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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 

4 



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). 

11 



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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CHAPTER2 

The Study Area 

2.1 Physiography 

Sikkim is the 22nd state and 2nd smallest state of the Indian Union. The state has the 

total area of 7096 sq. km and is situated between 27°46' to 28°7'48" N Latitude and 

88°0'5" to 88°55'25"E longitude in the eastern Himalaya (Figure I). As an important 

trans-boundary landscape, it shares border with countries like Bhutan (ca. 30 km 

long) represented by Pangolakha range in the east; Tibetan Autonomous Region of 

China (ca. 220 km long) represented by Chola range in the east and Trans-Himalaya 

region in the north; and Nepal in the west (ca. lOOkm long) represented by Singhalila 

range; however, towards the south, Sikkim shares border of ca. 80 km with Daijeeling 

district (West Bengal) of the Indian Union which is segregated by three river system 

viz., Teestachu, Rangit chu and Rongpo chu. It stretches approximately 64 km from 

east to west and 114 km from' north to south. The altitude in Sikkim ranges between 

220m as! to 8598m as!. 

Sikkim is bounded by some of the world's most important mountain ranges which are 

interspersed with numerous passes (La) connecting it to the neighboring countries. 

These passes are Jelep La (ca. 4300m as!), Nathu La (ca. 4300m as!), Cho La, Bhutan 

La (ca. 4000m as!) in the east; Dongkia La (ca. 5500m as!), Kongra La (ca. 5200m 

as!), Chorten Nyima La ( C!l. 5800m as!) in the north; and Chuwa Bhangyang (ca. 

3200m as!) in the west. Sikkim is a state of mountainous terrain with cliff, deep 

gorges and the valleys. World's third highest mountain, Mt. Khangchendzonga 

(8,598m) is situated in Sikkim. Other important high mountains with above 6000m 

altitude in Sikkim are Mt. Siniolchu, Mt. Pandim, Mt. Kabru, Mt. Tinchenkhang, Mt. 

Rathong, Mt. Kokthang, Mt. Kanglakhang, Mt Paunhari, Mt. Pandim, Mt. Talung, Mt. 

Simvo ~d Mt. Jonseng. The peaks with little iesser altitude than 6000m are Mt. 

Masunyange, Mt. Yabukjakchen, Mt. Narsing and Mt. Lamaongden. 
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There are 84 glaciers in Sikkim; the most important of which are Zemu glacier 

(largest glacier in Sikkim; ca. 26 km long), Rathong glacier, Zum-thul Phuk glacier, 

Onglathang glacier, Tasha Khang glacier, Lhonak glacier, Hidden glacier, Talung 

glacier, Tista Khangse glacier, North Lhonak glacier, South Lhonak glacier, etc. The 

water from these glaciers is discharged into two major river systems in Sikkim, Tista 

and Rangit which is considered as the life line of Sikkim. Tista originates from Tista 

Khangse glacier in the north-eastern part of north Sikkim and Rangit has its origin 

from Rathong glacier in the wester.n part of Sikkim; however, both the river systems 

takes its course towards southern direction .. The major tributaries of river Tista 

include Lachung chu, Zemu chu, Bakcha chu, Rangpo chu, Dikchu chu, Rangyong 

chu; at the same time, Tista receives water from many other tributaries also. Similarly, 

river Rangit receives water mainly from Rathong chu, Kalej khola, Relli chu and 

Rangbhang khola. There are about I 04 small and big rivers and streams in Sikkim. 

Sikkim has more than 227 lakes and wetlands and numerous hot springs located along 

different altitudes. Majority of these lakes and hot water springs are confined to high 

altitudes areas. Some of the high altitude lakes include, Tso Lhamu, Gurudongmar, 

Dudh Pokhari, Tsomgo, Samiti, Lam pokhari, Menmecho, etc. Similalry, the 

important hotsprings in Sikkim are Phur-tsa-chu, Yumay samdomg or Marney 

samdong, Yumthang, Ralong-tsa-chu, Borong, etc. 

2.2 Geology 

Major portion of the Sikkim Himalaya is in the Lesser and Greater Himalayan zone; 

however, Sikkim is located in eastern part of the Indian Himalayan Region, and is 

covered by Precambrian rock assumed to be much younger in age. Sikkim is 

considered as a young mountain system, still in the process of formation, with highly 

folded and faulted rock strata at several places. The mountain system in Sikkim 

generally runs in east-west direction, while the chief ridges run in more or less north

south direction. The northern portion of the state is deeply cut into escarpment, while 

the southern portion is comparatively open which is basically due to the direction of 

the main drainage (southern). The northern, eastern and western portion of the state 

constitutes of hard massive gneissose rocks which are capable of resisting denudation; 
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however, the central and southern portion constitutes of soft, thin, slate and half

schistose rocks which are highly susceptible to weathering. Owing to the presence of 

gneissic group of rock in Sikkim, the soil represents brown clay type and is generally 

shallow and poor. Soil is coarse-loamy to fine-loamy in texture, contains large amount 

of iron oxide,_ neutral to acidic in nature and very poor in mineral content, while it is 

rich in organic content. In fact, voer 50 percent of the land is barren and inhospitable 

in Sikkim. In many places, the soil is good for the crops; it is sandy alluvial in the 

lower regions and black, white or red in the higher hills. 

2.3 Climate 

Sikkim has a peculiar climatic condition which varies from tropical heat in the lower 

valleys to the freezing cold in the higher altitudes. State is basically divided into: sub

tropical humid type (upto 1500 m as!), semi-temperate type (1500 m as! to 2000 m 

as!), temperate type (2000 m as! to 3000 m as!), alpine snow forest type (3000 m as! 

to 4000 mas!), alpine meadow type (4000m as! to 6000m as!), and arctic type (above 

6000 m as!) [Chaudhury, 1998]. The zone above 6000 m as! remains permanently 

snow covered throughout the year due to its closeness to the tropic of Cancer; 

however snow comes down upto 2500 m as! during winter. 

Sikkim Himalaya is presumed to be the most humid place in the entire Indian 

Himalaya because it is situated very close to Bay of Bengal and is directly exposed to 

moisture laden southwest monsoon. Sikkim is one of the rainiest regions in India as it 

comes direct on the path of the monsoon clouds; nonetheless, the rainfall varies with 

varying altitude. Sikkim receives rain from mid-February to early-November, but, the 

intensity is higher during late-May to early-September. The monsoon normally occurs 

from June to August, of which July is the wettest month of the year receiving total 

rainfall upto ca. 5000 mm (Pangthang, east Sikkim), which is the highest in the 

eastern Himalaya. The downpour is very less in the northern part of Sikkim because 

the monsoon cloud dries out by the time it reaches the northern barrier. 

The temperature is not uniform in the state due to variability in the altitude. At lower 

altitudes (220 m as! to 1500 m as!), the temperature varies between 6°C and 35°C; 
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moderate altitude (1500 m as! to 2000 m as!) experiences temperature between 2°e 

and 26°e; and the altitudes between 2000m as! and 3000m as! experiences 

temperature between 0°e and 15°e. At altitudes between 3000m as! and 4000 m as!, 

the temperature drops below freezing point during winters and at altitudes above 4000 

m as!, the temperature drops down below freezing point almost every night and the 

temperature goes below -40°e during winter. The relative humidity remains above 

70% throughout the year in most part of the state. 

2.4 Flora 

Sikkim is a part of the Indo-Burmese biodiversity hotspot and has unique 

geographical features having wide range in altitude, high precipitation, etc., which 

makes it a home to a rich diversity of flora and fauna from tropical region to arctic 

region which differs from valley to valley. The state has 46 percent of its total 

geographical area under the forest cover harboring approximately 4500 species of 

flowering plants (26 percent of the country). There are a record of over 450 tree 

species, 36 species of rhododendrons, 500 species of medicinal plants, 523 orchid 

species, 362 species of fern and its allies, 8 tree fern species, 11 oak species, 16 

conifer species, 23 bamboo species, 60 primula species and 150 species of wild edible 

plants. Sikkim is famous for its orchids and rhododendrons and harbors 72 percent of 

the rhododendron species of the country. For having various potential bio~ogical 

resources, Sikkim offers greater possibilities for nature based entrepreneurships to 

people (Badola and Aitken, 2010). 

On the basis of variability in altitudes, Sikkim is divided into three different 

vegetation zones, tropical, temperate and alpine with their distinguishable plant 

species composition. For example, the tropical regions (220m as! to 1500 mas!) are 

covered with the forests of Shorea, Adnia, Dalbergia, Dillena, Artocarpus, Ficus, 

Bahunia, Litsea, Terminalia, Schima, Syzgium, Engelgardtia, Castanopsis, Pandanus, 

Cythia, Michelia; Saurauia sps, etc. Apart from these, several varieties of orchids, 

laurels, bananas are available in this region. In the temperate regions (1500 m as! to 

4000 m as!), forests comprises of Alnus nepalensis, Acer, Betula, Magnolia 

campbellii, Rhododendron, Larix, Berberis, Michelia, Engelhardtia spicata, Quercus, 
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Nyssa sessiliflora, Abies densa, Tsuga dumosa, Larix griffithiana, Taxus baccata, etc. 

Besides, numerous species of herbs of medicinal importance such as, Aconitum, 

Podophyllum, Picrorhiza, Rheum, Swertia, Nardostachys, Polygonatum, etc., are 

found in this zone. The Alpine region ( 4000 m asl to 6000 m asl) consists of shrubs 

and scrubs of rhododendrons, junipers, etc. In addition, there exists various species of 

Primula and Mecanopsis. The altitude above 6000 m asl remains permanently under 

snow cover. 

Sikkim harbours several endemic floral species, viz. Acronema pseudotenera, 

Anaphalis cavei, Anemone demissa, Coelog;me treutleri, Mahania sikkimensis, 

Podophyllum sikkimense, Rhododendron sikkimense, etc. The species of the eastern 
' 

Himalaya endemic to Sikkim includes Abies densa, Betula uti/is, Larix griffithiana, 

Rhododendron baileyi, Rhododendron camelliiflorum, Rhododendron ciliatum, 

Rhododendron glaucophyllum, Rhododendron grande, Rhododendron lanatum, 

Rhododendron lindleyi, Rhododendron wallichii, Rhododendron wightii, etc. The 

endemic orchid of Sikkim includes Bulbophyllum trichocephalum var.capitatum, 

Calanthe anjanii, Calanthe yuksomnensis, Cremastra appediculata var. sonamii, 

Cymbidium whiteae, Dendrobium eriiflorum var. sikkimensis, Pantlingia paradoxa, 

etc. For its floral richness, several botanical explorations have been conducted in 

Sikkim by famous botanist and naturalist all over the world including Sir J.D. Hooker, 

Sir G. King, C.B. Clarke, G.H. Cave, W.W. Smith, and J.M. Cowan who accounted 

their collection in different books. 

2.5 Fauna 

The beauty of variety of plant diversity in Sikkim is further enhanced multifold by the 

availability of wide variety of faunal components, which include 150 mammal 

species, 552 bird species, 690 butterflies and 1500 moth species, 29 reptile species, I 0 

amphibian species, and over 48 fish species. 

Amongst most important and rare animals found in Sikkim, the Snow leopard, Red 

Panda, Musk deer, Barking deer, Himalayan Thar, Goral, Blue sheep, Serow, Gazella, 

Tibetan wolf, Himalayan black bear, Clouded leopard, Leopard cat, Jungle cat, 
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Himalayan marmot, etc. are prominent. Many of these species are now listed in tlie 

IUCN red data book. Some of these animals are now included in the list of schedule I 

species of the Wildlife (Protection) Act, 1972 and are given special protection which 

includes Blue sheep, Clouded leopard, Himalayan Thar, Musk deer, Red Panda, etc. 

With regard to the bird species diversity, Sikkim represents highest bird richness in 

terms of total geographical area. About 50 percent of the bird species of the Indian 

sub-continent (1400 species) are present in Sikkim. Nevertheless, bird species like 

Blood Pheasant, Crimson homed Pheasant, Forest eagle owl, Himalayan golden eagle, 

Mona! Pheasant, Lammergeyer, Tibetan snowcock, etc., have been listed in schedule I 

· of the Wildlife (Protection) Act, 1972; bird species like Black naked Crane, 

Himalayan Griffon, Tibetan Snowcock, Snow Partridge, Snow Pigeon, Snow Finch, 

Mountain Finch, etc., have become endangered in Sikkim. 

2.6 Protected Area Network 

With a view to conserve the rich biodiversity, wide areas of Sikkim have been 

included in the protected area network. There are 8 protected areas in Sikkim viz., 

Khangchendzonga Biosphere Reserve, Fambong Lho Wildlife sanctuary, Kyongnosla 

Alpine Sanctuary, Barsey Rhododendron Sanctuary, Maenam Wildlife Sanctuary, 

Singba Rhododendron Sanctuary, Kitam Bird Sanctuary and Pangolakha ·wildlife 

Sanctuary covering 46.93% of the total geographical area). 

2.7 Social profile 

As per the official Provisional Population Census 2011, the population of Sikkim is 

approximately 0.61 million (0.05% of the total population of the country) with 0.32 

million male population and 0.29 million female population. The gender ratio of 

females per 1000 males is 889; the state has overall literacy rate of 82.20% (male: 

87.30%; female 76.53%). The overall density of the population in the state is 86 per 

sq. km. East district, especially the capital, Gangtok being cosmopolitan, is the most 

populated while north district is the least populated. There are mainly three ethnic 

communities in Sikkim, viz., Nepali, Bhutia and Lepcha; however, many other 

communities from different parts of India have made their way to Sikkim and are 
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mostly involved in trade and other related works. Nepali constitutes more than 50 

percent of the total population of the state as it includes many sub-communities, 

followed by Bhutia and Lepcha. There are three official languages spoken in the state: 

Nepali, Bhutia (Sikkimese) and Lepcha; however, Nepali has become the lingua 

franca of the state and English as the medium of education. Other languages spoken in 

Sikkim include Hindi, English, Gurung, Limboo, Magar, Rai, Sherpa, Tibetan, 

Tamang, etc. Hinduism and Buddhism are the main religion followed by the people of 

Sikkim; nevertheless, Sikkim also has a small population of Christians and Muslims. 

2.8 Economic profile 

Sikkim is an agrarian state. Agriculture forms the backbone of the economy of the 

state and animal husbandry forms an integral part of majority of the household in 

Sikkim (Badola, 2009). The people practice mixed farming. The major cash crops 

grown in the state are cardamom and zinger; the state is the largest producer of large 

cardamom and has the largest area under cardamom cultivation in India. Besides, 

people grow potatoes, mandarin, guava, kiwi fruit, passion fruit, maize, paddy, finger 

millet, mustard, barley, wheat, and other vegetables; however, the production is still at 

low level and yet to reach the commercial level. Beside, small area in South Sikkim 

has tea plantation which is rated very high in the international tea market. 

In Sikkim, livestock farming comprise of cattle, sheep, pigs, goats, poultry, yak, etc. 

depending upon the altitude which plays a significant role in the economy of the rural 

household. Tourism is the major upcoming industries in Sikkim which has increased 

the revenue. of the state multifold times. The state is one of the most important 

destinations for nature, cultural and religious tourism. The other main industries in 

Sikkim are distilleries, breweries, pharmaceuticals, juice factory, etc. Also, there are 

multiple small scale industries in Sikkim which are important in boosting the 

economy of the state. Apart from these, upcoming several small and big Hyde! power 

projects will be another main source of revenue to the state. There exists several 

minerals such as, copper, zinc, lead, coal, quartzite, dolomite graphite, etc., which are 

mined from Sikkim. 
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Figure I. Location map of Sikkim 
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CHAPTER3 

Review of Literature 

3.1 Introduction 

Human dependence on the traditional medicine to cure various diseases is an age old 

practice. Even now, majority of the people especially from developing countries 

(80%) largely depends on the traditional medicine for their primary health care needs 

(IUCN 1993; WHO 2002; Badola and Aitken, 2003) for several reasons such as low 

cost, easy availability, high efficacy, non-occurrence of side effects, environmental 

friendliness, lasting curative properties, etc. Being highly effective, the 

pharmaceutical industries liave diverted their attention towards deriving basic 

compositions from traditional medicines to prepare modem drugs, the source for 

which is the medicinal plants. Dhar eta!., (2000) reviewed that ca. 175 species (most 

of them are threatened) of medicinal plants from the Indian Himalayan Region (IHR) 

are used for the preparation of over 316 drug formulations. With increasing human 

population, several new diseases have emerged leading to the discovery of new 

medicinal drugs thereby increasing the demand for the raw materials. This resulted in 

unprecedented harveting pressure on many of the high value medicinal plants in their 

natural habitats, as 90% of the raw material demands of the pharmaceuticals are met 

from the wild, leading to over exploitation of the existing resources. Un-scientific and 

unsustainable over-harvesting in the wild has caused severe damages to the quality 

and quantity of natural populations of medicinal plants, thereby accelerating the threat 

of their extinction and/or loss or genetic diversity (Badola and Aitken, 201 0). The 

over extraction have resulted in wiping out of the entire populations of many of the 

important species from the nature in many parts, due to which, it has become very 

difficult for the pharmaceutical companies to obtain the required amount of raw 

materials as the demands for medicinal plant species have increased by 50%, whereas 

their availability in nature has declined by 26% (Anonymous, 2001). To overcome 

these problems, the pharmaceutical sector has substantially increased the prices for 

the raw materials, thus aggravating the extraction pressure, leading to non-recoverable 
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damage to the biodiversity, as many species have already shown sign of extinction 

and many are assessed as threatened. This has forced the biodiversity scientists all 

over the world to come together and raise concern over the declining populations of 

the rare medicinal plants and finding ways to conserve endangered medicinal plant 

species (Badola and Pal, 2002). Therefore, the conservation of these high value 

threatened medicinal plants has become the priority of the environmental policies in 

many countries (Zhang et al., 2010; Badola, 2009). Thus the need of the hour is to 

assess the availability and distribution pattern and identification of the suitable 

habitats of the threatened medicinal plants in the wild, and equally important to 

develop suitable propagation and mass multiplication protocols, strengthening both 

in-situ and ex-situ conservation of prioritized Himalaya taxa, such as Swertia 

chirayita (Badola and Pal, 2002). 

This review of literature tries to look into the findings of the studies made on the 

medicinal plants from Indian Himalayan region and other parts of the world on the 

aspects falling within the objectives of the present study. 

3.2 Population assessment and habitat characteristics 
of medicinal plants 

The population assessment has been identified as an important tool for the prediction 

of extinction risk and the future population size (Guedje et al., 2003) of the important 

plant species. In addition to assessing resource availability, the micro-habitat 

assessment is very important which helps in determining performance of the species 

under different growing conditions and provides vital information on the specialized 

ecological requirements of the species (Badola and Pradhan, 201 Oa,b; Uniyal et al., 

2002b ), which is crucial for developing conservation management strategies and 

suitable agro-techniques for cultivation of the important plant species (Shrestha and . 

Jha, 2008). Assessment of the site specific populations with those covering micro

habitats will strengthen conservation approaches for threatened plant species, 

especially at in-situ level, which further may provides clues for taking not only elite 

populations but the type of potential micro-habitats within the targeted sites for their 

management. Successful conservation and management planning of the threatened 
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plant species also depends on the insight of the effect of the natural or man-made 

change on habitat (Hegland et al., 2001), their ecological requirements, status of the 

existing populations (Kalliovirta et al., 2006) and identification of the superior 

germplasm, etc. Moreover, the identification of potentially viable populations 

provides an opportunity to conserve the important medicinal plants through various 

propagation methods (Bisht et al., 2006; Butola and Badola, 2006a). 

In recent years, several studies covering population structure and habitat assessment 

of threatened medicinal plants have appeared from different localized parts focusing 

either on single taxa or a group of taxa from IHR, Western Ghat (India) and other 

regions. Bhadula et al., (1996) through their study in 6 populations revealed restricted 

distribution and small population size of Podophyllum hexandrum in Garhwal 

Himalaya. Furthermore, their long term observation revealed decrease in population 

size as well as disappearance of the species from some of the populations. Airi et al., 

(1997, 2000) assessed the status of P. hexandrum and Nardostachys jatamansi in 

western Himalaya applying vertical belt transect method using stratified random 

quadrats. They recorded very low availability as well as patchy or scattered 

distribution of P. hexandrum in all the populations and high availability of N. 

Jatamansi on the west facing on dripping moss-laden rocks and moist boulders. They 

concluded N. jatamansi to be restricted to some specialized habitat and are subject to 

destructive harvesting, in addition. Nautiyal et al., (2003a) evaluated the threat status 

of Nardostachys jatamansi in the Garhwal Himalaya and found that the species had 

restricted distribution in small pockets and are vulnerable. They also pointed out that 

the species .performing well on moist, rocky or boulder habitat with nch organic 

content. 

The population structure of Angelica galuca in western Himalaya and part of Trans

Himalaya applying different quadrat approach (Bisht et al., 2006), disclosed the low 

density of the species in all the 8 populations studied, with random distribution in 

63% of the total sites. Vashistha et al., (2006) reported very low availability of A. 

glauca and A. archangelica in Garhwal Himalaya and categorized them as critically 

endangered to endangered and stressed on immediate conservation initiative. Nautiyal 
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et al., (2004), Bhatt et al., (2005a) and Giri et al., (2008) divulged increasing habitat 

disturbance with time leading to decline in population of Dactylorhiza hatagirea in 

Garhwal Himalaya and western Himalaya regions. For Himachal Pradesh, a study 

assessed and reviewed the conservation status of 17 high value threatened medicinal 

plant species by taking habitat, quantitative availability in nature and known 

conservation status (Butola and Badola, 2008a). 

Bhatt et al., (2007) revealed the low availability of Swertia angustifolia in Kumaon 

Himalaya; they recorded random distribution of the species; however had high 

frequency of occurrence and good performance of the species on the southeast facing 

dry slope under the canopy. Small population size and patchy or scattered distribution 

was attributed to the habitat degradation in Gaultheria fragrantissima in Dmjeeling 

region (Bantawa and Monda!, 2008). Very low density and frequency percent was 

assessed for Malaxis muscifera, a medicinal orchid in Garhwal Himalaya, attributing 

to several reasons, viz., over collection, poor regeneration, low seed germination and 

seedling establishment, habitat loss, grazing, forest fire, competition, etc, and 

suggesting the species as rare and adapted to specific microhabitat condition, i.e., 

moss-laden moist slope (Chauhan et al., 2008). 

Duchok et al., (2005) studied the impact of disturbance in the form of fruit/seed 

harvesting, firewood collection, etc., on population structure and regeneration of 

Illicium grifjithii, a medicinal tree from the eastern Himalaya. Their study disclosed 

low regeneration of the species as well as decreasing number of adult individuals. 

Similarly, Laloo et al., (2006) studied the status of four important medicinal tree 

species viz.,-Camellia caduca, Cinnamomum pauciflorum, Erithroxylum kunthianum 

and Picrasama javanica in eastern Himalaya. They recorded high regeneration of all 

the four species in disturbed sites; however, its conversion into sapling was highly 

affected. 

The availability and habitat preferences of different medicinal plants in the Kumaon 

Himalaya and the western Himalaya indicated their species specific habitat 

requirement (Uniyal et al., 1998, 2002). Kala (2000) studied the distribution pattern, 
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population structure and conservation status of rare and endangered medicinal plant 

species in Spiti sub-division of Himachal Pradesh in the Indian trans-Himalaya. He 

recorded the localized and patchy distribution of 23 rare and endangered medicinal 

plants distributed over 10 major habitat types. He also observed the large differences 

in the number of rare and endangered medicinal plant species within six different 

zones and the species number was high in areas close to the Great Himalayan range. 

In determining the population status of Aconitum balfourii, A. heterophyllum and A. 

violaceum in Garhwal Himalaya, Nautiyal et al. (2002) recorded fragmented 

distribution in A. balfourii and A. heterophyllum due to specific habitat requirement 

and uninterrupted harvesting, while good availability in majority of populations in A. 

violaceum. Very low density of the targeted medicinal plant species in Kedarnath 

Wildlife Sanctuary was assessed and attributed to the species specific habitat 

requirements, restricted distribution and high pressure, legal and illegal exploitation 

etc. (Semwal et al., 2007); the study further highlighted the positive responses of the 

species to the conservation effort. 

Remarkable impacts of habitat disturbance as well as unsustainable harvesting 

technique on the distribution, availability and regeneration of the important medicinal 

plants in Gyasumdo valley, Nepal were reported (Ghimire et a!., 1999). In Aconitum 

naviculare and Neopicrorhiza scrophulariiflora habitat assessment study revealed that 

the populations of either species were fragmented and small with complete absence of 

A. naviculare from the open habitat, confining to alpine scrub due to collection and 

livestocks trampling; whereas, for N scrophulariiflora, receding of the glacier was 

the emerging.threat to its habitat (Shrestha and Jha, 2008). Assessing the high density 

of A. naviculare in Manang district (Central Nepal), a study reported the disturbance 

intensity dependent variability in plant availability amongst the populations, as the 

populations were either fragmented or confined to single patch and more common in 

open areas than within the patches of shrubs (Shrestha and Jha, 20 I 0). Duraisamy and 

Paulsamy (20 I 0) observed the variations in population density of six medicinal plant 

species from Nilgiri hills; very low density was related to the severity in climatic 

condition and illegal exploitation. 
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The review of literature discloses that there is hardly any publication on the 

systematic evaluation of Swertia chirayita in its natural habitats, except Bhatt eta!., 

(2006) who assessed availability of S. chirayita in 5 populations from central 

Himalaya. They accounted very low availability of the species in the area which were 

. randomly distributed in 3 populations and showed regular distribution in 2 

populations. Semwal et a!. (2007) found the localized distribution of S. chirayita 

restricted to single habitat in entire study area in Kedarnath Wildlife Sanctuary, 

central Himalaya. A complete lack of substantial population data poses a question on 

a perceived estimated assessment in categorization of S. chirayita under endangered 

or vulnerable category. Nevertheless, maximum studies on the medicinal plants are 

conducted either in the central or the western Himalaya region of the IHR; however, 

meager efforts have been made on the assessment on the availability and habitat 

characteristics of the important medicinal plant from the eastern Himalaya region of 

the IHR, including S. chirayita. In this research, an attempt has been made to assess 

the availability of S. chirayita covering 22 populations covering all the four districts 

in Sikkim, India. Further, its suitable microhabitat have been identified which will be 

useful in species recovery programme for the conservation of S. chirayita. 

3.3 Morphological variations amongst populations 

Habitat degradation results in fragmentary and isolated distribution of the plant 

species which may develop different morphological and physiological characters in a 

plant (Ouinsavi and Sokpan, 2010). In such fragmented and isolated natural plant 

communities, a reduced gene flow level consequently leads to the loss of genetic 

diversity thereby increase the extinction risk of important plant species (Ouinsavi and 

Sokpan, 201 0). In addition to altitude and seasonal variation (Stech and Tesitel, 

2005), adaptation to varying climatic and habitat conditions may also be reflected 

upon the variability in morphological characters viz., plant height, numbers of 

branches, scent and colour of flower, number, shape and size, pigmentation of leaves, 

etc., the study of such variation has become significant in conservation biology. 

Assessing variability in plant morphology is the traditional way of determining 

diversity within and amongst plant populations (Bayorbor et a!., 2010). Different 

populations of a plant species may exhibit noticeable inter and intra variations 
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(Bhadula et al, 1996) and identifying such morphological variation, specific to each 

targeted taxa, may have high importance in identifying superior gerrnplasrn in 

conservation programme (Badola, 2002) and can easily be identified in the field. 

Considerable amount of work . is available on the assessment of morphological 

variatiosn amongst plant population (Davis and Gilmartin, 1985; Van, 1992; Cordell 

eta!., 1998; Ralph eta!., 1998; Allen eta!., 1996; Casas eta!., 1999; Krishnan eta!., 

2000; Lynn and Waldren, 2001; Ojeda eta!., 2001; Sapir eta!., 2002; Bruschi, 2003; 

Ellison et al., 2004; Puijalon and Bomette, 2004; Karam eta!., 2006; Del et al., 2007; · 

Tesitel and Stech, 2007; Pavlova, 2009; Serebryanaya and Shipunov 2009; Thiebaut 

and Nino, 2009; Bayorbor et al., 2010; Ouinsavi and Sokpan, 2010). Yet, few 

scattered liter~tures are available with regard to assessment of morphological 

variation (plant architecture) in medicinal plants. 

Inter and intra variation in plant morphology, viz., plant height, leaf characteristics, 

fruit weight, seed weight, seed colour, etc., in different populations of P. hexandrum 

from Garhwal Himalaya is reported and related to growing conditions (Bhadula eta!., 

1996). Similar variations in morphological characters such as, number ofleaves/plant, 

leaf shape, etc., in P. hexandrum was observed by Sharma et a!. (2000). Vriations in 

plant morphology viz., plant height, stern diameter, rhizome length, rhizome diameter, 

leaf area, etc., in the same species from Kurnaon Himalaya has been reported (Airi et 

a!. 1997). The inter-population variation in plant morphology has also been reported 

in Aconitum atrox (Kuniyal et al., 2002). To identify the suitable gerrnplasrn for 

domestication, Nautiyal et al. (2003a) evaluated the morphological characters of 

Nardostachys jatamansi from 6 populations from Garhwal Himalaya. They found the 

availability of superior gerrnplasrn on moist rocky or bouldery habitats with rich 

carbon and nitrogen contents . 

Morphological variation in Astilbe rivularis and Plantago major amongst population 

in Dm:jeeling Himalaya indicated the decrease in leaf length and width, stern length 

and diameter, and root length and diameter with increase in altitude in P. major and 

noticed variation in recorded morphological parts in A. rivularis (Chettri eta!., 2005). 
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Vashistha eta/. (2006) observed significant difference in morphological characters in 

both Angelica glauca and A. archanglica from Garhwal Himalaya and recorded 

superior germplasm of both the species on moist habitats with rich humus content. 

By examining the morphological variations in populations of Picrorhiza kurrooa from 

Garhwal Himalaya, Purohit H. et al. (2008) presumed that in addition to microhabitat 

conditions, soil nutrient plays a significant role in determining variability in plant 

morphology. 

On the basis. of morphological assessment of Gaultheria fragrantissima, Bantawa and 

Monda\ (2008) concluded the population of Maneybhanjyang, Daljeeling to be 

superior germplasm compared to other assessed populations and can be commercially 

exploited. Significant variations among the genotype in Andrographis paniculata 

were observed, indicating maximum variation in leaf colour Sharma S.N. et a/., 

(2009). Morphological characters of Acacia caesia var. cdesia from different 

populations from Western Ghat revealed that the. arid condition suppresses the 

vegetative growth but enhances reproductive ability in plant species (Satishkumar et 

al., 2010). However, for the morphological variability amongst 28 populations in 

Prunella vulgaris in China, geographical isolation was not the only contributing factor 

(Liao eta/., 201 0). 

The above information reveals that not much work has been done in this regard in 

case of medicinal plants from north-east Indian states including Sikkim, and for S. 

chirayita, no literature on the assessment of morphological variation amongst natural 

populations is available, except Raskoti and Shakya (2004) from Nepal. At 

international level also, such studies on medicinal plants are missing except few from 

China. The current effort targets to assess the existing variation in morphological 

characteristics amongst different populations of S. chirayita in Sikkim (India). 
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3.4 Propagation of medicinal plants under laboratory 
condition 

3.4. 1 Effect of microhabitat, light and temperature on seed 
germination 

Seed germination in the field conditions is strongly influenced by internal as well as 

external environmental factors (Baskin and Baskin, 2001) including seed traits and 

microhabitat conditions (Kitajima, 2007) Seed responses greatly varies depending on 

the type of microhabitat it is exposed too (Navarro and Guitian, 2003), because some 

microhabitat may offer better condition than others, while some provide appropriate 

condition at different times (Bisigato and Bertiller, 1999; Guariguata, 2000; Nilsson et 

al., 2000; Oleskog and Sahlen, 2000; Isselstein et al., 2002; Castro et a/., 2005). In 

addition, the temperature, light and soil humidity greatly impacts the seed germination 

and seedling establishment (Baskin and Baskin, 1988). The optimal growth response 

and development in plants depends on the amount of light they receive (Maloof et a/., 

2000). 

In natural habitats, several monitoring of seedling emergence as affected by the 

microhabitats (Eckrt et al., 1986; Smith and Capelle, 1992; Caccia and Ballare, 1998; 

Ibanez and Schupp, 2002; Castro, 2006; Gul et a/., 2007; Sharma et al., 2009; Yu et 

al., 2009) and the effect of light and temperature on the seed germination/seedling 

emergence (Jensen, 1973; Thompson et a/., 1977; Ellis, 1980; Probert et al., 1985; 

Washitani and Saeki, 1986; Tooren and Pon, 1988; Meyer eta/., 1989; Dickie et al., 

1990; Bai and Ramo, 1995; Baskin eta!., 1995; Navarro and Guitian, 2003; Pinheiro 

and Borghetti, 2003; Zaddy et al., 2003; Godoi and Takaki, 2004; Sugahara and 

Takaki, 2004; Ren et a/., 2005; Tilki and Cicek, 2005; Albrecht 2006; Cicek and 

Tilki, 2006; Serrano-Bernardo eta/., 2007; Yilmaz and Aksoy, 2007; Kandari eta/., 

2008; Simao and Takaki, 2008; Socolowski et al., 2008; Silveira et al., 2010; Vieria 

et a/., 201 0) are reported from other regions. In India, especially on Himalayan 

medicinal plants, insufficient attention has been given on those aspects. Amongst few, 

Sultan et al., (2006) studied the effect of light on the seed germination of 

Podophyllum hexandrum; Kandari et a/., (2008) observed the effect of temperature 
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and light on the seed germination of Arnebia benthamii; and Sharma et a!., (2009) 

studied the effect of microhabitats on seedling emergence of Cinnamomum tam ala in 

natural habitat. 

Extensive review of literature revealed that not much work on this aspect of 

microhabitat, light, temperature effect on the seed germination in medicinal plants, 

especially on S. chirayita have been carried out so far. 

3.4.2 Effect of storage period, storage condition and storage 
temperature on seed germination 

For the sustenance and conservation of threatened medicinal plant resources in nature, 

it is imperative to have knowledge on seed biology (Vazquez Yanes and Orozco

Segovia, 1993). Studies have suggested that the seed germination varies within and 

amongst the populations, and understanding on such variability offers useful clues on 

the genetic make-up of the species and its existence in the natural settings (Baskin and 

Baskin, 2001). Seeds do not emerge immediately after ripening and seed sowing 

immediately after harvesting is very rare (Oneykwelu and Fayose, 2007), the process 

follows drying and storage at least for some period of time. Many plant species do not 

develop seeds every year, hence, the seed storage serve as important back-up for the 

threatened and high value plant species and is a necessary initiative to support the 

long term conservation of genetic resources. Seed deterioration during storage is the 

natural phenomenon (Nasreen eta!., 2000); however, inappropriate storage aggravates 

the process (Romanas, 1991) whereas, suitable storage minimizes the rate of seed 

deterioration. Therefore, to attain long term viability in seeds, storage conditions play 

a significant role (Bonner, 1990; Takos, 1999; McCormack, 2004). 

From India, a significant numbers of publications are available on the effect of long 

term storage, storage condition and storage temperature on the seed germination 

(Mukherjie, 1966; Sastry eta!., 2006, 2007; Rao eta!., 2009; Suthur eta!., 2009) and 

other regions (Muenscher, 1936; Jones, 1962; Harrison, 1966; Janssen, 1973; Roberts, 

1973; Ellis and Roberts, 1980; Scoweroft, 1988; Barnett and Momonov, 1989; Dickie 

eta!., 1990; Ellis eta!., 1991ac; Wang eta!., 1993; Zamstorff et al., 1994; Ramiro et 
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al., 1995; Garcia-Fayose and Verdu, 1998; Sivritepe and Dourado, 1998; Walters and 

Engels, 1998; Acharya et al., 1999; Gonzalez and Mendoza, 1999; Dahiya et al., 

2000; Kitchen and Monsen, 2001; Takos and Merou, 2001; Chen and Chian, 2002; 

Cupic et al., 2005; Espinar et al., 2005; Liu et al., 2005; Albrecht, 2006; Tilki and 

Cicek, 2005; Cicek and Tilki, 2006; Maara et al., 2006; Martinkova et al., 2006; Ma 

and Liang, 2007; Beardmore et al., 2008; Huang et al., 2008; Ekpong, 2009; Getys 

and Dumroese, 2009; Sakcali and Serin, 2009; Salimi, 2010; Silveira et al., 2010; Liu 

et al., 2011 ). Nevertheless, in respect to medicinal plants, very few works have been 

done to assess the effect of storage period, temperature and condition on the 

germination potential of the medicinal plants from India as well as other regions. 

Significant difference in the germination between different storage periods in seeds of 

Strychnos nux-vomica, and further 92% germination in the seeds, with 10% initial 

moisture content, after storage for 30 weeks at ambient room temperature was 

observed (Sivakumar et al., 2006). Chauhan and Nautiyal (2007) stored the seeds of 

Nardostachys jatamansi collected from 6 different populations in two different 

conditions, refrigerator (0 to 4°C) and room temperature (1 0 to 35°C) and tested its 

viability after every two months for 2 years. They observed significant fall in the 

moisture content, seed viability and germination percentage with increase in storage 

period and noticed the loss of seed viability at faster rate in room temperature than the 

refrigerator. Further, it was revealed that, in either condition, the seeds stored in 

polythene bag retained their viability for longer period, relatively. They discovered 

that the seeds stored at room temperature lost viability in majority of the populations 

after one year; however seeds stored in refrigerator showed over 60% germination by 

the end of 2"d year. 

Budvytyte (2001) tested the seed viability of 6 medicinal plants specres and 4 

vegetable species prior and after storage for 1 year subjecting to ultra-desiccation and 

freezing. For medicinal plants, he observed fall in germination percent in ultra

desiccated seeds stored in freezer compared to initial test in 4 species, while for two 

species, increase in germination occurred. Similarly, for vegetable species, seed 

germination improved in majority of the species, and related such improvement snd 
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breaking of seed dormancy to ultra-desiccation and freeze storage. Steady detiine in 

seed viability witbin the period of one year storage from 95% to15% was recorded in 

Newbouldia laevis (Ehiagbonare and Onyebi, 2009). 

The review shows that the studies on tbe long term effect of storage and storage 

conditions are missing for S. chirayita. In addition, studies examining the differences 

in germination potential amongst populations for single species are very rare 

(Thompson, 1981). 

3.4.3 Chemical stimulation of seeds germination 

Poor seed germination have been one of the several causes endangering the existence 

of tbe plant species including many of tbe important medicinal plants. Hence, tbe 

control and timing of the germination process is crucial for tbe survival of the plant 

populations whose principle mode of reproduction is from the seeds (Harper, 1977). 

The seed germination requirements are species-specific (Hatper et al., 1970; Stebbins, 

1971; Fenner, 1985; Meyer and Monsen, 1991; Schutz and Milberg, 1997); seed 

remains inactive until it receives appropriate environment triggering the embryo 

growth. Seeds often respond to specific blend of light, temperature, and soil moisture 

that are most favorable for their establishment (Baskin and Baskin, 2001). Some seed 

germinates instantly once exposed to appropriate environment, while many attain 

dormancy which may prolonged to several years (Hartman et al. 1997; Pons, 2000). 

Over the years several methods have employed to improve germination and in 

breaking dormancy in seeds which includes scarification to chemical or hormonal 

treatments etc., depending on the size and texture of the seeds. 

For Indian Himalaya, several publications have appeared reporting stimulatory effect 

of chemicals and growth regulators on the seed germination of medicinal plants 

(Bhadwar and Sharma, 1963; Choudhary et al., 1996; Kant and Vashist, 1998; Pandey 

et al., 2000; Beigh et al., 2002; Joshi and Dhar, 2003; Manjkhola et al., 2003; Butola 

and Badola, 2004ab; Bhatt et al., 2005b; Bhuwan et al., 2006; Sharma et al., 2006; 

Sivkumar et al., 2006; Sultan et al., 2006; Chauhan and Nautiyal, 2007; Kandari et 

al., 2007, 2008; Sreenivasulu et al., 2008; Vashistha et al., 2009; Joshi and Pant, 
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2010) and other regions (Genova eta!., 1997; Prasad BN., 1999; Coelho eta!., 2000; 

Abdel-Hady eta!., 2008; Ali eta!., 2010; Amri, 2010). 

Chaudhary eta!. (1996) observed no effect of GA3 (5 and 10 mM) on breaking seed 

dormancy in Podophyllum hexandrum. In Nardostachys jatamansi from 4 populations 

in Garhwal Himalaya, Kant and Vashist (1998) used 4 different concentrations of 

GA3 (100, 500, 1000 and 1500 ppm) to test its efficacy on seed germination and 

found GA3 (100.ppm) most stimulatory, which varied amongst populations. Pandey et 

a!., (2000) disclosed significant improvement in seed germination in Aconitum 

heterophyllum with GA3 (250 J.IM) but was inhibitory to A. balfourii. They further 

reported that seed germination significantly improved in A. balforii on pretreatment 

with KN03 (50 and 150 J.IM), whereas, the treatment showed marginal effect in A. 

heterophyllum. 

The efficacy of KN03 and GA3 (100, 500 and 1000 ppm) on seed germination in 

Heracleum candicans from 4 populations from Himachal Pradesh was reported; all 

the concentrations of KN03 was stimulatory over control, however, highest seed 

germination obtained for GA3 100 ppm (Joshi and Dhar, 2003). 

In H. candicans, Butola and Badola (2004a) also studied the seed germination 

enhancing properties of GA3 (25, 100 and 250 J.!M), KN03 (50 and 100 mM) and 

NaHCl03 (15, 30 and 45 minutes), and recorded effectivness of all treatment over 

control except for GA3 (1 00 J.IM), with best germination and lowest mean germination 

time for GA3 (250 J.!M), KN03 (100 mM) and NaHCl03 (30 minutes). Another study 

showed that GA3 (25 J.!M), KN03 (150 mM) and NaHC103 (30 minutes) treatments 

were highly stimulatory on the seeds of Angelica glauca for germination and reducing 

mean germination time using over control (Butola and Badola, 2004b ). In Arnebia 

benthamii seeds collected from alpine and sub-alpine population from Western 

Himalaya, Manjkhola et al., (2003)assessed the effect ofGA3 (100, 200 and 400 J.!M) 

and KN03 (50 and 100 mM) on seed germination and revealed the inhibitory effect of 

GA3 in alpine population, while stimulatory effect in sub-alpine population. 
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In Swertia angustifolia effectiveness of GA3 (1 00, 200 and 400 JlM) and KN03 (1 00, 

200 and 400 mM) with variability in seed germination with particular concentration of 

GA3 as well as KN03 amongst the population were observed (Bhatt et al., 2005b ); the 

study further disclosed GA3 (1 00 JlM) and KN03 (200 mM) to be the best treatment 

In Picrorhiza kurrooa, 11-fold increase in seed germination using GA3 (250 )lM) was 

reported (Bhuwan et al., 2006). Bisht et al., (2006) observed the variability in 

stimulatory effect of KN03 (1 00, 500 and 1000 ppm) and GA3 (1 00, 500 and 1000 

ppm) on seed germination on Angelica glauca amongst populations. However, they 

·obtained highest seed germination with KN03 (500 ppm) and GA3 (100 ppm) for the 

majority of the populations. However, the efficacy ofKN03 (0.2%) and GA3 (10"3 and 

104 M) on seed germination in seven medicinal plants from Lahaul and Spiti 

(Himachal Pradesh) was tested (Sharma et al., 2006), which observed GA3 (1 o·3 M) to 

be more effectivefor all the medicinal plants; however, KN03 (0.2%) was effective 

only for Inula racemosa and Saussurea costus, and proved detrimental to the 

remaining species. 

