegal markets 

motivating harvesters to go for regular extraction of the species. For example, in 

2002, the forest official seized over 120 kg ofS. chirayita being smuggled from south 

Sikkim (India). In India, in spite of fluctuating price of the dry material, i.e. Indian Rs. 

286/kg in 2001, Rs. 148/kg in 2002, Rs. 118/kg in 2003 and Rs. 105/kg in 2004 

(Nagpal and Karki, 2004), the annual demand of S. chirayita increased by 10 percent, 

i.e. from 965.2 tonnes/year in 2001-02 to 1284.7 tonnes/year in 2004-05 (Chauhan, 

2006). The total revenue generated from S. chiraY,ita trade between 1997-98 to 2001-

02 was Rs. 2,96,025 in Arunachal Pradesh (Dutta, 2004) for which the West Kameng 

district forms the major centre of harvesting of S. chirayita marketed from the state. In 

order to meet out ever growing raw material demand of S. chirayita by the 

pharmaceuticals, the material is largely imported from adjacent countries like Nepal 

and Bhutan. A task force report on conservation and sustainable use of medicinal 

plants indicates that, in 1997-98, over 27.2 tonnes of S. chirayita (valued at over Rs 

2.3 million) was imported from Nepal. Gurung (2007) reports average annual import 

of 25 metric tons of S. chirayita from Nepal to India. Further, India had a demand of 

1,285.0 metric tons of S. chirayita in the year 2004-05 (Gurung, 2007). Another report 

reveals that over 60,000 kg to 1,00,000 kg of S. chirayita was being imported 

annually into the country (Chauhan, 1999). The disparity in the market prices has also 

been observed within the country. In general, the prices may fluctuate between Rs 

250/kg and Rs. 270/kg in different markets. A survey conducted by CERP A has 

shown an increase in the market price from 1997 to 2000 for S. chirayita. For 

example, in 1997-98, it was Rs 274/kg; in 1998-99, the price was Rs 282/kg, in 1999-
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2000, the price was Rs 300/kg, but a survey by FRLHT (Bangalore) in 2005-06 

revealed its price to be 200-225/kg in the country. Fluctuation in the market price of 
• 

S. chirayita as, Rs. 60-80/kg (Solan), Rs. 160-180/kg (Saharanpur), Rs. 200-230/kg 

(Dehradun); Rs. 230/kg (Amritsar), Rs. 165/kg (Delhi) is also reported by Butola and 

Badola (2008a) 

This clearly reveals that S. chirayita is a very important high value-high traded 

species. It can play significant role in upliftment of the status of the poor rural 

villagers. At the same time, it is not always possible to fulfill the growing 

pharmaceutical demands for the raw material supply of S. chirayita by collecting 

merely from the wild, but the only option is the ex-situ cultivation, which will not 

only check the in-situ extraction of the species but also help in conservation of the 

species (Badola and Pal, 2002) and its genetic diversity and minimizes the risk of 

adulteration. The local entrepreneurs can generate substantial income and may take it 

as a lucrative option for empowerment through ex-situ cultivation of S. chirayita. 

Reintroduction of the species produced through ex-situ means to its natural habitat 

will strengthen the efforts on recovery of the species in the areas which have faced 

extinction risk. The cultivation will help maintain its balance in nature as well as 

provide sustainable income to the villagers who uphold their life through its 

collection. Although, at present the livelihood dependency of people in Sikkim on 

medicinal plants does not seem to be substantial; nonetheless, there is clearly a scope 

for enhancing this dependence and the resource's conservation by large-scale 

cultivation and even domestication of the more valuable species likeS. chirayita. 

1.7 Rational of the study 

It is clear that Swertia chirayita is a very important high value and traded (domestic 

and global) and threatened species in Himalaya !illd under constant in-situ threats. It is 

used in multiple drug formulations in Ayurveda, Unani, Chinese, Tibetan traditional 

medicine as well as in pharmaceutical industries. The species plays significant role in 

upliftment and sustenance of life of the rural folks through in-situ harvesting and 

marketing in many parts of Himalaya. The disappearance of species from the nature 

may have huge impact on the traditional medicines, pharmaceutical industries and life 
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of the poor people who sustain lives through the collection of Swertia chirayita, as 

well as the wholesalers who makes huge profit from the species. Above all, the 

species make an important element of Himalayan biodiversity. However, still, the 

species is neglected; no proper evaluation on the exact status of its populations has 

been done. Also, no effort or meager effort have been undertaken to conserve the 

species both in-situ and ex-situ. The assessment of wild populations for their habitat 

niches and viability and identifying potential genetic bank and subsequently the 

development of conventional propagation protocol and field trials for both ex-situ 

cultivation as well as an aid to species recovering programme in its natural micro

habitats would be vital for the safe future of Swertia chirayita in Himalaya. 

1.8 Objectives of the study 

The present research is undertaken with the aim of evaluating the threat status and 

identifying suitable conservation measures for Swertia chirayita. The present research 

has been undertaken with the following objectives: 

l. Systematic assessment of Swertia chirayita for its status of prevalence and 

quantum of availability in nature, and identifying its habitat preferences. 

2. Identifying and assessing mor]lhological traits of plants in understanding their 

adaptive mechanism. 

3. Assessing natural populations for their propagation potential under laboratory and 

nursery conditions. 

4. Assessing effects of storage on seed germination potential. 

5. Determining appropriate pre-sowing chemical treatments to improve seed 

germination of the selected populations 

6. Determining appropriate substrate combinations for improved germination and 

vigorous seedling growth 

7. Assessing periodical phenology of selected populations under nursery conditions 

and in natural habitats, to understand devices for their adaptation and potentiality 

for species conservation. 

8. Developing sustainable harvesting techniques and conservation plan of Swertia 

chirayita. 
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