Maximum seed germination (90%) and lowest mean germination time using GA3 

(100 ppm) was observed in Nardostachysjatamansi (Chauhan and Nautiyal, 2007). In 

Angelica glauca and Pleorospermum angelicoides, Kandari et al., (2007) examined 

the effect of GA3 (1 00, 200 and 300 ppm) under light and dark condition and different 

temperature regimes (15°, 20°, and 25°C). They detected higher concentration of GA3 

to be relatively effective at low temperature in dark condition in both the species; the 

GA3 (1 00 ppm) incubated at 25°C under light condition was highly effective in 

improving seed germination in both the species. In Arnebia benthamii higher 

concentration of GA3 was found to be highly effective at low temperature, and lower 

concentration to be effective at high temperature both in dark and light condition; 

however, increase in mean germination time with increasing concentration of GA3 in 

both dark and light conditions was observed (Kandari et al., 2008). Improvement in 

seed germination and reduction in mean germination time with KN03 and NaHCl03 

over control is reported in 4 populations of Angelica archangelica from Garhwal 

Himalaya (Vashistha et al., 2009). 
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Of the 4 concentrations of GA3 (0.35, 0.50, 1.00 and 1.50 mgll), Genova et al., 

(1997) recorded 1.00 mgll concentration at an exposition of 24h producing the 

optimal effect on germination process in Atropa belladonna. Improvement in seed 

germination with all concentrations ofKN03 (0.01, 0.02 and 0.03%) in Descurainia 

sophia over control, with highest value with KN03 (0.02%) was observed (Ali eta!., 

2010). 

Similar scattered reports are available on stimulatory effect of chemicals, growth 

regulators and chilling effect on seed germination in Swertia chirayita (Raina et a!., 

1994; Prasad, 1999; Bhatt et a!., 2007; Mukherjee et al., 2008; Maji et al., 2009). 

Prasad (1999) revealed that inS. chirayita, seeds treated with GA3 (50-400 ppm) can 

achieve high seed germination but higher concentration can have inhibitory effect. 

Bhatt et a!., (2007) observed significant improvement in seed germination and 

reduction in mean germination time with GA3 (1 00 ppm) in S. chirayita and found 

variability amongst the populations. 

The review of literature does not show any detailed work focused on seed germination 

in plants growing in ex-situ plots within natural habitats and compared to those 

obtained from nursery conditions, using stimulatory chemical treatments for seed 

germination improvement. 

3.5 Propagation of medicinal plants under nursery 
condition 

3.5.1 Influence of chemical treatments on seedling emergence 
and vigour 

The risk of extinction of threatened species in nature can be reduced by reinforcing 

the ex-situ raised individuals (Bowes, 1999). To raise them, expensive techniques are 

not necessary, but identifying suitable technique, based on species requirements such 

as pre-sowing chemical treatments, would minimize the wasting of the resources 

(Butola and Badola, 2004b, 2007; Fay, 1994; Benson et a!., 2000) as well as there 

would be an option for the production of uniform and vigorous seedlings. There have 

been insufficent studies covering this aspect in medicinal plants. The productions of 
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uniform and vigorous seedlings have been achieved in some of the Himalayan 

medicinal herbs (Kattimani et al., 1999; Nadeem et al., 2000; Butola and Badola, 

2004b; 2006a, 2007). 

Nadeem et al., (2000) in their study treated the seeds of Podophyllum hexandrum with 

GA3 (10 and 100 J.LM) and NaHCl03 (30 minutes) before sowing. They recorded the 
' 

improvement in seed germination with NaHC103 over control; whereas, GA3 was 

ineffective. In another set of experiment, they observed seed treatment with GA3 (250 

J.LM) resulting in high seed germination compared to GA3 (25 J.LM) and control. Butola 

and Badola (2004b) treated the seeds of Angelica glauca with GA3 (25 J.lM) and 

NaHCl03 (30 min) prior to sowing in nursery condition (net house, farm yard manure 

and sandy loam soil, equal proportion), and found both the treatments to be beneficial 

in enhancing seedling emergence and seedling vigour under nursery condition over 

control. However, they noticed NaHC103 (30 minutes) treatment to be more effective 

than GA3 (25 J.LM) in improving seedling emergence and seedling vigour in A. glauca. 

In Heracleum candicans, using seeds from two populations, Butola and Badola 

(2006a) observed the effects of pre-sowing treatment ofGA3 (250 J.LM) and NaHC103 

(30 minutes) and recorded both the treatments to be effective over control in 

augmenting seedling emergence and vigour in net house; nevertheless, likewise their 

previous experiment (Butola and Badola, 2004a), they obtained higher seedling 

emergence and vigour with NaHC103 (30 minutes) than GA3 (25 J.LM). 

Effect of NaHCl03 (15, 30 and 45 minutes) on seedling emergence, vigour and 

survival in Angelica glauca and Aconitum heterophyllum in nursery conditjon under 

poly house was assessed, discovering NaHC103 to be effective in breaking seed 

dormancy, increasing seedling vigour and maintaining higher seedling survival in 

both the species in general (Butola and Badola, 2007). However, experiment acquired 

high seedling emergence, seedling vigour and seedling survival with NaHCl03 (30 

minutes) inA. glauca and NaHC103 (15 minutes) inA. heterophyllum over control. 

44 



3.6 Growth and plant phenology 

Phenology involves the recording of recurring seasonal events. Such recording in 

plants provides information about different growth phases and their periodicity, length 

of growing seasons and of the dormancy (Badola, 1994; Jeffrey et al., 2009). Such 

studies impart knowledge on the morphological and functional traits offering clues 

about adaptability mechanisms of the plants under varied and periodically altering 

climatic conditions in which they grow, and thus help in developing management and 

conservation plans for valuable plant species (Badola, 1994; Martinez-Calvo et al., 

1999; Baumgartner and Hartmann, 2000; Bhat and Murali, 2001; Sanz-Cortes et al., 

2002; Hamann, 2004; Tebar et al., 2004; Badola, 2010). In addition, the phenology is 

also pertinent to other sectors like agriculture, socio-economy and public health 

within the context of global change (Penuelas and Filella, 2001). Studies suggest that 

variation in altitude (Butola and Badola, 2006c) and hike in temperature is responsible 

for such changes in plant phenology (Badola, 1994; Menzel et al., 2006; Parmesan 

and Yohe, 2003; Hamann, 2004; Walther, 2004). 

Over the years, several studies on plant phenological observations have appeared from 

diffemt regions (Holway and Ward, 1965; Wang, 1993; Kubinova and Krahulec, 

2009; Martinez-Calvo et al., 1999; Sanz-Cortes et al., 2002; Ramirez, 2002; Tebar et 

al., 2004; Schaber and Badeck, 2005; Tredici, 2007; Fatimah and Ahmed, 2009; 

Hudson et al., 2009; Pirzad et a!., 2010) including India (Sundriyal et al., 1987; 

Lodhiyal eta!., 1998; Bhat and Murali, 2000; Badola, 2010). 

For one of critically endangered Himalayan herb, Dactylorhiza hatagirea, Butola and 

Badola (2006c) performed the comparative analysis of phenophases between 

domesticated and wild plants. They noticed earlier initiation of phenophases in 

domesticated plants than wild plants of D. hatagirea. Duraisamy and Paulsamy 

(201 0) made phenological observation in six medicinal plant species from Nilgiri Hill, 

and recorded no variation in initiation and completion of phenophases in all the 

studied medicinal plants except seed dispersal which was very late in Anaphalis 

elliptica. Vashistha et al., (2010) examined the phenological attributes of Angelica 
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glauca and A. archangelica under cultivation at two different altitudes (2200 m as! 

and 3600 m as!). They recorded variation in phenophases between the two altitudes 

and stressed on the need of developing location specific strategies for cultivation and 

management of the species. 

The review of literature indicates that such phenological studies are limited in 

medicinal plants. There is no literature available on the phenological and periodical 

growth recordings in S. chirayita. 

3.7 Development of agro-techniques, harvesting 
techniques and economic viability of cultivation of 
medicinal plants 

To restrain the over exploitation of medicinal plants for meeting the demand of the 

pharmaceuticals industries, ex-situ cultivation is the only answer which is considered 

as appropriate tool to in-situ conservation of the threatened medicinal plants (Badola: 

and Pal, 2002; Badola, 2009). Ex-situ cultivation of medicinal plants further provides 

better economic returns compared to wild collection, it reduces the chances of 

adulteration, incorrect identification, etc. It has several advantages over the cultivation 

of traditional crops, (1) the cost of cultivation of medicinal plants ·are very low; (2) 

can be cultivated in degraded and marginal lands, and also as inter crops; (3) can be 

sold both in national and international market in higher prices; ( 4) has less chances of 

pest attacks, diseases and being grazed; and (5) can be stored with minute 

precautionary measures for long time. However, for cultivation and high productivity, 

development of quality planting material and appropriate growing media or substrate 

combinations is imperative (Badola and Pokhriyal, 2001; Badola and Butola, 2003; 

Butola and Badola, 2005, 2006c). In recent years, suitable agro-techniques for the 

successful domestication using different growing media has been reported from 

Indian Himalaya and other regions for many of the important medicinal plants. 

However, different researcher used varied parts of the medicinal plants such as seeds, 

rhizome cuttings etc., for their trials. 
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A comparative study on growth and estimated the productivity of Aconitum balfourii 

and A. heterophyllum propagated through tubers under poly house and open field at 

3600 m was conducted, recording high growth in plants under poly house than the 

open fields in either species with estimated multifold profit from poly house 

compared to open fields. (Nautiyal and Purohit, 2000) 

Effect of inorganic fertilizers on growth and yield of Valeriana wallichii crop 

indiCated an increase in the total plant biomass and weight of roots (on dry weight 

basis) with application ofNPK fertilizers at 150:75:75 kg/ha compared to lower levels 

or untreated control (Singh eta!., 2000). Study recorded increase in yield of dry roots, 

root/shoot ratio, and proportion of roots in the whole plant biomass with advancement 

in age after transplanting. In addition, better crop growth under nylon net-shade 

compared to natural shade and open condition was noticed. 

The germinability and productivity in Picrorhiza kurrooa by using both seeds and 

stolon segments as propagule at I 800m and 2200m as! was assessed, recording high 

germination under poly house as well as in open beds at both the altitudes (Nautiyal et 

a!., 2001). Study further recorded that year-wise productivity significantly increased 

during third year of cultivation with high dose (60 kg) of litter treatment in crop raised 

from both seeds and stolon at either altitude; however, the production was higher in 

crop raised through vegetative segment than the seeds at both the altitudes. 

Nautiyal et. a!. (2003b) applied the similar approach for carrying out cultivation of 

Rheum emodi at 1800 m as! and 2200 m as! under poly house using nursery soil 

treated with farm yard manure and forest humus in various concentration. They also 

sowed the seeds in open beds; however they used only single concentration of the 

treatments and observed maximum seedling emergence during October in both poly 

house (nursery soil treated with forest litter, 1 :2) and open beds (treated with forest 

. litter), and during June in both poly house (nursery soil treated with farm yard 

manure, 1 :2) and open beds (treated with farm yard manure). They also recorded 

survival and production under different treatment after transplantation and found 

highest seedling survival under forest litter treatment in 40 and 60kg concentration at 
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both the altitude. Of the three different treatments used, yearly productivity was 

recorded higher with forest litter treatment (60kg per 2m x 2m) by them 

comparatively at both the altitudes. 

The seedling emergence, growth and productivity in Heracleum candicans using three 

different treatments (farm yard manure, compost and forest humus) recorded highest 

seedling emergence in forest humus treated soil; while seedling· growth, survival rate 

and productivity was recorded higher in compost treated soil (Badola and Butola, 

2003); the study concluded that the compost treatment to be most beneficial m 

enhancing crop productivity and increasing economic benefits in H. candicans. 

-
The effect of ploughing depths (30, 45 and 60 em) on growth and productivity was 

examined in Heracleum candicans, using nursery beds with black sandy loam soil 

amended with farm yard manure and forest humus; the study obtained highest 

survival percent in bed with ploughing depth of 60 em and 30 em in the first year and 

second year, respectively (Badola and Butola, 2005). The positive impact of 

increasing ploughing depth on seedling growth and overall productivity in H. 

candicans was revealed; study recommended deep ploughing for better growth, high 

productivity and high economic return from cultivation of H. candicans (Badola and 

Butola, 2005). 

Chauhan and Nautiyal (2005) carried out the cultivation of Nardostachysjatamansi at 

three different altitudes viz., 1800 m, 2200 m and 3600 m using vegetative propagules 

and seedling transplantation methods under different treatments. They observed 

increasing economic yield with the addition of farm yard manure in all the conditions 

(horizontal bed, vertical bed and poly house bed) and altitudes compared to control; 

nevertheless, they found significantly high yield in horizontal ridge condition at 3600 

m; As per them, cultivation was commercially viable at 2200 m and 3600m in most of 

the treatments. They disclosed highest profit at 3600m under poly house condition 

and comparable profit at 2200 m from both vegetatively grown as well as seedling 

transplanted crop. 
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In their study, Butola and Badola (2006b) assessed the seedling emergence, growth 

and vigour in Angelica glauca and Heracleum candicans using 5 different growing 

media under poly house and net house. The study revealed that all the substrate 

combinations to be ~ffective in improving seedling emergence, survival, growth and 

biomass over control. They identified sandy loam soil + forest humus combination 

and sandy loam soil + vermin-compost combinations to be highly suitable media for 

H candicans and A. glauca, respectively. They further reported the poly house to be 

suitable condition for getting higher seedling emergence, better seedling growth and 

survival in A. glauca; they stressed that, though for H .candicans; polyhouse appeared 

suitable condition for higher seedling emergence, the seedlings should be transferred 

to the net-house for better growth and survival. 

The domestication trial for Dactylorhiza hatagirea using both seeds and young tubers 

in soil amended beds mixed with farm yard manure and forest humus disclosed the 

failure of seeds to germinate; however, study recorded 90% sprouting from tubers 

with 70% survival frequency, and on comparing, domesticated plants were found 

better performing with respect to growth and productivity than the plants collected 

from the wild (Butola and Badola, 2006c ). 

Collected from 3000 m and 3600 m, the seeds of Aconitum heterophyllum, Angelica 

glauca and Heracleum candicans, sown in a mixture containing sandy loam soil and 

farm yard manure under poly house, net house and open condition recorded the 

maximum seedling emergence as well as lowest mean emergence time under 

polyhouse condition in all three species; however, growth parameters were high under 

net house and open condition for A. heterophyllum and H candicans, but in the case 

of A. glauca, better growth was obtained under poly house (Butola and Badola, 

2008b ). The study concluded that each species differ in their growth requirements. 

Experiment conducted on Andographis paniculata to study the impact of spacing (30 

x 30 em, 30 x 45 em, 45 x 45 em and 45 x 60 em) and harvesting methods 

(destructive: uproot method and non-destructive: cut method) on quality and 

productivity of A. paniculata revealed that spacing, harvesting time and technique 
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plays a major role on productivity and quality of herb, and found a significant 

difference in the yield of the herb in relation to harvesting techniques (Pandey and 

Mandai, 2008). 

Sher eta!., (2005) made cultivation trials of six important medicinal plants at different 

altitudes (1200 m, 1400 m, 1600 m and 1900 m) through vegetative propagation 

method using rhizome. They recorded highest survival in Viola serpense and 

Valerianajatamansi, as economically feasible species. Sher et al., (2010a) conducted 

the domestication and cultivation study of six important high altitude medicinal plants 

using their earlier approach (Sher eta!., 2005) at different altitude (1400 m, 1600 m, 

1800 m and 2200 m), and recorded highest survival in Linnum ustatissimum followed 

by Carum carvi, .and concluded their cultivation economically viable for having high 

market price. Sher at al., (2010d) using the same approach evaluated the growth 

performance six medici~al plant species at 1200 m, 1400 m, 1600 m and 1900 m 

altitudes and observed highest survival leading to high productivity in Hypericum 

perforatum and Bunium persicum and revealed their economic feasibility of 

cultivation .. 

Swertia chirayita has been largely neglected with regard to such studies. The present 

study attempts (i) to develop suitable agro-technique for developing uniform and 

vigorous seedlings, (2) to evaluate the cultivation prospect and viability of S. chirayita 

which would be very helpful in species conservation. 
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CHAPTER4 

Population Studies and Habitat Assessment 

4.1 Introduction 

In recent decades, the use and collection of medicinal plants have gone up from the 

subsistence level to large scale commercial extraction endangering their natural 

populations (Ghimire et a!., 2008; Badola and Aitken, 2003, 2010). In addition, 

overgrazing, pathogens, herbivores, seed predation (Albert et a!., 2005), etc., are also 

responsible for the reduction in population size of important medicinal plant species. 

Natural disturbances such as landslides and avalanches cause habitat alteration, 

degradation and fragmentation, leading to population isolation and reduction in 

population size or·loss in case of rare plants in mountains (Badola and Pradhan, 2010) 

particularly for the species having small populations (Coates et a!., 2006). Habitat 

degradation may cause inbreeding and genetic drift in plant species thereby affecting 

their population viability as well as the survival probabilities of rare species 

(Hooftman and Diemer, 2002; Hooftman et a!., 2004). At the same time, plant 

fecundity may be reduced due·to habitat degradation, fragmentation and destruction of 

plant populations (Brys et a!., 2003). In majority of cases in high value medicinal 

plants, the unsustainable in-situ harvesting to meet raw material demand of 

pharmaceuticals (Badola and Pal, 2002; Badola and Aitken, 2003, 2010; Butola and 

Badola, 2008a) has resulted into habitat loss and/or habitat degradation, population 

fragmentation/isolation, and loss of genetic diversity. Despite of these facts, _the 

studies on the population ecology of important medicinal plants are least considered 

especially on Himalayan taxa (Ghimire eta!., 2008). 

The successful conservation and effective management planning of the threatened 

plant species largely depends on an understanding of the effects of the natural and/or 

man-made changes on habitats (Hegland eta!., 2001), their ecological requirements 

and demography of the existing populations (Kalliovirta et a!., 2006), and their 

responses to disturbances (Ticktin, 2004). The microhabitat of the site plays a 
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significant role in the successful regeneration of plant species (Tilman, 1993; Hegland 

eta/., 2001; Jensen and Meyer, 2001; Overbeck et al., 2003) and identification of 

which is very important for the species conservation (Sypros et al., 2008). The nature 

of microhabitats is significantly related to the seed viability potential, which in turn 

decides the regeneration future of a population (refer chapter 6). Insufficient 

knowledge regarding the effects of disturbance on plant communities and plant 

populations are the main constraints in designing appropriate management plans, 

which complicate the conservation initiatives (Fidelis· et al., 2008). Envisaging the 

extinction risk and the future population size based on current population s~cture, 

growth and fecundity is the most suitable practical approach in assessing the impact 

of exploitation (Guedje et a/., 2003); which can be used as an appropriate tool in 

designing future conservation and management planning for threatened species. 

Swertia chirayita (Roxb. ex Fleming) H. Karst (family Gentianaceae), a critically 

endangered medicinal plant species of the temperate Himalaya (Badola and Pal, 

2002), bears high pharmacological importance (Joshi and Dhawan, 2005); the whole 

plant is used in traditional medicine (Kirtikar and Basu, 1984; Pradhan and Badola, 

2008). Further, the plant is practiced in the preparation of herbal drug: Diabecon 

(Kohli et al., 2004), D-400 (Sundaram et al., 1996), Himoliv (Bhattacharya et a/., 

2003); Melicon V (an herbal antiseptic and antifungal Veterinary ointment). 

S. chirayita have been extracted traditionally both for domestic use, and rigorously for 

the commercial benefits especially in recent decades from different parts of Himalaya 

(Badola and Pal, 2002; Dutta, 2004; Olsen, 2005) leading to tremendous pressure on 

its natural populations. Despite very high conservation value of the species, there have 

been no efforts to replenish its source. The categorization of this important species as 

critically endangered (IUCN), endangered (Indian Red Data Book), critically rare and 

virtually endemic to Himalaya (Samant et a/., 1998), and vulnerable to Sikkim (V ed 

et al., 2003a) has led the biodiversity conservationists internationally to come together 

to develop concern over the species. As an initiative, a forum of international experts 

had prioritized conservation of S. chirayita through cultivation at the top (Badola and 

Pal, 2002). However, so far, no initiative for systematic evaluation of the species in its 
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natural habitats has been taken up, except targeting five populations for central and 

north-western Himalaya (Bhatt et a!., 2006). Further, the documentation on 

quantitative investigation relating to the impact of such exploitation on population 

dynamics of targeted taxa is very poor. There is hardly any literature available, 

including those from north-eastern Himalaya on the populations, community 

associations and micro-habitat diversity of the species hindering the suitable 

conservation framework. A complete lack of substantial population data pose a 

question on, hitherto, a perceived estimated assessment for categorization of S. 

chirayita under threatened status. Therefore, it is essential to have appropriate and 

sufficient data on populations representing species availability in Himalayan regions 

before exact criteria is fixed towards conservation status of this important species. At 

the same time, it would be vital to have micro level assessment of habitats of the 

species. It would equally be important to know whether different sites have S. 

chirayita as dominant species in represented communities or not. Whether some 

associates in a community are invasive and their quantitative presence may be 

detrimental to future regeneration of s chirayita, as vital clues to conservation 

planning? Also, it would be important to assess the site specific population data, with 

those covering micro-habitats and identifying communities and potential conservation 

threats. Such studies are imperative in understanding the relationship between the 

species to its community and habitats (Zotz and Schmidt 2006), and will be helpful in 

sustainable use as well as designing effective conservation management approaches 

for in-situ conservation of S. chirayita as a model species. 

The objectives of the present study on S. chirayita in Sikkim Himalaya were to, (1) 

evaluate the status of populations of targeted taxa and associated potential threats; (2) 

assess the population structures and associates of S. chirayita in nature; and (3) 

identify the microhabitat characteristics and community structures of S. chirayita. 

4.2 Materials and Methods 

4.2.1 Study area 

The present study was conducted in Sikkim Himalaya (Figure 2), India, which lies 

between 27°04'46" and 28°07'48" North latitudes and 88°58" and 88°55'25" East 
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longitude in the altitudinal range of 220m as! to 8,598m as!, covering an area of 7,096 

sq. km. (0.2% of the Indian sub-continent). It shares border with countries like Bhutan 

(ca. 30 km long represented by Pangolakha range in the east); Tibetan Autonomous 

Region of China (ca. 220 km long represented by Chola range in the east and Trans

Himalaya region in the north) and Nepal (ca. lOOkm long represented by Singhalila 

range in the west); however, towards the south, it shares border of ca. 80 km with 

Drujeeling district (West Bengal) of the Indian Union. The Sikkim is further 

represents two major river system viz., Tista and Rangit. It has peculiar climatic 

condition, as such; the temperature conditions vary from sub-tropical in the southern 

lower parts to cold deserts towards northern part. It lies very close to Bay of Bengal 

and is directly affected by moisture laden southwest monsoon making Sikkim one of 

the most humid places in the whole Indian Himalaya range. 

4.2.2 Data collection 

Initially, available literatures were reviewed thoroughly to generate idea on the 

distribution of the species in Sikkim Himalaya. Interaction with field personnel of 

state forest department, villagers and local folks helped focusing possible areas of 

species availability and accessibility for targeting the field studies. On the basis of 

extensive field surveys and accessibility to different sites for data collection, 22 

populations along the Tista and Rangit river basins were identified within altitudinal 

range of 1500m as! to 3000m as!, lying between 27°09'58.2"and 27°44'34.7" N 

latitude and 88°06'35.2" and 88°38'28.08" E longitude in different parts of Sikkim 

Himalaya. Popul~tions of Swertia chirayita were considered different primarily based 

on their non-continuity with each other by isolation, or by physical barriers such as 

rivers, mountain and aspects, and longer distances. Secondly, a site of the species 

located at least 500 m distance apart from other population was considered as 

different population (Osunkoya, 1999). 

For each population, sampling was conducted through vertical belt transects methods 

following Michael (1990), in which a 20m x 150m long transect was marked as 

sufficiently large size to sustain a population (based on first hand experiences in 

Sikkim for the species). Each transect was sub-divided into three stands (20m x 50m), 
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as lower, middle and upper stand. In each population, density of Swertia chirayita was 

determined by using random 30 quadrats of lm x lm size targeting 10 quadrates for 

each of 03 sub-sites or a stand in which presence and abundance of S. chirayita was 

recorded and counted. The associated species were also enumerated and the number 

of individuals was counted within each quadrat; the type of microhabitat in each 

quadrat was also identified and noted. The microhabitat characteristics were used for 

estimating microhabitat preference of S. chirayita. In addition, broad vegetation type 

at each major site was identified. At each sample site, altitude and coordinates were 

recorded using hand held GPS (Garmin etrex, USA); aspect and slope was recorded 

using inclinometer (Suunto, Finland). The humus depth was measured using standard 

ruler, taking 1 0 samples per stand. 

4.2.3 Statistical analysis 

Analytical features such as density, frequency percentage (Mishra, 1968), relative 

density, relative frequency (Jain and Rao, 1977), Importance Value Index (Nl) as a 

sum of relative density and relative frequency (Michael, 1990) was calculated 

focusing the ground vegetation only. Diversity index (Shannon and Weiner, 1963) 

was calculated to observe variability of associated species along different altitudes, 

which, were later used to relate with the density and availability of the targeted 

species. Pearson's correlation was used to assess the relation of different parameiers 

amongst themselves and with the altitude. NI value was used to identify the plant 

community structure in different population sites of S. chirayita. One way ANOVA (u 

= 0.05) was used to compare the differences in means of density between the different 

population and microhabitats. If the differences was significant,· Bonferroni test 

(p<0.05) was applied, and if the difference was non-significant, further testing was 

avoided. 

The abundance to frequency ratio was used to interpret the distribution pattern of the 

species (Whiteford, 1949). The value <0.025 indicated regular distribution, 0.025 to 

0.05 indicated random distribution.and >0.05 indicated contagious distribution (Curtis 

and Cottam, 1956). The patchiness of the population was analyzed indirectly based on 

density and frequency. If the population has high density but low distribution 
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frequency, then the population is considered to be patchy in nature, but if the 

population has high frequency then it is considered to be non-patchy in nature 

(Rokaya and Ghimire, 2004). On the basis of the availability, the density was 

classified as: nil (0 individual), low (<5 ind/m2
), medium (5 to 10 ind/m2

), high (10 to 

20 ind/m2
), and very high (>20 ind/m2

). 

4.3 Results 

A total of 22 populations, along 1500 to 3000m as!, were identified for Swertia 

chirayita under present study in Sikkim Himalaya (Table 1 ). Tbese sites represented 

the ridges, forest gaps, forest shrubberies/pastures, rocky slopes, open slopes, 

shrubberies, landslide debris, etc., having varied terrains I diverse landscapes (Photo 

Plate I). Broad habitats of these study sites were further characterized by the different 

types of temperate broad leaved mixed forests, with the presence of single conifer 

elements in some population sites except for Sc 11, which represented the steep open 

rocky slope in temperate coniferous forest lTable l). The Castonopsis tribulides, 

Alnus nepalensis, Michelia lanuiginosa, Quercus lame/lose, etc were the dominant 

broadleaf tree species; the dominant conifer element represented the Cryptomeria 

japonica only. The ground associates of S. chirayita varied along the change in 

altitude of the population sites, but in general, the prominent ground associates were 

Gleichinia gigantean, Osbeckia sikkimensis, Anaphalis sp., Eupatorium cannabinum, 

Dichroa febrifuga, Artemesia vulgaris, Hedychium spicatum, Eragrostis atrovirens, 

Swertia bimaculata, etc. In Sc20 population (altitude: 2332 m), Anaphalis sp., was 

the only ground associates. Of these associates, Gleichinia gigantean, Osbeckia 

sikkimensis, Eupatorium cannabinum, Artemesia vulgaris, Anaphalis sp., were 

prevalent in majority of the population sites (Table 2). Under all sampling quadrats 

for 22 population sites for S. chirayita, 3 7 different associate species were recorded. 

The general slopes of the sites ranged between 25°' and 65°. The humus depth 

increased with increasing altitude of the population sites; whereas, the soil pH 

exhibited significant (r = -0.454; p<O.OS) negative correlation with the altitude of the 

same. 
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Photo Plate I. Broad habitat of Swertia chirayita in Sikkim 
A: Forest shrubberies; B: Forest-agriculture margin; C: Along/near the road: 

D: Forest slope: E: Landslide area: F: Open gras y slope 



The lowest species richness was recorded for the population Sc20 (at 2332m altitude), 

while the Sc2 population (1948 m altitude) exhibited highest species richness (Table 

3). However, a negative correlation was established between the species richness and 

altitude of the population sites (r = -0.027). In general, all the populations showed low 

community plant density, which was maximum for Sc8 and minimum for Scl4 

followed by Sc18 (Table 3). Further, the community plant density was significantly 

declined with increasing altitude (r = -0.406; p<O.l 0). The species diversity was 

recorded highest for the Sc6 and the lowest for Sc15 followed by Scl and Sc16 (Table 

3), which showed insignificant negative correlation with the altitude of the population 

sites (r = -0.342). Observations revealed that the S. chirayita occurred at the margin of 

the forest or in the forest gaps and was barely noticed inside deep forest except few 

populations. 

Variability inS. chirayita density in differ~nt population sites (Figure 3) and sub-sites 

within a population (Figure 4) was recorded. The existing differences in plant density 

within a sub-site in a population were high for some of the populations (Figure 4) 

indicating the patchy or clustered or fragmentary nature of distribution of S. chirayita. 

The plant density decreased insignificantly with the increasing altitude of the 

population sites; while, the degree slope and soil pH had insignificant positive effect 

on the average density of S. chirayita; however, the effect of humus depth was poorly 

significant (r = 0.372; p<O.lO). Populations, viz., Sc5, Sc6, Sc!O, Sc14 and Scl8 

recorded very low average S. chirayita density (Figure 3); amongst different 

populations, the lowest and the highest average density was recorded for SclO (1.63 ± 
0.69 ind/m2

) and Sc8 (21.67 ± 8.62 ind/m2
); Sc7 (18.40 ± 14.58 indlm2

) followed Sc8 

in plant density. Population sites such as Sc5, Sc6 and Scl8 were located near to the 

human habitation where different type of land use practices such as agriculture, 

fodder/fuel hood collection, grazing, NTFP collection, etc., were prevalent; however, 

Sc7, Sc8 and Sc!O were located near or along the road side where frequent 

disturbance in the form of road clearing/cleaning were common; and Scl4 was 

located near to the sacred wetland which experiences frequent human visits. 

Populations, viz., Sc2, Sc4 and Scl2 also recorded good availability of S. chirayita 

(Figure 3). Sc2 and Sc12 were located near to the human habitation while Sc4 was 
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located in the forest area; however, all the three sites had a history of land use for 

grazing, fodder collections, etc., as well as collection of S. chirayita for domestic use 

and nursery plantation in the past. Populations namely, Sc3 and Sc22 recorded 9.63 ± 
6.39 ind/m2 and 9.63 ± 7.15 ind/m2 respectively (Figure 3). Both these sites were 

located away from human habitation; however, they were under the immense 

anthropogenic pressure in the form of grazing, illegal tree felling, etc., in the recent 

past. Sc4 still faces human pressure because this site lies along the heavily used trail. 

Other populations such as Sci, Sc9, Scl7, Scl9 and Sc20 recorded moderate average 

density of S. chirayita (Figure 3). Sci and Sc9 were located in the forest area close to 

the villages and are still frequently exploited for the collection of fodder and NTFP. 

Population Sc 17 was also located in the open forest area where the site was 

recovering from the old land slide. Population Scl9 and Sc20 existed on the same 

vertical slope, but both the populations had peculiar characteristics and the nature of 

disturbances were different. Of all the populations, Sell with plant density of 6.50 ± 

ind/m2 was distinct because it was located in the highest altitude (2841 m asl) of the 

study sites near or along the road where the developmental activities such as road 

extension I maintenance is continuous phenomena. The types and level of existing 

disturbance in different sites are shown in Table 4. In general, the average density of 

S. chirayita were negatively correlated with the species richness (r = -0.04) but 

positively correlated with species diversity (r = 0.17). 

Phytosociological analysis indicated that the relative density of S. chirayita to overall 

stand density was high in majority of the populations, which ranged between 8.27% 

(Sc6) and 78.38% (Scl2) [Table 2]. Relative density of S. chirayita exceeded the 

value recorded for the associate species in majority of the populations; while in some 

case, the relative density was lower than the value recorded for some of the associates 

at the site (Table 2). The dominant associates varied amongst the populations; 

however, Eupatorium cannabinum, Gleichenia gigantean, Anaphalis sp., Artemesia 

vulgaris were the main dominant associates of S. chirayita. Interestingly, the 

Eupatorium cannabinum showed greater ecological amplitude and grows in majority 

of the sites (15 sites) where S. chirayita was recorded and in 7 populations, it recorded 

higher relative density overS. chirayita (Table 2). The relative density of S. chirayita 
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showed positive correlation with the altitude (r = 0.5 I 1, p<0.02; Figure 5); whereas, 

the degree slope showed insignificant effect on S. chirayita availability (r = 0.021) 

and its frequency of occurrence (r = 0.181). 

Of the total 22 populations sites, 13 showed 100% frequency of occurrence of S. 

chirayita, whereas, for the remaining 9 sites, the frequency ranged between 33.3% 

and 70% (Table 2), which increased with ascending altitude (r = 0.423; p<0.05). 

Highest relative frequency for S. chirayita was recorded in Sc19 followed by Sc7 and 

Sc4; while, the lowest was recorded for Sci followed by SclO and Sc21 (Table 2). 

Relative frequency showed insignificant increase with increasing altitude, humus 

depth and soil pH of the population sites. Comparatively, lVI value was higher for the 

S. chirayita than other associates in majority of the populations, thus forming 

communities with the domination of S. chirayita, the mall,imum of which was 
I 

recorded for Sc4 followed by Sc7 and Sc8 (Table 3). Based on the lVI value for 

different species, 11 different types of ground· community structures were identified in 

22 population sites of S. chirayita, (l) Gleichenia gigantean- S. chirayita (Sci); (2) 

S. chirayita - G. gigantean (Sc2, Sc14); (3) S. chirayita - Osbeckia sikkimensis -

Anaphalis sp. (Sc3); (4) S. chirayita (Sc4. Sc9, Sell, Scl2, Scl9); (5) Eupatorium 

cannabinum - S. chirayita (Sc5, Sc6, SclO, Sc18, Sc21); (6) S. -chirayita - E. 

cannabinum (Sc7, Sc8, Sc17); (7) S. chirayita - Osbeckia sikkimensis - E. 

cannabinum (Sc13); (8) S. chirayita - S. bimaculata (Sc16); (9) S. chirayita -

Artemesia vulgaris- E. cannabinum (Sc7); (10) S. chirayita- Anaphalis sp. (Sc20); 

(11) S. chirayita - Eragrostis atrovirens (Sc22). Of the 11 plant community structure 

identified, S. chirayita was dominant over other species in 8 community structure in 

I I population sites; however, in Sc4, Sc9, Sell,. Scl2 and Scl9 S. chirayita formed 

the pure community with smaller share of other associates (Table 2). In total, S. 

chirayita was dominant in 16 populations indicating its high availability in Sikkim. 

As regard to distribution pattern, broadly, the S. chirayita was found to be patchy in 

nature since none of the population sites revealed the even distribution for the same 

(Figure 4). On the basis of abundance to frequency ratio, S. chirayita showed 

contagious/clustered distribution in majority of the populations except for Sc5 and 
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SclO, which showed random distribution (Table 2). However, none of the site showed 

·regular distribution for S. chirayita. 

S. chirayita was found growing m a diverse microhabitat conditions VIZ. 

boulders/stony areas, rock crevices, moss covered/grassy slopes, tree/root base, 

tree/bamboo canopy, along streams, rotten logs, shrubberies etc (Photo Plate II). 

Present study identified a total of 14 microhabitats for S. chirayita in 22 population 

sites along different altitude (Figure 6). Of the 22 populations studied, Sc3 recorded 

the highest and SclO, Sell and Sc18 had the lowest number of microhabitat niches 

for S. chirayita (Table 3). The number of microhabitats decreased with the increasing 

altitude (r = -0.158) of the population sites. Amongst the 14 microhabitats identified, 

open grassy slope recorded significantly (p<0.05) highest density (37.57 ± 16.24 

ind/m2
; 21.94%) of S. chirayita compared to shrubberies, rotten logs/bum/tree stumps, 

between tree saplings, marshy grassy slope, old landslide/debris and bamboo canopy. 

The other microhabitats which recorded good density of S. chirayita were rock 

crevices I boulders I stony areas (29.23 ± 16.45 ind/m2
; 17.08%) and below tree 

canopy (26.73 ± 9.17 ind/m2
; 15.62%); however, marshy grassy slope had the lowest 

plant density (1.63 ± 0.69 ind/m2; 0.95%) followed by shrubberies (2.43 + 2.50 

ind/m2; 1.42%) [Figure 7). On individual quadrat basis, the 'open grassy slope' 

(22.51 %) foiiowed by 'below tree canopy' (16.79%) were the most frequently 

occurring microhabitats, while, 'between tree saplings' was amongst the least frequent 

(1.66%) occurring microhabitat (Figure 8). On per site basis, 'along tree root base' 

was the most prominent microhabitat (I 7.14%) foiiowed by 'open grassy slope' 

(16.19%); whereas 'bamboo canopy', 'marshy grassy slope' and 'rocky slope' 

appeared in single population site each (Figure 8). Aspect, cumulatively for the entire 

study sites, had influenced the availability of S. chirayita; the maximum average plant 

density was recorded along west facing slope (20.03 ind/m2
); whereas, cumulatively, 

the highest (100%) frequency of occurrence for S. chirayita was recorded along the 

north facing slope (Figure 9). 
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4.4 Discussion 

The present study reveals an overall availability of S. chiraiyta to be relatively high in 

Sikkim Himalaya. Of the total 22 populations, 16 populations recorded medium (5 to 

I 0 ind/m2
) to high (1 0 to 20 ind/m2

) to very high average (>20 indlm2
) density of S. 

chirayita plants; only 6 populations had low density of >5 indlm2 compared to very 

few reports in western and central Himalaya (Bhatt et a/., 2005), where the species 

density ranged between 1.65 indlm2 and 2.35 indlm2
• However, the variation in S. 

chiraiyta plants' availability was observed amongst the populations and within the 

stands in a population in the present study. Here, the S. chirayita showed either 

contagious or random distribution indicating its patchy or scattered or fragmented 

distribution, as reported in Podophyllum hexandrum, an another endangered 

Himalayan herb (Airi et a/., 1997). In such case, the analysis of patchiness nature on 

the basis of frequency and density tbuld not be applied as suggested by Rokaya and 

Ghimire (2004), because, even though the species revealed high average density and 

frequency in majority of the sites, S. chirayita was available in patches, the size of 

which varied amongst the population sites. 

The lowest species richness recorded in Sc20 site was might be due to its location 

near to the road side where frequent road cleaning and clearing process and other 

disturbances restricted the regeneration of the other ground flora; while the highest 

species richness in Sc2 could be related to increased intensity of fodder collection as a 

consequence of ban imposed on animal grazing from forest lands vide Notification 

No.426/F, dated 17.07.1995, the former activity is known to increase the species 

richness (Dzwonko and Loster, 2007). The highest species diversity recorded at 

population site Sc6, which could be due to its low altitude as the species diversity 

reduces with increasing altitude (Pavon eta/., 2090; Wang et al., 2007). In addition, 

the site is located in the private agricultural field where grazing, fodder/fuel hood 

collection, land clearing, etc., were very common creating open spaces suitable for 

regeneration of the ground species (Aikens et a/., 2007). While, comparatively the 

low species diversity in Scl5 could be related to its higher altitude location, compared 

to Sc6, and further, to its abandoned status created by the cattle herders which gave an 
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opportunity to growth of unpalatable spec1es especially shrubs suppressing the 

regeneration of the other herb species. Population Sci and Sc16 was located in the 

forest area where the minimum light penetration to the ground prohibited the survival 

of monocarpic (light loving) ground species (Gaudio et al., 2011) resulting in low 

species diversity. Decreasing plant density with increasing altitude is a natural 

phenomenon as observed in the present study with S. chirayita. S. chirayita performs 

well on the slopes as the gradients often do not allows accumulation of water; higher 

the degree of slope, more is the seedling emergence or plant density as observed in the 

present study. 

The low availability of S. chirayita in populations, viz., Sc5, Sc6, SclO, Sc14 and 

Sc18 could be possibly due to its proximity to the human habitation. As the Sc5 

experiences frequent visitors for fodder/fuel hood collection thus creating open 

condition/gaps where the individuals of S. chirayita can easily be sighted. During 

such activities, collection of S. chirayita plants without considering their age has been 

observed, for the domestic use, prior to flowering and fruiting. Such practice allowed 

very few individuals to complete the reproductive phase resulting in low regeneration 

of S. chirayita. Further, major portion of the site had rocky habitat which could 

restrict the species to crevices and holes creating competitive environment for the 

species. The Sc6 population site was located along the periphery of the privately 

owned agricultural field where the species faced tremendous pressure in terms of 

different land use practices. The plants gets trampled or uprooted along with the other 

weed species during the clearing I preparation of land to sow crops, as change in land 

use, in particular the intensification of agriculture is the one of the major cause for the 

decline in the number of plant populations (Komeck and Sukopp, 1988) as the 

alteration in demographic rates may rapidly affects population size (Schemske et al., 

1994; Fischer and Matthies, 1998). Sometimes, the cattle are left in the field for 

grazing; being hitter in taste, the S. chirayita is not preferably grazed but may result in 

damage of the whole plant or part of it by trampling which affects the species 

abundance (Yu et al., 2008) as well as its regeneration. Nonetheless, such activities 

may further augment the threat of existence to S. chirayita in those sites in future 

because constant disturbance would prohibit the seedlings I saplings to mature leading 
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to disappearance of the species from the sites as the habitat degradation is regarded as 

the major cause of species extinction in human modified landscapes (Andren, 1994). 

The lowest availability of S. chirayita in Sci 0 could be possibly due to its closeness to 

the roadside as well as availability of single microhabitat condition which experiences 

frequent soil erosion due to marshy habitat. Such condition offers chances of 

uprooting of the seedlings I saplings, as well as the washing away of the seeds, 

resulting in low density as well as accumulation of available S. chirayita plants in 

lower and middle stand. Also, the frequent soil erosion prohibited the humus 

accumulation required for the seedling emergence and growth affecting the 

availability of S. chirayita in SclO, as the health of a forest floor plays a significant 

role in plant growth and survival. High moisture availability increases the seedling 

mortality by increasing the chances of fungal attack (Fidelis et a/., 2008). This might 

be the probable reason for the low availability of S. chirayita in Sc14, as the site is 

located in the vicinity of the wetland. In addition, the wetland being sacred, 

experiences frequent human visits which cause disturbances to its habitat thereby 

resulting in lower availability of S. chirayita in Sc14. Being closer to the settlement, 

harvesting of S. chirayita for domestic use is also a common practice at this site; 

further the site is exploited for other forest resources aggravating the problem of 

habitat deterioration, which lessened the species availability. Similarly, being closer 

to the villages, population site Sc 18 is exploited for fodder/fuel hood as well the 

collection of S. chirayita for personal use. There have been instances where S. 

chirayita juveniles were collected for plantation in the nursery and the harvesting of 

the adults, before maturing, for trade at the site. This has led to low availability of the 

species at the site. Further, the site recorded single microhabitat and appeared much 

vulnerable to deterioration as a result of human interferences; and microhabitat loss 

results in decrease in species abundance (Goode et al., 1995) ultimately leading to 

species extinction. 

Populations, viz. Sc7 and Sc8 being located nearer to the road are easily accessible 

and even though they were found to be constantly degraded during the road extension 

I repairing I cleaning process, both the sites had good availability of S. chirayita and 
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recorded highest density of the same indicating that the species being adapted to such 

disturbances, as the effect of habitat deterioration on the persistence of plants may 

strongly differ among species (Brys et al., 2005). At the same time, the sites provided 

suitable niche (open condition) for the regeneration of the species (Yu eta!., 2008). S. 

chirayita showed high availability in lower stand and its availability decreased in 

middle stand and was completely absent from upper stand in Sc7, as the population 

was situated in the forest margin, indicating its patchy or contagious distribution at the 

site; even though, the species showed high availability in all the three stands at site 

Sc8; the distribution was random in nature. The greater availability of S. chirayita in 

both the sites could also be attributed to the larger number of microhabitats as 

microhabitat diversity significantly affects species richness and abundance (Yu et al., 

2008; De Souza and Eterovick, 2010). However, both the sites had abundance of 

juveniles and the adult plants were very scarce which signals towards the requirement 

of high conservation measures because if juveniles are destroyed before they reaches 

the adult stage and complete its life cycle, the population may become vu)nerable to 

extinction. Populations, viz. Sc3, Sc4 and Sc22 were located in the forest areas in the 

gaps in similar range of altitude (ca. 2100 - 2200 m as!). All the three population sites 

were under imniense anthropogenic pressure in the form of grazing, NTFP collection, 

building of cattle sheds, land clearings, etc. Nevertheless, ban in grazing by the state 

government and the removal of cattle from the forest areas in Sikkim promoted S. 

chirayita to flourish in those areas where open conditions were available. Besides, 

higher number of microhabitats in all the three population sites proved advantageous 

(Yu et al., 2008; De Souza and Eterovick, 2010) for the growth of S. chirayita leading 

to high availability of the plants in those sites. Nonetheless, growth of unpalatable 

species have been observed in abandoned areas in other sites which may become a 

problem for regeneration of S. chirayita in the future leading to species disappearance 

from those sites 

Over 50% of the population site Sc2 was observed as open grassy slope and under 

continuous pressure for the fodder and NTFP collection due to its closeness to the 

human habitation. Also, the site had a history of grazing which could be attributed to 

openness and high species richness at the site. The site also recorded greater number 
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of microhabitats in addition to the presence of unpalatable species such as 

Edgeworthia gardenerii, Gleichenia gigantean and Osbeckia sikkimensis, which act 

as a buffer protecting S. chirayita from many disturbances. This looks promising for 

S. chirayita at present; however in the long run, species such as Osbeckia sikkimensis, 

which has a tendency to invade, might cover entire area restricting S. chirayita to 

small pockets. On the other hand, entire slope in Scl2 is completely open; this might 

be due to mass felling of trees in the past for township development in the nearby area 

or due to huge landslide that might have occurred in the geological past. In addition, 

the site recorded varied microhabitats and very low density for the associated species. 

Further, the presence of unpalatable species like Osbeckia sikkimensis and Rubus 

ellipticus protects the species from disturbances like trampling, etc. The abrupt ban on 

grazing _has promoted the species like Aconogonum molle, Osbeckia sikkimesis, 

Dichroa fenrifoga, etc., to spread covering wide area under which S. chirayita cannot 

be sighted easily and escapes ruthless harvesting thereby resulting in good availability 

in the area. At present, though the S. chirayita seems dominant over other species at 

the site; but, uncontrolled growth of other species makes this species vulnerable to 

population fragmentation and extinction because S. chirayita is a slow growing 

species, compared to other associated species, which have tendencies to become 

invasive, and S. chirayita cannot withstand them in longer run. 

The Sell population was explored at the highest altitude (284Jm as!) located entirely 

on the rocky slope and with complete isolation from other populations. Isolation of 

populations results in the reduced fitness of plants and further decline in population 

size (Lienert, 2004; Hensen et al., 2005). S. chirayita was highly concentrated in the 

upper stand while it showed medium availability in lower and middle stands thereby 

resulting in contagious distribution. Though, it had good availability of S. chirayita; 

nevertheless, the population might face risk of extinction in future because the area is 

prone to landslides I rockslide etc., caused by the developmental activities such as 

road extension I maintenance. This particular population is very important as the 

entire area remains under snow cover for almost 3-4 months in a year; to overcome 

the severity of the climatic condition, the species might have developed special 

adaptive features such as shorter plant height (refer chapter 5), production of highly 
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viable seeds (refer chapter 7), healthy seedlings, nectars very rich in sugars attracting 

insects etc., which needs detailed eco-physiological studies to determine its adaptive 

mechanism better. However, specialization of plants to specific environment makes 

them susceptible to various environmental pressures (Korner, 1999), suggesting that 

the population should be provided special conservation measures. 

The association of S. chirayita and Eupatorium cannabinum was common amongst 

Sci, Sc9 and Sc17 populations. These three sites recorded moderate availability of S. 

chirayita and are potential population sites. In the first two sites, S. chirayita was 

dominant over E. cannabinum and vice versa in Sc17. All the threes sites were located 

in the forest area either in the gaps or in the fringe of the forest. The governmental ban 

imposed on collection of medicinal plants (Exim Bank, 2009) allowed good growth 

and regeneration of S. chirayita in population site Scl, supported by I 00% frequency 

of occurrence. The site has a history of S. chirayita collection for trade in the past; 

however, ban on grazing has limited the human intervention in population site Sci but 

has permitted the growth of several unpalatable plant species thus threatening the 

availability of S. chirayita at the site. Higher intensity of forest resource use such as 

fodder/fuel hood, NTFPs, etc., at population site Sc9 resulted in trampling as well as 

damaging of S. chirayita plants or its parts during fodder collection process along 

with other fodder elements. This site could be a promising population if conservation 

measures are taken. Population Sc 17 is situated in distant location in open slope and 

the frequency of disturbance was very low; however, the population was available on 

the land slip area with over 70% adult plant. There is a chance of increase in 

abundance of the species from moderate at present to high in the future if the 

landslide does not become active and burry the juveniles and the dispersed seeds 

under the deep soil. The major threat at the existing population site is the dominance 

and uncontrolled growth of a weed species, Eupatorium cannabinum, which may 

cover entire area in the future suffocating the growth and regeneration of S. chirayita. 

Sc19 was lying in the margin of agricultural field and the forest area and faced higher 

degree of di~turbances such as grazing fodder/fuel hood collection, land clearing for 

agriculture purpose, NTFP collection, etc. The increasing density from lower to upper 

stand reveals higher intensity of pressure at the side nearer to agricultural field. This 
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will restrict the distribution of the species in a pocket in future at the population site. 

Population Sc20 was located in the forest area along or near to the road where it 

encounters disturbances like road cleaning/clearing, chirayita collection for the 

domestic purpose, etc. Likewise in the previous population, Sc20 had high availability 

of S. chirayita in the upper stand and low availability in the lower and the middle 

stand indicating increasing threat on the species leading its restriction wtihin small 

patch in the future. Both the site can be considered a potential population and needs 

meager conservation initiatives for long term sustainability of the population. 

Swertia chirayita, for its higher density and higher relative density, emerged dominant 

over other associated species in 16 of the total 22 populations. S. chirayita is not 

selective in forming associations; rather, the species grows evenly with other species 

existing in the population sites. However, S. chirayita being slow growing species, its 

domination over other species might get affected in future because some of the 

associated species like Eupatorium cannabinum, Osbeckia sikkimensis, Aconogonum 

molle, etc., have a tendency to become an invasive element thereby endangering the 

existing populations of S. chirayita . 

During the study, it was also observed that the availability of S. chirayita being 

affected by increasing number of associate species (r = -0.040), as reported by Fidelis 

et al., (2008) in Eryngium horridum. The possible reasons could be the low light 

penetration, increased competition, high moisture climate leading to fungal attack, 

etc., affecting both germination and establishment of seedlings (Tilman 1993; Foster 

and Gross 1998; Xiong and Nilsson, 1999; Moles and Westoby, 2004a,b) thereby 

causing increased seedling mortality (Fidelis et al., 2008). Litter may favour seed 

germination and establishment. Higher density of plants with increasing humus depth 

(r "" 0.372; p<O.l 0) in the current study indicates that the good humus availability 

helps to maintain greater plant availability of S. chirayita. However, negative effect of 

accumulation of litter on the seedling recruitment, survival of plant populations 

(Kalliovirta et al., 2006), species richness and vegetation (Sydes and Grime 1981a,b; 

Colling et al. 2002; Dzwonko and Gawronski 2002) has been reported in several 

studies. Decline in species richness with the increasing altitudes due to various 
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phenomenon viz., dry weather condition, decrease in precipitation, short photo period, 

less soil nutrient, etc., has been indicated in several studies (Hamilton 1975; Gentry 

1988; Kitayama 1992; Stevens 1992; Vazquez and Givnish 1998; Odland and Birks 

1999). Similar decrease in the species richness along increasing altitudes in the 

present study has been observed as promising advantageous for the important taxa 

like S. chirayita by providing sufficient area for it to boon. 

Quality of habitat/micro-site plays a significant role in the seedljng recruitment, 

establishment and better performance of the species (Turnbull eta/., 2000; Kalliovirta 

et a/., 2006). The present" study discovered that, S. chirayita is not habitat specific, 

suggesting the species offers high microhabitat niche pliability, in contrary to general 

assumption that the endangered species are often habitat specific. However, species 

performs well in the microhabitats characterized by less prevalence of competitor 

species such as open grassy slope, old landslide debris, rock crevices I boulders I 

stony areas, tree canopy, open moss covered slope, moist moss laden rocks, etc., as 

recorded in the present study. Under such habitat conditions, competition pressure for 

sunlight, precipitation and nutrients is reduced thereby helping S. chirayita to flourish. 

Trapping of soil and organic matter in the bedding/fault planes at the base of the large 

rock outcrops/on rock outcrops/rock crevices/gaps enabling good germination of 

· seeds can· be the possible reason for high density of S. chirayita in such microhabitat 

conditions where the plants were observed in numerous clusters. Tree canopy 

intercepts the abiotic factors necessary for the growth and survival of many under 

storey vegetation (Dobrowolska, 2008; Valladares and Niinemets, 2008), which 

results in high emergence of plant species like S. chirayita under such habitat 

condition in the absence of competitors. The water logging in the soil leading to 

decomposition of the underground part followed by the complete drying of the above 

ground part was observed in some of the population viz., Sc4, Sc9, indicating and 

emphasizing the less water requirement by the species for the growth and survival 

(refer chapter 8). Bamboo groove acts as a barrier to the human as well as the grazing 

animals thereby the species like S. chirayita acquires protection and an opportunity 

for the seeds to emerge in high number as seen in the case of Sc18. 
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4.5 Conclusion 

The present study concludes that, Sikkim Himalaya offers a high potential and greater 

availability of Swertia chirayita compared to central and northwestern Himalaya 

(Bhatt et al., 2006), where species is regarded as critically rare I critically endangered. 

Also, the identification of 14 microhabitats in the present study suggests the species 

maintains high micro-habitat pliability and that is important for its conservation and 

management, as a newer finding. However, the distribution is patchy in nature. Study 

further revealed that the commercial extraction of S. chirayita is not common in 

Sikkim and cannot be consider as a threat because of the governmental ban imposed 

oii. its collection from the wild. However, in cases, the impact of past harvesting could 

be witnessed. The use of the species as a home remedy carmot be considered as a. 

threat to the species. Such practices are necessary to conserve the traditional 

knowledge (Pradhan and Badola, 2008; Badola and Aitken, 201 0), which is also a 

very important issue. The present study suggests that the only threat to the species is 

the man made habitat modification or degradation in Sikkim Himalaya. In majority of 

the population sites, S. chirayita was available near to human settlement or in the 

areas where human interference exists, which indicate that its existence is not affected 

by minor habitat disturbances caused by the humans but is affected by complete 

degradation or modification of the habitat. Apart from these threats, natural 

disturbances viz., landslide, forest fire, etc., are also responsible for the species 

endangerment which makes it vulnerable as categorized (Ved et al., 2003a), and has 

no remedy except preservation of the gene pool through ex-situ mechanisms (Badola 

and Pal, 2002). 

The necessary steps in the context of conservation of S. chirayita would be the (i) 

identification and conservation of suitable habitat condition and elite populations, (ii) 

supplementary researches to discover and study more populations in other possible 

localities, (iii) the development of the cost effective ex-situ cultivation packages and 

improved agro-techniques for mass scale cultivation of the species (refer chapter 8), 

(iv) development of the ex-situ conservation strategies especially in a scenario when 
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harvesting potential from the wild falls short of the demand for the commercial 

exploitation (Badola and Pal, 2002; Badola and Aitken, 2010). 

At the same time, the relationship between the habitat and population characteristics 

needs to be considered in wider dimensions, especially when planning management 

activities need to be placed in order to enhance the regeneration of this threatened 

species (Kalliovirta et a/., 2006). The better performance of the species in nature and 

difference in secondary metabolism content in comparison to in-vitro cultivated plants 

(Wawrosch et a/., 2005), suggest primarily focuses of in-situ over ex-situ 

conservation, though later is equally supportive. The insignificant difference in major 

phytochemicals (amarogentin, mangiferin, swerchirin) between extracts of wild and 

cultivated plants strengthens the validity of cultivated S. chirayita for medicinal 

purpose and trade (Phoboo et a/., 201 0) which would be an important direction 

towards in-situ conservation of S. chirayita (Badola and Pal, 2002). Future studies 

should focus on monitoring the populations and estimating the population growth rate 

to address the best management system ofthe species (K~suma and Astuti, 2009). 
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Table 1. Site characteristics of selected populations of Swertia chirayita in Sikkim 

Site Site Name Altitude Aspect Slope GPS Broad habitat 
code (m asl) <"> Latitode (N) Longitude (E) 

Sc1 Luing(ES) 2126 NE 60 27°21'47.60" 88°34' 12.17" Ridge, mixed forest of Cryptomeriajaponica and 
Castanopsis tribuloides 

Sc2 Railgaon (ES) 1948 NE 25 27°21'52.71" 88°33'47.07" Shrubberies with scattered tree species of 
Cryptomeria japonica and Castanopsis tribuloides 

Sc3 Upper Pangthang 2176 sw 50 27°21' 13. 54" 88°33'53.37" Forest-shrubberies of Quercus lame/lose and 
(ES) Castanopsis tribu/oides 

Sc4 Guransey dara 2107 SE 55 27°20' 51.02" 88°34'07.92" Moist mixed Forest with the domination of 
(ES) Cryptomeria japonica and Rhododendron sp. 

Sc5 Jaunbari (SS) 1651 sw 45 27°11 '47.20" 88°23 '33.60" Moist forest-shrubberies with Alnus nepalensis and 
Michelia lanuigilosa 

Sc6 Upper Chamgaon 1583 NW 50 27°11 '03.80" 88°22'26.20" Forest-shrubberies with Alnus nepal ens is and 
(SS) Schima wallichi 

Sc7 Tiffin daral (SS) 1667 w 55 27°11' 14.8" 88°22'46.01" Moist grassy slope with Cryptomeriajaponica and 
Alnus nepalensis 

Sc8 Tiffin dara2 (SS) 1744 w 55 27°11'12.1" 88°22'45.8" Forest-shrubberies with Cryptomeria japonica and 
Alnus nepalensis 

Sc9 Upper Changrang 2055 s 60 27°21 '51. 97" 88°35'20.31" Forest-shrubberies with Machi/ us sp. and 
(ES) Castanopsis tribuloides 

Sc!O Phinsyonala (NS) 1761 NE 50 27°37'01.6" 88°37'26.2" Forest-shrubberies of Alnus nepalensis 

Sell Zema1 (NS) 2841 NE 65 27°44'34.7" 88°32'48.0" Rocky steep slope with Selenium sp. and Artemesia 
sp. 
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Cryptomeria japonica 

Sc\3 B2(ES) 1694 N 55 27°22'54.12" 88°38'28.08" Forest-Shrubberies with persisting landslide with the 
domination of Alnus nepalensis 

Sc\4 Khecheopalri (WS) 1867 sw 50 27°21 '06.7" 88°11 '21.6" Moist mixed forest of Quercus sp. and Castanopsis 
tribuloides 

Sc\5 Fring dara (WS) 2030 sw 40 27°20'53.2" . 88°10'51.5" Shrubberies of Osbeckia sp. 

Sc16 Yuksam(WS) 1948 SW 65 27°23 '26.2" 88°13'09.8" Mixed forest of Quercus lamel/osa as dominant 

Scl7 Deewani taar (WS) 2055 SE 55 27°11 '41.3" 88°13'23.9" Forest-Shrubberies with the dominance of Alnus 
nepalensis 

Sc18 Gumpa dara (WS) 1978 SE 55 27°10'13.6" 88°11 '03.9" Forest -shrubberies of Cryptomeriajaponica-Ainus 
nepalensis 

Sc19 Hilley (WS) 2697 s 60 27°10'44.5" 88°07'05.4" Forest-shrubberies with Lithocarpus pachyphyl/a 
and Arundinaria maling 

Sc20 Ribdi (WS) 2332 s 60 27°09' 58.2" 88°06'35.2" Moist forest of Cryptomeria japonica 

Sc21 Tendong (SS) 2099 s 50 27°13'45.0" 88°23'37.0" Forest-shrubberies with Castanopsis tribuloides and 
Quercus sp as dominant 

Sc22 Ravangla (SS) 2160 s 45 27°18'58.6" 88°22'20.6" Mixed forest of Castanopsis tribuloides, Quercus 
lame/lose, Machilus edulis and Cinnamomum sp. 

ES: East Sikkim; SS: South Sikkim; NS: North Sikkim; WS: West Sikkim 
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Table 2. Phytosociological attributes of Swertia chirayita and its associates in Sikkim 

Site Species RD Freq (%) RF(%) M Ab A!F 
code (%) ratio 

Sci Swertia chirayita 23.30 100.00 24.79 48.09 7.30 0.073 

Anaphalis sp. 7.34 36.67 9.09 16.43 6.27 0.056 

Clematis buchananiana 0.64 13.33 3.31 3.94 1.50 0.150 

Eupatorium cannabinum 10.43 30.00 7.44 17.86 10.89 0.225 

Gleichenia gigantean 37.23 50.00 12.40 49.63 23.33 0.171 

Os/;Jeckia sikkimensi 14.15 100.00 24.79 38.94 4.43 0.044 

Swertia bimaculata 6.38 60.00 14.88 21.26 3.33 0.467 

Symplocos glomera/a 0.21 6.67 1.65 1.87 1.00 0.113 

Symplocos theifolia 0.32 6.67 1.65 1.97 !.50 0.363 

Sc2 Swertia chirayita 42.21 100.00 32.26 74.47 11.83 0.118 

Anaphalis sp. 9.16 43.33 13.98 23.13 5.92 0.087 

Edgeworthia gardenerii 0.12 3.33 1.08 1.19 1.00 0.384 

Elaeocarpus lanceaefolius 0.12 3.33 1.08 1.19 1.00 0.133 

Eurya acuminata 0.36 3.33 1.08 1.43 3.00 0.137 

Gleichenia gigantean 34.01 36.67 11.83 45.84 26.00 0.083 

Osbeckia sikkimensis 5.59 43.33 13.98 19.57 3.62 0.709 

Pieris ovalifolia 0.12 3.33 1.08 1.19 1.00 0.900 

Swertia bimaculata 3.45 33.33 10.75 14.20 2.90 0.300 

Symplocos glomera/a 3.80 16.67 5.38 9.18 6.40 0.094 

Symplocos theifolia 0.48 10.00 3.23 3.70 1.33 0.300 

Zanthoxylum alatum 0.59 13.33 4.30 4.90 1.25 0.300 

Sc3 Swertia chirayita 56.67 70.00 31.82 88.48 13.76 0.197 

Anaphalis sp. 16.86 30.00 13.64 30.50 9.56 0.042 

Gleichenia gigantean 13.53 16.67 7.58 21.11 13.80 0.046 

Osbeckia sikkimensis 7.65 53.33 24.24 31.89 2.44 0.828 

Rhododendron dalhousie 2.55 16.67 7.58 10.12 2.60 0.319 

Swertia bimaculata 2.75 33.33 15.15 17.90 1.40 0.156 

Sc4 Swertia chirayita 66.93 100.00 60.00 126.93 11.33 0.113 

Eupatorium cannabinum 16.93 13.33 8.00 24.93 21.50 0.200 

Euryajaponica 3.35 6.67 4.00 7.35 8.50 !.613 

Gleichenia gigantean 5.71 6.67 4.00 9.71 14.50 0.111 

Osbeckia sikkimensis 5.91 30.00 18.00 23.91 3.33 1.275 
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Swertia bimaculata 1.18 !0.00 6.00 7.18 2.00 2.175 

Sc5 Swertia chirayita 12.85 70.00 58.33 71.18 3.29 0.047 

Eupatorium cannabinum 86.59 36.67 30.56 117.15 49.00 1.336 

Golchidion acuminatum 0.56 13.33 11.11 11.67 2.25 0.169 

Sc6 Swertia chirayita 8.27 46.67 35.90 44.17 3.93 0.084 

Engelhardtia spicata 0.30 16.67 12.82 13.12 1.20 1.067 

Eupatorium cannabinum 90.23 46.67 35.90 126.12 49.79 2.100 

Hedychium spicatim 1.05 3.33 2.56 3.62 7.00 0.072 

Machiliu edulis 0.15 16.67 12.82 12.97 1.60 0.096 

Sc7 Swertia chirayita 61.81 53.33 61.54 123.35 34.50 0.647 

Betula alnoides 0.56 10.00 11.54 12.10 2.33 2.957 

Eupatorium cannabinum 37.63 23.33 26.92 64.55 69.00 0.233 

Sc8 Swertia chirayita 51.88 100.00 71.43 123.30 21.67 0.217 

Eupatorium cannabinum 47.73 33.33 23.81 71.53 59.80 1.794 

Hedychium spicatum 0.24 3.33 2.38 2.62 3.00 0.900 

Maesea chisia 0.16 3.33 2.38 2.54 2.00 0.600 

Sc9 Swertia chirayita 50.44 100.00 51.72 102.16 7.67 0.077 

Artemesia vulgaris 3.73 10.00 5.17 8.90 5.67 3.300 

Eupatorium cannabinum 21.71 10.00 5.17 26.88 33.00 0.567 

Gleichenia gigantean 0.88 3.33 1.72 2.60 4.00 0.133 

Osbeckia sikkimensis 19.74 50.00 25.86 45.60 6.00 0.120 

Polygonum molle 3.51 20.00 10.34 13.85 2.67 1.200 

SclO Swertia chirayita 13.92 60.00 25.71 39.63 2.72 0.045 

Artemesia vulgaris 5.68 50.00 21.43 27.11 2.13 0.250 

Astilbe rivularis 3.41 46.67 20.00 23.41 1.57 0.043 

Eupatorium cannabinum 76.99 76.67 32.86 109.85 19.17 0.034 

Sell Swertia chirayita 61.71 100.00 46.88 108.58 6.50 0.065 

Artemesia vulgaris 27.85 40.00 18.75 46.60 7.33 0.183 

Astilbe rivularis 1.27 10.00 4.69 5.95 1.33 0.133 

Selenium sp. 9.18 63.33 29.69 38.86 1.53 0.024 

Scl2 Swertia chirayita 78.38 100.00 43.48 121.86 10.63 0.106 

Aconogonum molle 8.60 33.33 14.49 23.09 3.50 0.150 

Astilbe rivularis 2.21 20.00 8.70 10.91 1.50 O.D75 

Dichroa febrifuga 0.49 6.67 2.90 3.39 1.00 0.044 

Osbeckia sikkimensis 8.11 50.00 21.74 29.85 2.20 0.105 
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Rubus ellipticus 2.21 20.00 8.70 10.91 1.50 0.075 

Scl3 Swertia chirayita 44.64 100.00 47.62 92.26 6.67 0.067 

Artemesia vulgaris 4.24 10.00 4.76 9.00 6.33 0.731 

Eupatorium cannabinum 24.55 23.33 11.11 35.66 15.71 0.112 

Osbeckia sikkimensis 16.29 46.67 22.22 38.52 5.21 0.084 

Pteris biaurita 8.71 13.33 6.35 15.05 9.75 0.633 

Rubus ellipticus 1.56 16.67 7.94 9.50 1.40 0.673 

Sc14 Swertia chirayita 43.38 33.33 38.46 81.84 5.90 0.177 

Gleichenia gigantean 25.00 13.33 15.38 40.38 8.50 0.100 

Hedychium spicatum 5.88 3.33 3,85 9.73 8.00 0.975 

Osbeckia sikkimensis 2.94 3.33 3.85 6.79 4.00 2.400 

Pteris biaurita 9.56 6.67 7.69 17.25 6.50 0.450 

Swertia bimaculata 8.82 20.00 23.08 31.90 2.00 0.638 

Utrica diocia 4.41 6.67 7.69 12.10 3.00 1.200 

Sc15 Swertia chirayita 36.36 100.00 33.33 69.70 5.07 0.051 

Artemesia vulgaris 21.53 26.67 8.89 3D.42 11.25 0.041 

Dichroa febrifuga 1.44 10.00 3.33 4.77 2.00 0.067 

Eupatprium cannabinum 5.26 6.67 2.22 7.49 11.00 0.104 

Heracleum wallichii 0.24 3.33 1.11 1.35 1.00 1.650 

Osbeckia sikkimensis 10.53 46.67 15.56 26.08 3.14 0.200 

Rumex nepaulensis 10.05 36.67 12.22 22.27 3.82 0.422 

Swertia bimaculata 14.59 70.00 23.33 37.93 2.90 0.300 

Sc16 Swertia chirayita 33.58 100.00 35.29 68.87 6.17 0.062 

Aconogonum molle 9.62 26.67 9.41 19.03 6.63 0.332 

Arisaema sp. 2.18 23.33 8.24 10.41 1.71 0.073 

Artemesia vulgaris 25.77 46.67 16.47 42.24 10.14 0.056 

Eupatorium cannabinum 24.32 36.67 12.94 37.26 .12.18 0.167 

Rubus ellipticus 0.91 10.00 3.53 4.44 1.67 0.248 

Rumex nepaulensis 2.72 30.00 10.59 13.31 1.67 0.167 

Utrica diocia 0.91 10.00 3.53 4.44 1.67 0.217 

Sc17 . Swertia chirayita 37.19 100.00 43.48 80.66 8.90 0.089 

Anaphalis sp. 12.12 30.00 13.04 25.16 9.67 0.357 

Artemesia vulgaris 0.28 3.33 1.45 1.73 2.00 0.333 

Astilbe rivularis 0.28 6.67 2.90 3.18 1.00 0.322 

Eupatorium cannabinum 42.48 53.33 23.19 65.67 19.06 0.150 
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Osbeckia sikkimensis 1.39 10.00 4.35 5.74 3.33 0.600 

Pteris biaurita 5.57 20.00 8.70 14.27 6.67 0.333 

Rhododendron. cilliatum 0.70 6.67 2.90 3.59 2.50 0.375 

Sc18 Swertia chirayita 29.91 33.33 33.33 63.24 6.70 0.201 

Anaphalis sp. 16.52 13.33 13.33 29.85 9.25 0.297 

Eupatorium cannabinum 44.20 33.33 33.33 77.53 9.90 0.467 

Strobilanthus sp. 3.13 10.00 10.00 13.13 2.33 0.694 

Ulrica diocia 6.25 10.00 10,00 16.25 4.67 0.233 .. 
Sc19 Swertia chirayita . 69.87 100.00 65.22 135.08 7.03 0.070 

Anaphalis sp. 25.83 33.33 21.74 47.57 7.80 0.131 

Rhododendron sp. 1.99 6.67 4.35 6.33 3.00 0.234 

Rubus ellipticus 2.32 13.33 8.70 11.01 1.75 0.450 

Sc20 Swertia chirayita 55.97 100.00 50.00 105.97 8.43 0.084 

Anaphalis sp. 44.03 100.00 50.00 94.03 6.63 0.066 

Sc21 Swertia chirayita 13.23 70.00 27.63 40.86 6.38 0.091 

Anaphalis sp. 4.44 16.67 6.58 11.02 9.00 0.519 

Eragrostis atrovirens 18.26 50.00 19.74 38.00 12.33 0.133 

Eupatorium cannabinum 61.60 63.33 25.00 86.60 32.84 0.120 

Osbeckia sikkimensis 0.39 10.00 3.95 4.34 1.33 0.247 

Pteris biaurita 0.99 16.67 6.58 7.57 ·2.00 0.113 

Rubus ellipticus 0.49 13.33 5.26 5.76 1.25 0.094 

Strobilanthus sp. 0.59 13.33 5.26 5.86 !.50 0.540 

Sc22 Swertia chirayita 77.07 70.00 53.85 130.91 13.14 0.188 

Aconogonum molle 0.27 3.33 2.56 2.83 1.00 0.215 

Anaphalis sp. 1.87 6.67 5.13 6.99 3.50 0.300 

Eragrostis atrovirens 15.47 30.00 23.08 38.54 6.44 0.150 

Eupatorium cannabinum 2.13 6.67 5.13 7.26 4.00 2.700 

Osbeckis sikkimensis 0.27 3.33 2.56 2.83 1.00 0.300 

Pteris biaurita 2.40 3.33 2.56 4.96 9.00 0.525 

Rubus ellipticus 0.53 6.67 5.13 5.66 1.00 0.600 

RD: relative density; RF: relative frequency; M: important value index; Ab: abundance; A!F: 
abundance to frequency ratio 
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Table 3. Diversity and dominance pattern of Swertia chirayita pockets in Sikkim 

Site Species Community density Shannon - Wiener No. microhabitat 
code richness (ind/m2

) diversity Index I site 

Sci 9.0 31.33 0.71 6.0 

Sc2 12.0 28.03 0.89 5.0 

Sc3 6.0 17.00 1.20 8.0 

Sc4 6.0 16.93 1.82 7.0 

ScS 3.0 20.57 6.52 6.0 

Sc6 5.0 25.76 8.75 4.0 

Sc7 3.0 34.73 1.44 5.0 

Sc8 4.0 41.77 1.44 5.0 

Sc9 6.0 15.20 1.02 6.0 

Sc!O 4.0 18.13 3.93 1.0 

Sell 4.0 10.53 !.54 1.0 

Sc12 6.0 13.56 3.30 7.0 

Scl3 6.0 14.94 0.87 5.0 

Sc14 7.0 4.54 0.82 4.0 

Sc!S 8.0 13.94 0.69 7.0 

Sc16 8.0 !8.37 0.73 4.0 

Sc17 8.0 23.93 0.95 7.0 

Sc18 5.0 7.46 0.91 1.0 

Sc19 4.0 10.06 2.15 4.0 

Sc20 2.0 15.06 !.50 2.0 

Sc21 8.0 33.77 1.46 5.0 

Sc22 8.0 12.50 3.06 6.0 
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1 ame '1. 1 ypes ana mrensn;t or ex1srmg msruroances m mrrerenr POQU!auons or ;:>wertw cmra:x.zta m :Slklam lilmala;ta 

Tl'~es of disturbance 

Grazing Fodder Fuel hood NTFP Agriculture Road Human Chirayita Others 

Sites collection collection collection cleaning I movement collection (landslides, 
clearing etc} 

Intensity of disturbance 

L M H L M H L M H L M H L M H L M H L M H L M H L M H 
I • • • 
2 • • • • 
3 • • 

0 

4 • • 
5 • • • • • 
6 • • • • • 
7 • • 
8 • • 
9 • • • • 
10 • • • 
II • • 
12 • • • • • 
13 • • • 
14 • • • • • • 
15 • • • • • • 
16 • • • • • 
17 • • • 
18 • • • • • 
19 • • • • • • • 
20 • • • • • • 
21 • 
22 • • • 

L- low, M- moderate, H- high 
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Figure 2. Map showing the stud ied sites fo r Swertia chirayita in Sikkim , India 
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Figure 4. Distribution pattern of Swertia chirayita in selected population in Sikkim 
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83 



40.0 

~ 

NE 30.0 -"C 
c 
;: 20.0 ... 
'iii 
c 
G> c 10.0 

0.0 

30.0 

~ 
!!.... 20.0 
~ 
c 
G> 
:l 
tr I!! 10.0 
u.. 

=Density 
-C>-% individuals/microhabitat 

84 

25.0 

20.0 - ... 
iii ., 

15.0 :l :!::: 
"C .0 

:~ 
., 

..c: 
"C e 10.0 c IJ 

~ 0 
'§ 

5.0 

0.0 

c::::J Site-wise occurrence 
~Quadrat-wise occurrence 



25.0 

20.0 

~ 

NE .; 

:a 15.0 
.: -
~ 
!/) 
c 10.0 
Cll 
c 

5.0 

=Density -o-Frequency 

.. 

120.0 

100.0 

80.0 ~ 
</!. -
~ 

60.0 ; 
:I 
tT 
E 

40.0 u.. 

20.0 

0. 0 +-'-----'-+-'-~'-t-"----'--l--"----'---i--"----'--+-'-~---'-+-'--4 0. 0 
West North South South- South- North-East North-

East West West 

Site exposure 

Figure 9. Effect of site exposure on the availability of Swertia chirayita in Sikkim 

85 



CHAPTERS 

Morphological Variability amongst Populations 

5.1 Introduction 

Variation in plant morphology, influenced by geography, is a function of phenotypic 

changes in response to local enviromnental conditions, genetic variation and evolution 

among populations, and the biogeographic history of an individual species (Ellison et 
• 

al., 2004). Morphological variation and geographical separation among populations 

are equally imperative to the formation of subspecies and species (Losos and Glor, 

2003). The environment, viz., light condition, climate, and competition with other 

species (Tesitel and Stech, 2007) is a governing factor in determining population 

differentiation. affecting morphological features in a species and evolvement of 

specialized populations adapted to particular enviromnent (Lynn and Waldren, 2001); 

however, the altitude and seasonal variation are amongst other major responsible 

factors. Assessment of differences in morphology is the traditional way of 

determining diversity within and between plant populations (Bayorbor eta/., 2010). 

The existence of localized populations each adapted to the particular environmental 

conditions of their habitat have been revealed in many plant species (Turesson, 1922; 

Bradshaw, 1960, 1991; McNeilly, 1968; Kik et al., 1990; Geber et a!., 1992; Badola 

and Pradhan, 201 Oa, 201 0). Such adaptation to specific enviromnental conditions can 

occur over a relatively short span of time (Lynn and Waldren, 2001), however, such 

species preferring specific habitat are much prone to habitat loss and extinction than 

the species with broad habitat range (Badola and Aitken, 2003; Samant et al., 1996). 

In addition, the habitat destruction and fragmentation are the major causes restricting 

the natural populations of important plant species to smaller pockets (Parab and 

Krishnan, 2008) vis-a-vis species extinction (Ehrlich and Ehrlich, 1981 ). Deleterious 

effects on the genetic diversity within a specjes can be resulted due to fragmentation 

of natural plant communities, because there will be a decrease in levels of gene flow, 

particularly over longer distances (Ouinsavi and Sokpon, 2010). The subsequent 

effects of genetic drift in small, isolated populations will be the loss of diversity, 
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inability of plants to adapt to changes in their environment and ultimately increasing 

the risk of extinction (Wilson and Provan, 2003). At this juncture, it would be vital to 

know if such fragmentation leads to inter population variation. In addition increasing 

human populations and land use intensification (e.g., cultivation, grazing, and urban 

development) have (i) resulted in the loss and subdivision of native habitats, (ii) 

increased species extinction rates, and (iii) lowered species diversity (Ouinsavi and 

Sokpon, 20 I 0). Such circumstances call for the establishment of a strategy to 

conserve the important species in-situ (Karam et al., 2006) which will provide an 

opportunity for the researchers to understand the evolutionary processes of the plants 

(Arafeh et al., 2002). In addition, an evaluation of the germplasm in nature generally 

provides an idea about suitable climatic conditions for domestication and cultivation 

of an important plant species; and, on the basis of phenotypic traits, the elite 

germplasm can be identified for crop improvement (Vashistha et al., 2006). 

Swertia chirayita, a high value medicinal herb, has hugeidemand in the national and 
.,· 

international market (Badola and Pal, 2002). Its inci'easing demand has led to 

unsustainable harvesting from nature resulting in restricting its distribution to small 

pockets (ecodemos) and specific habitats in the Himalayan belts. These habitats are 

being destroyed at an alarming rate due to natural as wells as man made calamities 

resulting in changes in the immediate environment. Also, the species has wide range 

of altitudinal distribution in Sikkim from 1500m to 3000m and is not unusual to 

undergo changes within the species to adapt itself to varying climatic conditions. This 

necessitates evaluating the forgone changes within and amongst the populations of S. 

chirayiata to adapt itself to changing environmental conditions. The present study was 

undertaken with broad aims to, (I) assess the most discriminating morphological 

character for evaluating variations amongst the natural populations in S. chirayita; (2) 

based on morphological traits, the identification of superior germplasm for 

domestication, crop improvement and conservation of the species; (3) determination 

of appropriate morphological trait to evaluate the below ground biomass; ( 4) assess 

the adaptive mechanism to withstand the varying climatic conditions. The outcome 

will provide helpful clues and suitable approaches for the sustainable use of the herb 

as medicine in future, as well as for the in-situ conservation of the species. 
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5.2 Materials and Methods 

5.2. 1 Material 

Morphometrical data were collected from 22 natural populations covering all the four 

districts (east, west, north and south) in Sikkim. Two forms (rosette and reproductive) 

of S. chirayita plants were collected during the end of the growing season (November

December) [Table 5 and Table 6]. From each population, 9 plants each (both form) 

were randomly selected maintaining at least 2-3 meter distance between each 

individual plant to avoid sampling clones. For each population, the broad habitat and 

other topographical features were observed. The altitude, aspect and slope of the site, 

including latitudinal and longitudinal coordinates and humus depth were recorded 

(refer chapter 4). 

5.2.2 Morphological characters 

In the laboratory, the plant materials were thoroughly washed to remove the soil 

particles and wiped with tissue roll to remove the additional moisture. In the case of 

rosette form, the morphological characters measured included collar diameter, root 

diameter, number ofleaves, largest leaflength, largest leaf width, root length while in 

the case of reproductive form, plant height, stem basal diameter and number of 

branches in addition to the above characters, were taken into account. After recording 

the fresh weight, the collected materials were oven dried at 70°C to constant weight in 

order to obtain the plant biomass. 

5.2.3 Statistical analysis 

The SPSS 10.0 for windows (SPSS Inc. 1989) was used for statistical interpretations 

of the data. Multivariate analysis of variance (MANOVA) was conducted to 

determine the variation and if significant variation existed, Bonferroni (p<O.OS) test 

was performed to test the significant difference in means of the recorded growth 

parameters amongst populations. The coefficient of variation for morphological 

characters was calculated for each population. Canonical discriminant analysis (CDA) 

was used to determine the most variable morphological character marking differences 

amongst populations. Based on the average linkages (between groups) and Pearson's 
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correlation, a dendrogram was constructed to evaluate the levels of variation amongst 

populations. Pearson's correlation coefficient analysis was performed to evaluate the 

correlation amongst the different morphological characters in both rosette and 

reproductive form; however, here, the populations were not taken into account. 

5.3 Results 

In the case of the rosette forni of plants, the recorded morphological characters in S. 

chirayita except the number of leaves were positively correlated with altitude but 

showed negative correlation with the humus depth; the growth parameters were 

positively correlated with soil pH except leaf length (Table 7). Similarly, in 

reproductive form, all the recorded morphological characters showed positive 

correlation with the altitude except for the plant height and number of branches; 

however, the parameters were negatively correlated with the huinus depth and 

positively correlated with soil pH (Table 7). In terms of total plant biomass, altitude 

and soil pH showed positive correlation while humus depth showed negative 

correlation in rosette form of S. chirayita. In reproductive form, altitude, humus depth 

and soil pH had positive effect on the total plant biomass· (Table 7). 

Variability in microhabitat condition has been observed in each of the sites in the 

present study which resulted in differences in morphological characters amongst 

different populations in S. chirayita. All the recorded mprphological characters are 

presented in Table 5 (rosette form) and Table 6 (reproductive form). One way 

multivariate analysis of variance (MANOVA) revealed a significant (p<O.OOOl) 

variation in the recorded morphological characters including total plant dry biomass 

amongst populations in both rosette and reproductive forms in S. chirayita (Table 8). 

The collar diameter ranged from 2.73 ± 0.4 (Sc5) to 7.99 ± l.lmm (Sc21) in rosette 

form; similarly, the value ranged from 4.82 ± l.lmm (Sci) to 10.38 ± 2.1mm (Sc17) 

in reproductive from in S. chirayita; however, the difference was significant (p<O.OS) 

in both the forms. In terms of root diameter, Sc5 recorded the lowest value (2.3 ± 
0.2mm) while Sc21 recorded the highest value (6.64 ± 0.9mm) in rosette form; the 

value was lowest for Sc22 (4.22 ± 0.8) and highest for Sc17 (10.98 ± 3.6mm) and. the 

difference was significant (p<O.OS) in both forms. In rosette form, the root length 
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ranged from 41.66 ± 6.7mm (Scl6) to 539.78 ± 154.7mm (Sc20); while in 

reproductive form, the root length ranged from I 04.44 ± 15.9 (Sc4) to 358.89 ± 
103.6mm (Scl) and the difference was significant (p<0.05) in either from of S. 

chirayita. The number of leaves was significantly (p<0.05) high in Sc8 (15.56 ± 2.8) 

and Scl (15.0 ± 2.2) compared to lowest record for Scl2 (7.78 ± 2.0) in rosette form; 

similarly, in reproductive form, Sc6 recorded significantly (246.56 ± 151.2; p<0.05) 

highest number of leaves compared to all the populations except Scl7, for which the 

value was insignificant. The lowest value for the largest leaf length (31.05 ± 12. 7mm) 

and leaf width (17.68 ± 1.8mm) recorded for Sc2 was significantly (p<0.05) lower 

than majority of the populations in rosette form; nevertheless, in reproductive form, 

the largest leaf length ranged from 55.19 ± 14.lmm (Sc22) to 189.53 ± 18.9mm 

(Sell) and the largest leaf width ranged from 20.89 ± 2.2mm (Sc2) to 50.93 ± 6.8mm 

(Scl7) and the difference was significant (p<0.05) for both leaf length and width. In 

terms of plant height, Scl7 recorded the maximum plant height (134.1 ± 23.7cm) 

followed by Scl8 (121.0 ± 24.2cm), ScS (120.0 ± 5.7cm), and Sc20 (110.4 ± 17.7cm) 

and the value was significantly (p<0.05) greater compared to Sell (20.11 ± 1.7cm) 

and Sc 4 (39.56 ± 6.6cm), which recorded the minimum plant height than other· 

populations (Table 6). Significant (p<0.05) difference in stem basal diameter was 

recorded between the highest record for Sell (7.58 + 1.9mm) and the lowest for Sc7 

(2.69 + 0.2mm). In rosette form, in respect of total biomass, the highest value was 

recorded for Sc20 (4.8 + 1.9) and Scl7 (4.73 + 1.4); however the difference was 

insignificant compared to other populations (Figure 1 0). In reproductive form, 

significantly (p<0.05) highest total plant biomass (17.79 + 7.9gm) was,recorded for 

Scl7 compared to all other populations (Figure 1 0); similarly, the high total plant 

biomass (10.66 + 12.2) recorded for Sc3 was significant (p<O.OS) compared to 

majority of the populations. 

In rosette form (Figure llA, 112B), of the six morphological character recorded, most 

variations were observed in the root length with coefficient of variation ranging from 

14.23% to 69.58% followed by root diameter (4.66% to 48.06%). Largest leaflength 

(3.62% to 40.89%) and largest leaf width (4.92% to 40.80%) subsequently followed 

the root diameter. The number of leaves showed lowest coefficient of variation value 
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(8. 75% to 32.18%) followed by collar diameter with coefficient of variation value 

ranging from 7.07% to 3 7.3 7%. In reproductive form (Figure 12A, 12B, 12C), of the 

nine morphological characters identified, the number of branches recorded the highest 

coefficient of variation value ranging from 0% to 84.16% followed by number of 

leaves (8.59% to 83.65%) and root diameter (4.78% to 55.79%). The coefficient of 

variation value ranged from 3.24% to 43.30% (plant height), 3.45% to 49.95% 

. (largest leaflength), 3.51% to 40.63% (largest leaf width) and 9.31% to 47.14% (root 

length). The lowest coefficient of variation value was recorded for the stem basal 

diameter (4.97% to 38.24%), followed by collar diameter (6.63% to 41.17%). In terms 

of total plant biomass, highest variation was recorded for Sc3 (reproductive) and Sc21 

(rosette) while the lowest variation was observed in Sc18 (reproductive) and Sc!O 

(rosette) [Figure 13]. 

A cluster analysis, based on average linkage (between group) method and Pearson's 

correlation, divided the entire populations into three clusters in rosette (Figure 14A) 

and six clusters in reproductive form (Figure 14B) of S. chirayita. All the recorded 

morphological characters, except few, in both rosette (Table 9) and reproductive form 

(Table 1 0) inS. chirayita showed positive correlation with each other. In rosette form, 

the result of canonical discriminant analysis (CDA) indicated that, the morphological 

characters viz., leaf length; root length and collar diameter was · the main 

discriminating character and were mainly found to be responsible for the total 

variation amongst the populations inS. chirayita (Table 11). The three morphological 

characters cumulatively accounted for 87.7% of the total variation. Leaflength alone 

accounted for 50.7% of the total variation; root length resulted for 20.7% variation 

and collar diameter accounted for 16.3% variation. Similarly, in reproductive form, 

the plant height, number of leaves, leaf width and stem basal diameter were mainly 

responsible for the total variations amongst the populations in S. chirayita, which 

cumulatively accounted for 83.6% variation (Table 12). On individual basis, the plant 

height, number of leaves, leaf width and stem basal diameter accounted for 42.6%, 

19.6%, 13.0% and 8.5% variations. 
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5.4 Discussion 

The microhabitat has direct influence on plant growth and vigour; at the same time 

soil pH and humus depth provides a good indication of the chemical status of soil and 

can be used to determine the plant growth potential. Increasing soil pH (Martensson, 

2010) and altitude (Yare, 1997) decrease the soil nutrient. This might be the reason 

for positive correlation between the total plant biomass with increasing altitude and 

soil pH in the present study with S. chirayita. Several limiting factors, viz., altitude, 

competition amongst species for limited resources, disturbance, etc., regulate growth 

in plant species as observed in the present study. Plant height and altitude are 

negatively correlated (Kofidis et a!., 2007); however, at the same time, the plant 

height and leaf number provide a measure of photosynthetic and transpiration area 

and are indicators of the plant quality (Ritchie, 1984). The statement is insufficiently 

suggestive for the present study because plant species modifies itself to adapt to the 

changing environment. Even though, in the present study, reduction in plant height 

and leaf number in S. chirayita was observed with increasing altitude; nevertheless, 
' 

increase in the collar size, root size and leaf size (leaf length and width), which itself 

are the indicators of healthy plants, with altitude was recorded in both rosette and 

reproductive form. The positive correlation of the collar diameter and root diameter 

with below ground biomass further strengthens present findings that the plant quality 

does not merely depend on plant height and leaf number. Further, the decrease in the 

photosynthetic and transpiration area caused by reduction in plant height and number 

of leaves with altitude is nullified by increase in the leaf size (leaf length and width) 

with altitude. 

In rosette form, population Sc5 which occupied bouldery habitat (refer chapter 4) 

recorded smallest value for collar diameter and root diameter; however, growth in 

terms of plant height was comparatively high in reproductive form. In adverse 

microhabitat conditions, plant species are prone to competition for limited available 

resources; however, the surviving plant species emerges as successful competitor and 

colonizer as it matures (refer chapter 6) .. This indicates that the S. chirayita is a 

successful competitor. At the same time, Sc21 which occupied forest-shrubbery 
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habitat recorded the high value for collar diameter and root diameter in both rosette 

and reproductive form; but, recorded smaller plant height revealing its sensitivity to 

habitat condition, as the denseness of the forest prohibited the S. chirayita plants from 

acquiring required amount of sunlight needed for photosynthesis and growth. As an 

adaptation to high radiation, lesser number ofleaves were recorded in Sc12 followed 

by Sc3, which occupied completely open slope where the plants are directly exposed 

to the sunlight resulting in high water loss; whereas, Sc8 followed by Sc 1 recorded 

the highest number of leaves, as these two population had occupied forest-shrubbery 

habitat where the shade of the nurse plant lessens rate of water loss. In reproductive 

form, the lowest number of leaf in Sc4 is the result of deficiency of the required 

nutrient and absence of sunlight as the population inhabited streamside and under 

dense canopy of Cryptomeria japonica; similarly, lower number of leaves in Scl3 is 

the result of disturbance in the form of frequent landslides in the study site. 

Disturbance in any form inhibits plant growth and has been experienced in Sc2 with 

having smallest leaf size (leaf length and width) where fodder collection, trampling, 

water logging, S. chirayita collection (for domestic use) etc., were the major threats 

observed; similarly Sc22 recorded the smallest leaf size as the population was . . 

recovering from the disturbance caused by intense grazing in the past. As an adaptive 

mechanism to less soil nutrient, Sc20 followed by Scl7 recorded the longest root 

length because Sc20 occupied the habitat which was dominated by dense Cryptomeria 

japonica trees under which the survival of the plant species is almost impossible, and 

Scl7 occupied the land-slip naked slope contributing to the high total biomass. The 

smallest root length in Sc4 could be related to soil nutrient deficiency. In mountainous 

region, strong altitudinal gradient leads to dramatic variation in environmental 

conditions (Hong-Li et al., 2009). With the increasing altitude, more environmental 

stresses, viz., extreme radiation, wind speed, eic., are created which greatly affects the 

plant growth and leaf size (Li et al., 2008). Similar observations have been made in 

the present study where plant height decreased with altitude, as observed in other 

species (Bhadula and Purohit 1994; Bhadula et al., 1996; Kofidis et al., 2007). 

Nevertheless, the leaf size increased with increasing altitude; Sell located at highest 

altitude (284lm as!) of plant collection site recorded the lowest plant height in S. 
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chirayita appeared as an atlaptation to extreme climatic conditions. Cumulatively, the 

vigorous growth and biomass was observed in Sc17 followed by Sc3 as both the 

populations occupied open habitat indicating this as the most suitable and preferred 

habitat by S. chirayita .. Nonetheless, less growth and biomass in Sc4 of all the 

population may be due to the reason that the population was located near to the stream 

and under dense canopy of Cryptomeria japonica forest creating stressful condition 

for S. chirayita. Similarly, the little growth and lower biomass in Sc9 and Sc!O was 

observed as both the population occupied highly disturbed area in the form of 

landslide, fuel-fodder collection, etc. 

Cluster analysis revealed variability in morphological characters amongst the 

populations of S. chirayita in Sikkim which is further supported by difference in 

coefficient of variation in morphological characters within populations, indicating the 

role of topography, climate and microhabitat. The habitat colonized by S. chirayita 

differs from each other with regard to altitude, light, soil humus, soil moisture, slope 

and. aspect as it is assumed that the ecological factors strongly affects genetic 

variation within and among populations (Nevo et al., 1988; Nevo and Beiles, 1989; 

Kolliker eta!., 1998; Al-Saghir et al., 2009). Location of the site may be responsible 

for non-clustering of Sc6 (reproductive form) and Scl6 (rosette form) with other 

populations. For example, Sc6 was located to near the human habitation which always 

faces the pressure to some extent in one or the other way. Disturbance in the form of 

forest litter collection for agricultural purpose, fuel and fodder collection results in 

trampling, which prohibits the pl~ts from growth and development as different types 

of land-use practices contribute to the variation amongst populations (Poschlod and 

Jackel, 1993; Poschlod et a!., 2000). The altitude could be another factor as Sc6 

occurred at the lowest average altitude (1583m) compared to other populations. 

Similarly, Sc16 was located at the landslide prone area where the plant completing its 

phenological cycle is merely by chance. In addition, fungal attack due to high 

moisture (Moles and Westoby, 2004ab) and plant litter (Xiong and Nilsson, 1999) 

under dense Quercus lame/lose forest and the continuous flowing stream has negative 

impact on establishment of S. chirayita plants as it prefers the open dry slope; which 

is clear from the negative correlation of all the morphological characters with the 
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humus depth in either forms of S. chirayita, except for the number of leaves 

(reproductive form). The smallest root length in Scl6 further strengthens the impact 

of high soil nutrients on S. chirayita plants. Nonetheless, on the basis of cluster 

analysis, it is clear that when S. chirayita is in rosette stage, the plants marks more 

similarity; but, as when plant attains adult stage, the existing dissimilarity amongst 

populations becomes more prominent which emphasizes that reproductive stage is 

more important for exploring the existing morphological variations amongst 

populations of S. chirayita. 

The present study revealed that, amongst different populations of S. chirayita, 

discriminating character responsible for total variation was different for the rosette 

and reproductive forms. The leaf length was the most discriminating character in the 

rosette form and the plant height emerged as the most discriminating character in 

reproductive form. However, it is suggested that, for identifying such character in S. 

chirayita, fully developed plant should be considered because in such plants, further 

development is not possible, however, as in rosette plants the growth process is 

continued. On the basis of above revelation, plant height emerged as the most 

appropriate indicator for identifying existing morphological variations amongst 

populations of S. chirayita. Further, the negative correlation between the plant height 

and the altitude of the site of plant collection revealed that the plant height vary with 

altitude supporting the above statement. 

5.5 Conclusion 

The present study concludes the following: 

I. Several modifications undergoes m S. chirayita to adapt to the varying 

environmental conditions. 

2. For evaluating the morphological variations amongst populations, fully 

matured plants rather than rosette individuals should be considered in S. 

chirayita. 

3. Collar diameter is the good indicator for determining root biomass without 

undergoing destructive harvesting inS. chirayita. 
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4. Plant height is the most appropriate indicator that can be considered for 

identifying existing morphological variations amongst populations in S. 

chirayita. 

5. Of several studied populations, Sc17 followed by Sc3 can be considered as the 

healthiest germplasms and can be used for their domestication vis-a-vis 

conservation of the species. 

6. S. chirayita does not have rigid habitat preferences; however, the species 

performs well in open slope facing south-east, south-west, east and south 

direction. 

7. The present findings should be considered as baseline for the future studies 

(recommended), by other researchers, at genetic level to determine extent of 

genetic variability amongst different populations in S. chirayita in Sikkim. 
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Collar diameter Number of Root diameter Root length Largest leaf Largest leaf 
Po[>. (mm) leaves (mm) (mm) length (mm) width (mm) 
Scl 6.60 ± 1.5 15.00±2.2 5.59 ± 1.4 271.89 ± 104.2 41.45 ± 8.1 19.70±2.9 

Sc2 5.28 ± 0.8 11.44 ± 1.9 4.07±0.7 222.00 ± 84.9 31.05 ± 12.7 17.68± 1.8 

Sc3 4.41 ± 1.2 8.89 ±2.0 4.03 ± 1.4 226.67 ± 89.3 36.87 ± 9.1 19.72±3.4 

Sc4 3.96 ± 0.8 10.78 ± 2.0 3.19 ± 0.6 222.33 ± 154.7 31.66 ± 8.0 20.11 ±2.8 

Sc5 2.73 ± 0.4 -11.22± 1.6 2.30 ± 0.2 188.56 ± 62.5 110.70 ± 12.0 31.31 ±2.8 

Sc6· 4.33 ± 1.3 13.11 ±2.7 3.25 ± 1.1 165.22 ± 32.5 143.38 ± 33.4 36.85 ±4.5 

Sc7 4.17 ± 1.6 13.67±2.0 3.05 ± 1.0 184.00 ± 48.3 95.87 ± 23.3 31.25 ± 8.5 

Sc8 5.22 ± 1.6 . 15.56 ±2.8 3.88 ± 0.8 201.44 ± 60.3 136.96 ± 25.5 32.77 ± 11.2 

Sc9 4.81 ± 1.3 12.67 ± 3.0 4.33 ± 1.3 205.56 ± 69.6 139.95 ± 28.2 30.50± 4.0 

SclO 3.76 ± 0.3 11.11 ± 1.8 3.33 ± 0.3 160.22 ± 28.8 85.26 ± 5.7 17.95 ± 0.9 

Sell 6.17±1.8 12.67 ± 3.6 5.17±2.5 200.67 ± 78.7 147.21 ±31.6 32.43 ± 12.6 

Scl2 3.99 ± 0.6 7.78 ±2.0 3.23 ± 0.8 179.89±65.1 115.35 ± 21.5 22.76 ± 3.1 

Scl3 4.56 ± 1.0 11.11±2.1 3.72 ± 0.8 230.11 ± 56.3 159.34 ± 45.7 30.34±4.9 

Scl4 4.42 ± 1.1 13.56 ± 3.0 3.83 ± 1.0 252.89 ± 99.5 168.33 ± 10.0 31.97 ± 4.6 

Scl5 4.43 ± 1.3 11.56 ± 3.4 3.91 ± 1.4 223.33 ± 76.0 141.18±28.1 29.31 ± 8.4 

Scl6 4.73 ± 0.8 13.56 ± 4.4 4.32± 0.8 41.66 ± 6.7 132.97 ± 26.9 29.86 ± 6.8 

Scl7 6.30 ± 1.3 14.00 ± 1.2 5.16 ± 1.1 214.00 ± 71.7 155.02 ± 45.3 37.91 ± 3.2 

Scl8 5.37±0.4 13.78 ± 2.0 4.18±0.2 189.67 ± 32.8 124.41 ± 4.5 34.81 ±2.59 

Sc19 4.46 ± 1.0 12.67 ± 1.9 3.88 ± 1.0 145.22 ± 34.1 139.37 ± 38.2 35.19 ± 5.4 

Sc20 5.93 ± 1.8 14.67 ±2.5 6.10 ±2.6 539.78 ± 154.7 175.60 ±38.0 37.24 ± 6.1 

Sc2l 7.99 ± 1.1 14.78±2.9 6.64 ± 1.5 274.33 ± 107.4 143.36 ± 48.8 37.58 ± 10.7 

Sc22 7.18 ± 1.3 12.56 ±2.5 5.64 ± 0.9 282.56 ± 40.2 43.43 ± 14.4 22.92± 9.4 
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Pop Plant height Stem Collar Number of Number of Root Root length Largest leaf Largest leaf 
(em) basal diameter branches leaves diameter (mm) length (mm) width (mm) 

diameter (mm) (mm) 
(mm) 

Sel 93.44 ± 23.7 4.49 ± 1.1 4.82 ± 1.2 11.56 ± 5.5 91.56 ± 40.5 4.81 ± 1.3 358.89 ± 103.6 98.13 ± 15.3 23.88 ± 3.1 

Se2 99.56± 14.0 4.75 ± 0.7 6.74 ±0.9 14.78 ± 5.5 56.44 ± 47.0 5.98 ±0.8 308.89 ± 132.1 108.44 ± 12.4 20.89±2.2 

Sc3 99.78 ± 6.3 7.12±2.7 9.65 ±3.6 21.67 ± 1.9 58.33 ± 48.8 8.28 ±3.2 225.56 ± 95.7 119.43 ± 24.7 21.98 ± 1.8 

Se4 39.56 ± 6.6 3.54±0.3 4.94±0.6 --- 10.33 ± 1.7 4.58 ±0.5 104.44 ± 15.9 80.04 ± 5.5 24.01 ± 0.8 

SeS 120.00 ± 5.7 4.38 ±0.9 6.44 ± 0.9 16.22 ± 4.4 141.44± 6.3 5.85 ± 1.0 313.33 ± 33.5 127.94 ± 8.0 21.47 ± 1.9 

Se6 92.78± 14.9 5.24 ± 0.7 7.78 ± 1.7 17.22±7.1 246.56 ± 151.2 6.39 ± 1.6 251.11 ± 36.6 125.77 ± 7.7 21.06 ± 1.8 

Se7 61.22 ± 5.7 2.69 ±0.2 5.38 ± 1.5 12.67 ± 6.0 119.67 ± 51.9 5.75 ± 1.6 272.22 ± 49.2 119.70±6.1 20.53 ±2.0 

SeS 64.33 ± 10.4 3.50±0.8 6.22 ±2.3 6.78 ±42 71.89 ±33.8 5.38±12 27222 ± 65.5 124.24 ±5.1 21.24 ±2.9 

Se9 79.56± 7.7 5.83 ± 0.6 6.53 ± 0.6 5.33 ± 2.3 33.78 ± 10.6 6.17 ± 0.6 173.33 ± 27.4 120.80 ± 6.4 26.77 ±2.7 

SelO 72.33 ± 2.4 5.06 ±0.4 5.53 ± 0.4 -- 18.67 ± 3.0 5.21 ± 0.3 154.44 ± 26.5 124.46 ± 4.3 26.00 ± 3.0 

Sell 20.11 ± 1.7 7.58 ± 1.9 8.15±2.0 --- 15.89 ± 1.4 7.75 ± 3.0 326.67 ± 30.4 189.53 ± 18.9 44.03 ±4.7 

Sel2 95.22 ± 18.0 5.08 ± 1.6 7.51 ± 1.8 11.33 ± 6.0 20.44 ± 5.3 6.11 ±2.3 218.89 ± 68.6 96.74 ± 22.2 28.06 ± 8.6 

Sel3 54.22 ± 3.0 5.33 ± 1.2 7.18±2.0 --- 13.78 ± 1.7 6.54 ± 1.7 207.78 ± 98.0 107.31 ± 35.9 27.52 ± 2.8 

Sel4 81.44 ± 14.0 4.11 ± 1.2 5.74 ±2.0 4.00 ± 1.7 31.56 ± 6.2 5.64 ± 1.8 237.78 ± 42.4 83.29±20.1 39.90 ± 7.9 

SelS 80.44 ± 26.6 5.33 ± 1.2 8.34 ±2.4 5.89 ±4.38 37.22± 17.9 8.72 ± 3.5 241.11·±40.5 111.61 ± 34.3 35.31±7.1 

Sel6 72.67 ± 31.46 3.87 ± 1.1 5.25 ±0.6 7.22 ± 6.1 66.44 ± 40.7 4.77 ± 0.7 285.56 ± 76.0 121.18 ± 60.5 32.67 ± 13.3 

Sel7 134.10 ± 23.7 6.98 ± 1.2 10.38 ± 2.1 24.78 ± 3.8 172.56 ± 60.1 10.98 ±3.6 326.67 ± 103.3 157.72 ± 8.1 50.93 ± 6.8 

SelS 121.00 ± 24.2 6.15±2.4 8.28 ±3.4 19.78 ± 9.1 78.56 ± 31.5 7.45 ±2.3 327.78 ± 70.3 114.69 ± 23.4 34.05 ± 12.3 

Scl9 92.89 ± 16.8 3.97 ± 0.5 5.65 ± 0.6 14.67 ± 6.4 41.67 ± 18.0 5.43 ± 0.7 224.44 ± 65.6 89.98 ± 23.0 27.30 ± 4.3 

Se20 110.44± 17.7 4.47 ± 1.2 6.13±3.6 21.22 ± 9.7 140.33 ± 57.0 6.57 ±3.7 278.89 ± 82.7 112.00 ± 32.9 32.23 ± 8.6 

Sell 89.33 ± 11.6 6.63 ±0.6 9.69 ± 1.6 17.78 ± 3.0 22.67±6.8 8.29 ± 1.5 332.22 ± 106.5 75.20 ± 10.1 33.79 ± 4.3 

Se22 69.44 + 8.8 3.32± 0.4 5.15 ± 1.1 --- 20.22±6.2 4.22±0.8 198.89 ± 47.0 55.19 ± 14.1 22.01 ± 2.6 
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Table 7. Pearson's correlation coefficient (r) and significance of correlation (P) between the means of observed parameters of 
S. chirayita with altitude and humus depth in Sikkim 

Vegetative (rosette form) Vegetative (Stock form) 

Altitude (m) Humus depth Soil pH Altitude (m) Humus depth Soil pH 

(em) (em) 

Parameters r p r p r p r p r p r p 

Plant height --- --- --- --- --- --- -0.143 ns -0.054 us 0.229 ns 

Stem basal diameter --- --- --- --- --- --- 0.275 <0.05 -0.073 ns 0.129 ns 

Collar diameter 0.309 <0.05 -0.158 ns 0.178 ns 0.084 ns -0.001 ns 0.015 ns 

Number of branches --- --- --- --- --- --- -0.005 ns -0.003 ns 0.172 ns 

Number ofleaves -0.033 ns -0.280 <0.05 0.117 ns -0.334 <0.01 0.028 ns -0.154 ns 

Root diameter 0.386 <0.01 -0.124 ns 0.066 ns 0.122 ns -0.017 ns 0.096 ns 

Root length 0,192 ns -0.013 ns 0.133 ns 0.078 ns -0.087 ns 0.113 ns 

Largestleaflength 0.027 ns -0.390 <0.01 -0.108 ns 0.092 ns -0.005 ns 0.260 ns 

Largest leaf width 0.045 ns -0.314 <0.01 0.132 ns 0.357 <0.01 -0.155 ns 0.241 ns 

Total dry biomass 0.278 <0.05 -0.152 ns 0.152 ns 0.028 ns 0.108 ns 0.245 ns 

ns: not significant 
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Table 8. Result ofMANOVA showing morphological variation 
amongst populations of S. chirayita in Sikkim 

Dependent Variable Rosette form Reproductive form 

df F Sig. df F Sig. 

Plant height 21 25.098 .000 

Stem basal diameter 21 10.796 .000 

Collar diameter 21 10.008 .000 21 6.610 .000 

Branch number 21 19.120 .000 

Leaf number 21 5.289 .000 21 16.536 .000 

Root diameter 21 7.199 .000 21 5.800 .000 

Root length 21 10.939 .000 21 7.335 .000 

Largest leaflength 21 27.293 .000 21 13.192 .000 

Largest leaf width 21 10.434 .000 21 17.127 .000 

Total plant dry biomass 21 21.076 .000 21 10.900 .000 
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Table 9. Pearson's correlation matrix amongst populations of S. chirayita (rosette) in Sikkim 
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Collar diameter (mm) 1.000 

Number of leaves 0.382' 1.000 

Root diameter (mm) 0.851' 0.401' 1.000 

Root length (mm) 0.365' 0.167' 0.372c 1.000 

Largest leaf length (mm) 0.092"' 0.249' 0.180a 0.076"' 1.000 

Largest leaf width (mm) 0.229' 0.406' 0.262c 0.121"' 0.722' 1.000 

Above ground fresh wt. (g) 0.643' 0.588' 0.683c 0.355' 0.329' 0.448' 1.000 

Below ground fresh wt. (g) 0.620' 0.380' 0.685c 0.601' 0.190' 0.306' 0.659' 1.000 

Above ground dry wt. (g) 0.470' 0.406' 0.536c 0.405' 0.331' 0.393' 0.684' 0.639' 1.000 

Below ground dry wt. (g) 0.552' 0.329' 0.610c 0.418' 0.300' 0.391' 0.540' 0.765' 0.733' 1.000 

Total plant dry biomass (g) 0.532' 0.404' 0.599c 0.437' 0.342' 0.418' 0.677' 0.728' 0.968' 0.880' 1.000 

a: p<0.05; b: p<0.01; c: p<0.001; ns: not significant 
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Plant height (em) 1.000 

Stem basal diameter (mm) Oo309' 1.000 

Collar diameter (mm) Oo389' 00830' 1.000 

Number of branches Oo738' Oo384' 0.487' 1.000 

Number of! eaves 0.497' Oo143' Oo286' Oo627' 1.000 

Root diameter (mm) Oo398' Oo763' Oo906' 0.474' Oo317' 1.000 

Root length (mm) Oo376' Oo329' Oo379' 0.473' Oo342' Oo384~ 1.000 

Largest leaflength (mm) 00109"' 0.462' 00329' 00232b 0.300' 0.369' 0.319' 1.000 

Largest leaf width (mm) Oo167' 0.458' 0.417' Oo119"' 0.011"' 0.480' 0.270' 0.425' 1.000 

Above ground fresh wt. (g) Oo634' Oo550' Oo661' 0.694' 0.517' Oo664' 0.542' 0.300' 0.210b 1.000 

Below ground fresh wt. (g) 0.479' Oo525' Oo699' 0.498' 0.342' 0.734' 0.576' 0.243' 0.418' Oo801' 1.000 

Above ground dry wto (g) 0.602' Oo600' Oo677' 0.683' 0.381' Oo648' Oo434' 0.249' 0.250' 0.900' 0.747' 1.000 

Below ground dry wt. (g) 0.515'. 0.554' 0.669' 0.561' 0.364' 0.726' 0.421' 0.277' 0.456' 0.820' 0.880' 0.852' 1.000 

Total dry biomass (g) Oo599' 0.605' 0.692' Oo675' 0.387' 0.679' 0.442' Oo260' 0.298' 0.905' Oo792' 0.994' 0.903' 1.000 

a: p<0.05; b: p<0.01; c: p<0.01; ns: not significant 
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Table 11. Summary of Canonical Discriminant Function of the growth parameters 
among populations of S. chirayita (rosette) in Sikkim 

Function 

1 2 3 4 5 6 

Collar diameter -0.161 -0.084 1.108 -0.210 -0.206 -1.108 

Number of leaves 0.091 0.016 0.357 0.487 0.884 0.055 

Root diameter -0.275 0.473 -0.394 -0.449 -0.027 1.409 

Root length 0.046 0.862 -0.492 0.273 -0.010 -0.229 

Largestleaflength 1.009 0.073 -0.065 -0.510 0.295 -0.213 

Largest leaf width 0.057 -0.147 0.225 0.788 -0.831 0.290 

Eigenvalue 3.630 1.483 1.168 0.480 0.276 0.116 

% of Variance 50.7 20.7 16.3 6.7 3.9 1.6 

Cumulative% 50.7 71.5 87.8 94.5 98.4 100.0 

Canonical correlation 0.885 0.773 0.734 0.570 0.465 0.323 
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Table 12. Summary of Canonical Discriminant Function of the growth parameters among 
populations of S. chirayita (reproductive) in Sikkim 

Function 

1 2 3 4 5 6 7 8 9 

Plant height 1.048 -0.045 -0.161 -0.024 -0.682 0.022 -0.446 0.283 -0.010 

Stem basal diameter -0.825 -0.554 -0.078 0.621 -0.966 0.732 0.626 -0.661 0.300 

Collar diameter 0.359 0.260 -0.919 0.318 0.600 -0.608 0.498 1.765 -1.202 

Branches number 0.574 -0.342 0.112 0.499 0.870 -0.157 0.132 -0.652 -0.231 

Leaf number -0.130 0.794 0.547 -0.249 -0.430 -0.009 0.669 0.062 0.110 

Root diameter -0.227 -0.148 0.586 -0.403 0.254 -0.529 -0.856 -0.672 1.676 

Root length -0.062 0.068 0.196 -0.130 0.346 0.981 -0.091 0.332 0.201 

Largest leaf length -0.559 0.673 0.075 0.494 0.059 -0.207 -0.689 0.092 -0.273 

Largest leaf width -0.027 -0.703 0.819 -0.359 -0.014 -0.092 0.204 -0.018 -0.336 

Eigenvalue 6.923 3.188 2.112 1.378 0.894 0.755 0.563 0.318 0.134 

%Variance 42.6 19.6 13.0 8.5 5.5 4.6 3.5 2.0 0.8 

Cumulative % 42.6 62.2 75.1 83.6 89.1 93.8 97.2 99.2 100.0 

Canonical correlation 0.935 0.872 0.824 0.761 0.687 0.656 0.600 0.491 0.344 
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Figure 10. Difference in total plant dry biomass amongst populations of 
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Figure 11. Coefficient of variation in morphological characters in populations of 
Swertia chirayita (rosette) in Sikkim 
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Figure 14A. Dendogram based on average linkage (between groups) method and 
Pearson correlation in rosette form of Swertia chirayita in Sikkim 
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CHAPTER6 

Effect of Microhabitat, Light and Temperature on Seed 
Germination 

6.1 Introduction 

Seedling emergence and survival in plants differ greatly in their habitat preferences. 

Young seedlings on the forest floor are susceptible to many threats; recruitment of a 

species is possible in microhabitats having fewer threats. The characteristics of the 

microsite occupied by a seed may strongly influence its probability of germination 

and subsequent survival; species that live in highly specific habitats often produce 

seeds with highly specialized adaptations (Navarro and Guitian, 2003). Highly 

specific microhabitats may affect seed germination and subsequently seedling 

survival. Specific, though, congenial micro-habitats may offer high chances of 

establishing gregarious and massive populations even for a rare and endangered 

species (Badola and Pradhan, 201 0). 

Temperature regulates the seed germination in three ways (Bewley and Black, 1994), 

(i) by determining the capacity and percentage of germination; (ii) by eliminating 

primary and/or secondary dormancy; and (iii) by inducing secondary dormancy. The 

optimal germination temperature for most seeds which do not acquire dormancy is 

25°C to 30°C. However, temperature range for germination depends largely on, (1) 

period of the year in which plants complete their life cycle, ·and (2) geographic origin 

of the species (Besnier, 1989). 

In addition, light is also important for seed germination. In the case of light sensitive 

species, the seed will not germinate if it remains covered by litter or soil. Many 

species respond to the enviromnent with optimal growth and development according 

to the light they receive (Maloof et al., 2000). Some seeds germinate similarly in light 

and darkness (Baskin and Baskin, 2001), while others do it more readily either under 

light (Colbach et al., 2002) or darkness conditions (Thanos eta/., 1989). Also, light 

requirements for germination can vary with temperature. It has been demonstrated 
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that some species need a constant temperature and light to germinate and others can 

germinate either under light or darkness conditions but need temperature fluctuations 

(Felippe, 1978). 

Swertia chirayita Roxb. ex Fleming H. Kharst (Gentianaceae) is a perennial herb 

distributed in temperate Himalaya (!200m- 3000m as!) from Kashmir to Bhutan and 

in Khasia hills ofMeghlaya, India (Chanda, 1976). In general, 1800-2300m altitude is 

a suitable range preferred by the species in Sikkim Himalaya (personal observation). 

Usually, species attains two forms in its 3 year life cycle; for the first two year, it 

remains in rosette form and during the third year, it gives out shoot, flower and fruit 

and becomes ready for harvest by the end of the season. However, it has been 

observed rarely that the plant completing its life cycle in two years which can be 

perceived as an abnormal behaviour (personal observation). Wind plays vital role in 

seed dispersal; the species is self pollinated (Chakraborty et a!., 2009), however, 

different pollinators have been observed during flowering season (personal 

observation). 

Ethnomedicinal use of S. chirayita is known to exist prior to subsistence of modern 

health care system, for having numerous medicinal properties (Nadkarni, 1976; 

Biswas and Chopra, 1982; Kirtikar and Basu, 1984; Wawrosch eta!., 2005; Pradhan 

and Badola, 2008). It is a source of important chemical compounds such as, 

amarogentin ( chirantin), gentianine, swerchirin and swertiamarin (Singh, 2008). 

Whole plant is known to possess anti-inflammatory, anti-platelet, anti-cancerous, anti

fungal and anti-malarial (Brahmachari et a!., 2004), anti-viral properties (Verma et 

a!., 2008). The raw material demand of S. chirayita is huge in both domestic and 

international market (Bhattarai ·and Acharaya, 1997; Badola and Pal, 2002, 2003; 

Badola and Aitken, 2003, Dutta, 2004, Olsen, 2005) .. 

Due to indiscriminate extraction and habitat loss for several reasons, in many parts of 

Himalaya, Swertia chirayita has become critically endangered (Ved et a!., 2003a; 

IUCN, 2008) and is under the threats of extinction, and is a top priority species for its 

immediate conservation through eX-situ mechanism (Badola and Pal, 2002). 

111 



Conventional propagation of the species is possible only through seeds, and available 

literature reveals low percent germination in S. chirayita (Raina et al., 1994; Basnet, 

2001). There have been no previous studies available on the influen~e of microsites, 

as source, with light and temperatures, on seed germination in S. chirayita. 

Understanding germination behaviour of seeds from different microhabitats would 

help field managers and scienti~ts to implement conservation strategies (Cervera et 

al., 2007), particularly in case of species recovery programme of the species. The 

present study has been undertaken with the objectives to address these questions: (i) 

do seed germination variability exists amongst microhabitats in Swertia chirayita? (ii) 

what is the optimal temperature requirement for its seed germination?; and (iii) are the 

seeds light sensitive? 

6.2 Materials and Methods 

6.2.1 Seed germination test 

The study was carried out with the seeds of Swertia chirayita harvested during 

December from 6 different microhabitats, viz., tree base, stump base, boulder, under 

canopy, shrubberies and grassy slope, from the forests of East Sikkim, India, (ca. 

2000m as!). Mature fruits/capsules were collected and brought to the laboratory. The 

seeds were separated from fruits. After removing available impurities, the seeds were 

room dried for I 0 days, and soaked for 24 hrs in double distilled water separately for 

each microhabitat. The soaked seeds were surface sterilized by immersing in Sodium 

hypochlorite (available chlorine 4.0%, E. Merck Company, India) solution for 5 sec. 
' and washed thoroughly with double distilled water before placing in petri plates 

(90mm) lined with single layer Whatmann no. 1 filter paper. 

Three sets (set A, B and C) in alternating light and dark photoperiod (14/1 0 

light/dark), and three sets (set AI, 81 and Cl) in continuous darkness (petri plates 

wrapped with aluminum foil) for each microhabitat were placed in a germination 

chamber at constant temperature of 20°C, 25°C and 30°C, respectively. Each set of 

experiment had 3 replicates of 30 seeds each. Double distilled water was added 

whenever needed. The seeds were observed daily, and considered germinated upon 

radical emergence. On germination, the seeds were countea and removed. The 
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experiment was completed in 45 days. Set A 1, B 1 and C 1, showing no germination or 

very poor germination in 45 days in continuous darkness, were then transferred to 

14/10 hrs light/dark photoperiod individually at three continuous temperature regimes 

for another 45 days to determine the possibility of seed germination recovery in S. 

chirayita. 

6.2.2 Statistical analysis 

Statistical analysis was performed using SPSS I 0.0 software for Windows. The data 

were submitted to Two-way ANOV A, to demonstrate the significance of main factors 

(seed source and temperatures) and their interaction in affecting the percent seed 

germination, germination rate, germination recovery percent ·and germination 

recovery rate. A Bonferroni test was used to determine if differences among means 

are significant (p<O.OS). Mean germination rate (r) was calculated according to 

Labouriau (1972) as, r = 1/L(xd)/Lt where 'x' is number of newly emerged seedlings 

in each day d, and 't' is total number of seedling emerged at the end of the test. 

Percent germination recovery (GR) was deterinined from the expression, % GR = 

[(b/n;)- (a/N)] x 100 where "a" is number of seeds germinated in continuous darkness 

from the actual total seeds "N", "b" is number of seeds germinated after transferring 

the seeds to 14/10 hours light/dark photoperiod from the remaining seeds "n;". 

6.3 Results 

Table 13 shows the effect of microclimatic conditions and the temperature on percent 

seed germination, germination rate, germination recovery percent and germination 

recovery rate. Over 70% seed germination was recorded in alternating light and dark 

photoperiod from all the seed sources and temperature conditions except grassy slope 

(68.89%; 20°C) [Figure !SA]. Seeds sourced from tree base, stump base and canopy 

resulted in highest of 82.22% germination at 20°C which was significantly higher than 

grassy slope (68.89±5.09; p<O.OS) and non-significantly higher than shrubberies 

(71.11±1.92); similarly, at 25°C, stump base (97.78±3.85%) recorded highest 

germination value followed by boulder (94.44±5.09%), tree base (92.22±5.09%) and 

canopy (91.11±1.92%). These values were significantly higher than the values 

recorded for shrubberies (77.78±3.85%; p<O.OS). Further, the highest value for stump 
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base was significantly higher compared to grassy slope (84.44+ 1.93%; p<0.05). At 

30°C, the maximum seed germination recorded for boulder (87.78±1.92%) and 

canopy (86.67±3.33%) was significantly higher (p<0.05) than the lowest recorded for 

shrubberies (73.33±3.33%) and grassy slope (75.56±1.93%). Seeds sourced from tree 

base and stump base recorded 83.33±5.77% and 83.33±3.33% seed germination. 

When compared amongst the different temperature conditions, seeds incubated at 

25°C resulted in highest seed germination followed by 30°C and 20°C (Figure 15A). 

In the case of seeds collected from stump base, boulder and grassy slope, significantly 

high (p<0.05) seed germination was observed at 25°C compared to 30°C incubation. 

Also, for seeds from stump base, the seed germination was significantly high (p<0.05) 

at 25°C compared to 20°C. Contrarily, in continuous darkness, the seeds either very 

poorly germinated or did not germinate under any of the three temperature regime 

(Figure 15B). 

After 45 days, the non-germinated seeds when transferred from dark condition to 

14/10 hours light/dark photoperiod significantly recovered in germination for all the 

microhabitat conditions and temperature regimes (Figure 15C). However, variation in 

germination recovery percent was observed. For example, at 20°C, significantly 

(p<0.05) highest seed germination recovery percent was observed in seeds from under 

canopy (81.68±3.9) compared to other microhabitat condition (tree base: 65.09±5.92; 

stump base: 61.11±1.92; shrubberies: 41.11±6.94; grassy slope: 59.89±5.26) except 

boulders (77.78±5.09) in which the difference in seed germination recovery percent 

was non-significant. Similarly, the lowest seed germination recovery percent recorded 

for shrubberies was significantly low (p<0.05) compared to all other microhabitat 

conditions. The seed germination recovery percent was significantly high (p<0.05) in 

boulders compared to seeds from stump base and grassy slope. Similarly at 25°C, 

highest seeds germination recovery percent recorded for seeds from under canopy 

(86.67±5. 77) was significantly high (p<0.05) compared to seeds from tree base 

(70.0±6.67), stump base (65.56±1.93), shrubberies (42.22±5.09) and grassy slope 

(71.09±7.54), however, it was non-significant for seeds from boulders (83.98±3.94). 

The lowest value recorded for shrubberies was significantly low (p<0.05) compared to 

other microhabitat conditions. Seeds from stump base recorded significantly low 
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(p<0.05) seed germination recovery percent compared to boulders. At 30°C, of all the 

microhabitats, seeds from shrubberies (45.56±1.93) recorded significantly low seed 

germination recovery percent than other microhabitat conditions (tree base: 

68.29±1.39; stump base: 62.22±8.39; boulder: 74.44±1.93; canopy: 74.83±3.98; 

grassy slope: 60.0±5. 77). Similarly, seeds from canopy and boulder recorded 

significantly high (p<0.05) germination recovery value than grassy slope. When 

compared amongst temperature, seeds incubated at 25°C recorded non-significantly 

high germination recovery value in seeds from all the microhabitat conditions except 

shrubberies where the value was higher at 30°C. 

The mean germination rate (Figure 16A) and the germination recovery rate (after 

transferring seeds from complete darkness to light/dark photoperiod cycle) [Figure 

16B] were significantly greater (p<O.OS) at 25°C than at 20°C and 30°C, 

comparatively; amongst microhabitats, the variation in germination rate (Figure 16A) 

was non-significant while germination recovery rate was significant (p<0.05) [Figure 

16B]. At all the three temperature conditions, seed sourced from shrubberies recorded 

significantly (p<O.OS) lower germination recovery rate. 

6.4 Discussion 

Both internal and external environmental factors strongly influence the seed 
• 

germination in nature (Baskin and Baskin, 2001). The ecological conditions 

prevailing in a given habitat affect seed germination (Uysal et a!., 2006) as evident 

from our study in which the variability in seed germination amongst the microhabitat 

conditions (sources) was observed. In nature, germination of seeds is often restricted 

to locations that meet specific environmental conditions (Vandelook eta!., 2008) and 

are often referred to as 'safe-sites' (Harper, 1977) or 'regeneration niches' (Grubb, 

1977). Therefore, preservation of such safe-sites rather than restoration of h11bitat 

would be crucial for. the conservation of the species. In Jlresent study, the seeds of S. 

chirayita when exposed to 14/1 Ohours light/dark photoperiod under different 

temperature regime performed well, which coincide with day/night length in its 

natural environment. Plant species have a minimum temperature, an optimum 

temperature, and a maximum temperature requirement, above or below which their 
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seeds will not germinate (Cardoso, 1999; Yilmaz and Aksoy, 2007). In the present 

study, similar substantial effect on the percent seed germination was observed under 

different temperature conditions from 20°C to 30°C, and the seeds germination 

percent was higher at 25°C than 20°C and 30°C. The effectiveness of alternating day 

and night temperature in stimulating seed germination compared to constant 

temperature (Yilmaz and Aksoy, 2007) was not applicable with S. chirayita, as high 

seed germination percent was achieved in all the seed sources at different temperature 

regime at constant day and night temperature. 

The germinating seeds and seedlings are more susceptible to disturbance (Sharma et 

al., 2009) under canopy as it provides refuge to many herbivore species, which results 

in trampling and foraging on seedlings of many important plant species due to which 

the survival rate of the seedlings may tum very low. As an adaptive mechanism, the 

plants grown under canopy produce seeds which tend to be more viable than the seeds 

produced by plants grown in open spaces. Such adaptation became evident in the 

present study, where high seed germination was recorded in the seeds sourced from 

tree base, stump base and under canopy than shrubberies and grassy slope. At the 

same time, there is a minimum variation in daily air and soil surface temperatures 

under the canopy of nurse plants than outside the canopy (Cervera eta!., 2006). Thus, 

the seedlings under canopy become protected from extreme temperatures by the nurse 

plants thereby increasing seedling survival and extending the species' distributional 

boundaries (Steenbergh and Lowe, 1977; Nobel, 1980) resulting in productive and 

healthy plants producing maximum viable seeds. Further, in the present study, 

germination percent value for seeds collected from boulders exceeded the value 

obtained for shrubberies and grassy slope. This might be due to the fact that in the 

bouldery areas, the chances of large number of seeds gathered in depressions during 

seed dispersal may result in very less seedling survival due to over-crowding. 

Therefore, the seeds produced from the survived plants tend to be more viable and 

productive. Thus, understanding microhabitat - seed germination relation vis- a-vis 

information on the micro-climate is vital in the field studies and for developing 

conservation models as well as helping effective management plans for endangered 

plant species (Cervera eta!., 2007) like Swertia chirayita. 
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The importance of light in seed germination depends upon the size of the seeds, and 

life form (annual or perennial) and the habitat of the species (Uysal et al., 2006). In 

continuous darkness, the minute seeds of S. chirayita failed to germinate or showed 

very poor germination which might be due to induction of secondary dormancy. 

Yilmaz and Aksoy (2007) reported the greatest response of Rumax scutatus seeds to 

alternating light/dark regimes than total darkness. Similar light requirements for 

germination in many small seeded species have been reported (Pons, 1992). In 

Marathrum schiedeanum and M rubrum, seeds were unable to germinate both in 

complete darkness and under far red light (Ortega et al., 2009). Achmea nuda/is failed 

to germinate in total darkness but Streptocalyx jloribundus showed little germination, 

and red light highly improved seed germination in both A. nuda/is and S. jloribundus 

from 15°C to 40°C (Pinheiro and Borghetti, 2003). However, Phragmites australis 

seeds germinated well in both continuous darkness and light over most of the 

temperature regime tested (Ekstam et al., 1999). According to Walck et al., (2000), 

even a green safe light is suffiqient to stimulate germination in positively photoblastic 

seeds. Very low germination recorded under continuous darkness in seeds of S. 

chirayita from some microhabitats might be due to exposure of seeds to white light 

for little duration during periodical checking for germination (Baskin and Baskin, 

2001) which confirms the photobalstic nature of seeds of S. chirayita. 

For all the microhabitats, seeds after incubation in continuous darkness for 45 days 

under 20°C to 30°C temperature regimes, when exposed to 14/10 hours light/dark 

photoperiod in the same temperatures regimes showed over 50% germination 

recovery, except in case of shrubberies. However, some variation in germination 

recovery was noticed amongst microhabitat sources, which could be due to 

differences in the temperature regime to which they are exposed (Gul and Weber, 

1999). These responses are similar to those seeds which were directly incubated at 

14110 hours light/dark photoperiod at 20°C to 30°C temperatures, indicating the light 

sensitivity of S. chirayita. This ensures that the seeds will germinate successfully on 

or near the soil surface when other conditions including light are favourable for 

seedling emergence, and if the seeds are buried at soil depths below in darkness, they 
' . 

may remain the part of persistent soil seed bank (Qu et al., 2008). In S. chirayita, of 
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three temperature regimes, higher seed germination and germination recovery value 

were obtained at 25°C. Similar results were reported in Rumax scutatus (Yilmaz and 

Aksoy, 2007). 

Our data showed that seed germination and germination recovery percents were 

higher in all temperature regimes from 20°C to 30°C, however, the best results 

obtained at 25°C with high germination, germination recovery value and also high 

mean germination rate, suggesting it as the optimal temperature for S. chirayita 

achieving better performance. Habitat loss and degradation ameliorates the stressful 

condition (Cervera et a!., 2006) for the plant species threatening its existence 

including the targeted taxa. Significant variation in percent germination amongst 

microhabitats indicated that the maintenance of natural habitats is the best option to 

conserve the genetic diversity of these species; however, suitable propagation 

protocols would be a simultaneous requirement strengthening ex-situ conservation 

mechanism and entrepreneurship (cultivation for trade) progranune (Badola and Pal, 

2002; Badola and Singh, 2003; Badola, 2009). The human participation will, 

however, be vital in the recovery· of endangered species (Maschinski, 2004) like S. 

chirayita. 

6.5 Conclusion 

Present study concludes with conformity that, in S. chirayita, (i) there is an influence 

of micro-habitats on seed germination; (ii) 25°C is the optimal temperature 

requirement for better performance; and (iii) the seeds are light sensitive. 
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Table 13. Results of two way AN OVA showing effect of temperature and 
microhabitats and their interaction on various germination parameters in Swertia 

chirayita 

Independent variable 

Dependent variable Temperature Microhabitat TxM 
(T) (M) 

Germination(%) 45.50*** 21.61 *** 1.46"' 

Germination rate 146.74*** 1.06"' 0.99"' 

Germination recovery(%) 7.27* 65.38*** 1.27"' 

Germination recovery rate 5.90** 25.97*** 0.78"' 

* = p<0.05; ** = p<0.01; *** = p<0.001; ns =not-significant 
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CHAPTER? 

Effect of Storage Period on Seed Germination 

7.1 Introduction 

Understanding response of different populations on seed germination provides helpful 

clues on genetic make-up of the species and its existence in the natural settings 

(Baskin and Baskin, 2001), essential to select elite seeds (Jayshanker et al., 1999) for 

ex-situ conservation of gene resource. For the same, seed storage and its testing to 

monitor losses in germination rate, which might adversely affect nursery recovery 

rates, is considered as one of the most efficient methods (Gonzalez-Benito et al., 

1998, Williams et al., 2007). However, poor seed germination in several cases is one 

of the limiting factors (Butola and Badola, 2004b, 2006a; Badola and Butola, 2005). 

Due to inappropriate storage, germination capacity of a species may decline during 

first few months after collection (Romanas, 1991 ); whereas, proper storage may be 

effective over a considerable period (Butola and Badola, 2004ab; Chen et al., 2007). 

Swertia chirayita (Roxb. ex Fleming) H. Karst, (Gentianaceae) grows mostly in 

temperate Himalaya (1200-3000m as!) from Afghanistan to Bhutan (Kirtikar and 

Basu, 1984), and used ethno-medicinally since centuries (Wawrosch et al., 2005). 

Plant has numerous medicinal properties (Joshi and Dhawan, 2005), and is used as a 

liver stimulant and in bronchial asthma, dyspepsia, debility, fever, gastrointestinal 

infections, curing various skin problems and scorpion bite (Biswas and Chopra, 1982; 

Kirtikar and Basu, 1984; Nadkami, 1976). For Swertia chirayita, the presently 

targeted species, very meager efforts are reported, such as, micro-propagation 

(Wawrosch et a!., 1999, Joshi and Dhawan, 2007) in the absence of successful 

domestication (Joshi and Dhawan, 2005). The current literature lacks any populations' 

based assessment of seed germination, especially related to storage in S. chirayita, a 

critically endangered species (Anonymous, 1997). The species has very high 

pharmaceutical value in national and international markets and is prioritized at top for 

ex-situ cultivation in an international experts' exercise (Badola and Pal, 2002). As the 

122 



species regenerates only through seeds, understanding response of different 

populations on seed germination behaviour, especially seed tolerance to periodical 

storage would be crucial for ex-situ conservation of the same. Low density of species 

in nature (Bhatt et al., 2006) further necessitates such investigation. 

The present study aimed to investigates S. chirayita for, (i) variability amongst 

populations for their seed characteristics and response on germination, (ii) trends of 

seed germination responses to storage periods amongst populations and individually 

for each population, to identify elite seed resources. 

7.2 Materials and Methods 

7.2.1 Seed collection 

Matured seeds of S. chirayita were collected from 13 populations (Table 14) of 

Sikkim Himalaya (27°04'46" and 28°07'48" N lat. and 88°00'58" and 88°55'25" E. 

long.) during November-December 2005. At each population site, seeds were 

collected sustainably from 15 to 20 individuals randomly selected fonn the mid of the 

population without disturbing their natural spreading. The seeds for each population 

were mixed thoroughly to minimize effects of single parental plant on germination. 

The seeds were brought to the laboratory and cleaned thoroughly for impurities and 

dried for I 0 days at room temperature. 

7.2.2 Seed morphology 

To determine the moisture content, 50 seeds/replicate (3 replicates/population) were 

weighed and oven dried (60°C; 48 hrs). To evaluate the number of seeds per fruit, 

seeds were counted using I 0 healthy fruits per population. Seed size was measured 

using 30 seeds per population under microscope (10 seeds each of3 replicates). 

7.2.3 Seed germination 

Owing to minute seeds and finding difficulty in detaching embryo, the viability test 

using 2,3,5, Triphenyle tetrazolium chloride solution could not be executed. Seeds 

after room drying were tested for initial germination and remaining seeds were stored 
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population wise in proper sealed· specimen tubes at 4°C, for periodical re-testing (6 

months interval). For each test, 30 seeds/replicate (3 replicates/population) were 

disinfected (5 sec.) with sodium hypochlorite solution (4% w/v available Chlorine), 

washed thoroughly with double distilled water (DDW), and separately soaked in 

DDW for 24 hours, before placing in Petri-plates (90mm dia.) lined with single filter 

paper (Whattman No. 1) under incubator (average temperature 25°C ± 2.00; 14/10 hrs 

light/dark periods), maintaining randomized design and monitored daily (Photo Plate 

III). The filter papers were moistened daily using DDW. Seeds were considered 

germinated upon iadical emergence and counted daily. 

7.2.4 Statistical analysis 

Mean germination time (MGT) was calculated using equation, MGT = :E(nd)/ :EN; 

where n = number of newly germinated seeds after each incubation period in days d, 

and N = total number of seeds emerged at the end of the test (HartMann and Kester, 

1989).Univariate and Multivariate ANOVA in general linear model (GLM) using 

SPSS 10.0 for Windows were used to determine the effects of.population and storage 

period on seed germination and mean germination time. Bonferroni test was 

employed to detennine the variation in means of seed germination and MGT. 

7.3 Results 

A variety of habitats supports populations of Swertia chirayita, which differed 

significantly for various seed characteristics (Table 14). Multivariate ANOV A 

revealed significant variation in mean germination percentage and mean germination 

time in S. chirayita amongst populations, increasing storage period and their 

interaction (Table 15). 

During initial testing, 100% seed germination was recorded in majority of the 

populations (Figure 17). Testing of seeds of S. chirayita for their germination 

potential at initial (r = -0.724; p<O.OS), after 6 month (r = -0.384) and 12 months (r = 

-0.004) rev~aled negative correlation with altitude of the seed collection sites, while 

testing after 18 months and 24 months of storage showed positive correlation between 

seed germination and altitude. The duration of storage had significant effect on seed 
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Photo Plate III. Laboratory testing of seed genn ination potential in Swertia chirayita 
A and B: Incubation of seeds in the germination chamber; 

C: Petriplate contain ing germinated seeds 



germination in S. chirayita; nevertheless, there was not much variation in seed 

germination percentage between initial and the 6 months storage in populations of S. 

chirayita. Across plant populations, mean seed germination in all the samples was 

significantly (p<O.OOl) higher than SclO during initial testing (p<O.OOl), and was 

significant at p<0.05 level after six month of storage except Sell. However, SclO 

resulted in lower seed germination (70%) compared to 6 months (86.67%) and 12 

months (81.11%). Further increasing the storage period to 12 months, Sc8 and Sc9 

resulted in above 90% seed germination while other population retained above 60% 

germination; however, seed germination in P2 (52%) was significantly (p<0.05) low 

compared to other populations. Seed germination fell drastically in seeds collected 

from Sc4, Sc6, Sc7 and Sell after '18 months of storage; however populations viz., 

Sci, Sc3, Sc5, Sc8 and Sc9 recorded above 50% seed germination (Figure 17). The 

seed germination remained maximum in P9 (79%), followed by Pl (74%) over other 

populations. Some of the populations such as Scl, Sc8 and Sc9 resulted in above 50% 

seed germination even after 24 months of storage. The maximum seed germination 
. " 

percent was showed by Pl (59%) and P9 (58%). Of all the populations, Sc4 recorded 

fastest fall in seed germination percentage from initial (100%) to 24 months (8.89%) 
~·'-' 

of storage (Figure 17). Collectively, for all the pJ?'P,ulations, seed germination 
-,-"" 

percentage reduced significantly with increase in duration of storage (Figure 18). 

The highest mean germination time (MGT) was recorded during initial test 

(p<O.OOOI) which ranged from 15.17 days (Sc3) to 59 days (SclO) [Figure 19]. 

Cumulatively, six month storage recorded significantly (p<O.OOOl) lowest mean 

germination time in all the populations which showed increasing trend with increase 

in storage period upto 12 and 18 months but showed irregularity in MGT after 24 

months storage (Figure 18). One way and Two way AN OVA revealed the main effect 

on seed germination in S. chirayita was the storage period followed by altitude of the 

seed collection site and their interaction (Table 15). 

7.4 Discussion 

The present experiment clearly indicates that 16% to 43% moisture content in seeds 

can retain seed viability for longer period in S. chirayita which is in conjunction with 
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our another study where 19% to 44% seed moisture resulted in longer seed viability in 

some of the populations in S. chirayta (refer chapter I 0). Hampton and Hill (2002) 

also suggested I 0% to 40% seed moisture content as a requirement for maintaining 

seed viability for longer period. 

The variation in seed germination percentage amongst different populations in S. 

chirayita indicates the existence of species genetic diversity. Similar differences in 

germination response amongst plant population have been reported (Perez-Garcia et 

al., 1995; Baskin and Baskin, 2001; Cerabolini et al., 2004), which will provide 

valuable clues for selection of elite populations for seeds (Jayshanker et al., 1999). 

I 00% seed germination in majority of population during initial test, reveal the 

availability of potential gene bank of S. chirayita in Sikkim Himalaya. However, 

steady decline in "germination from initial to final test (24 month storage) in S. 

chirayita indicates the seeds are destined to deteriorate over time, even under 

appropriate conventional storage. The increase in seed germination percentage from 

initial upto 12 months storage in Sc!O reveals that seeds of S. chirayita from high 

altitude (2841m as!) attains physiological dormancy, and dry storage at 4°C upto 6 to 

12 months helps in breaking seed dormancy. 

In S. chirayita, storage (4°C) proved quite effective up to 12 months, suggesting 

valuable genetic material for propagation, retaining high seed longevity and providing 

an environment for minimum physiological and pathological deterioration (Williams, 

2000). However, using of seeds after 6 month storage helps in reducing the 

germination time. Positive response of seeds after storage at 4°C responds after 6 

months (Butola and Badola, 2004ab) to 12 months (Chen et al., 2007) have been 

reported. This is important for scheduling spring/summer sowing in field, an 

appropriate time for many Himalayan herbs (Badola and Singh, 2003; Badola and 

Butola, 2003, 2005). In addition, the result of our study has broad implications for 

people who stores seed for longer period. In order to understand the germination 

potential of seeds of important plant species, it is imperative to test seed within a few 

days after the collection. 
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A majority of present populations of S. chirayita showed high seed germination, in 

general, irrespective of altitude or habitat differences indicating that a majority of 

sites in Sikkim offer suitable growing conditions for S. chirayita, which is an · 

encouraging finding useful to restoration of this critically endangered species 

(Anonymous, 1997). Still, slow disappearance of this species from nature apart from 

anthropogenic pressure is a matter of concern, which may require further field studies 

on seedling growth and survival. 

7.5 Conclusion 

This study concludes that Sikkim Himalaya has high potential gene bank of S. 

chirayita. The seed of S. chirayita responds best if sown within 12 months after 

storage at 4°C and more suitably after 6 months and scheduling seed sowing in pre

monsoon for best results, instead of immediate sowing after collection. 
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Table 14. Seed characteristics of different populations of Swertia chirayita in Sikkim 

Name of Population Altitude No. Seed Seed Seed Moisture 
(m asl) seeds/fruit weight length width content 

(mg/50 (~tm) '(11m) (%) 
seeds 

P1-Luing (ES) 2126 212 1.6 487.33 355.67 23.47 

P2 - Railgaon (ES) 1948 302 1.5 534.83 381.83 20.54 

P3 - U Pangthang (ES) 2176 316 1.6 503.00 381.50 27.15 

P4 - Guransey dara (ES) 2107 230 1.1 457.30 356.17 24.39 

P5 - Jaunbari (SS) 1651 221 1.3 452.33 376.67 35.16 

P6 - U Chamgaon (SS) 1583 233 1.3 432.17 343.33 20.60 

P7 -Tiffin dara (SS) 1667 227 1.2 435.83 335.83 16.24 

P8 - U Changrang (ES) 2055 275 1.7 497.33 370.83 17.32 

P9 - Phinsyona1a (NS) 1761 233 1.2 446.00 347.00 38.23 

P10- Zemathang-1 (NS) 2841 249 1.3 461.67 333.17 42.61 

P 11 - Khecheopa1ri (WS) 1867 200 1.4 429.00 221.17 25.47 

(P<0.05) 81.84 0.16 29.53 38.25 7.01 

F 5.36 15.08 11.07 20.86 . 12.60 

Table 15. Result of Multivariate ANOVA depicting the effect of population, storage 
period and their interaction on seed germination and mean germination time in 

Swertia chirayita 

Population (P) Storage Period (SP) PxSP 

Fvalue Probability Fvalue Probability Fvalue Probability 

Germination 77.705 .000 1169.434 .000 18.802 .000 
(%) 

MGT 22.367 .000 218.493 .000 21.231 .000 
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CHAPTERS 

Assessment of Seedling Emergence and Vigour for 
Quality Planting Material 

8.1 Introduction 

Indian Himalaya, an immensely rich reservoir of medicinal plant resources, has been 

targeted to harvest several high value species in meeting out ever-expanding raw 

material demand of the pharmaceuticals (Badola and Aitken, 2003). However, with 

growing herbal market in recent few decades, owing to over harvesting and 

unsustainable extraction practices several medicinal plant species have faced risk of 

their survival in natural habitats, and many assessed as threatened (Badola and Pal, 

2002, 2003). Since, the raw material supply to herbal industry is a societal 

requirement, and conservation of genetic material is a vital concern towards its 

safeguard for long-term survival in nature. Ex-situ cultivation by developing suitable 

and easy to handle propagation and agro-technique packages for the farmers are the 

only answer to meet-out raw material supply of the pharmaceuticals, ensuring 

lessening harvesting pressures on natural habitats, thus helping in-situ conservation of 

threatened taxa (Nadeem et al., 2000; Badola and Butola, 2005; Badola, 2009). 

Developing quality planting material is the primary requirement for successful 

cultivation of wild medicinal plants, especially Himalayan (Badola and Butola, 2003; 

Butola and Badola, 2006ac). The success of productive cropping will largely depend 

upon the appropriate choice of growing media or substrate combinations and in many 

Himalayan herbs, these substrates have proved promising to achieve improved 

seedling emergence, growth and crop productivity (Nautiyal et al., ZOO!, 2003b; 

Pandey et al., 2002; Badola and Butola, 2003; Butola and Badola, 2006b). 

Swertia chirayita (Roxb. ex Fleming) H. Karst, a critically endangered herb, 

indigenous to temperate Himalaya, distributed along 1200 m - 3 000 m as! is 

considered non toxic and safe in ethnomedicinal use (Nadkarni, 1998). The herb is 

exploited for bitter bioactive compounds including amarogentin, xanthones and 

iridoid glycosides (Jensen and Schripsema, 2002). The beverage industry has 
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discovered an alternative bitter product from S. chirayita (i.e. used in the liquor 

industries to impart bitter flavour to mouth). S. chirayita is valuable Ayurvedic 

medicinal herb, having high demand in Indian and international markets (Badola and 

Pal, 2002), and possess multiple use value in local medicine (Pradhan and Badola, 

2008). Seeds are the only means of propagation in S. chirayita and poor seed 

germination and low seed viability in its natural environment has been considered as 

limitation to commercial cultivation of the species (Badola and Pal, 2002; Chaudhari 

et al., 2007). The reason for poor natural regeneration in S. chirayita may be that the 

seed matures in dry period (November-December) where the availability of moisture 

in the natural environment is very low. The seed emerges out in late May prior to start 

of monsoon shower and the species does not get the required moisture for sufficient 

germination. The present authors field experiences reveals that the immature fruits of 

S. chirayita provides shelter and the necessary nutrients required for the growth and 

development of insect larvae which prohibits the fruit from further development and 

could be another factor resulting in poor natural regeneration in S. chirayita. 

Micro propagation of S chirayita has been tried by several workers (W awrosch et al., 

1999; Ahuja et al., 2003; Chaudhari et al., 2007, 2008, 2009; Joshi and Dhawan, 

2007; Balaraju et al., 2009b; Wang et al., 2009). There are not many reports on 

studies relating to germination and viability of S. chirayita seeds. Raina et al., (1994) 

reported 91% seed germination after chilling to 3°C for IS days as compared to 3.4% 

germination in control seeds in Himachal population; Chaudhari et al (2007) reported 

difficulty in germination. However, the present study reports 100% seed germination, 

initially, under laboratory conditions, without any treatment in majority of the natural 

populations and also 5 populations retaining above soo/o germination after 18 months 

of storage at 4°C in S. chirayita in Sikkim (refer chapter 7). Nevertheless, 

physiological dormancy was observed in seeds procured from domesticated plants, 

and that was broken by suitable chemical treatments (refer chapter 11 ). In commercial 

cultivation of the species, besides having slow growth rate (Basnet, 2001), the 

variability in commencement of seedling emergence has been identified as the major 

problem resulting in the production of non-uniform seedlings; therefore, the need of 
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the hour was to develop uniform and vigorous seedlings for successful and productive 

crop cultivation of the species. 

In view of this, the present study aimed to (1) standardize effective substrate 

combination for obtaining uniform and vigorous seedlings, and (2) identifY 

morphological traits for the assessment of healthy seedlings as quality planting 

material for cultivation in Swertia chirayita. 

8.2 Materials and methods 

8.2.1 Experimental design 

The matured fruits of Swertia chirayita were collected from thirteen populations 

(Table 16) distributed in different parts of Sikkim Himalaya (27°04 · 46" and 

28°07'48" N lat. and 88°00'58" and 88°55'25"E. long.) during the month of 

November- December. The collection of fruits/seeds was made sustainably in such a 

way that 15-20 robust plants per site were randomly selected from the middle of each 

population without disturbing the other plants· keeping in view that the seeds are the 

only means of reproduction in endangered species S. chirayita; collection from the 

margins was avoided to prevent the natural spreading of the species and to limit the 

edge effect, if any. The collected fruits were brought to the laboratory and seeds were 

segregated by mashing up fruits which followed the thorough cleaning to remove 

impurities. The seeds were dried in ambient room temperature for ten days, and stored 

in refrigerator (4°C) in properly sealed specimen tubes separately for different 

populations till nursery experiment initiated. Following good result at the initial test in 

the laboratory (refer chapter 11 ); the seeds were tested under nursery conditions in the 

end of February 2006 using garden soil [pH: 6.43±0.05; moisture (%): 42.00±2.00; 

nitrogen(%): 0.40±0.11; phosphorus(%): 0.41±0.05], forest humus [pH: 5.91±1.00: 

moisture (%): 42.67±2.31; nitrogen (%): 0.43±0.01; phosphorus (%): 0.29±0.04], 

farm yard manure [pH: 8.32±0.06; moisture (%): 46.39±0.17; nitrogen (%): 

6.57±0.02; phosphorus (%): 7.29±1.25], and sand [pH: 7.17±0.02; moisture (%): 

6.40±0.96; nitrogen (%): 0.25±0.03; phosphorus (%): 0.02±0.02]. At first, two 

substrate combinations of equal volume were prepared, substrate! (pH: 6.5): Garden 

soil+ Sand+ Forest humus (1:1:1) and substrate 2 (pH: 7.08): Garden soil+ Sand+ 
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Farn'J. yard manure (1:1:1), and substrate combinations were mixed well. These 

substrate combinations were filled in earthen trays. Trays filled with sand and Garden 

soil in 3:1 ratio (pH: 6. 7) were considered as control. The seeds of S. chirayita were 

soaked overnight in double distilled water before sowing. Each set of experiment had 

three replicates of 30 seeds per replicate; the seeds were sown at O.Scm depth with 

equal distance between seeds (Photo Plate IV). The experiment was conducted under 

an automatic temperature controlled green-house (25°C ± 5°C). Mist irrigation was 

done twice a day (0930 hrs and 1630 hrs) till the completion of the seedling 

emergence which was reduced to once in a day (0930 hrs) after seedling emergence 

stopped providing optimal moisture to growing plants. Weeding was done at equal 

interval. 

In another set of experiment, 100 seeds per population (Scl, Sc2, Sc3 and Sc4) were 

sowed directly in the natural habitat viz., steep forest slope and mild forest slope, and 

were monitored for seedling emergence. 

Seedlings after the completion of emergence (eight weeks) were thinned to mitigate 

competition, maintaining 8-1 Ocm distances. After 24 weeks, the effect of different 

substrate combinations on seedling growth, different morphological traits were 

evaluated by harvesting five seedlings each of uniform size for all populations. 

During experiment, the seedlings remained in rosette form; the identified traits 

included collar diameter, largest leaf length, leaf width and number of roots and 

biomass. To obtain dry biomass, after recording the fresh weight, seedlings were oven 

dried at 60°C to constant weight and reweighed and the value obtained was recorded. 

8.2.2 Seedling survival 

For seedling survival test, fifteen seedlings, of more or less uniform size, per substrate 

(five each of three replicates), including control, were transplanted in 20 x 20 em 

distance under a net shade in the Institute's experimental medicinal plant garden and 

monitored by the end of growing season. Populations were not taken into 

consideration for observing survival. Plant .survival for each substrate combinations 

and control set was recorded. 
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8.2.3 Statistical analysis 

SPSS 10.0 for Windows (SPSS Inc. 1989) was used for statistical analysis of the data. 

Mean eJ;I!ergence rate (e) was calculated following Labouriau (1970) as, e = 

liL(xd)fit; where, x = number of newly emerged seedlings in each day d, and t = 

total number of seedling emerged at the end of the test. Multivariate analysis of 

Variance (MANOVA) was carried out to determine the effect of the substrate 

combinations concerning on the seedling emergence and seedling morphological 

traits. A Bonferroni test (p<0.05) was used to determine differences amongst the 

treatments. Pearson's correlation analyses were performed to analyze the relationship 

between different morphological traits for each substrate combinations including 

control. To identify the best substrate combinations, Seedling Vigour Index (V) was 

calculated following Butola and Badola (2004) as V = (d/e)*IOO; where,. "d" is dry 

weight/seedling; "e" is mean emergence rate and I 00 is constant. 

8.3 Results 

Direct sowing in the natural habitat resulted in very low seedling emergence in all the 

four populations in both the conditions; however, seedling emergence was higher in 

mild forest slope compared to steep forest slope (Figure 20). 

Multivariate analysis of variance (MANOV A) revealed significant effect of 

populations, treatments and their interaction on various seedling emergence 

parameters and growth parameters inS. chirayita (Table 17 and Table 18). 

8.3.1 Effect of substrate combinations on seedling onset, T50 
and final emergence 

Minimum of four weeks and maximum of five weeks were taken for the onset and 

completion of 50% seedling emergence (T 50), and minimum of five weeks and 

maximum of seven weeks were taken in completing final emergence in all the 

populations irrespective of substrate combinations, including control (Figure 21 ). 

However, seedling onset, T5o, and final emergence was significantly faster in 

Substrate I (p<O.OS) than Substrate 2 and control. 
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8.3.2 Effect of different substrate combinations on seedling 
emergence, mean emergence time and emergence rate 

Seedling emergence and altitude of populations (seed collection site) showed negative 

(non-significant) correlation with all the substrate combinations including control 

(substrate 1, r = -0.304; substrate 2, r = -0.092; control, r = -0.163). Seedling 

emergence was significantly higher in substrate 2 (p<O.OS) over substrate 1 and 

control. Similarly, Substrate 1 recorded higher seedling emergence over control 

(P<O.OS). The lowest (SclO; 284lm as!) and the highest (Sell; 2000m as!) seedling 

emergence in control and substrate I and the lowest (Sc6; 1583m as!) and the highest 

(Scl3; 1867m as!) seedling emergence in substrate 2 were significant at p<O.OS level 

(Figure 22). Mean emergence time was significantly lower in substrate I over 

substrate 2 and control (p<O.OS); likewise, it was significantly lower in substrate 2 

compared to control (p<O.OS). Comparatively, seedling emergence rate was 

significantly (p<O.OS) higher in seeds sown in substrate 1 than substrate 2 and control 

(Figure 21 ). 

8.3.3 Effect of different substrate combinations on seedling 
growth, biomass and vigour 

Both substrate 1 and substrate 2 combinations were significantly (p<O.OS) effective in 

improving all the seedling growth parameters over control in all the populations. 

However, on comparing between substrate 1 and substrate 2, the latter substrate 

combination was more effective (p<O.OS) than former, but in the case of number of 

leaves the effectiveness was non-significant. Figure 23 and Figure 24 depict the effect 

of both the substrate combinations including control on various seedling growth 

parameters inS. chirayita. Significant (p<O.OS) increase in total seedling biomass and 

SVI was obtained with substrate 1 and substrate 2 over control; however the best 

result achieved with substrate 2 (p<O.OS) than substrate 1 (Figure 25). Of 13 

populations assessed, seven (Scl, 2, 3, 8, 9, 11, and 13) exhibited higher total seedling 

biomass and SVI using substrate 2, of which, Sc2 population followed by Sc8 

recorded the highest values. For Sc6; the total seedling biomass and SVI was 

significantly greater with substrate 1 than substrate 2 (p<O.OS). All the growth 

parameters were significantly (p<O.OOOl) correlated with each other (Table 19). 
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8.3.4 Effect of different substrate combinations on seedling 
survival 

Seedlings developed using substrate I and substrate 2 combinations resulted in 77% 

and 83% survival, respectively, in nursery beds compared to control (63%). During 

the experimentation period, no insect infestation was observed in the seedlings. 

8.5 Discussion 

Difference in germination behaviour between the plant populations (Baskin and 

Baskin, 2001; Cerabolini eta!., 2004) has been indicated in earlier studies. Very low 

seedling emergence in S. chirayita sown directly in the natural habitat may be due to 

washing away of seeds or percolation of seeds to deep under ground due to heavy 

rain. The present study considered that appropriate substrate combinations are 

essential for the successful establishment of a species. Higher seedling emergence 

with substrate 1 and substrate 2 combinations compared to control in the present study 

further strengthens the above assumption. Of the two substrate combinations, 

substrate 2 resulted in higher seedling emergence in all the populations than substrate 

1, which further significantly enhanced the seedling performance for different growth 

parameters and resulted in higher percent survival, as well, suggesting substrate 2 as 

the best substrate combination for S. chirayita. The present results are based on a 

large number of populations and mild use of manure, where all populations exhibited 

higher performance for both seedling emergence as well as seedling growth, 

especially greater seedling vigour in majority of populations. That means, the present 

substrate combination offers wider application for S. chirayita in cultivation 

programme. This is particularly applicable for developing quality planting material, a 

pre-requisite to successful cultivation of S. chirayita, this is also important, as the 

direct sowing in S. chirayita is not suggestive as in the case of Heracleum candicans 

(Badola and Butola, 2003) but the transplantation of one season old seedling 

performed well (refer chapter 10 and chapter 13). Butola and Badola (2006c) in their 

study recorded highest seedling emergence with the mixture of sandy loam and vermi

compost and sandy loam and forest humus (mixture in equal proportion, 1:1) in 

Angelica glauca and Heracleum candicans, respectively, suggesting that the species 

responds differently in their nutrient requirements. 

137 



The light requirement of the species for germination ensures that the seeds will 

germinate successfully on or near the soil surface, when other conditions are 

favourable for seedling emergence. In the present study, the seeds were sown at 0.5cm 

depth and showed positive result. Similar results have been earlier reported for 

Himalayan herbs (Butola and Badola, 2005, 2006c, 2007). 

Germination of seeds may be inhibited if the amount of water is too low or if it is too 

much (Baskin and Baskin, 2001). In case of Swertia chirayita, healthy and robust 

form of the species in open slopes compared to flat lands in natural habitats suggested 

that the water requirement of the species is very low (personal observation). 

Therefore, beside appropriate substrate combinations, proper irrigation in terms of 

volume and timing is also essential to maximize production of high quality plant 

material and optimum percent survivability. Warren and Bilderback (2004) suggests 

an early morning hour (before 10.00 hrs) as suitable time to irrigate plants to reduce 

potential of wind blowing the irrigation water from the targeted area and to reduce 

evaporation of irrigation water. Irrigation in the form of mist has resulted in high 

percent emergence, as the seeds were protected from being swept away by the force 

of the water due to its minute size, thereby giving high survivability in S. chirayita in 

the present study. 

Identifying appropriate morphological traits helps in assessing plant health and 

productivity (Butola and Badola, 2004b ). For example, strong correlation of collar 

diameter to total seedling biomass suggested that these traits are of great use in pre

assessing crop productivity. The plant height could not be considered for identifying 

seedling vigour in S. chirayita as in the case of Angelica glauca (Butola and Badola, 

2004b) because, for the first two years the S. chirayita plants remains in rosette form 

and merely exceeds 15 em height. Instead, collar diameter provides a general idea 

about the seedling durability and has been considered as one of the best predictors of 

field survival and healthy growth (Thompson, 1984 ), which is supported by 

significantly strong and positive correlation between collar diameter and total seedling 

dry biomass (r = 0.864; p<O.OOOl) and between collar diameter and SVI (r = 0.841; 

p<O.OOOl) in case of S. chirayita in present study. 
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8.6 Conclusion 

The present study concludes that substrate 2 (garden soil, sand, farm yard manure in 

equal proportion) is the most effective substrate combinations re$ulting in high 

percent emergence, uniform and vigorous seedlings ·and high field plallt survival after 

transplantation. In addition, the collar size appeared to be the strongest morphological 

trait by which the seedling vigorousness could be identified, as an aid to successful 

ex-situ cultivation of high value medicinal crop, Swertia chirayita. 
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Photo Plate I V. A and B: Te ting of eedling emergence with substrate combinat ions 
in Swertia chimvita 



Table 16. Site characteristics of the populations of Swertia chirayita in Sikkim 

Site Site Name Altitude Aspect Slope GPS 
code (m) (0) 

Latitude Longitude 
(N) (E) 

Sci Luing (ES) 2126 NE 55 27 21 '47.60" 88 34' 12.17" 

Sc2 Railgaon (ES) 1948 NE 40 27'21'52.71" 88'33'47.07" 

Sc3 U Pangthang (ES) 2176 SW 45 27'21' 13.54" 88'33'53.37" 

Sc4 Guransey dara (ES) 2107 SE 60 27'20'51.02" 88'34 '07 .92" 

Sc5 Jaunbari (SS) 1651 sw 50 27'11 '47.20" 88'23'33.60" 

Sc6 U Chamgaon (SS) 1583 NW 55 27'11 '03.80" 88'22'26.20" 

Sc7 Tiffin dara I (S S) 1668 w 60 27'11 '14.8" 88'22'46.01" 

Sc8 U Changrang (ES) 2055 s 65 27'21 '51.97" 88'35'20.31" 

Sc9 Phinsyonala (NS) 1761 NE 55 27'37'01.6" 88'37'26.2" 

Sc!O Zemathang 1 (NS) 2841 NE 60 27'44'34.7" 88'32'48.0" 

Sell L. Pangthang (ES) 2000 N 40 27'21 '49.52" 88'33'32.15" 

Scl2 Kalipokhari (ES) 2450 N 50 27'21 '27 .31" 88'33'24.18" 

Sc13 Khecheopalri (WS) 1867 sw 55 27'21 '06.07" 88'11 '21.06" 
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Table 17. Result of MANOV A characteristics by populations, treatments and their 
interaction on Swertia chirayita 

Independent variables 

Dependent variables Population (P) Treatment (T) PxT 

F value Probability F value Probability Fvalue Probability 

Seedling onset 3.407 0.000 38.778 0.000 3.991 0.000 

Tso 2.111 O.D25 19.030 0.000 2.058 0.009 

Final emergence 5.086 0.000 13.000 0.000 4.363 0.000 

Emergence(%) 8.587 0.000 34.595 0.000 3.566 0.000 

Mean emergence time 3.808 0.000 40.388 0.000 4.786 0.000 

Emergence rate . 3.311 0.000 33.694 0.000 4.460 0.000 
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Table 18. Result of MAN OVA characteristics by populations, treatments and their 
interaction on Swertia chirayita 

Independent variables 

Dependent variable Population (P) Treatment (T) PxT 

Fvalue Probability F value Probability F valne Probability 

Collar diameter I 0.115 0.000 119.699 0.000 6.214 0.000 

Number of leaves 7.354 0.000 384.623 0.000 8.772 0.000 

Largest leaf length 31.524 0.000 880.279 0.000 18.160 0.000 

Largest leaf width 9.576 0.000 437.101 0.000 8.233 0.000 

Number of roots 10.922 0.000 182.709 0.000 6.502 0.000 

Total dry biomass 12.394 0.000 241.057 0.000 0.668 0.000 

Seedling vigour index 11.053 0.000 209.046 0.000 8.592 0.000 
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Table 19. Correlation matrix (Pearson Product-Moment Correlation Coefficient) between different 
growth parameters in Swertia chirayita after 24 weeks of sowing at ca. 2000m as! (n = 195; df= 193) 

Collar. Number Largest Largest Number Total SVI 

diameter' of leaves leaf leaf of roots seedling 

(mm) length width biomass 

(mm) (mm) (gm) 

Collar diameter (mm) 

Number of leaves 0.668 

Largest leaflength (mm) 0.824 0.776 
• 

Largest leaf width (mm) 0.773 0.798 0.908 

Number of roots 0.741 0.610 0.832 0.737 

Total seedling biomass (gm) 0.864 0.674 0.916 0.804 0.843 

SVI 0.841 0.695 0.914 0.806 0.815 0.980 

*All seedling growth parameters significant at p< 0.0001 
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CHAPTER9 

Effect of Storage Conditions and Storage Periods on 
Seed Germination 

9.1 Introduction 

Storage of seeds as ex situ germplasm is an essential step for the long term 

conservation of plant genetic resources. Maintaining seed viability for longer period is 

very essential to preserve the genetic integrity ip stored samples. Since very early 

days, simple techniques have been adopted to maintain the seed viability in both 

domesticated and wild sources (Ellis et al., 1991b, 1992; Onyekwelua and Fayose, 

2007; Roberts, 1973, 1975; Vertucci and Roos, 1990, 1991). Inappropriate storage 

medium (Hezewijk et al., 1993; Muller et al., 2011) such as room temperature storage 

often results in low seed germination, seed deterioration and loss of viability, which is 

a natural phenomenon during storage (Nasreen et al., 2000; Schmidt, 2002). Several 

factors, viz., temperature, nature of the seeds, seed moisture content, relative 

humidity, etc., influences seed longevity during storage (Roberts, 1972; Bonner, 

1990; Gordon, 1992; Copeland and McDonald, 1994; Bradbeer, 1998; Takos, 1999; 

Butola and Badola, 2004ab; Yang et al., 2005; Onyekwelua and Fayose, 2007). There 

is a close relationship between the loss of seed viability during storage and the 

accumulation of genetic damage in the surviving seeds, (Ellis and Roberts, 1981; 

Roos, 1982; Rao et al., 1987). Seed moisture content, temperature and storage periods 

are among the main factors affecting above relationship (Roberts, 1988). Slight 

increase in temperature and moisture may promote fungal growth (Roberts, 1972) and 

insect development in seeds (Christensen, 1971). According to Harrington (1973), 1% 

rise in moisture content and 5°C in temperature reduces the half storage life of seeds. 

Depending on the duration and method adopted, drying and long term storage may 

lead to considerable reduction in germination or to eventual death of the seeds. Before 

storage, if the seeds are not properly dried, the high moisture content may reduce the 

seed viability by promoting fungal growth. Such deterioration could further results in 

decline of seed germination capacity (Romanas, 1991 ). Proper storage conditions 

however, may effectively retain substantial viability in seeds over a considerable 
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storage period (Butala and Badola, 2004ab; Chen et al., 2007). Such approaches are 

especially crucial in case of endangered species, where judicial use of seeds as 

valuable genetic material through standardizing proper storage mechanism is a 

precondition to strengthen species conservation programme. 

Swertia chirayita (Roxb. ex Fleming) H. Karst (Gentianaceae) is one of the highly 

marketed (national and international) endangered medicinal herbs of Himalaya and 

prioritized at the top for the conservation through ex-situ cultivation by an 

international experts' exercise (Badola and Pal, 2002). Critically endangered standing 

of S. chirayita (Ved et al., 2003b) further necessitates its propagation and mass 

multiplication, for which a protocol targeting an appropriate and relatively longer 

period of storage of seeds would be vital and urgent need of the time. This will 

strengthen both in-situ conservation as well as ex-situ cultivation of the species. We 

assessed the seeds of different populations of S. chirayita under long term storage, as 

an initial effort, but the germination testing was limited to only 4°C storage (refer 

chapter 7). As an erect, about 3-5 ft, biannual or triennial herb S. chirayita is locally 

known as Chirowto or Pothi Chirowto or Kala Chirowto, and distributed in temperate 

Himalaya from Kashmir, Nepal, Bhutan along 1200-3000m as! (Kirtikar and Basu, 

1984). The stems are robust, branching; the leaves are broadly lanceolate; the flowers 

occur in large panicles and are lurid greenish yellow tinged with purple; the capsules 

are egg-shaped, many-sided, and sharp pointed; the seeds are smooth and many

angled. The breeding in S. chirayita is through self pollination (Chakraborty et al., 

2009); however, cross pollination in the species has also been reported (Khoshoo and 

Tendon, 1963). S. chirayita bears huge pharmacological importance (see chapter!); 

whole plant is used in traditional medicine; however the root is mentioned to be the 

most effective and bitter part. Plant has anti-inflammatory (Chowdhary et al., 1995; 

Banerjee et al., 2000), hypoglycemic (Bajpei et al., 1991; Banerjee et al., 1994; 

Chandrasekhar et al., 1990), anti-pyretic (Bhargava et al., 2009), anti-fungal, anti

bacterial, anti-malarial (Bhat and Surolia, 2001) and anti-oxidant (Scartzzini and 

Speroni, 2000) properties, and considered to be a bitter ton.ic, febrifuge and laxative 

and is used in fever, burning of body, intestinal worms and skin diseases etc. S. 

chirayita is used in all kinds of fever in a variety of forms and in combination with 
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other medicines (Dutt ·and King, 1877). Entire plant contains gentiamine alkaloids, 

and xanthones is found in aerial part (Sharma, 1982). Community people in Sikkim 

use the juice, obtained through boiling the entire plant, to cure fever, cold, cough, 

diarrhea, and stomach-ache (Pradhan and Badola, 2008). Also, plant is used in mental 

disorders (Chowdhary et al., 1995), effective in curing gastric ulcers (Rafatullah et 

al., 1993), liver diseases (Krishnaraju et al., 2005), and possess anti-carcinogenic 

properties (Lin et al., 1996; Das et al., 2004). Further, the species is practiced in the 

preparation of herbal drug, Diabecon (Kohli et a/., 2004), D-400 (Sundaram et al., 

1996), and Himoliv (Bhattacharya et al., 2003). 

The present study was undertaken to test the hypotheses: (I) seed germination varies 

amongst the population, (2) storage conditions and storage period affects seed 

germination in S. chirayita. The study was conducted on eleven populations from 

different parts of Sikkim, India. Till present reporting, there is no publication 

available on the effect of long term storage on seed germination of S. chirayita, and 

first time covering different storage conditions. 

9.2 Materials and Methods 

9.2. 1 Experimental design 

During November-December, freshly ripened seeds of Swertia chirayita were 

collected from II populations located along 1600m as! to 2700m as! in different parts 

of Sikkim Himalaya, India (27°04' - 28°07' North and 88°00' - 88°55' East). Seeds 

from four of the above populations (Sci to Sc4), earlier tested from 2005 collection 

for storage at 4°C (refer chapter 7), were recollected after one year time in 2006. 

Seeds from all populations were tested for three storage conditions over time. During 

seed collection, 15 - 20 plants/site were selected randomly from the middle of each 

population, to avoid edge effect if any and not to disturb natural spread of the 

population, practicing sustainable harvesting. The seeds procured were pooled 

separately for each population and brought to the laboratory, cleaned thoroughly for 

impurities, and dried in room temperature for 15 days. Seed moisture content was 

determined by oven drying (60°C; 48 hrs) 50 seeds in 3 replicates from each 
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population. For each population 10 healthy fruits were considered for seed counting. 

Seed size was measured using 30 seeds per population under microscope (1 0 seeds 

each in 3 replicates). Seed viability test using 2,3,5, triphenyle tetrazolium chloride 

solution could not be conducted because of the minute seed size and the difficulty in 

finding the detached embryo. For each population, immediately after room drying, 

seeds were tested for their initial germination potential. The remaining seed lots were 

stored in three different experimental conditions, viz., room temperature (25 ± 5°C), 

and in refrigerator at 4°C and at -15°C, in properly sealed specimen tubes. The seeds 

were periodically tested for their germination viability at six months interval for next 

24months. 

For each germination test, seeds were at first disinfected with Sodium hypochlorite 

solution (4% w/v available Chlorine) for 5 sec. to reduce the incidence of fungal 

attack. Disinfected seeds were washed thoroughly with double distilled water (DDW) 

and soaked in DDW for 24 hours. The soaked seeds were placed in Petri-plates 

(90mm dia.) lined with single layer filter paper (Whatman No. I) saturated with 

DDW. For each population, three replicates of 30 seeds each for each of three storage 

condition were used; and Petri-plates then placed in a seed germination chamber at 

25°C ± 2°C; with alternating light (I 4/10 hrs. photoperiod). The experiment was 

performed in a randomized design. The seeds were kept moist (DDW) and checked 

every day. Visible protrusion of the radical was the criterion to score seed 

germination. The germinated seeds were counted and removed. Seeds were observed 

daily until constant reading obtained. The germination experiment was observed up to 

45 days in each of the testing at six months interval. 

9.2.2 Statistical analysis 

MAN OVA (multivariate analysis of variance) was performed using General Linear 

Model in SPSS I 0.0 for windows (SPSS Inc. I 989) to determine the effect of 

populations, storage conditions and storage period and their interaction on seed 

germination percent and mean germination time (MGT). MGT was calculated using 

equation, MGT= L;(nd)/LN; where n =number of newly germinated seeds after 

each incubation period in days d, and N =total number of seeds germinated at the end 
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of the test (Hartmann and Kester, 1989). Bonferroni test (p<O.OOOl) was employed to 

determine the variation in means of seed germination and MGT. The present 

experiment was designed to determine aging rates of seeds of S. chirayita stored in 

different storage conditions. Percent germination value obtained for the different 

populations prior to storage served as control value and a way to evaluate the 

variability in percent germination for periodical storage period. By recording changes 

in percentage germination and the time required for seeds to germinate, deterioration 

was evaluated. 

9.3 Results 

Populations of Swertia chirayita differed significantly for various seeds 

characteristics (Table 20). MANOV A revealed significant variations in seed 

germination percent and mean germination time amongst populations, storage 

conditions and storage period and their interaction (Table 21). At the initial test, seed 

germination percent ranged from 87.78% (Sc5) to 100% (Sc2) and showed negative 

correlation with altitude of the collection sites (r = -0.087). Minimum 12 to 16 days 

(average: 13 days) was required for onset and 20 to 40 days (average: 31 days) for the 

completion of seed germination in most of the populations for all the three storage 

conditions and storage period (Figure 26). Collectively, significant reduction in 

germination percent was observed with the elapse of storage period compared to 

initial test (p<O.OOO 1) in populations of S. chirayita. Cumulatively for all the 

populations, seeds stored at 4°C showed significantly (p<O.OOOI) higher germination 

percent than -15°C and room temperature stored seeds. Similarly, the seed 

germination was significantly higher in -15°C stored seeds over room temperature 

stored seeds (p<O.OOOI). For the seeds stored at 4°C, 73% (8 populations) of the total 

populations recorded over 90% seed germination after 6 months; 64% (7 populations) 

of the total populations recorded over 80% germination after 12 months; 91% (10 

populations) of the total populations recorded over 60% germination after 18 months 

and 70% (8 populations) of the total populations recorded over 50% seed germination 
. 0 

after 24 months of storage (Figure 27A). For the seeds stored at -15 C, Sc3 recorded 

highest and SclO recorded the lowest germination after 6 months, Sci and SclO 

recorded the highest and the lowest seed germination after 12 and 18 months of 
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storage, respectively; however, after 24 months of storage, Sc2 recorded the highest 

and Sc6 recorded the lowest seed germination (Figure 27B). Room temperature 

storage resulted in above 80% seed germination in 82% (9 populations) of the total 

populations after 6 months. Here, the percent seed germination ranged between 

48.89% (Sc9) to 73.33% (Sc3) after 12 months; 45% of the total populations recorded 

above 50% germination after 18 months, and the seed germination recorded below 

33% in 82% of the total populations after 24 months of storage (Figure 27C). 

Significant variation (p<O.OOOl) in mean germination time (MGT) was observed 

amongst the storage conditions compared to the initial test. For example, seeds stored 

for 12 months at 4°C recorded lowest MGT in all the populations (Figure 28A); 

similarly, 64% of the total populations recorded lowest MGT after 6 months of 

storage at -15°C (Figure 28B) and 12 months of storage in room temperature (Figure 

28C). Significant fall (p<O.Ol) in seed germination was observed in all the three 

storage conditions with the increase in storage time (Figure 29). The rate of fall in 

germination percent per 6 month was higher in room temperature (15.86%) followed 

by deep freeze (13.26%) and 4°C (10.89%) stored seeds. At this rate of fall, seed 

looses its viability completely by approximately 36 months in 4°C stored seeds which 

is slower compared to room temperature and deep freeze (Figure 29). 

9.4 Discussion 

To retain good seed longevity, 10% to 40% seed moisture content is desirable 

(Hampton and Hill, 2002). Improper drying of seeds results in rapid loses of viability 

during storage owing to high moisture content (Siddique and Wright, 2003). 

According to McDonald (2004), seed loses viability and vigor during processing and 

storage mainly because of high seed moisture content, i.e. greater than 18%. In our 

present study, however, seeds of S. chirayita from all 11 populations maintaining with 

19% to 44% moisture content after drying resulted in high percent germination for the 

freshly collected seeds, which helped retaining substantial viability under storage for 

longer period. We recorded 100% germination in freshly collected seeds of S. 

chirayita for majority of populations with 16 to 42% moisture content (refer Chapter 

7). However, Bhatt et a/., (2005b) recorded low seed germination with the moisture 
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content of22% to 29% in freshly collected seeds of Swertia angustifolia. In our study, 

even after maintaining the moisture content of 15% to 21% in the domesticated seeds 

of S. chirayita, low germination at the initial testing was observed (refer chapter 11 ). 

This indicates species specific requirement of seeds for desirable moisture content for 

long term viability. 

' 
The length of time for which the seeds remain viable varies greatly by species and 

storage conditions (Siddique and Wright, 2003). Our present investigation, testing 

seeds for long term storage (at 4°C, -15°C and room temperature) confirm that the 

storage temperature significantly affects the seed germination capacity as stated by 

(Bradbeer, 1988). Our study indicates that the seed deterioration rates may vary 

depending on the storage conditions, however, the germination percent and/or seed 

viability gradually declines with increase in storage period (Yilmaz and Aksoy, 2007) 

irrespective of different storing conditions. The reported variability in percent seed 

germination for the seeds collected from different populations at same time or from 

same population at different times even if they are provided with the same treatments 

or test conditions (Perez-Garcia et al., 1995; Baskin and Baskin, 2001) is not 

applicable to S. chirayita in Sikkiril Himalaya. Our present study with S. chirayita 

revealed that seeds collected from the same location for two different years in case of 

four populations, i.e. Scl, Sc2, Sc3 and Sc4 after <1 year gap resulted in 98% to 100% 

germination (roughly the similar trend) in comparison to the earlier result of 100% 

germination for the same populations (refer chapter 7). This is an indication that the 

initial germination potential may remain similar over different times if right collection 

strategy is maintained, especially the time of collection and selection of same spots. 

In our present study, six month storage did not show much variation in percent 

germination among the storage conditions suggesting the suitability of all three 

conditions for short-term storage, which is often practiced in several Himalayan herbs 

(Butola and Badola, 2004ab, 2006a). For 4°C storage, all the population showed 

higher percent germination after 12 months, comparing to -l5°C storage. In general, 

above 60%, 70% and 80% germination after 12 month storage in room temperature, at 

-15°C, and at 4°C, respectively, suggest that up to 12 months, seed storage in room 
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temperature can also be opted provided due care be taken in respect of moisture 

content !eve~ prior to storage. After 18 months, abrupt fall in percent seed germination 

below 48% in 55% populations indicates the room temperature as non appropriate 

condition of storing seeds for longer period in S. chirayita. Seed storage at -15°C 

maintained> 60% germination with majority of the populations (7 populations) after 

18 months of storage. Continued storage for 24 months at -15°C resulted in decrease 

in seed germination (below 50%) for nine populations, which suggests this as 

unsuitable condition for long term seed storage. 

Comparatively, seeds stored at 4°C resulted in higher percent germination than the 

seeds stored at room temperature and at -15°C, on subsequent testing. For all three 

storage conditions, progressive and significant reductions in percent germination were 

observed with increasing duration of storage. On an average basis, loss of seed 

viability was much faster at room temperature followed by -I 5°C stored seeds but 

gradual at 4°C suggesting it as most appropriate condition for the long term storage of 

S. chirayita seeds. Chauhan and Nautiyal (2007) reported much faster loss of seed 

viability at room temperature (10-35°C) and retaining of seed viability for more than 

two years (storage at 0-4°C in refrigerator) in Nardostachys jatamansi. Onyekwelua 

and Fayose (2007) stated that the seeds cannot be stored at sub-zero temperature 

probably due to freezing injury resulting from ice formation, which can alternatively 

be controlled by placing them in air tight containers. Our present study suggests that 

storing seeds of S. chirayita at -15°C can be a second option after 4°C; however, here 

the seeds loose their viability early compared to 4°C even if they are placed in air tight 

containers. Many studies reported that the seed storage at 4°C was effective for 

germination after 6 months (Butola and Badola 2004b) to 12 months (Chen et al., 

2007; refer chapter 7). In several other species, loss of seed viability is observed 

within a few months of storage at room temperature (Douglas, 1995; Verma et al., 

I 996). Seed moisture content is adjusted as per the relative humidity of the 

surrounding air which changes with the air temperature and seeds differ in the way 

they adjust their moisture· content to humidity. In refrigerator (4°C), both temperature 

and the relative humidity are properly maintained thereby retaining the seed viability 

for longer period, relatively. 
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For Swertia chirayita, in our study (see chapter 7), an increasing trend in MGT was 

recorded after six months of storage at 4°C, on subsequent testing for 18 months. 

Whereas, in our current study with four re-tested populations (Sci to Sc4) in second 

year and the remaining sets of populations, the case little differed as MGT declined 

till 12 months in majority of the populations, and then MGT enhanced subsequently 

when provided with similar storage condition. Similar trend in MGT reduction was 

observed for the seeds stored in room temperature. Seed moisture content plays a 

critical role in the seed germination process. The increase or decrease in the moisture 

content during the storage period of seed may be responsible for such variation in the 

MGT value which requires further detailed investigation for S. chirayita. For the 

seeds of Kochia prostrate stored in laboratory and under shed, mean germination time 

decreased as storage time increased, and varied unpredictably for cold room-stored 

seed, and remained unchanged for freezer-stored seea (Kitchen and Monsen, 200 I), is 

not applicable to S. chirayita. Non-uniformity in MGT obserVed in the seeds on 

subsequent tests is rather confusing in the case of -!5°C stored seeds in S. chirayita. 

However for the seeds stored in room temperature and at 4°C, the MGT first 

decreased up to 12 months of storage compared to initial test, which increased with 

the prolonged storage period. 

9.5 Conclusion 

Our present study confirms that various populations of Swertia chirayita in Sikkim 

Himalaya possess high germination potential. It also showed that the seed germination 

(I) varies amongst the populations; (2) is highly affected by the storage condition and 

the storage period. It further confirms that the 4°C is the best/effective storage 

condition for the seeds of S. chirayita that retains seed viability for the longer period 

than other storage conditions. Also, for the shorter period up to one year, the other 

storage conditions may be opted, provided due care taken during storage. Equa!ly, 

important is the recommendations on sustainable harvesting taking care of precise 

time and exact spot in the site, where earlier collection were made in case of using 

potential populations fro conservation programmes in case of endangered species. 
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Table 20. Seed characteristics of different plant population of Swertia chirayita 
collected in Sikkim 

Altitude No. Seed Seed Seed Moisture 
Name of Populations (m asl) Seeds/fruit weight length width content 

(mg/50 (f.lm) (f.lm) (%) 
seeds 

Sci - Luing (ES) 2126 209 1.5 486 355 25.8 

Sc2 - Railgaon (ES) 1948 297 1.6 532 383 22.4 

Sc3 - U Pangthang (ES) 2176 309 1.6 502 380 29.1 

Sc4- Jaunbari (SS) 1651 222 1.2 454 374 39.1 

Sc5 -Tiffin dara 2 (SS) 1744 269 1.4 406 362 26.7 

Sc6 .- Dhupi Dara (ES) 2124 258 1.8 418 378 18.8 

Sc7 - Deewani Taar (WS) 2055 294 1.2 358 325 36.5 

Sc8 - Gumpa Dara (WS) 1987 260 1.2 372 351 29.7 

Sc9 - Hilley (WS) 2697 260 1.4 389 369 44.3 

Sc!O - Tendong (SS) 2099 230 1.6 390 372 27.0 

Sell - Raavngla (SS) 2160 256 1.3 320 297 25.6 
(P<0.05) 38.49 0.14 21.53 21.14 !0.54 

F value 5.23 15.95 76.93 12.94 4.23 

ES: East Sikkim; WS: West Sikkim; NS: North Sikkim; SS: South Sikkim 

Table 21. Result of Three way AN OVA showing the effect of populations, storage 
conditions and storage periods and their interaction on seed germination and mean 

germination time in Swertia chira;y_ita 
Source F value Sig. F value Sig. 

Germination(%) Mean Germination Time 

Population (P) 14.443 .000 42.392 .000 

Storage Condition (SC) 279.387 .000 716.784 .000 

Storage Period (SP) 1038.901 .000 519.862 .000 

PxSC 8.914 .000 9.144 .000 

PxSP 3.993 .000 5.728 .000 

SCxSP 6.789 .000 147.827 .000 

PxSCx SP 1.810 .001 4.878 .000 
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CHAPTERlO 

Phenology, Growth and Development 

10.1 Introduction 

The phenological recording in plants is very useful as this provides information about 

different growth phases and their periodicity, length of the growing seasons and of the 

dormancy (Badola, 1994; Jeffrey et a/., 2009) and its knowledge is crucial to 

understanding of community function and diversity (Fenner, 1998). These 

phenological phases are influenced by the seasonal environmental factors (Badola, 

1994, 201 0; Jeffrey et a/., 2009); therefore, in order to assess the vulnerability of 

species to phenological changes, it would be imperative to know the environmental 

factors that control its development (Wipf, 2010). Seasonal timing events can be 

critical for the survival of life and reproduction (Kilic et al., 2006). Phenological 

studies impart knowledge on the morphological and functional traits offering clues 

about adaptability mechanisms of the plants under varied and periodically changing 

climatic conditions in which they grow, and thus help in developing management and 

conservation plans for valuable plant species (Badola, 1994; Martinez-Calvo et al., 

1999; Baumgartner and Hartmann, 2000; Bhat and Murali, 2001; Sanz-Cortes et al., 

2002; Hamann, 2004; Tebar et al., 2004; Badola, 2010) .. Plant phenology. also 

provides the basic understanding of the functional rhythms (Rawal et al., 1991) and 

seasonal periodicity in growth and reproduction (Hoffmann et a!., 1992; Badola, 

1994) of communities; however, for which, continuous monitoring is necessary. 

Studies have shown the climatic factors, viz., temperature (Van Schaik, 1986; Badola 

et al., 1992), rainfall (Foster, 1982; Bullock and Solis-Magallanes, 1990), water 

availability (Bullock and Solis-Magallanes, 1990), photoperiodism (Daubenmire, 

1972), duration of dry spell (Leigh Jr. and Windsor, 1982), change in day length and 

temperature (Bhat, 1992) etc., are to be mainly responsible for the vegetative and 

reproductive phenology, at both community and species level (Bhat and Murali, 2001; 

Badola, 1994, 2010). 
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The microclimate of the growing condition significantly affects phenology (Bliss, 

1966), growth and development in plants. Growth and survival of the plants greatly 

depend on the genetic adaptation to the temperature regimens (Criddle et a/., 1997) 

and moisture and water availability (Nautiyal et al., 1994; Bhat and Murali, 2001) 

within given or native environments. The specific environment of a growing medium 

enables the survival of those plant species which could withstand the severity of that 

environment. Extreme environmental fluctuations occurring at the soil surface affect 

seedling survival as they may be less tolerant to such conditions (Dodd and Donovan 

1999); however, the presence of nurse plants often reduces the rate of seedling 

mortality because such environmental fluctuations are less occur under the canopy of 

nurse plants than outside the canopy (Cervera et a/., 2006), thereby increasing the 

seedling survival and extending the distributional boundaries of the species 

(Steenbergh and Lowe 1977; Nobel 1980). Also, the transplanted genotypes perform 

better at their site of origin than at foreign sites (Van 1998; Hufford and Mazer 2003), 

provided the availability of suitable substrates is ensured which plays a significant 

role in better performance of the species (refer chapter 8). However, different species 

may behave differently to a given growing environment especially in the case of herbs 

(Butola and Badola, 2008). 

Swertia chirayita (Roxb. ex Fleming) H. Karst (Gentianaceae), triennial herb is 

known globally for its use in traditional and modern medicine extensively (Pradhan 

and Badola, 2008). Plant is used as a liver stimulant and in bronchial asthma, 

dyspepsia, debility, fever, gastrointestinal infections, curing various skin problems 

and scorpion bite (Biswas and Chopra, 1982; Kirtikar and Basu, 1984). Owing to high 

raw material demand at national and international markets (Badola and Pal, 2002), the 

species has been considered critically endangered (IUCN), endangered (Indian Red 

Data Book), critically rare and virtually endemic to Himalaya (Samant eta/., 1998), 

and vulnerable to Sikkim (Ved et al., 2003); and offers immense scope for ex-situ 

cultivation (refer chapter 8). The species has also been prioritized at the top for its 

conservation through cultivation (Badola and Pal, 2002). Nevertheless, the problem 

with S. chirayita is the low seed germination as reported in earlier studies (Raina et 

a/., 1994; Bhatt et a/., 2007). However, an understanding of the phenology is a 
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prerequisite tool in developing and standardizing agro-technology for the targeted 

species (Badola, 2002), which provides important clues towards possible 

domestication of the species (Butala and Badola, 2006). The present study was 

designed to perform comparative study on phenology, growth and development in 

Swertia chirayita, transplanted under different natural and nursery conditions, 

periodically and to assess whether the plants following transplantation under both 

natural and nursery conditions behave similarly to adapt varied growing conditions. A 

perusal of literature revealed that no such study have been undertaken, so far, on S. 

chirayita and is first of its kind in Himalaya. 

10.2 Materials and Methods 

10.2.1 Study site 

The study was carried out at Pangthang (Lat: 27°21'5l''N and Long: 088°34'10"E), 

Sikkim (India), situated at an altitude of ca. 2000m as!. The area falls under temperate 

climatic zone with maximum temperature reaching up to 20.1 °C (August) and 

minimum temperature up to 6.42°C (January) [Figure 30]; maximum and minimum 

relative humidity range between 98.4% (July) and 70.3% (December) with occasional 

snowfall (January). The area receives heavy rainfall from May to September; and 

experiences highest rainfall of 4619.56 mm (August) and lowest of 51.04 mm 

(January). The soil is clay loam type and slightly acidic in nature (pH: 6.43). 

Meteorological data viz., temperature and rainfall of the study area were collected 

daily using thermo-hygro-clock (Mextech; Model No. J412CTH) and manual rain 

gauze. 

10.2.2 Experimental design 

Eight months' old (completing one growing season), relatively uniform size, seedlings 

of Swertia chirayita, developed under green house, were randomly transplanted to six 

experimental plots (35 seedlings each), four in natural habitat of the species viz., 

shrubberies, forest slope, open slope and tree canopy; and two in nursery conditions 

viz., temperature controlled green house (25°C ± 5) and open net-shade, maintaining a 

distance of 50 em between individuals (Photo Plate V) during March. Of35 seedlings 
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transplanted/plot, 15 seedlings/plot (as 15 replicates) were tagged for the long term 

periodical monitoring. The morphological data on growth and development such as 

the largest leaf length, largest leaf width (in both rosette plant and stem plant), plant 

height, number of nodes in main stem, number of shoots/plant, number of 

branches/plant, number of fruits/ plant etc., (stem plant) in S. chirayita were recorded 

on monthly basis (for 22 months) till the whole plant reached to senescence stage by 

the end of the third growing season. Also, the weekly observations on the parameters 

such as, shoot initiation/development, floral bud appearance, bud sprouting, flower 

blooming, fruiting initiation, fruit maturation and fruit ripening etc., were made till the 

whole process completed at the end of the third growing season. After the plants 

undergone complete senescence in all six growing conditions, the seeds were 

collected and the plants harvested to estimate the differences in total plant biomass. 

10.2.3 Statistical analysis 

One way multivariate analysis of variance (MANOV A) using general linear model 

(GLM) was carried out to check the effect of growing conditions on different growth 

parameters using SPSS I 0.0 software for windows (SPSS Inc. 1989). If the results 

indicated significant effects, multiple comparisons were performed to test the 

differences by applying Bonferroni test. Pearson's correlation test was conducted 

amongst different growth parameters; however, the growing conditions were not 

taken into consideration. Pearson's correlation test was also performed to see the 

effect of temperature and rainfall on different growth parameters in plants 

transplanted to various growing conditions; nonetheless, green house was excluded 

from the test because plants under green house were maintained under temperature 

controlled environment. 

10.3 Results 

10.3.1 Survivability in different growing conditions 

Swertia chirayita completed its first growing season in the green house. Immediately 

after transplantation in the second growing season, older leaves in the plants were 

replaced by the newer ones in all the six growing conditions. Final plant survival 
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Photo Plate V. Phenologica l observati on in di fTerent natural and nurser: cond itions 
in Swerlia chiral'iW 

A: Shrubberies; B: Forest slope; C: Open slope; D: Tree canop): 
E: Flowering in temperature controlled green house: F: Flowering in open net-'>hade 



varied amongst the different growing conditions, viz., 71% each (shrubberies and 

tree-canopy), 54% (forest-slope), 22% (open-slope), 43% (net-shade), 88% (green

house). Due to the very low survival rate in open slope (7 of the 35 plants), 7 

replicates were only considered for the final calculations in all the growing conditions 

for growth parameters. 

10.3.2 Phenological events in different growing conditions 

In the 2nd growing season, vegetative (rosette form) plant growth in terms of leaf 

length and leaf width initiated immediately after transplantation of plants in all the 

six growing conditions, which coincided with beginning of the rise in temperature and 

the early spring shower (Figure 30). The leaf growth continued till September for the 

majority of the growing conditions (Figure 3la and 3lb) when the average 

temperatUre and total rainfall was still higher; however, growth stopped with the 

abrupt fall in temperature as well as decrease in total rainfall during dry periods 

(November to January). The rosette leaves continued growing with the onset of the 

spring in the third growing season (till March under green house and open net-shade, 

and till May in natural habitat) even after the shoot developed, and completely 

disappeared by the late April (green house), July (shrubberies, forest slope, open 

slope, tree canopy) and August (opeli net-shade) [Figure 3la and 3lb]. The shoot 

development of too coincided with the beginning of the rise in temperature and the 

early spring shower in the 3'd growing season (Figure 30); whereas, the phenomenon 

initiated 2 weeks earlier under the green house and open net-shade (February end) 

compared to the plants transplanted to natural habitats (March 2nd week; Figure 32). 

The active growth period in terms of plant height was February to July (green house 

and open net shade) and March to September in other growing conditions, when the 

average temperature and total rainfall was substantially high; however minor growth 

in plant height was observed during October in plants in forest slope, open slope and 

tree canopy (Figure 32). Vegetative growth (stem form) in terms of leaf size (leaf 

length and width) also initiated in all the six growing conditions with the onset of 

spring and continued till August-September (Figure 33a and Figure 33b ). There was 

not much variation recorded in leaf size in plants growing in open net-shade 

throughout the third growing season from March to December. In all the six growing 
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conditions, the branches developed during summer (May-June-July). However, under 

green house and open net-shade, branches appeared at the onset of the summer (May 

znd week) and during mid-summer in shrubberies (June 3'd week) and under canopy 

(June end); while branches emerged during summer end in case of forest slope and 

open slope (July 3'd week). Over 70% of S. chirayita plants grown in open net-shade 

recorded 3 whorled leaves in each node, while plants grown in other conditions did 

not exhibited such character. 

In S. chirayita, floral buds appeared during peak monsoon (July-August), when the 

average temperature and total rainfall was ranging between 17°C - 19°C and 

3000mm to 4000mm, respectively, with longer day length (Figure 34). Green house 

grown plants recorded the earlier floral bud appearance (Figure 35e); however, in the 

remaining five growing sites exposed to natural climatic conditions, floral bud 

emerged earlier under open net-shade (May end; Figure 35b ), the month recorded the 

highest weekly total rainfall and above 18°C average weekly temperature (Figure 34). 

Buds were sprouted one week later in all the growing conditions except shrubberies, 

where sprouting delayed by 3 weeks (Figure 35a-f). Similarly, the flowers opened 

fully a week later in the plants in all the growing conditions;. however, flowers 

initiated 2 weeks later in shrubberies and under tree canopy. The longest flowering 

period was recorded for the green house and shortest for the open slope grown plants 

(Figure 35a-f). Fruiting initiated by July znd week (open net-shade), 41
h week (green 

house) and September in plants transplanted to the natural habitat plots (Figure 35a-f). 

Fruits started maturing during the October in natural habitats and coincided with 

decrease in weekly total rainfall while the air temperature was still much higher 

(approximately 18°C); however, the fruit started maturing by August (3rd week) and 

September (1 '1 week) in open net-shade and green house, respectively. In general, the 

longest fruiting period was recorded for the green house, followed by open net-shade. 

In all the growing conditions, the aerial part of S. chirayita started drying by October 

with the maturation of seeds indicating the senescence stage, which completed by 

December; however, the plant senescence started by November and completed by 

January in green house grown plants. Seed shedding initiated as the total plant dried 
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up in all the growing conditions. It was observed that in all the growing conditions, 

the plant senescence began from the top and moved down slowly. 

10.3.3 Effect of growing conditions on growth and 
development 

One way MAN OVA indicated the significant (p<0.0001) effect of various growing 

conditions on different plant growth parameters and biomass (Table 22). Plants 

performed better under the green house and in open net-shade. For example, the 

maximum plant height under green house (175.oi ± 41.2 I em) was significantly 

greater at p<0.001 level compared to shrubberies, forest-slope and open-slope; and at 

p<0.01 level compared to tree canopy (Figure 32). Similarly, the plants grown in open 

net-shade produced significantly taller plants than those grown in forest slope 

(p<0.01); open slope and tree canopy (p<O.OOI). The highest number of nodes/plant 

(20.29 ± 2.50) under green house was significantly greater than those from open slope 

(p<O.OOI), forest slope (p<O.OI) and tree canopy (p<0.05). Similarly, the number of 

nodes/plants in shrubberies and open net-shade were significantly (p<0.05) greater 

than open slope, which recorded the lowest number of nodes/plant (Figure 36). Only 

single shoot/plant was developed in all four natural habitats; nevertheless, the multiple 

shoot/plant was recorded in open net-shade (6.86 ± 0.69) and under green house (3.0 

± 2.31) [Figure 36]. The number of branches/plant was significantly (p<O.OOI) more 

in open net-shade (39.57 ± 5.19) than in other growing conditions (Figure 36). 

Similarly, the number of branches/plant under green-house (23.14 ± 3.39) was 

significantly greater (p<0.001) compared to forest-slope and open slope; and 

compared to tree-canopy (p<0.01). Amongst the four natural conditions, the number 

of branches/plant was high in shrubberies compared to forest slope (p<O.OI), open 

slope and tree canopy grown plants (Figure 36). The number of fruits/plant (96.43 ± 
21.94) was significantly (p<0.001) low in forest slope compared to other growing 

conditions except open slope (Figure 36). The biggest stem diameter was recorded for 

the plants grown under green house (19.57 ± 2.95) and open net-shade (15.0 ± 5.92) 

was significantly greater at p<O.OOI level compared to other natural growing 

conditions; however, the difference was significant at p<0.01 level when compared 

between open net-shade and the forest slope (Figure 37). 
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The maximum average total plant biomass recorded for the open net-shade (44.16 ± 
6.7), and green house (41.3 ± 4.61) appeared significantly (p<0.001) greater compared 

to the plants grown in four natural habitats; however, the difference in the mean plant 

biomass amongst the four natural habitats as well as between open net-shade and 

green house was non-significant (Figure 37). Plant growth parameters showed 

significant positive correlation with each other at p<O.Ol, except for the number of 

nodes and number of shoots which was significant at p<0.05 level (Table 23). 

Temperature and rainfall showed insignificant positive correlation with the plant 

height in natural habitats, while the plant height under open net-shade (r = 0.703; 

p<0.05) was significantly correlated with the temperature. 

10.4 Discussion 

The seedlings after transplantation need time to adapt to the microclimate of the site, 

as they are less tolerant to the extreme environmental fluctuations occurring at the soil 

surface of the site which strongly affects the survival rate of plants (Dodd and 

Donovan 1999), as seen in Swertia chirayita, where the highest seedling mortality 

occurred in the plants transplanted to open slope. This might be due to the early 

delicate nature of S. chirayita seedling produced under the green house to tolerate 

open exposure to direct sunlight at the site. However, seedlings transplanted to 

shrubberies, forest slope and under tree canopy were provided with some sort of shade 

and protection by the nurse plants/associated species, thereby resulting in greater 

survival, comparatively, 

The temperature (Holway and Ward, 1965; Van Schaik, 1986; Badola et al., 1992; 

Badola 1994) as well as rainfall (Foster, 1982; Bullock and Solis-Magallanes, 1990; 

Badola et al., 1992) is important factor in different phenological phases. As the 

temperature begins to rise, the metabolic activity inside the plant intensifies (Badola, 

1994; 2010) which could be manifested externally, initially through new leaf 

emergence, increase in leaf number and size as well as plant height. Plant requires 

tremendous amount of water for the growth and development and the rain is the main 

source of water, to major extent. Water acts as a solvent for the minerals and 

carbohydrates moving through the plants; and, also serves as a medium through which 
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nutrients and other solutes move in to the plant from the soil. In S. chirayita the plants 

maintained under controlled temperature in green house; the growth activities such as 

new leaf emergence, increase in leaf size, plant height, etc. were initiated during 

February-March. This trend was more or less similar to open net shade grown plants. 

This indicates that, the temperature and water alone is not responsible for the plant 

growth; however, there are other factors such as changing photoperiod etc., as 

organism adjusts itself seasonally in response to changing photoperiod (Chapin (III) et 

a/., 2002). With the elongation in day length, the photosynthesis activity increases in 

plants thereby resulting in plant growth and the synchronized leaf emergence; for 

photosynthesis, leaf maturation at high temperature and longer days are favourable 

(Salisbury, 1974). This suggests that the phenological event occurs as a result of 

combined effect of several environmental factors. Further, irrespective of growing 

conditions, the plants follow a defined seasonal pattern of growth (Badola, 2010). 

Beside seasons, plant growth also depend on the reserve of food acquired in the 

previous season and that largely depends on the leaf size, as it forms the net source of 

carbon for plants (Chapin (III) et a/., 2002). Plant growth generally occurs when the 

light availability is greater (Bazzaz, 1996). Under green house and open net-shade, 

absence of competitor species as well as frequent removal of the weed species created 

high light availability and required nutrients which promoted early growth in S. 

chirayita plants compared to those transplanted to natural habitat plots. 

When S. chirayita is in its rosette form, the horizontal growth (leaf size) is more 

prominent than vertical growth (plant height). In addition, the growth in the form of 

new leaf emergence results in clustering of leaves in rosette form in S. chirayita, as a 

result of which, the larger and older leaves at the base (close to soil) get piled up 

prohibiting air circulation and moisture trapping between the leaves resulting in 

decomposition of the older leaves, which caused monthly variability in the number of 

leaves under all six growing conditions. The seedlings surviving after transplanting to 

their natural habitats are capable to withstand the harshness of the microclimate of the 

site, which means that they may behave similar to those plants naturally established. 

This has been observed in the present study where the phenological events in terms of 

new leaf emergence, shoot development, flowering, fruiting, senescence etc., in S. 
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chirayita plants transplanted to natural habitats coincided with the plants of S. 

chirayita already established in nature. 

Both, rainfall and temperature play significant role in the floral initiation (Omoloja et 

al., 2009); nonetheless, there will be some variation in temperature under the shade 

and open condition' (Cervera et al., 2006); and the plants respond differently when 

there is temperature differences (Bergqvist et al., 2001), thereby resulting in some 

variation in the flowering time. At the same time, variations in rainfall, photoperiod 

and temperature govern the timing of flowering (Daubenmire, 1972; Bullock and 

Solis-magalanes, 1976; Foster, 1982; Leigh Jr. and Windsor, 1982; Schaik, 1986; 

Badola, 201 0). Warm climate and increasing rainfall promote flowering (Omoloja et 

al., 2009) as observed in the present study where constant high rainfall and rise in 

temperature in July-August during third growing season promoted flowering in S. 

chirayita transplanted to natural habitat plots. Similar effect of rainfall and 

temperature on flowering intensity has been observed by Alvim (1984) and Omolaja 

et al., (2009). An early flowering initiation, floral bud sprouting and blooming under 

the green house is attributed to the constant high temperature (25 ± 5°C) and frequent 

watering; similarly, direct influence of sunlight/high air temperature and rainfall 

promoted the early flowering, floral bud sprouting and blooming in plants under open 

net-shade. 

The fruiting time is another important phenological event for which the species needs 

adaptation to climatic conditions prevailing at the site (Bhat and Murali, 2001). 

Likewise in floral development, rainfall, temperature and photoperiod play significant 

role in fruit development and maturation. In S. chirayita, fruit development initiated 

one month earlier in open net-shade (July 2nd week) and green house (July end); while 

it started in September in natural habitat plots. However, in either situation, the 

temperature and rainfall was at maximum and day length was also high 

comparatively. In natural habitat plots, fruit ripening initiated when there was 

considerable decrease in rainfall during October, having maximum sunny days and 

minimum rainy days, indicating the importance of direct sunlight exposure and high 

temperature in fruit ripening in S. chirayita. However, early fruit development 
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resulted in earlier fruit ripening in S. chirayita in open net-shade and green house. 

Comparatively, the shortest fruiting period was recorded in the plants grown in open 

slope, because here, fruiting initiated much later; nevertheless, being exposed to direct 

sunlight, the fruit maturation completed within short time span, as an adaptive 

advantage to cope with any possible disturbances in natural open conditions during, if 

a longer period prevails. 

Sunlight regulates the photosynthesis, photo-morphogenesis and provides radiant 

energy (Bergqvist eta/., 2001) that heat up the plant tissues and the direct sunlight 

heats plant tissues more efficiently than diffuse light (Smart and Sinclair, 1965). In S. 

chirayita plant senescence began during October except under green house, when the 

rainfall as well as day length decreased substantially, while the temperature was still 

high. The present study further revealed that in S. chirayita, plant senescence is 

basipetal (begins from the top and moved down slowly to the bottom) and is much 

faster in the sites where plants are directly exposed to the sunlight, like open net

shade and open slope. This might be due to the earlier opening of terminal flower than 

the lateral flowers as a consequence of faster exposure to the sunlight (Goebel, 1924; 

Endress, 2010) in case of raceme or spike inflorescence (Goebel, 1924; Troll, 1964) 

as in S. chirayita. Cumulatively, especially in outdoors, the intensification in major 

growth activities i.e., leaf number and size, shoot growth, branch development, 

flowering, fruiting, etc., was observed during summer and rainy season, where the 

temperature and rainfall recorded high and the days were longer as well, convincing 

that the both temperature and rainfall to be equally important for the plant growth and 

development in addition to photoperiod in S. chirayita. 

The development of multiple shoots in plants grown under both nursery conditions 

compared to single shoot development in plants grown in natural conditions, appeared 

as one of the most interesting observations in the present study. The higher number of 

shoots in S. chirayita had substantially produced greater number of branches in open 

net-shade than the plants grown under green house as well as other natural conditions, 

leading to higher plant biomass. Number of branches in a plant also determines the 

plant growth behaviour (Maqsood et a/., 1999). Study on the morphological 

173 



characters of S. chirayita for 22 natural populations in Sikkim Himalaya did not 

record the development of multiple shoots in any of the populations (authors' 

unpublished results). Generally in S. chirayita, each node bears two opposite leaves, 

but in the plants· grown in open net-shade in the present study, three whorled leaves in 

each node in majority of the sample plants as well as others, were observed, which 

also played significant role in increasing the biomass ·of the plant; however, the other 

growing conditions including green house did not exhibit such morphological 

manifestation. Development of multiple shoots vis-a-vis higher number of branches, 

greater plant height etc., in plants in nursery conditions (green house and open net

shade) resulted in greater biomass per plant; whereas the production of single shoot, 

small plant height, lesser number of branches etc., in plants grown in four natural 

conditions resulted to lower biomass, relatively inS. chirayita in the present study. 

10.5 Findings 

The present study concludes with the following findings: 

I. The third growing season is the most important phase in the life cycle of S. 

chirayita, because major phenological events right from shoot initiation to plant 

senescence occur in this particular phase. 

2. Development of multiple shoot in S. chirayita under nursery conditions is a new 

and an important finding of the present study. 

3. Irrespective of growing condition, the S. chirayita plants follow defined seasonal 

pattern of growth even if they are maintained under controlled environment. 

4. The seedlings/plants of S. chirayita once adapted to microclimate of the site after 

transplantation behaves similar to those naturally established in in wild habitats, in 

terms of phenology, growth and development. 

5. InS. chirayita, plant senescence starts from the top and moves down slowly to the 

bottom (basipetal) and the process is much faster in the sites where the plants are 

directly exposed to sunlight, like open net-shade and open slope. 

6. Development of three whorled leaves in plants under open net-shade is a new and 

interesting finding of the study. 
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The populations of S. chirayita have declined considerably in the Himalaya due to 

habitat degradation, over exploitation, unsustainable/untimely harvesting, etc. The 

present study forms the baseline for both in situ and ex-situ conservation of the 

species. Further, oh the basis of the above phenological information, harvesting time 

for S. chirayita can be determined which will impart opportunity to the species to 

recover from the disturbance in the nature thus providing sustainable income 

generation option to the medicinal plant collectors in the Himalayan region and 

largely from the potentially possible ex-situ cultivation. 
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Table 22. Summary of one way MANOV A depicting the effect of different 
growing conditions on the growth and biomass of Swertia chirayita 

Parameters F value Sig. Eta squared 

Plant height (em) 19.59 .000 0.731 

Stem diameter (mm) 24.32 .000 0.772 

Number of nodes 07.23 .000 0.501 

Number of shoot 40.51 .000 0.849 

Number of branches 39.54 .000 0.846 

Number of fruits 26.17 .000 0.784 

Total plant biomass (gm) 35.99 .000 0.833 

Table 23. Pearson's correlation coefficient amongst different growth parameters 
in Swertia chirayita 

Plant Stem No. No. No. No. 
height diameter nodes shoot branches fruits 
(em) (mm) 

Plant height (em) 1.000 

Stem diameter (mm) 0.683**1.000 

Number of nodes 0.809**0.514** 1.000 

Number of shoot 0.537**0.543** 0.336* 1.000 

Number of branches 0.607**0.645** 0.518**0.809** 1.000 

Number of fruits 0.651 **0.540** 0.677**0.281"' 0.533** 1.000 

Tot. plant 
biomass 

(gm) 

Tot. plant biomass 
(gm) 

0.796**0.816** 0.637**0.767**0.860** 0.631 ** 1.000 

** p<O.Ol; • p< 0.05; ns: not significant 
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Figure 37. Growth and biomass in Swertia chirayita as affected by growing condition 
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CHAPTERll 

Chemical Stimulation of Seed Germination 

11.1 Introduction 

One of the richest pools of biological diversity in the world, Indian Himalaya, has 

been experiencing unreasonable extraction of wild medicinal plants due to market 

demand, endangering many of its high-value gene stock (Badola and Pal, 2002, 2003; 

Badola and Aitken, 2003; Butola and Badola, 2008a) including S. chirayita (Bhattarai 

and Acharya, 1997; Badola and Pal, 2002, 2003; Dutta, 2004; Olsen, 2005). Ex-situ 

cultivation is considered as a possible solution to the conservation of endangered taxa 

and at the same time to meet out commercial raw material demand (Badola and Pal, 

2002; Badola and Aitken, 2003; Badola and Singh, 2003; Heywood and Iriondo, 

2003; Badola and Butola, 2003, 2005). It has been realized that to sustain availability 

of continuous stock of planting material for commercial cultivation as well as for 

species recovery, it is crucial to have in hand an appropriate multiplication technique 

to build a massive reserve of ex-situ plants (Badola and Butola, 2003, 2005; Butola 

and Badola, 2007, 2008b). Additionally, the selection of species specific appropriate 

propagation technology (Fay and Muir, I 990; Butola and Badola, 2004ab, 2006ab) 

and ideal propagation conditions for mass multiplication (Butola and Badola, 2008b) 

would minimize the waste of propagule resource. However, poor seed germination of 

viable seeds in several Himalayan plant species is experienced. as a limiting factor in 

large scale plant multiplication (Nadeem et al., 2000; Butola and Badola, 2004ab, 

2006a, 2007, 2008ab). Pre-sowing chemical treatments are used to enhance seed 

germination of wild sources of several Himalayan medicinal plants (Nadeem et al., 

2000; Pandey et al., 2000; Joshi and Dhar, 2003; Manjkhola et al., 2003; Butola and 

Badola, 2004ab, 2006b, 2007; Shivkumar et al., 2006) and in plants of other regions 

(Plummer and Bell, 1995; Yamaguchi et al., 2000; Ghimire et al., 2006; Kulkarni et 

al., 2007; Vandelook et al., 2007; Kaur et al., 2009). The above studies were mostly 

confined to test seeds from wild. Seeds of only a. few endangered Himalayan 

medicinal herbs have been evaluated, following establishment of ex-situ set-ups, for 
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their germination potential assessment, especially using various chemical stimulants 

and growing conditions (Butola and Badola, 2006b, 2007). 

A critically endangered Himalayan herb (Ved et at., 2003a) and prioritized on top for 

conservation through ex-situ cultivation by the international experts (Badola and Pal, 

2002), Swertia chirayita (Roxb. ex Fleming) H. Karst was targeted for the current 

study. The genus Swertia (Gentianaceae) comprises of over 170 species globally, of 

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

Sikkim alone, a north-eastern state of IJ(dia, harbours 13-14 species of Swertia. 

Amongst .these, S. chirayita, which grows mostly in temperate Himalaya (!200m-

3000m as!) from Kashmir to Bhutan and in Khasia hills of Meghlaya, India (Chanda, 

1976) in open pastures, grassy slopes and forests, is of great medicinal importance. 

Distribution of S. chirayita depends upon the altitude and slope and is not uniform. 

The species prefers to grow on north facing slopes and descends below 1500m, while 
• 

on south facing slope the plants are found between 1500m and 3000m. In general, 

2000m altitude is a suitable range preferred by the species in Nepal (Bhattarai and 

Shrestha, 1996) and 1800-2300m in Sikkim Himalaya. Over centuries, S. chirayita is 

used ethno-medicinally (Wawrosch et at., 2005; Pradhan and Badola, 2008) for 

having numerous medicinal properties (Nadkarni, 1976; Biswas and Chopra, 1982; 

Kirtikar and Basu, 1984). In S. chirayita, seed is the only viable solution to the 

reproduction of the plant. Very limited publications are available on seed germination 

of S. chirayita, all limited to wild seed resources (Raina eta!., 1994). 

The objectives of the present study on S. chirayita were, (i) germination assessment of 

seeds from six ex-situ produced sources; and (ii) enhancement of seed germination, in 

ex-situ produced seeds, using various pre-sowing chemical treatments. It is for the 

first time the present study makes a move beyond wild stock and targets further the 

descendent seeds as a stock to put on viability of ex-situ cultivation technology on S. 

chirayita for conservation. The current study makes a break from the ground and 

attempts to make a crucial step to understand process of domestication of species to 

attain predictability. The study targets to compare the ex-situ produced seeds of S. 
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chirayita from six sources and make various disclosers on the germination behaviour 

of seeds. 

11.2 Materials and Methods 

11.2.1 Propagule collection 

In December 2007, mature seeds were harvested from six ex-situ conditions i.e., 

shrubberies, forest slope, open slope, tree canopy, open net shade and temperature 

controlled green house (refer chapter I 0), and mixed well individually for each 

source. To determine moisture content, 100 seeds/replicate (3 replicates/seed source) 

were weighed and oven dried ( 60°C; 48 hrs ). Seeds were counted for I 0 healthy fruits 

per source. Seed size was measured for 30 seeds per sample (I 0 seeds each of 3 

replicates) under a microscope. The remaining seeds were air dried in room 

temperature for 15 days. The seed viability test could not be performed due to minute 

seed size. In January 2008, seed germination potential using distilled water was tested 

(6 replicates; 30 seeds each) in a seed germinator (experimental details given below), 

which yielded poor germination. The remaining seeds were stored in air tight 

specimen tubes in refrigerator ( 4°C) till the initiation of the pre~sowing chemical 

treatment experiment which was performed soon after the initial test was over. 

11.2.2 Seed germination test 

In February, air dried seeds were surface sterilized by dipping in 0.04% aqueous 

solution of mercuric chloride (HgC]z) for 1 0 sec to discourage fungal infection and 

washed thoroughly with double distilled water in all cases. The disinfected seeds were 

soaked in beakers containing various freshly prepared test solutions, viz., gibberellic 

acid (GA3: 50, 150, 250, 350 flM); potassium nitrate (KN03: 50, 150, 250 mM) for 24 

hrs and sodium hypochlorite (NaHC103, 5% available chlorine) for 5, 10 and 15 

minutes. Treated seeds were washed 2-3 times with double distilled water and placed 

in petri-plates (90 mm) lined with single layer of Whattman No. 1 filter paper 

moistened with double distilled water. Control sets were maintained using double 

distilled water. Each treatment had 06 replicates of 30 seeds each, which were 

incubated for a maximum of 45 days in germination chamber (temperature: 25°C ± 
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2°C; photo period: 14110 hrs light/dark), following a complete randomized design. 

Seeds were checked daily and moistened with double distilled water as and when 

required, and recorded as germinated on radical emergence. Germinated seedlings 

were counted and removed. 

11.2.3 Statistical analysis 

The data were analyzed for mean and standard deviation (SD). Mean germination 

time (MGT) was calculated using equation, MGT= ,L(nd)!,LN ; where n =number 

of newly germinated seeds after each incubation period in days d, and N = total 

number of seeds emerged at the end of the test (Hartmann and Kester, 1989). Analysis 

of variance (ANOV A) was conducted on different parameters. The difference among 

the means was compared by least significant difference (LSD) test (Snedecor and 

Cochran, 1967). 

11.3 Results 

Before fruit harvest in December 2007, the final plant survival varied in different 

growing conditions, viz. 71% (Shrubberies), 54% (forest-slope), 22% (open-slope), 

71% (tree-canopy), 43% (net-shade) and 88% (green-house) [refer chapter 10]. At 

attaining full maturity of plants, fruits harvested in December 2007 showed significant 

differences amongst sources. Number of seeds per fruit was significantly higher for 

shrubberies, which further varied amongst plot sources (p<0.01). Seed moisture 

content ranged from 14 to 22%. Significant differences (p<O.OS) were obtained for 

seed weight, seed size and the moisture content amongst sources (Table 24). In initial 

control test, very low seed germination was recorded for all sources, viz., shrubberies: 

31 %; forest-slope: 12%; open-slope: 20%; tree-canopy: 21 %; net-shade: 23%; green

house: 19%. Seeds produced in shrubberies showed significantly higher germination 

(p<O.OOI) compared to other sources, except net-shade, which differed at p<O.Ol. 

In pre-sowing chemical stimulation experiment, in control, the seeds from forest-slope 

showed lowest germination (9.44%) comparing to other plots; this followed more or 

less same trend to that of earlier initial control test. Pre-sowing chemical treatments 
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significantly stimulated seed germination in S. chirayita over control, which varied 

amongst sources (Table 25). In general, GA3 was most effective in stimulating seed 

germination over other treatments. Across seed sources, compared to control, GA3 

treatments improved the percent germination significantly {p<O.OOI). Seed 

germination value ranged between 70% (minimum; net-shade) and 97% (maximum; 

forest-slope and tree-canopy) using different GA3 concentrations. Amongst them, . . 
GA3 250 11M followed by GA3 350 11M effectively stimulated seed germination 

(p<0.001). Seed sources did not show uniformity of germination specifically to a 

particular concentration of GA3. For example, seeds from shrubberies responded best 

with 50!!M GA3; from open slope best germination was obtained for 250 and 350 11M 

GA3, whereas seeds from tree-canopy, net-shade, and green-house responded best to 

GA3 250 11M (Table 25). Seeds from forest-slope showed an exceptional uniformity in 

germination of about 96% with all GA3 concentrations except GA3 50 11M (89%). 

Comparing to control, KN03 treatments proved beneficial in improving seed 

germination in majority of cases; in which, KN03 I 00 mM proved equally effective to 

stimulate seed germination in all sources (p<O.OOl). Individually, maximum seed 

germination (72%; p<0.001) was achieved with KN03 50 mM for shrubberies. 

However, KN03 150 mM was detrimental in case of three seed sources (forest-slope, 

open-slope and tree-canopy). Soaking in NaHCI03 (5 minutes) had significantly 

(p<O.OOI) stimulated seed germination ( 48%: open-slope to 56%: shrubberies). 

Increased soaking time in NaHC!03 (15 min) appeared harmful to the delicate seeds 

of S. chirayita. 

Significant decline (p<0.05) in germination delay (number of days taken for 1st seed 

germination) was recorded with different concentrations of GA3 over control, with 

lowest of 10 days for GA3 50, 150, and 350 11M, which varied amongst seed sources 

from experimental plots. The KN03 and NaHCI03were effective in reducing 

germination delay only on the seeds collected from shrubberies and forest slope. The 

half of the maximum seed germination time (days taken to reach 50% of final 

germination) of 26 days was recorded in control for the forest-slope, and a minimum 

of 13 days in GA3 150 11M (shrubberies and tree-canopy), GA3 250 11M (tree-canopy) 

and GA3 350 11M (shrubberies and open-slope). Gibberllic acid significantly reduced 

189 



(p<0.05) mean germination time (MGT) over control compared to other treatments 

(Table 26). After soaking in different concentration of KN03 and for different period 

in NaHCl03, significant reduction (p<0.05) in MGT was achieved for the seeds 

collected from shrubberies, forest-slope and net-shade. Individually, significant 

reduction in MGT (p<0.05) was recorded for tree-canopy in NaHCl03 (5 and 10min) 

and for green-house in NaHCl03 (lOmin). In general, among all treatments, GA3 had 

greatly improved percent germination (Table 25) and lowered the MGT (Table 26). 

11.4 Discussion 

In the present study, ex-situ produced seeds of S. chirayita harvested from different 

growing conditions showed very low germination, initially, under control. Likewise in 

many Himalayan herbs (Pandey et a/., 2000; Butola and Badola, 2004ab, 2006b, 

2007; Shivkumar eta/., 2006), pre-sowing chemical treatments significantly improved 

germination percentage, onset and final germination of S. chirayita in present study. 

Here, gibberellic acid most effectively stimulated seed germination and minimized the 

difference in onset and final germination which can be attributed to increased activity 

of hydrolytic enzymes (AI-Helal, 1996; Joshi and Dhar, 2003; Manjkhola eta/., 2003) 

or mobilization of nutrients in dormant seeds (Kumar and Purohit, 1986; Hartmann 

and Kester, 1989). Further, gibberellic acid is kuown to promote germination by 

breaking dormancy in wide range of seeds (Vandelook et al., 2007; Perez-Garcia, 

2008). In S. chirayita, GA3 in all concentrations was highly stimulatory to seed 

germination. Further, except for two sources, i.e. tree-canopy and net-shade, the 

difference amongst GA3 treatments was insignificant in other four sources. That 

suggested effectiveness of all used concentrations of GA3 in stimulating seed 

germination as well as reducing mean germination time in S. chirayita as gibberellic 

acid is kuown to affect physiological as well as metabolic activities of seeds resulting 

in early germination (Tipirdamaz and Gomurgen, 2000; Chuanren et al., 2004). With 

the increase in GA3 concentrations, increase in percent germination was observed 

(Abdel-Hady et al., 2009; Keshtkar et a/., 2008). However, present study indicated 

non-uniformity in germination with different concentrations of GA3 amongst the seed 

sources as reported by Bhatt et a/., (2005b) for Swertia angustifolia. However, 

I 
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exogenous application of GA3 had no effect on the gennination of seeds in F erula 

assafoetida (Otroshy et al., 2009) 

Sodium hypochlorite overcomes seed donnancy by either increasing penneability of 

the seed coat to oxygen through the removal of phenolics (Hurley et al., 1989) or by 

scarification or modification of the seed coat (Hsaio, 1979; Butola and Badola, 

2004ab, 2007) which might have resulted in early seedling onset and increased 

percent gennination in seeds treated with NaHC103 (5 and 10 minutes) compared to 

control for all tested sources in the present experiment. The NaHC103 (10 min) could 

significantly stimulated seed gennination for only two sources (forest-slope and 

green-house) at P<0.05. However, the time period for soaking in NaHC103 needs to 

be standardized from species to species. For instance, seed gennination was enhanced 

by soaking for 5 sec to 60 sec in Amaranthus powellii but declined as the soaking 

period exceeded 60 sec in annual wee.d (Tommaso and Nurse, 2004). Similarly, seed 

gennination was increased from 2% to 19~ in Zizania palustris when soaked in 

NaHCl03 for 2 hours (Oelke and Albrecht, 1985). A range of soaking time in 

NaHCl03 (15 - 45 minutes) effectively used in many Himalayan herbs (Butola and 

Badola, 2004ab, 2006a, 2007). Since, the seeds are susceptible to fungal infection 

during gennination, but, treating with NaHC103 further reduces the chances of fungal 

infection to seeds (Butala and Badola, 2007) thereby resulting in improved 

gennination as in the present study. 

In present study, KNOJ 50 and 100 mM proved significantly effective for all sources 

used, lesser stimulatory comparing to GA3. Whereas, increased concentration of 

KN03 (150 mM) was beneficial significantly only in case of shrubberies and net

shade. Contrarily, in Angelica glauca (with large sized seed, compared to minute 

seeds in S. chirayita), KN03 (150 mM) was found effective in stimulating seed 

gennination (Butola and Badola, 2004b ), may relate to the seed size as an important 

factor, need to be considered while standardizing level of concentration. Effectiveness 

of KN03 in stimulating seed gennination may be possibly due to oxidized form of 

nitrogen causing a shift·in respiratory metabolism to the pentose phosphate pathway 

(Roberts and Smith, 1977). Nitrogenous compounds in various forms, particularly 
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nitrates (e.g. KN03) have been used to stimulate germination (Choudhary et al., 1996; 

Mcintyre et al., 1996). They play a critical role in increasing the physiological 

efficiency (Bhargava and Banerjee, 1994) and influence germination through change 

in water relationship (Nikolaeva, 1977). The responses of seeds to a particular 

concentration of KN03 may vary with species. In Gentianaceae family, in general, 

physiological dormancy is reported (Nikolaeva, 1977). Contrarily, the assessment on 

13 wild populations of S. chirayita (Gentianaceae) did not show any seed dormancy 

(refer chapter 7). However, in the present study, ex-situ produced seeds were found 

with high dormancy. The results with improved germination rates in current study 

under GA3 and KN03 treatments further correspond well with these generalizations, 

as both these substances are considered best for breaking physiological dormancy 

(Nikolaeva, 1977). The present study confirms that the seeds of S. chirayita from ex

situ grown sources, initially using wild seed stock, had physiological dormancy, 

which was broken by pre-sowing chemical treatments. 

11.5 Conclusion 

Over 70% (minimum) seed germination in eleven wild populations of S. chirayita, 

which gradually declined over time and further differed amongst sources under 

storage conditions was achieved (refer chapter 7). Seed germination potential 

differences in the same species/genus have been reported (Celiklar et al., 2006; 

Pezzeni and Monatana, 2006). Such differences may be due to the environmental 

variations in the light and temperature (Karlsson and Milberg, 2007; Vandelook et al., 

2007), and climate present in the native habitats of the species (Celiklar et al., 2006), 

but if proper strategies in respect of seed collection time etc. is maintained, such 

difference can be minimized to some extent. The present results suggest, there might 

be various environmental factors, the plants grown in or transplanted from green

house to natural habitats had to encounter during acclimatization and adaptation over 

two more growing seasons, might have induced greater physiological seed dormancy 

in second generation, which was later broken by chemical treatments. This can be 

viewed as a part of defence mechanism of a plant's survival tactics in response to a 

sudden change in its' eco-climatic condition. More detailed investigations are 

recommended to assess such eco-physiological changes occur from a sudden snap 
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from wild species adapted environmentally over ages. The study further recommends 

GA3 (50 to 350 J.lM) as the best treatment for breaking seed dormancy and greatly 

improving gennination in ex-situ produced seeds in S. chirayita. Good survival in 

natural conditions following transplantation of plants developed in green-house, using 

above pre-sowing treatments, has appeared as a techno logical package for 

strengthen ing conservation as well ex-situ cultivation of targeted endangered taxa, S. 

chirayita, in Himalaya. 
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Table 24. Seed characteristics of Swertia chirayita grown under different conditions at ca. 2000m as! 

Seed source Shrubberies Forest-slope Open-slope Tree-canopy Net-shade Green-house P<O.OS F 

Slope: 20°; Slope: 40°; Slope: 10°; Slope: 20°; Flat beds Flat beds 

Site conditions 
Dominant Dominant Dominant Dominant (soil (soil 
species: species: species: species: amended amended 

Symploccos Bucklundia Osbeckia sp. Castanopsis with forest with forest 
theifolia, S. populnea tribuloides humus) humus) 
glomera/a 

No. seeds per fruit 316 230 184 146 172 200 60A2 26.04 

Seed weight (mg/100 3.20 2.93 2.67 2.73 2.90 3.03 0.34 2.93 
seeds) 

Seed length ()lm) 362.20 394.07 480.17 379.83 417.77 361.90 1.96 40.60 

Seed Width ()lm) 315.27 310.40 355.70 306.10 345.77 293.63 2.15 11.28 

Moisture content (%) 14.62 14.81 17.47 21.91 17.38 20.89 4.45 4.10 

194 



Table 25. Effect of different chemical treatments on seed germination in Swertia Chirayita, sourced from six ex-situ conditions 

o/o Germination 

Treatment Shrubberies Forest-slope Open-slope Tree-canopy Net-shade Green-house p<O.OS p<O.Ol p<O.OOl F 

Control 28.33 9.44 20.56 19.44 21.11 17.78 5.91 7.93 10.46 8.77 

GA3 (50~M) 91.67 88.89 83.33 85.00 70.00 82.78 10.61 14.23 18.77 4.11 

GA,(I50~M) 83.33 96.67 83.89 92.78 73.33 82.22 9.75 13.09 17.25 5.95 

GA,(250~M) • 86.11 95.56 91.67 96.67 89.44 90.56 7.39 9.92 13.07 2.33 • 
GA,(350~M) 85.56 96.11 91.11 91.11 85.56 82.22 6.75 9.05 11.94 4.64 

KN03 (50mM) 72.22 23.89 20.00 31.67 48.89 27.22 8.61 11.56 15.24 43.69 

KN03 (IOOmM) 59.44 35.00 42.22 37.78 45.00 37.78 9.30 12.47 16.44 7.51 

KNO, (150mM) 45.56 07.22 06.11 05.00 32.78 18.89 6.41 8.60 11.33 56.05 

NaHC103 (5min) 56.11 53.33 48.33 52.22 48.89 54.44 9.84 13.20 17.41 0.81 

NaHCI03 (10min) 24.44 20.56 31.67 23.89 21.67 42.22 9.61 12.89 16.99 6.05 

NaHCI03 (15min) 12.22 5.00 23.33 13.33 7.78 10.00 7.07 9.48 12.50 6.64 

p<O.OS 9.50 6.87 9.09 7.98 7.95 8.16 

p<O.Ol 12.63 9.13 12.08 10.60 10.56 10.84 

p<O.OOl 16.40 11.86 15.69 13.77 13.72 14.08 

F 68.78 255.83 101.21 155.37 94.73 109.64 
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Table 26. Effect of different chemical treatments on Mean Germination Time in Swertia Chirayita, sourced from six ex-situ conditions 

Mean Germination Time 

Treatment Shrubberies Forest-slope Open-slope Tree-canopy Net-shade Green-house p<O.OS F 

Control 23.55 27.26 17.53 20.46 22.88 20.20 2.69 12.82 

GA,(501JM) 15.51 17.85 16.22 15.97 18.38 16.94 1.87 2.97 ° 

GA, (1501JM) 14.27 15.66 15.29 13.74 16.41 14.65 1.18 5.63 

GA, (2501JM) 15.44 17.58 14.92 14.96 15.73 15.33 0.91 9.74 

GA, (3501JM) 14.16 16.72 14.52 15.21 15.24 15.37 0.95 7.07 

KN0,(50mM) 19.17 22.64 20.45 21.08 21.14 20.08 1.61 4.37 

KN0,(100mM) 20.24 22.19 19.04 22.81 20.46 22.18 1.53 7.54 

KN03 (150mM) 23.86 24.25 23.33 20.00 23.83 20.66 2.60 4.12 

NaHCJ03 (5min) 19.77 18.62 18.11 17.79 19.13 18.45 2.67 0.59 

NaHC103 (1 Omin) 19.46 23.18 19.62 17.76 18.53 17.56 3.07 3.69 

NaHC103 (15min) 17.93 20.06 17.56 20.89 20.43 18.28 3.35 1.51 

p<O.OS 2.20 2.27 1.97 2.28 2.23 2.03 

F 19.02 20.29 14.44 13.83 12.61 11.70 
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CHAPTER12 

Chemical Treatments and Its Impact on Seedling 
Emergence and Vigour 

12.1 Introduction 

In-situ conservation within protected habitats must remain the primary means to 

conserve plant species. Plants are very sensitive to the environmental changes around 

them. The habitat disturbance and change in habitat conditions, ultimately leading to 

habitat loss, due to undesirable growth of unwanted plant species over important plant 

. species, devoid them of required ecological conditions. This would result in 

fragmentation of the population thereby restricting its distribution to smaller pockets 

and finally wiping the species from the entire area. At this crucial point, ex-situ 

mechanism plays an important role in conserving endangered plant species (Badola 

and Pal, 2002) through their recovery, habitat rehabilitation and restoration. Ex situ 

conservation helps to provide the flexibility in responding to unforeseen 

environmental changes. The risk of extinction of threatened species in nature can be 

reduced by reinforcing the ex-situ raised individuals (Bowes, 1999). Expensive 

techniques may not be essential for successful seed germination and developing 

healthy individuals for some species, but identifYing suitable technique, based on 

species requirements, would minimize the wasting of the resources (Fay, 1994; 

Benson et a!., 2000; Butala and Badola, 2004b, 2007). For raising mass planting 

material in species conservation programme, especially for Himalayan herbs, the best 

option would be the production of uniform and vigorous seedlings using identified 

pre-sowing chemical treatments (Butala and Badola, 2004b; 2006a, 2007). Also, high 

and rapid germination determine good stand establishment which results in higher 

yields. Therefore, fast and uniform germination is equally important for superior crop 

production (Afzal eta!., 2002). 

The genus Swertia (Gentianaceae) is represented by over I 70 species globally, out of 

which over 40 species occur in Indian Himalayan region and 13-14 species are 

recorded in Sikkim Himalaya (India). Amongst them, Swertia chirayita is of great 
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importance for its several biologically important compounds (Singh, 2008) and its 

multiple utilities in local medicine (Pradhan and Badola, 2008). Species bears high 

pham1aceutical value in national and international markets (Badola and Pal, 2002). 

Plant possesses anti-infl ammatory, hypoglycemic, anti-fungal, anti-bacterial, anti

malarial, anti-oxidant (Joshi and Dhawan, 2005) and anti-pyretic (Bhargava et al. , 

2009) properties; and can be used as natural larvicide (Balaraju et a/., 2009). S. 

chirayita is considered to be a bi tter tonic, febrifuge and laxative and is used in fever, 

burning of body, intestinal wonns and skin diseases etc., in a variety of forms and in 

combination with other medicines. In ancient Indian literature, Madhavachikitsa text, 

chapter Jvarachikitsa, one of the most important post Caraka Sushruta Samhita 

(Caraka Sushruta era: between 5111- 10111 century) mentions effecti veness of S. chirayita 

in Jvara or fever (Mishra, 2009). As entire plant possesses medicinal properties, the S. 

chirayita is uprooted unsustainably in wi ld at very early stage of development or 

before seeds are full y matured. Such human pressures have led to its endangerment in 

nature and has been assessed as critically endangered (Yed et a/., 2003b; IUCN, 

2008). Amongst the prioriti zed species, S. chirayita further recommended at the top 

for its conservation through ex-situ cultivation by an international forum of experts 

(Badola and Pal , 2002). For both strengthening in-situ conservation and promoting ex

situ cultivation, availability of standardized propagation techniques and quality 

planting material of targeted species is a pre-requisite (Butola and Badola, 2004b, 

2006a, 2007). To maintain sustainabi lity of genetic stock (seeds), it would be equally 

important to use seeds from ex-situ sources (Butola and Badola, 2007) 

The present investigation was carried out with the ann to fulfill ever-increasing 

demand of the phannaceuticals and to strengthen in-situ species recovery programme 

by developing and standardizing suitable technique to improve seed ling emergence 

and raise vigorous and mass scale planting material for Swertia chirayita. The 

objective of the present study were, (i) to examine the effect of earlier laboratory 

tested and identified best pre-sowing chemica l treatments on nursery seedling 

emergence, emergence rate, growth and biomass; (ii) to examine variabili ty amongst 

seed sources on above parameters in nursery conditions, and (i ii) to identi fy 

appropriate morphological traits in screening vigorous seedlings in S. chirayita. 
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In the present work, we chose two earlier tested best chemical treatments in 

improving seed germination potential in a seed germinator, using the same ex-situ 

sources for obtaining seeds, as a continuum (second phase) of earlier work (refer 

chapter 11) in nursery condition with addition of assessment on seedling growth and 

vigour inS. chirayita. 

12.2 Materials and methods 

12.2.1 Seed collection 

Mature seeds of Swertia chirayita (Roxb. ex Fleming) H. Karst. were harvested during 

December from six experimental set ups viz., four in natural habitats (1. shrubberies, 

2. forest-slope, 3. open-slope and 4. tree-canopy) and two in nursery conditions, on 

soil amended beds using garden soil and forest humus (1. open net-shade, and 2. 

temperature controlled green-house; 25°C ± 5° C) [refer chapter 11]. Seeds were 

mixed well individually for each source, room dried for 15 days and stored in air tight 

specimen tubes at 4°C until the experimentation. 

12.2.2 Experimental design 

During May 2008, seeds from all the srx sources were provided with the best 

chemical treatments, which we had earlier tested and identified in laboratory on 

germination in S. chirayita seeds collected from the same plots (refer chapter 11 ). In 

the previous experiment, all four concentrations of gibberellic acid resulted in high 

percent seed germination and GA3 (250 J.lM) most effectively stimulated seed 

germination for majority of the sources (open slope, tree canopy, net shade, green 

house); and amongst three concentrations used for NaHCl03, the Sminutes soaking 

time gave best results; while, all the three concentrations of KN03 were less effective 

in stimulating seed germination, except for shrubberies, due to which K;N03 was not 

considered in the current experiment. The seed lots from each source were divided 

into three sets containing 150seeds/set/source. The first set of seeds was soaked in 

GA3 (250J.tM) for 24hrs and the second set soaked in NaHCl03 for Sminutes. The 

third set was soaked in double distilled water (DDW) for 24 hrs which served as 

control. The soaked seeds for each set were washed thoroughly with DDW and sown 
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(0.5cm depth in rows; maintaining Scm distance between each seed in three 

replicates; 50seeds each per replicate) in nursery trays containing a mixture of garden 

soil, sand and crushed farm yard manure (pH: 7.02) in equal volume. The experiment 

was performed under the net-house (Temperature, max: 25.04°C, min: 13.22°C; 

Relative humidity, max: 91%, min: 65%) located in the Institute campus at an altitude 

of ca 2000m, in a completely randomized design, Prior to seed sowing, the soil 

mixture was wetted with water in order to avoid washing away of seeds from the 

trays. Taking in account the importance of soil moisture in seedling emergence, 

careful watering was done as per the necessity. 

Daily observation on seedling emergence was made using a powerful hand lens for 60 

days. To avoid competition, thinning was done after 16 weeks of seed sowing, 

maintaining maximum distances between each seedling (10-12 em). After 24 weeks 

of seed sowing, 5 seedlings for each treatment per seed source from experimental 

trays were randomly harvested and assessed for growth parameters, including the total 

dry biomass. As the plant remains in the rosette form for consecutive two year, the 

plant height was not taken into consideration. The root length was determined from 

the root collar to the tip of the primary root. The collar diameter was measured using a 

digital calliper (Mitutoyo, Japan). The dry biomass was determined by oven-drying 

seedlings to constant weight at 70°C. 

12.2.3 Statistical analysis 

Multivariate analysis of variance (MANOV A; o. = 0.05) in general linear model 

(GLM) was carried out to determine the effect of seed sources, treatments and their 

interaction on seedling emergence variables and morphological traits using SPSS 10.0 

software (SPSS Inc. 1989). A Bonferroni test (p<0.05) was used to determine the 

differences amongst mean values for different treatments. Mean days for emergence 

(Md) was calculated according to the equation of Edmond and Drapala (1958) as: Md 

= L:ndJIN, where, "n" is number of newly emerged seedlings in each day "d", and 

"N" is total number of seedlings emerged at the end of the test. Seedling emergence 

rate was calculated using modified Timson index of germination velocity by Khan 

and Ungar (1984) as: T = L;G/t, where "G" is percentage of seeds emerged after 2 

200 



days interval and "t" is the total emergence period. To identify the most effective 

treatment for producing healthy seedlings, seedling vigour index (SVI) was calculated 

following Butola and Badola (2004b ), SVI = (d/Md)* I 00, where, "d'' is dry 

weight/seedling; "Md" is seedling mean days of emergence and 100 is constant value. 

In order to. analyze the relationship between different morphological traits and to 

identifY convenient morphological traits to select vigorous seedlings, Pearson's 

correlation (r) analyses were performed by pooling data from all the treatments and 

the relationship amongst different seedling traits was examined. 

12.3 Results 

12.3.1 Seedling emergence 

Table 27 depicts the result of multivariate analysis of variance (MANOV A) showing 

effect of treatments, seed sources and their interaction on different seedling 

emergence variables. Different treatments showed significant effect on all the 

seedling emergence parameters (p<O.OOOI). 

Seedling emergence in all the sources and treatments including control started within 

18 to 22 days of seed sowing and maximum number of seedlings emerged within 56 

days of sowing. Both GA3 (250j.!M) and NaHCl03 (5 minutes) highly stimulated the 

seedling emergence in all seed sources over control; however GA3 was more effective 

than NaHCl03 (Figure 38). Over 59% seedling emergence was recorded with GA3 in 

all the seed sources and the maximum latitude in stimulation was recorded in seeds 

sourced from forest slope, where seedling emergence was promoted from 6% 

(control) to 69% (GA3). Comparatively, 40% seedling emergence was the maximum 

value recorded in seeds (green house) treated with NaHC103. 

Seedling emergence rate was faster in GA3 followed by NaHC103 in all the seed 

sources (Table 28). With GA3, amongst six sources, the seedling emergence was faster 

for green house (11.53±0.47) and slower for net-shade (9.51±2.39), comparatively. 

With NaHC103, the seedling emergence was faster for tree canopy (4.52 ± 1.35) and 

shrubberies (4.51 ±_0.93) compared to other sources. 
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12.3.2 Seedling growth and biomass 

MAN OVA revealed significant (p<O.OOOl) effect of seed sources and treatments on 

all the seedling growth parameters; however, the effect of their interaction was non

significant for number of leaves and root diameter (Table 29). Amongst the seed • 
sources, forest slope resulted in significantly (p<0.05) higher values for root length, 

total plant dry biomass and seedling vigour index compared to other sources (Figure 

39, 40 and 41 ). Significantly (p<0.05) minimum seedling growth was achieved for 

shrubberies. Significantly (p<0.05) lesser number ofleaves was recorded for the seed 

sourced from open slope compared to other sources. GA3 and NaHC103 treatment 

significantly (p<0.05) enhanced all the seedling growth parameters over control; 

however the effect of NaHCl03 was in-significant for number of leaves. On 

comparision, GA3 appeared significantly (p<0.05) more effective over NaHC103 

treatment for all the growth parameters including total plant dry biomass and seedling 

vigour index. All the plant growth parameters showed significant correlation with 

each other except number ofleaves (Table 30). 

12.4 Discussion 

In a species, variation in germination behaviour between sites (Baskin and Baskin, 

1998; Ceraboloni et at., 2004) is applicable not only to the natural populations but 

also to the ex-situ produced seeds under different conditions (refer chapter 1 0). 

Present study, with ex-situ produced seeds in S. chirayita, indicates the germination 

variability amongst the seed sources in addition to existence of physiological 

dormancy (refer chapter 1 0). 

Both GA3 (Mehanna et at., 1985; Tipirdamaz and Gomurgen, 2000; Butala and 

Badola, 2004ab, 2006a; Chandra et at., 2006) and NaHCl03 (Fieldhouse and Sasser 

1975; Hsiao 1979; Drew and Brocklehurst 1984; Bewely and Black, 1994; Butala and 

Badola, 2004ab, 2006a, 2007) are known for their stimulatory action on seed 

germination, breaking seed dormancy and increasing germination rate. In the present 

study, both GA3 (250J.tM) and NaHC103 (5minutes) treatments were stimulatory to 

seedling emergence and over all seedling growth for all six ex-situ seed sources. The 
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commencement of seedling emergence was significantly faster (p<0.05) in NaHCI03 

treatment followed by GA3 over control. Such differences in seedling emergence 

between treated and untreated seeds might be due to alteration of physiological 

process by the liberated enzymes inside the embryo (Kattimani et a/., 1999). 

Although, the mean days of seedling emergence were higher in GA3 than NaHCl03, 

the faster seedling emergence rates for GA3 indicated it as more effective treatment 

than NaHCI03 (Table 28). 

GA3 proved to be more effective than NaHC103 in stimulating seedling emergence in 

S. chirayita in all six ex-situ seed sources in the present study, however, higher 

effectiveness of NaHCI03 over GA3 was observed in case of Angelica glauca and 

Herac/eun candicans (Butola and Badola, 2004b, 2006a). In present study, greatly 
' 

stimulated seedling emergence by using higher concentration of GA3, i.e., 250J.!M is 

comparable to Picrorhiza kurrooa, where Chandra et a/., (2006) achieved marked 

improvement in seed germination (78.3% compared to 1.7% in control). The 

inhibitory effect of higher soaking period in NaHCI03 (10 and 15 minutes) was 

observed in S. chirayita having smaller seed size (refer chapter I 0), whereas, 

increased soaking period resulted in higher seed germination in the case of A. glauca 

and H. candicans with large seeds (Butola and Badola, 2004b, 2006a). This has 

indicated that the seed size might play a vital role in deciding concentration of 

chemicals or growth regulators to be used for achieving best results. Such variability 

in Himalayan herbs indicates species specific nature of seeds. As in S. chirayita, GA3 

stimulated seed germination and germination rate in many plant species is known 

(Nicolas et a/., 1996; Koyuncu, 2005; Cetinbas and Koyuncu, 2006). Similar 

stimulatory effect of NaHCI03 in seed germination has been reported (Clevering, 

1995; Yildiz and Celal, 2002; Butola and Badola, 2007). 

Higher seedling emergence in S. chirayita with GA3 in the present study might be due 

to amylase synthesis in seeds (Amen, 1968; Galtson and Davies, 1969). GA3 

stimulates hydrolytic enzymes that are needed for the degradation of the cells 

surrounding the radical and thus speeds up germination by promoting seedling 

elongation (Karssen et al., 1989; Rood et a/., 1990; Silva et al., 2004). GA3 also 
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regulates hypocotyl growth altering the extent of hypocotyl cell elongation (Cowling 

et a!., 1999) and plants response to external environment (Chakrabarti and Mukheiji, 

2003). However, Chen and Chang (1972) argued against the contention that 

gibberellic acid stimulates seed germination via amylase synthesis, taking case of 

dormant wild oat (Avena fatua) seeds, which confirmed that amylase activity 

increases following post germination growth. 

Scarification or bleaching of seed coat by NaHC103 (Vujanovic et a!., 2000; Bohm, 

2003) or other modification in seed coat (Hsaio, 1979) may not be the cause of 

stimulation of seedling emergence in S. chirayita, as the delicate seeds are enclosed in 

very thin seed coat which do not need extra physical effort in promoting germination. 

It may be due to either increase permeability of seed coat to oxygen through the 

removal of phenolics (Hurley et al., 1989) or release of oxygen with decomposition of 

NaHCl03, thus enhancing oxidative respiration, thereby, promoting seed germination 

(Bewely and Black, 1994; Vujanovic et al., 2000). 

Other factor which might be responsible for stimulation of seedling emergence by 

NaHCl03 are decomposition of germination inhibitors (Mackinnon and Alderton, 

2000), overcoming dormancy by lowering of pH thereby promoting oxygen uptake 

(Bohm, 2003), or promoting an enhancement of a-amylase activity (Kanecko and 

Morohashi, 2003). Soaking seeds in NaHCI03 for lesser time (5 minutes) appears 
' 

relatively useful to achieve successful recruitment of S. chirayita. NaHCl03 not only 

protects the seeds from pathogens in nursery conditions but also facilitates leaching of 

toxic compounds and improves the uptake of water and oxygen contributing to 

increase seed germination or seedling emergence. 

In the present study, GA3 application resulted to higher seedling dry biomass and 

seedling vigour index. This may be due to the fact that the action of GA3 applied 

before sowing could have sustained itself till the plants reached vegetative stage. 

Further, this could be related to an elaboration of an endo-membrane system' and 

regulated synthesis of proteins required for germination, which in turn could have 

contributed additionally to the amino acid rescue and protein turnover during active 
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metabolism, later in plant life (Shah, 2007). NaHCl03 is applied as a suitable 

disinfectant for seed surface sterilization (Bewley and Black, 1994; Kaneko and 

Morohashi, 2003) and also known to promote seed germination and overcomes seed 

dormancy (Bewely and Black, 1994). However, NaHC103 effect on seedling growth 

(Fieldhouse and Sasser, 1975; Chun eta/., 1997; Butola and Badola, 2004b, 2006a, 

2007) and its mechanism has rarely been reported. 

All the seedling growth parameters were positively correlated with each other but the 

correlation was non-significant for some of the growth parameters. Both collar 

diameter and root diameter though showed significant correlation with all the growth 

parameters except number of leaves; collar diameter is considered strongest 

morphological trait for identifYing seedling vigourousness inS. chirayita beca~se root 

being present below ground surface is not conveniently visible. Further, the collar 

diameter is always larger than the root diameter (personal observation) which does 

not necessitates going further step to identify vigorous seedlings. 

12.5 Conclusion 

The present study suggests that stimulatory eff~ct of GA3 (250~M) (preferably) and 

NaHCl03 (5 minutes) on seedling emergence and seedling vigour may solve the 

problem of increasing pressure on the wild population of species for raw material, as a 

tool to strengthen ex-situ cultivation of S. chirayita. Higher seedling emergence rate 

obtained with GA3 (250f1M) may lead to early establishment of the seedlings, which 

bear the ability to compete and withstand the rough climate. This could be 

advantageous during the process of species reinforcement in the nature using 

individuals raised by ex-situ means. While reinforcing the species into the natural 

habitats, collar diameter should be used for identifYing the vigourous seedlings which 

would not only save time but also minimize the wastage of the resources (Fay, 1994; 

Benson et a/., 2000; Butola and Badola, 2004b ). Such step will definitely reduce the 

risk of extinction of endangered species (Bowes, 1999) like S. chirayita in Himalaya. 
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Table 27. Results of MAN OVA showing effect of different seed sources, treatments 
and their interaction on seedling emergence variables in Swertia chirayita. 

Independent variable 

Dependent variable Source (S) Treatment (T) SxT 

F Sig. F Sig. F Sig. 

Seedling onset time (days) 6.902 .000 9.581 .000 2.633 .016 

50% emergence time (days) 6.784 .000 17.562 .000 3.887 .001 

Final emergence time (days) 10.176 .000 456.074 .000 8.152 .000 

Seedling emergence(%) 2.526 .046 689.359 .000 2.622 .017 

Mean days of emergence (days) 9.231 .000 103.197 .000 9.558 .000 

Emergence rate 0.954 .458 378.929 .000 1.026 .442 

Table 28. Index of emergence rate in Swertia chirayita, using a modified 
Timson Index of germination velocity. 

Source Treatment 

Control GA3 (2501JM) . NaHC103 (5 minutes) 

Shrubberies 1.27 ± 0.358 10.20 ± 0.758 4.51 ± 0.93 8 

Forest slope 0.20±0.17b 1 o.34 ± us• 4.43 ± 0.47" 

Open slope 0.48 ± 0.13bc 11.33 ± 1.49" 3.27 ± 0.968 

Tree canopy 0.69 ± 0.19"b 11.08 ± 2.538 4.52 ± us• 
Net shade 1.02 ± 0.13°0 09.51 ± 2.398 2.99 ± 0.698 

Green house 0.54 ± 0.23bc 11.53 ± 0.47" 4.28 ± 0.658 

Values in each column with the same superscript are not significantly different at p>0.05, 
Bonferroni test (±: standard deviation). 
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Table 29. Results of MAN OVA showing effect of seed sources, treatments and . 
their interaction on different growth parameters in Swertia chirayita. 

Independent variable 

Dependent variable Source (S) Treatment (T) SxT 

F Sig. F Sig. F Sig. 

Collar diameter 40.429 .000 99.950 .000' 3.839 .000 

Leaf number 9.842 .000 11.358 .000 0.626 .787 

Largestleaflength 78.377 .000 95.652 .000 7.250 .000 

Largest leaf width 24.729 .000 26.920 .000 4.089 .000 

Root diameter 13.780 .000 12.200 .000 0.662 .755 

Root length 138.446 .000 182.174 .000 4.929 .000 

Seedling dry biomass 311.877 .000 262.684 .000 43.899 .000 

Seedling Vigour 328.761 .ooo· 148.523 .000 33.030 .000 
Index. 
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Table 30. Correlation matrix (Pearson Product-Moment Correlation Coefficient) between di fferent 
growth parameters in Swertia chirayita. 
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Figure 38. Effect of different seed sources and pre-sowing chemical treatments on 
seedling emergence in Swertia chirayita; Sh: shrubberies, FS: forest slope, OS: open slope; 
TC: tree canopy; NS: net shade; GH: green house 
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Figure 39. Effect of pre sowing chemical treatments on number ofleaves, largest leaf 
length and width in Swertia chirayita (error bars: standard deviations) 
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Figure 40. Effect of pre sowing chemical treabnents on collar diameter, root 
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CHAPTER13 

Ex-situ Cultivation Trials and Sustainable Harvesting 
Techniques 

13.1 Introduction 

Over 80% of the global population (6.1 billion) largely depends on the traditional 

medicine for primary health care. In different medical practices, natural populations 

of medicinal plants are the major source. of required raw materials. Global increase in 

human population will significantly lead to amplified demand of medicines vis-a-vis 

increasing pressure on the natural populations of medicinal plants, which have been 

the main source of raw materials to pharmaceutical sectors worldwide (Butala and 

Badola, 2006c; Sher et a!., 201 Oa) till date. In India, 7800 existing drug 

manufacturing units consume about 2000 tons of medicinal herbs armually, and about 

2000 drugs in use are of plant origin (Dikshit, 1999). In addition, India is the second 

largest volume exporter of raw herbal drugs with the exports of over 32,000 tons per 

annum (US$ 27.06 million) after China with an export of over 120,000 tons per 

annum (US$ 264.5 million) [Wakdikar, 2004]. 

To overcome the problems of adulteration, incorrect identification, and non

availability of the raw materials throughout the year, the pharmaceuticals units are 

now looking towards the possibility of raw material supply from cultivated sources 

because of the expected authentication, reliability and continuous material availability 

to ensure long term sustainability. As well, the ex-situ cultivation is regarded as an 

appropriate tool for in-situ conservation of the endangered species (Badola and Pal; 

2002). Cultivated source offers pharmacological advantages and other benefits over 

wild-collection. For example, (i) the variation in quality and composition leading to 

uncertainty of the therapeutic benefits due to environmental and genetic differences in 

wild collected plants are much reduced in cultivated plants; (ii) the production and 

profits of cultivation are largely controlled by both producers and purchaser, as an 

advantage; (iii) the yield can be increased in the cultivated plants by using better 

manure which offer more concentrated financial returns to the cultivators (Badola and 
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Butola, 2003, 2005; Butola and Badola, 2006c). However, the major constraints 

hindering the commercialization of cultivation are non-availability of quality planting 
I 

material, poor development and extension support in the cultivation .and processing, 

and unorganized markets, etc. 

Swertia chirayita [(Roxb. ex Fleming) H. Karst] or East Indian Balmony (locally 

called 'Chirowto'; Family: Gentianaceae) is a triennial herb (refer chapter 11); native 

to temperate Himalaya prevailing between !200m and 3000m as!, and contains 

important molecules, namely iridoids, xanthones, mangiferin and C-glucofla-vones 

(Joshi and Dhawan, 2005). The entire plant is used in traditional medicine (Pradhan 

and Badola, 2008). Due to extensive habitat loss, non-systematic harvesting practices 

and excessive collection in wild, etc., during the past few decades, S chirayita has 

been considered critically endangered in the Himalaya and identified as a top-priority 

species for conservation through cultivation (Badola and Pal, 2002). The problems 

with S. chirayita are the low seed viability, slow growth, long gestation period, etc., 

which appeared as the major constraints to the successful domestication using 

conventional technique (Badola and Pal, 2002). Interestingly, the natural populations 

of S. chirayita from Sikkim (eastern Himalaya) were tested to be highly viable (refer 

chapter 6) compared to those from central and north-western Himalaya (Bhatt et al., 

2007); however, the seeds obtained from domesticated sources showed problems in 

germination (refer chapter 11 ). 

Despite having an established market, both in India and at international level (Badola 

and Pal, 2002; Joshi and Dhawan, 2005), S. chirayita is still collected from the wild 

and rarely cultivated, and negligible efforts have been made for the development of 

suitable agro-techniques for its domestication (Joshi and Dhawan, 2005). In natural 

habitats, S. chirayita plants are uprooted before the seeds get matured, without plant

age consideration, which reduces the chances of regeneration in wild leading to 

increased danger of its extinction (Bhattarai and Shrestha, 1996). Keeping in view the 

high pharmaceutical demand of S. chirayita and its consequent depletion in the 

natural environment, the cultivation of the species is mandatory (Badola abd Pal, 

2002). Such initiatives will help local entrepreneurs to improve their livelihood 
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options and get opportunities for self employment and income generation (Badola and 

Butola, 2003, 2005; Butola and Badola, 2006c). Further, this will help in conservation 

of the species by reducing the disturbances to its natural populations (Badola and Pal, 

2002). In recent years, ex-situ cultivation efforts have been reported for other 

· Himalayan species (Badola and Butola, 2003, 2005; Butola and Badola, 2006c) but 

lacked for S. chirayita. In this pursuit, appropriate· substrate combinations have been 

identified to raise quality planting material for cultivation inS. chirayita (refer chapter 

8). Considering the multifaceted medicinal utility and the high market demand of S. 

chirayita, it is high time to testify its probability of successful cultivation and assess 

the economic viability of cultivation under different growing conditions. The present 

study aimed to, (1) evaluate the cultivation and domestication prospects, and (2) 

assess economic feasibility of cultivation in S. chirayita, and (3) to develop sim~le, 

reliable and sustainable harvesting techniques for Swertia chirayita. 

13.2 Materials and Methods 

Cultivation trials in Swertia chirayita were carried out at Pangthang (2000m asl; Lat: 

27°21'5l"N and Long: 088°34'10"E), Sikkim, India under three different nursery 

growing conditions. The area falls under temperate climatic zone with annual 

maximum temp~rature reaching upto 20.1 °C (August) and minimum temperature upto 

6.42°C (Jariuary); average maximum and minimum relative humidity ranging between 

98.4% (July) and 70.3% (December) with occasional snowfall. The area receives 

highest of 4619.56 mm (August) and lowest of 51.04 mm (January) average rainfall. 

The soil is clay loam type and slightly acidic in nature (pH: 6.43). 

In order to provide suitable environmental conditions. to raise sufficient planting 

materials for cultivation, seedlings were developed under green house, using soil, 

sand and farm yard manure (1: 1:1 ratio). In each of the three growing conditions viz., 

(i) open beds (Tempmax: 20.1°C, Tempmin: 6.42°C; RHmax: 98.4%, RHmin: 70.3%), (ii) 

poly house (TemPmax: 35.05°C, Tempmin: 17.49°C; RHmax: 68%, RHmin: 47%), and (iii) 

temperature controlled green house (Temp: 25° ± 5°C; RHmax: 98%; RHmin: 87%), 

three beds of lm x lm were prepared by digging soil. The farm yard manure (FYM) 

was applied at the rate of lkg/m2 in all nine raised beds. Healthy seedlings (8 months 
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old) of S. chirayita were transplanted in each bed in all the three growing conditions 

at a distance of 25 em each in rows and the distance between each bed was 60 em 

(Photo Plate VI and Photo Plate VII). Watering and weeding was done as per the 

·necessity. By the end of the third growing season, survival and yield (in terms of 

seeds and plant biomass) were observed under three growing conditions at the time of 

plant harvesting, and the values then converted on per hectare basis. 

Total production of the seeds and dry biomass was estimated on the basis of three 

replicates (1m x lm beds) for each of the three nursery growing conditions. Total 

number of the seedlings was estimated to be approximately 1,60,000 for one hectare 

of land. For the estimation of projected seed production and yield per hectare, average 

seed production and yield per plant in each of the three growing conditions were 

calculated and multiplied with total number of plants in a hectare land. Cost benefit 

analysis was made on the basis of the total output in the form of cash, and total 

investment estimated for one hectare land for the site development, seedling 

preparation, labour charge and manure cost for three. years. Net profit analysis was 

performed on the basis of projected percent survival (100%, 75%, and 50%), as well 

as for the actual survival and prevailing minimum market price. 

To assess the plant morphological parameters, 10 plants (as 10 replicates) were 

harvested randomly from each of three growing conditions. For each plant harvested, 

growth parameters viz., plant height and root length were measured using measuring 

tape; and the collar diameter and root diameter were measured using vernier caliper 

(Model no.: CD-8"CS, Mituyoto, Japan). After proper removal of the adhered soil 

particles, the plants were room-dried for 10 days; average total biomass per plant was 

obtained by weighing 10 plants each (1 0 replicates) per growing condition. For 

assessing the seed production per plant in each growing condition, number of seeds 

per 10 fruit per plant was counted to obtain the average number of seeds per fruit, 

which was then multiplied with the total number of the fruits recorded per plant. 

There after, average weight of a single seed was assessed by weighing 1 00 seeds each 

in 10 replicates which was then multiplied with the total number of seeds per plant. 
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Analysis of variance was conducted using SPSS 10.0 software for Windows (SPSS 

Inc. 1989) and the difference in means amongst growing conditions were determined 

using Bonferroni test (p<0.05). To assess the commercial. viability of S. chirayita 

cultivation, total investment [Indian Rupee (Rs); I US$ = 44.68 INR; I EUR = 62.89 

INR], including the expenditures made on land preparation, labour and manure charge 

and post harvesting costs, was calculated on per hectare basis. Total cost of the seeds 

(0.500kg @ Rs 2000/kg) to raise planting materials was estimated to be Rs 1000, 

manure cost Rs 15,000 for three years and miscellaneous expenses Rs 22,500 for 

three years. Total labour charge for 158, 180 and 257 days in 1 '', 2"d and 3rd year, 

respectively, @ Rs 130 per day was estimated to be Rs 77,384. Total input value 

came to Rs. 1,15,884 in one hectare of land for three years (Table 31). This 

expenditure includes land preparation, seedling transplantation, irrigation, harvesting, 

plant processing and packing, etc. Net economic benefit was analysed on the basis of 

total investment made during cultivation and present market rate (seeds: Rs 2000/kg; 

plant biomass: Rs 200/kg) for the maximum production for projected survival (1 00%, 

75%, 50%) as well as for actual survival, as, Net benefit = total income (seed + 

biomass) -total investment. 

In the entire calculations, the cost of basic cultivation infrastructures such as 

automatic green house and large poly house facilities were not included. As, these are 

the permanent and high cost one time investments, and could not be included for year 

basis productivity and income estimation; also, these will largely depend upon the 

economic status and willingness of the investors. 

13.3 Results 

13.3.1 Seedling survival and plant growth under three growing 
conditions 

Seedling survival percentage varied significantly (F = 13.36; p<0.05) amongst 

different growing conditions. Maximum seedling survival was observed under green 

house (92%), followed by poly house (77%) and open beds (63%) [Figure 42]. 

AN OVA indicated significant (p<0.0001) effect of the growing conditions on some 

plant morphological parameters (Table 32). The plants grown in green house (167.91 
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± 13.08 em) were significantly (p<0.05) taller compared to other two conditions. 

Whereas, the plants grown in open beds had significantly (p<0.05) higher number of 

shoots (7.10 ± 0.99) and branches (42.90 ± 8.57) compared to those grown in other 

conditions (Table 32). Fruit production per plant insignificantly differed for three 

growing conditions (F = 0.25); however, the maximum number of the fruits per plant 

were produced in open beds (379.50 ± 94.52), followed by green house (360.20 ± 
88.89) and poly house (351.10 ± 92.42). Number of seeds per fruit was significantly 

(F = 5.97; p<O.OS) greater in the poly house (209.50 ± 20.91) and green house 

(203.60 ± 28.99), compared to the open bed (176.60 ± 16.43). Highest seed 

weight/100 seeds under the green house (3.04 ± 0.16 gm) grown plants was non

significantly different (F = 0.93) from the seeds obtained from the plants grown in 

open bed (2.96 ± 0.15 gm) and poly house (2.96 ± 0.13 gm). Stem diameter and collar 

diameter insignificantly differed amongst growing conditions. However, the root 

length was significantly (p<O.OS) longer in open beds (Table 32). 

13.3.2 Account of yield (seed and biomass) under three 
growing conditions 

The seed weight per plant was maximum in green house (2.23 gm/plant) followed by 

poly house (2.18 gm/plant) and open beds (1.18 grn/plant). However, the maximum 

plant yield (biomass) in open beds (42.60 grn/plant) was significantly (F = 4.59; 

p<O.OS) greater than poly house (31.52 gm/plant) grown plants (Figure 42). Maximum 

projected seed production and biomass on assuming I 00% plant survival was 

estimated to be 3.56 quintal/hectare, 3.49 quintal/hectare and 3.17 quintal/hectare and 

60.46 quintal/hectare, 50.43 quintal/hectare and 68.16 quintal/hectare, in green house, 

poly house and open beds, respectively (Table 33). Table 33 also depicts the total out 

put in terms of seed production and plant yield (biomass) on the basis of 75% and 

50% plant survival. To estimate the actual production of the seeds and plant biomass 

(after three year growing period), mortality of transplanted seedlings was also 

accounted. With 92%, 77% and 63% plant survival, in actual, total production of the 

seeds was estimated to be 3.28 quintal/hectare, 2.68 quintal/hectare and 2.0 

quintal/hectare, respectively, and estimated biomass as 55.61 quintal/hectare, 38.83 
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quintal/hectare and 42.94 quintal/hectare, respectively, in green house, poly house and 

open beds (Table 33). 

13.3.3 Commercial viability of cultivation under three growing 
conditions 

Under different growing conditions, the income estimation differed for the seed and 

plant biomass based production (Table 34). With projected plant survival of 100%, 

75% and 50%, highest in~ome through seeds was calculated for the green house 

grown plants; while, in terms of plant biomass, the highest income was calculated 

with open bed grown plants, followed by green house and poly house grown plants 

for a hectare land (Table 34). The net economic benefit was higher for open beds 

followed by the green house and poly house on the basis of projected plant survival of 

100%,75% and 50%. 

Based on the actual plant survival under different growing conditions i.e., 92% (green 

house), 77% (poly house) and 63% (open beds), the maximum income from the seeds 

was estimated from the green house followed by poly house and open beds. However, 

in terms of plant biomass, the maximum income was estimated for green house, 

followed by open beds and poly house, for a hectare land (Table 34). Similarly, on 

actual plant survival basis, the net profit from cultivation of S. chirayita was highest 

for the green house followed by poly house and open beds (Table 34). 

13.3 Discussion 

Appropriate growing media and conditions play a significant. role in the vegetative 

growth (Al-Menaie eta!., 2008; Badola and Butola, 2003; Butola and Badola, 2006c) 

and species prefer distinct growth enviromnents, as in S. ch_irayita (present study), 

where taller plant height, lars;e stem diameter, as well as, collar diameter were 

recorded in the green house. Plants attain maximum growth when exposed to the high 

day temperature due to the increase in photosynthesis rate thereby affecting the entire 

plant phenology; at the same time, high temperature reduces the growth of 

tubers/roots (Lafta and Lorenzen, 1995). This has been experienced in the present 

study, where plants of S. chirayita grown under the poly house record~d little higher 
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plant height compared to the open beds, but had shorter root length and overall low 

productivity, comparatively. Compared to indoor plants (poly house and green house), 

the out door plants (open beds) are exposed to harsh, near to natural climatic 

conditions which affects growth and flowering/fruiting pattern (Al-Menaie et at., 

2008), as seen in the present study where plants did have shorter height, but 

robustness with more number of shoots and branches and fruits vis-a-vis longer roots 

per plant, compared to the other growing conditions. In open beds, the available soil 

nutrients percolates or gets washed away by the rain water. Therefore, the root 

elongates in search of required nutrients for better growth resulting in longer root 

length. However, under the temperature controlled green house, due to the availability 

of required soil nutrients in the vicinity, shoot rather than root elongates thereby 

resulting in higher shoot length. The robustness of the plants may be attributed to the 

nature of this species, as the S. chirayita is adapted better to open condition in its 

natural habitat slopes. Hence, overall, the plant productivity (biomass) on the basis of 

projected plant survival was higher in the open beds compared to the green house and 

poly house condition. 

In green house, the survival rate and seed production were much higher, compared to 

the poly house and open beds, because green house experienced very limited 

fluctuation in temperature (temperature: 25°C±5°C). In addition, temperature is the 

most important factor in different phenological phases (Badola, 2010) which greatly 

affects the growth and productivity as recorded in S. chirayita under different growing 

conditions. Susceptibility to the pests and aphid infestation due to prevailing high 

humidity is a common problem in the indoor plants (Al-Menaie et at., 2008; Badola 

abd Butola, 2005). Similar aphid infestations have been observed under green house 

in some of non-experimental S. chirayita plants in reproductive stage mostly affecting 

the tender apical parts, flowers, etc. Relatively, low air circulation in the enclosed 

green house could be the other reason of such infestation; however, cow urine (15%) 

appeared as best remedy for such infestation. In poly house, high temperature 

increases metabolic activities and causes little stress to plants which results in 

relatively weaker plant development thereby affecting the productivity, as observed in 
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the present study. Therefore, the open beds are the most suitable conditions for the 

large scale cultivation of S. chirayita. 

Maximum projected benefit from I 00%, 75%, and 50% plant survival was calculated 

for the open beds followed by green house and poly house, respectively. On the basis 

of actual plant survival, net benefit was calculated maximum for the green house (Rs 

16,51,988) followed by poly house (Rs 11,97,716) and open beds (Rs 11,42,203), 

respectively. These outputs may offer encouraging possibilities of domestication 

(Butola and Badola, 2006bc) of S. chirayita compared to the plants collected from 

wild, where 4.37 quintal/hectare of estimated average biomass (air dried) could be 

obtained (Anonymous, 2001) with monetary value reaching only Rs 87,401. 

In general, all three growing conditions appeared to be suitable for the cultivation of 

S. chirayita; but, the infrastructure development cost would be much higher for the 

green house and polyhouse, which is almost zero when the cultivation is carried out in 

open beds. In the present study, seedlings were prepared under temperature controlled 

green house; however, its cost of construction was excluded from the total investment 

part, as it being a relatively permanent asset which need not be developed annually. 

At the same time, seedlings can be prepared annually under the same structure with 

time to time maintenance. Further, it is not justifiable to quote the construction cost of 

the green house and polyhouse especially in the mountainous region because the same 

depends largely on the area of the land to be cultivated, quality of the material used 

for construction, the location of the land where the structure has to be constructed, 

economic status of a farmer, etc. Therefore, the present study suggests that, for a hill 

farmer, open beds with minor precautionary measures will be more viaole for large 

scale cultivation of S. chirayita, as lucrative option for the income generation. 

However, for the large scale industrial entrepreneurship, the green house with control 

environment could possibly be feasible; it is recommended, they should be technically 

designed with proper ventilation, etc. In addition, it would be suggestive to maintain 

reasonable distance (roughly, the double than the open beds) between plants to avoid 

over crowding, thus allowing ample air circulation, minimizing possibility of pests 

and aphid infestation, inside the green house. This may perhaps give low benefit than 
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estimated one in cases. For poor farmers, it is recommended that the seedlings may 

be prepared under low cost poly houses instead of open beds as the minute seeds of S. 

chirayita can not withstand harsh environmental conditions; however, for the 

cultivation, seedlings should be transplanted in the open beds, as a foilow-up. It can 

be presumed that the cultivated plants are somewhat different in their properties from 

those coiiected from the wild; however, certain values in plants can be deliberately 

enhanced under controiled conditions of the cultivation (Palevitch, 1991). 

The estimated good economic return from S. chirayita cultivated at ca. 2000m as! in 

the present study suggests suitability of this elevation for the large scale farming, as, 

in natural condition in Sikkim, S. chirayita is found along 1200m to 3000m as!, so, 

species can be cultivated within these elevation range, but the total production and net 

profit may vary with the elevation, which need more cultivation trials. In addition, 

efforts are also needed to decrease the seedling mortality after transplantation, with 

further standardization of agro-technology ave( few cropping cycles over time. 

13.5 Recommended cultivation techniques 

On the basis of present study, the foiiowing recommendations are made: 

1. Direct seed sowing in the field is not suitable owing to minute seed size which 

gets easily washed away by the rain water or irrigation water. The planting 

materials should be developed under low cost green house or poly house with 

proper ventilation facility. 

2. The appropriate soil composition for the seedling preparation should be soil, sand 

and farm yard manure (1 :1:1 ratio). 

3. The best time for the seed sowing is April-May and seedling transplantation is 

March-April after the soil receives the first few early spring showers for open bed 

cultivation. 

4, For cultivation, 10-15 em raised and deeply ploughed beds (bed size: 1 - 1.5 m x 

9-10 m; depending on the land availability) with mlld slope (15-20°) and weii 

drainage facilities would be an additional advantage. 
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5. Minimum distance of 50-60 em should be maintained between each bed; and the 

seedlings should be planted at a minimum distance of 25 em, which helps in 

gaining enough profit even if the mortality rate is up to 50%: 

6. Adequate irrigation is not recommended in S. chirayita, as sloppy soil condition 

results in decaying of roots subsequently resulting in higher mortality rate; 

however, during winters, irrigation once in a week is necessary. 

7. Uses of chemical fertilizer are strongly prohibited; maximum production can be 

achieved by using farm yard manure, which, is available at low cost for farmers. 

8. To prevent plants from the aphid infestation, if any, inside green house (not 

necessary in the case of open beds), cow urine (15-20%) can be applied from time 

to time. 

9. The appropriate time for the plant harvest is December. 

10. The most recommended feasible cultivation condition is open condition. 

13.6 Sustainable harvesting, drying and storing 
techniques 

On the basis of the present study, following harvesting, drying and storing techniques 

are recommended: 

1. The best time for harvesting of Swertia chirayita is- December - January (at 

2000m as1) when the above ground part fully dries up and the capsules are about 

to dehisce. Regular monitoring is required in order to determine the exact 

harvesting period which may vary with the altitude of the region. 

2. Seed is the only mode of reproduction in S. chirayita. Therefore, seeds should be 

collected along with the capsules before harvesting of the plants for next year 

plant development. Segregate the seeds from the capsules by mashing with hand 

and remove the impurities and dry the seeds at room temperature for at least 10-15 

days. After drying, store the seeds in hermetic plastic bags or air tight plastic 

bottles and keep it in refrigerator at 4°C for long term storage. The seeds to be 

used for plant development in the next season can be stored at room temperature. 

3. Harvesting of the plants should be done in the morning or the evening time when 

the intensity of heat is poor. Harvesting during the day leads to breakage of the 

plant or its parts due to high intensity of the sunlight. 
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4. Loosen the soil and remove other weed species before uprooting the plants to 

avoid breakage of the underground parts. Use small hand fork for digging to 

prevent the underground part from getting damaged. 

5. The rubber gloves should be used while harvesting the plants which will prevent 

the material from getting moistened by the sweat. 

6. Do not use pressure while uprooting the plants, hold at the bottom of the plant and 

pull it slowly thus reducing the chances of the breakage. 

7. The adhered soil should be removed with hard paint brush instead of hitting the 

harvested material on the ground or cleaning with water. 

8. The harvested material should be kept under the shade at least for 15 days for 

proper drying; however, drying under the poly-house should be avoided because 

the vapor formed due to heat cannot escape out form the poly-house and turns into 

water droplet. The drying material will absorb that water when it falls on the 

ground thereby resulti?g in decomposition and infestation of the materials and 

finally degrading the quality. 

9. The material ·should not be dried directly under the sunlight because root part 

takes more time to dry out. However, high intensity of sunlight results in over 

drying and breaking of the shoot part which may get blown away by the wind 

resulting in reduction in the quantity of the material. 

I 0. While drying, the plant material should be spread directly on the ground or on the 

bamboo mats. The drying material should not be spread on the plastic sheet 

because formation of water droplet due to evaporation gets accumulated on the 

sheet maximizing the _chances of fungal attack or decomposition of the material. 

11. While drying, ample circulation of air should be allowed which helps in faster 

drying of the trapped moisture. 

12. Overturn the material regularly for proper drying and preventing the material from 

fungal attack. 

13. Once the material dries up completely, tie it in bundles and store under the shade 

with proper ventilation facility till the material is supplied to the vendors or to the 

wholesalers. 

14. While storing the dried material, one should take care of avoiding direct contact of 

the material with the soil or the ground. 
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13.7 Conclusion 

The study clearly indicates that the ex-situ cultivation could easily meet out the 

present market demand of Swertia chirayita, if, proper scientific and technical 

guidelines are followed, which will not only check the extraction of S. chirayita from 

its natural habitats but at the same time, this will help in the conservation of this 

species in-situ. Further, the local entrepreneurs can generate substantial income and 

empowerment through ex-situ cultivation of S. chirayita. 
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Table31. Total investment (in Indian Rupee, Rs*) per hectare on the basis 
·of present market rate for the cultivation of Swertia chirayita at 

Pangthang (ca. 2000m as!), Sikkim (India) 

1st year 2nd year 3rdyear Total 

Seed material (0.500 kg @ Rs 
2000/kg) 1000.0 1000.0 

Farm Yard Manure (10.0 
tonnes/year@ Rs 0.50/kg) 5000.0 5000.0 5000.0 15000.0 

Manpower (158, 180,257 days 
@ Rs 130/day) 20550.0 23440.0 33394.0 77384.0 

Miscellaneous expenses (Rs) 7500.0 7500.0 7500.0 22500.0 

Total (Rs) 34050.0 35940.0 45894.0 

Grand Total (Rs) 115884.0 

*I US$- 44.68 Indian Rupee; I EUR- 62.89 Indian Rupee 

Table 32. Result of AN OVA characterized by the effect of growing conditions 
in Swertia chirayita cultivated at Pangthang (ca. 2000m as!), Sikkim (India) 

Parameter Growing condition F Sig. 

Open bed Poly house Greenhouse 

Plant height (em) 142.98. 143.23. 167.91 b 18.28 0.000 

(6.29) (11.22) (13.08) 

Number of shoots 1.1o• 4.20b 4.40b 28.45 0.000 

(0.99) (1.23) (0.52) 

Number of branches 42.90. 20.70b 24.40b 37.84 0.000 

(8.57) (5.19) (3.44) 

Stem diameter (mm) 14.84. 15.17. 17.38. 0.83 0.447 

(5.03) (2.34) (6.18) 

Collar diameter (mm) 15.19. 15.50. 17.82. 0.89 0.424 

(4.94) (2.31) (6.32) 

Root length (mm) 103.50. 85.80b 87.20b 17.13 0.000 

(11.22) (4.08) (5.20) 

Values in parentheses indicates standard deviation (SD); values amongsfthe growing 
conditions with same letters are not significant (Bonferroni test, p<O.OS) 
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Table 33. Total production (per hectare) at the end of third year of cultivation of 
Swertia chirayita on the basis of projected and actual plant survival percent, at 

Pangthang (ca. 2000m as!), Sikkim (India) 

Survival Seed production Total biomass production 

(%) (quintal/hectare) (quintal/hectare) 

Open Poly Green Open Poly Green 
bed house house bed house house 

100 3.17 3.49 3.56 68.16 50.43 60.46 

75 2.38 2.61 2.67 51.12 37.82 45.34 

50 1.58 1.74 1.78 34.08 25.21 30.23 

Actual survival(%) 

92 3.28 55.61 

77 2.68 38.83 

63 2.00 42.94 
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Table 34. Economic viability (per hectare) at the end of third year of cultivation of Swertia chirayita on the basis of projected 
and actual plant survival percent, at Pangthang (ca. 2000m as!), Sikkim (India) 

Total Survival Total income/hectare from Total income/hectare from Net profit/hectare 
investment/hectare (%) 

seed[@ Rs 2000/kg] biomass [@ Rs 200/kg] (Rs) 
in three years (Rs) (Rs) 

(Rs) 
Open Poly Green Open Poly Green Open Poly Green 
bed house house bed House house bed house house 

115884 100 633738 697423 712481 1363226 1008550 1363226 1881080 1590089 1959823 

75 475304 523068 534361 1022419 756413 906840 1381839 1163597 1325317 

50 316869 348712 356240 681613 504275 604560 882598 737103 844916 

Actual survival (%) 

92 ---- ---- 655482 ---- ---- 1112390 ---- ---- 1651988 

77 ---- 537016 ---- ---- 776584 ---- ---- 1197716 

63 399255 ---- ---- 858832 ---- ---- 1142203 
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Figure 42. Effect of growing conditions on the total biomass/plant and survival 
in Swerti'a chirayita cultivated at Pangthang (ca. 2000m as!), Sikkim (India) 

229 

iii 
> 
-~ 
:I 
(/) 



CHAPTER14 

Conservation Plan for Swertia chirayita 

14.1 Introduction 

There has been global concern about the decreasing populations, loss of genetic 

diversity, local extinction of the important medicinal plants, etc (Badola and Aitken, 

2003, 2010; Canter et at., 2005). There are several reasons associated with the 

problems viz., unsustainable harvesting, habitat degradation, overgrazing, pathogens, 

herbivores, etc. In order to conserve the threatened medicinal plants, there is a need 

for both in-situ and ex-situ actions, such as, habitat conservation, community 

participation in framing policies and programmes, information on trade, development 

of sustainable harvesting techniques, trainings to the harvesters, developm~nt and 

standardization of propagation and cultivation technologies, etc, addressing targeted 

taxa. 

The importance of Swertia chirayita is globally acknowledged; however, no efforts 

have been undertaken to replenish its source due to which the species has become 

critically endangered (IUCN), endangered (Indian Red Data Book), critically rare and 

virtually endemic to Himalaya (Samant et at., 1998), and vulnerable to Sikkim (Ved 

et at., 2003a). At this juncture, if no serious conservation initiatives are taken, the 

species would become extinct from many parts of Himalayan region. Therefore, on 

the basis of the present study, following conservation plans have been framed out for 

Swertia chirayita, which should be applicable not only in Sikkim but in the wider 

areas in Himalaya. 

14.2 Habitat Conservation 

Habitat destruction, degradation and fragmentation are the driving forces behind 

decline in species and biodiversity. Several anthropogenic activities can have 

significant negative impacts on the habitats such as clearing of forests for agriculture 

or township or industries, construction of roads, etc. Apart from these, the natural 
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disturbances such as landslides, forest fires, etc., also cause habitat degradation or 

fragmentation. Similar problem of habitat destruction or modification have been 

observed threatening the existence of Swertia chirayita in Sikkim. Therefore, the first 

step in the species conservation is the conservation management of its habitat, taking 

micro-habitat niches as important clues. The availability of S. chirayita near to the 

human habitation or in areas where human interference existed or in open areas 

created due to other reasons indicates adaptability of species to minor disturbances 

and its habitat preferences. It was further noticed that due to the absence of human 

intervention in the forest areas in Sikkim, several shrub species have taken over the 

forest gaps and open spaces or abandoned areas resulting habitat modifications and 

the fragmentary distribution of the species. Therefore, the modification in government 

policy is required thus allowing minor and controlled human intervention under 

constant monitoring in the forest areas. This will help check the encroaching shrub 

and other unpalatable and or invasive species causing threat to the existence of S. 

chirayita. Local communities can be mobilized and imparted with responsibility to 

conserve the habitats of S. chirayita in their surroundings. They are directly associated 

with the nature, so their traditional knowledge and skills can be used for the 

preservation of the habitats. 

14.3 Conservation through legalization of the wild 
harvesting 

S. chirayita has three year life cycle. After disp<?rsal of the seeds in the nature in third 

year, the plant material can be collected instead of wasting the resources, which can 

be an· important source of income for the rural people of the mountains. Therefore, 

collection of S. chirayjta can be legalized through licensing to specific number of 

people under defined rules and constant monitoring by the area guards of the related 

department, which will also help in preserving its habitats through human movement 

at the same time; however, only the mature plants after seed shedding should be 

allowed to collect which can commence from December end. Depending upon the 

projection of seed setting, the area managers of the government should declare the 

starting dates for collection and ensure that the plant materials are not collected before 
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the seed dispersal. Further, the late collection after January should not be allowed in 

order to avoid damage to the new seedlings. 

Strict regulations should be framed out where it should be clearly mentioned' 

regarding the punishment such as seizure of the license, fines, etc., if the harvester 

goes out of their way. Additionally, the guidelines prohibiting the direct sale or 

purchase of the plant material should be framed. To avoid such actions, there have to 

be a dumping centre for the collected material from where the companies can directly 

purchase the material under the guidance of concern land department. This will keep 

check on the collection of the immature plants as well as the middle man. The 

harvesters should provide information on volume of plant material they collected. 

This will help in designing proper management plans if the harvesting records reveal 

decline in volume of collected plant material. Further, the sustainable and careful 

harvesting method should be standardized as well as the harvesters should be trained, 

to prevent damage to the immature plants and change to the microclimate of the area. 

Conservation agencies should undertake occasional surveys in the areas where the 

plants are being planned for harvested or during harvesting. Local communities 

should be involved in designing and planning of the harvesting techniques under 

scientific guidance from local research organizations. In each of the village or 

communities, stakeholder such as village panchayat or NGO should be involved in 

training the harvesters; their involvement enhances people's participation. 

14.4 Conservation through re-introduction 

Several factors, such as, washing away of seeds or percolation of seeds to deep under 

ground due to heavy rain, decay of seeds due to fungal attack, seed predation, etc., 

affects seedling emergence resulting in low availability of S. chirayita in its natural 

habitats. In addition, untimely harvesting also leads to low availability of S. chirayita 

in its natural habitats. In any of the situation, the seedlings can be developed in the 

nursery, near to the population site, from the seeds collected from the nature (from the 

similar populations), which can be transplanted back to the nature in areas 

experiencing diminishing populations; however, population has to be considered 

while transplanting, for preservation of its genetic diversity and genetic erosion. Only 
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trained personal and qualified staffs should be permitted to collect seeds for 

propagation purpose; the scientific guidance and advisories of related 

organizations/individuals would be beneficial. 

14.5 Conservation through ex-situ cultivation 

Ex-situ cultivation of targeted high value medicinal plants is the only means by which 

the increasing demand of the pharmaceuticals can be meet out and the motives of in

situ conservation of the species can be achieved. Further, the local entrepreneurs can 

generate substantial income and empowerment through ex-situ cultivation of S. 

chirayita. Local entrepreneurs can gain 10-15 times more profit from cultivation 

compared to collection from the wild if proper scientific and technical guidelines are 

followed, as developed in the present study. There are many other advantages of 

cultivation over wild harvesting. Nevertheless, economic feasibility is one of the main 

issues for deciding tci undertake cultivation of the medicinal plants (Badola and Pal, 

2002; Schippmann et a!., 2002, Badola and Butola, 2005; Badola, 200~). In this 

context, it is essential to generate awareness amongst the stakeholders, basically 

farmers, or the entrepreneurs from time to time regarding the market potential and 

market related issues of S. chirayita to increase their involvement in its cultivation. In 

addition, the government should assure market and better price for their quality 

material, and assistance in technical and infrastructural development, provision for the 

purchase of their materials, etc. 

14.6 Circa-situ conservation 

Circa-situ (Hawkes et a/., 2001) conservation falls between in-situ and ex-situ 

conservation mechanisms. This includes the deliberate encouragement and the 

retention of S. chirayita in and around the agricultural field or the home gardens 

during the land clearing or weed removal process for agricultural purpose or the 

gardening purposes. Such type of conservation practices can also be encouraged along 

or near to the road side, where S. chirayita was found to be growing well in the 

present study, during road cleaning or clearing process. 
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14.7 Conservation through seed bank development 

Seed banks are the best form of ex-situ conservation of plants. However, at present, it 

is considered only for the agricultural crops. The important medicinal plants like S. 

chirayita can be stored in seed banks for re-introducing the species back to the natural 

habitats in future when the species faces extinction risk or becomes endangered. 

Conventional storage of S. chirayita at 4°C has been proved beneficial at least for 

over 24 months under present study; this should be taken as a clue to strengthen big 

gene bank programmes in the state. However, the preservation of the species in the 

seed bank and re-introduction of the species to its natural habitat is of very limited use 

unless the factors that cause the threat of endangerment or extinction are eliminated 

largely. 

14.8 Conservation through communication and co
operation 

Public support is vital in the conservation of the threatened medicinal plants. Prior to 

the initiation or implementation of the conservation efforts, confidence building 

between the government agencies and local stakeholders is a must, which can be done 

by establishing a communication strategy and through information and education 

programmes. Also, the community participation is an important ingredient in in-situ 

conservation of the threatened medicinal plants because it is not easier for the 

government officials or the associated agencies alone to keep track on the compliance 

of the rules and regulations by the harvesters. 

The present study in totality offers essential clues and guidelines, both scientific and 

practical to ground level, for effective and feasible scientific based conservation and 

management efforts of the targeted species, Swertia chirayita, in particular and 

broadly to other threatened plant species in Himalaya and other mountainous regions 

of the world. 
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Summary 

1. Swertia chirayita (Roxb. ex Fleming) H. Karst (family Gentianaceae) is a high 

value critically endangered and internationally prioritized medicinal herb for 

immediate conservation in Himalaya. Presnet study explored and assessed 

different populations of S. chirayita to identify potential gene stock for their 

variability amongst them and for habitats, and community associations, and to 

strengthen both in-situ and ex-situ conservation mechanisms in Sikkim using 

conventional approaches. Further, the study sets up a strong ground offering 

practically feasible recommendations and provides possible guidelines for an 

effective conservation and management plan for the species. 

2. Quantum availability, community association and threat status of S. chirayita were 

investigated by exploring 22 riatural populations in Sikkim Himalaya, India. 

Eleven major communities for S. chirayita were identified; however in 5 

populations, S. chirayita formed pure community with smaller share of other 

associates. S. chirayita density ranged between 1.63 ± 0.69 ind/m2 and 21.67 ± 
8.62 ind/m2

, whereas, the relative density emerged high (8.27% to 78.38%) 

compared to overall population density in majority of the cases. 

3. Of total, 13 populations showed 100% frequency of occurrence. On the basis of 

abundance to frequency ratio, S. chirayita exhibited contagious/clustered 

distribution in majority of the populations except two, which had random 

distribution. Study identified 14 microhabitats for S. chirayita, suggesting greater 

species pliability towards different microhabitat niches. The open grassy slope 

appeared as the most favourable microhabitat for S. chirayita, and marshy grass~ 

slope as least suitable. 

4. One way multivariate analysis of variance (MANOVA) revealed a significant 

(p<0.0001) variation in the recorded morphological characters including total 

plant dry biomass amongst populations in both rosette and reproductive forms in 

S. chirayita. In rosette form, of the six morphological character recorded, most 
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variations were observed in the root length with coefficient of variation ranging 

from 14.23% to 69.58% followed by root diameter (4.66% to 48.06%). In 

reproductive form, of the nine morphological characters identified, the number of 

branches recorded the highest coefficient of variation value ranging from 0% to 

84.16% followed by number of leaves (8.59% to 83.65%) and root diameter 

(4.78% to 55.79%). 

5. The result of canonical discriminant analysis (CDA) indicated leaf length; root 

length and collar diameter as the main discriminating characters and responsible 

for the total variation amongst the populations in rosette form of S. chirayita; 

whereas the plant height, number of leaves, leaf width and stem basal diameter 

were mainly responsible for the total variations amongst the populations in 

reproductive form, cumulatively accounting to 83.6% variation. 

6. The germinability in seeds of S. chirayita collected from six microhabitats was 

determined at constant temperatures of 20°C, 25°C and 30°C under both 14/10 

hours light/dark photoperiod and continuous darkness. Germination was 

negligible in continuous darkness under all the three temperature regimes. Two 

way ANOV A indicated significant ·effects of microhabitats and temperatures on 

percent seed germination, germination rate, germination recovery percent and 

germination recovery rate. 

7. In general, seed sourced from under canopy micro-habitats showed significantly 

(p<0.05) higher germination over open habitats when directly incubated in 14/10 

hours light/dark photoperiod at 20°C, 25°C and 30°C. When transferred after 

incubating for 45 days in completely dark to 14/10 hrs light/dark photoperiod, 

seeds from under canopy recorded significantly (p<0.05) highest seed germination 

recovery at 20°C and 25°C than other microhabitats (tree base, stump base, 

·shrubberies, grassy slope) except boulder where the value was non-significant in 

both the temperatures. Seed germination percent, seed germination recovery 

percent, mean.germination rate and germination recovery rate was significantly 
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(p<0.05) greater at 25°C than 20°C and 30°C comparatively .. Amongst 

microhabitats, the variation in germination recovery rate was significant (p<0.05). 

8. Multivariate ANOVA revealed significant variation in mean germination 

percentage and mean germination time in S. chirayita amongst populations, 

increasing storage period and their interaction. During initial testing, 1 00% seed 

germination was recorded in majority. of the populations. The duration of storage 

had significant effect on seed germination; nevertheless, there was not much 

variation in seed germination percentage between initial and the 6 months storage 

in populations. The highest mean germination time (MGT) was recorded during 

initial test (p<O.OOOI) which ranged from 15.17 days (Sc3) to 59 days (SclO) and 

six month storage recorded significantly (p<O.OOOI) lowest mean germination 

time. 

9. The effect of two substrate combination (substrate 1: garden soil, sand, forest 

humus; substrate 2: garden soil, sand, farm yard manure; 1:1:1) and control (sand 

and garden soil; 3: 1) on seedling emergence, growth, biomass and vigour were 

tested with the seeds from 13 wild populations in Sikkim. Seedling emergence 

was significantly higher in substrate 2 (p<0.05) over others. Substrate 2 

significantly (p<0.05) improved all the seedling growth parameters except number 

of leaves. Of 13 populations, seven (Sci, 2, 3, 8, 9, 11, and 13) exhibited higher 

seedling biomass and SVI using substrate 2. 

10. Effect of different storage conditions (room temperature, 4°C, and -15°C) and 

different storage periods over 24 months on seed germination in Swertia chirayita 

collected from different altitudes was determined. Multivariate ANOV A revealed 

significant (p<O.OOOI) effect of storage condition and storage period on seed 

germination and mean germination time. Seed germination percentage 

significantly (p<O.Ol) varied between 87.78% (Sc5) to 100% (Sc2) during initial 

testing. Comparatively, high seed germination, low mean germination time and 

low rate of fall in seed germination percentage in seeds stored at 4°C over 

different storage period were recorded. 
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11. Periodical phenology, growth and development in Swertia chirayita, an 

endangered high value medicinal Himalayan herb, were observed for 22 months 

under six growing conditions, viz., four natural (shrubberies, forest slope, open 

slope, tree canopy) and two nursery (temperature controlled green house and open 

net-shade), following the transplantation of green house produced eight month old 

seedlings. The green house helped in early commencement of floral bud initiation, 

bud sprouting, and flowering, whereas, the senescence begun quite late, 

comparatively. Robust plants were produced under green house and open net

shade. Study recorded the single shoot development in plants grown under all 

natural habitats. However, in open net-shade and green house, plants produced 

multiple shoots, resulting in significantly (p<0.001) higher total plant biomass. 
"' 

Under open net-shade the plant height significantly correlated with the 

temperature (r= 0.703; p<O.OS). 

12. The seeds procured from 6 ex-situ set ups, shrubberies, forest-slope, open-slope, 

tree-canopy; and green-house and net-shade, showing poor germination at initial 

testing (12% to 31 %) were subjected to 11 pre-sowing chemical treatments. 

Among the pre-sowing treatments, gibberellic acid (50 to 350 IJM) most 

effectively stimulated seed germination (96.7%, maximum; p<0.001) and reduced 

mean germination time (p<O.OS), followed by potassium nitrate (1 OOmM) and 
• 

sodium hypochlorite (5 minutes) (p<0.001). Study confirms ex-situ produced 

seeds attained physiological dormancy, which was broken by pre-sowing 

treatments, as a tool to ex-situ species conservation. 

13. The effects of identified pre-sowing chemical treatments on seedling emergence 

and vigour using seeds from ex-situ raised plants under natural conditions ( 4 

sources) and nursery conditions (2 sources) were tested. Seedling emergence was 

promoted from 6% (control) to 69% (GA3 250J.1M). Seedling emergence rate was 

faster in GA3 (250J.1M) followed by NaHC!03 (Sminutes) in all the seed sources. 

MANOV A indicated significant effect (p<O.OOO 1) of treatments on all seedling 

emergence variables; seed sources and treat:Jhents had significant (p<O.OOOI) 

effect on different seedling growth parameters. Collar diameter appeared as the 
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strongest morphological trait, which can be used to identifY vigorous seedlings for 

plantation. 

14. Seedlings, raised under green house, were transplanted under three growing 

conditions, viz. temperature controlled green house, poly house and open beds, 

using soil, sand and farm yard manure (1: 1:1 ). Highest plant survival (92%; 

p<0.05) was recorded for the green house. Maximum plant biomass per plant 

(42.60 grnlplant) was recorded in open bed, over green house (37.79 grn/plant) 

and poly house (31.52 gm/plant; p <0.05). Overall, the high productivity (seeds 

and plant biomass) and greater profit (economic) was gained in open beds for the 

projected 100%, 75% and 50% survival; but on the basis of actual survival (green 

house: 92%; poly house: 77%; operi beds: 63%), net economic benefit was higher 

under green house. Compare to expensive infrastructure requirement for green 

house and poly house, the study suggests that open beds, with due care 

maintaining better survival, are much feasible and profitable condition for large 

scale cultivation of S. chirayita, which may offer good economic returns to the 

cultivators, especially poor farmers. 

15. The conservation requires both, in-situ and ex-situ actions, such as habitat 

conservation, community participation in framing policies and programmes, 

. information on trade, development of sustainable harvesting techniques, trainings 

to the harvesters, development and standardization of propagation and cultivation 

technologies. The present study in totality offers essential clues and guidelines, 

both scientific and practical to ground level, for effective and feasible scientific 

based conservation and management efforts of the targeted species, Swertia 

chirayita, in particular and broadly to other threatened plant species in Himalaya 

and other mountainous regions of the world. 

239 



References 

Abdel-Hady, M.S., Okasha, E.M., Soliman, S.S.A. and Talaat, M. 2008. Effect of 
gamma radiation and gibberellic acid on germination and alkaloid production in 
Atropa belladonna L. Australian Journal of Basic and Applied Sciences 2(3): 
401-405. 

Acharya, S.N., Stout, D.G., Brooke, B. and Thompson, D. 1999. Cultivar and storage 
effects on germination and hard seed content of alfalfa. Canadian Journal of 
Plant Science 79(2): 201-208. 

Ahuja, A., Koul, S., Kaul, B.L., Verma, N.K., Kaul, M.K., Raina, R.K. and Quazi, 
G.N. 2003. Media composition for faster propagation of Swertia chirata. WO 
03/045132. 

Afzal, I., Basra, S.M.A., Ahmad, N., Cheema, M.A., Warraich, E.A. and Khaliq, A.A. 
2002. Effect of priming and growth regulator treatments on emergence and 
seedling growth of hybrid maize (Zea mays L.). International Journal of 
Agriculture and Biology 4: 303-306. 

Aikens, M.L., Ellum, D., McKenna, J.J., Kelty, M.J. and Ashton, M.S. 2007. The 
effects of disturbance intensity on temporal and spatial patterns of herb 
colonization in a southern New England mixed-oak forest. Forest Ecology and 
Management 252: 144-158. · 

Airi, S., Rawal, R.S., Dhar, U. and Purohit, A.N. 1997. Population studies of 
Podophyllum hexandrum Royle - a dwindling, medicinal plant of west 
Himalaya. Plant Genetic Resource Newsletter 110: 29-34. 

Airi, S., Rawal, R.S., Dhar, U. and Purohit, A.N. 2000. Assessment of availability and 
habitat preference of Jatamansi- a critically endangered medicinal plant of west 
Himalaya. Current Science 79: 1467-1471. 

Al-Helal, A.A. 1996. Studies on germination of Rumex dentatus L. seeds. Journal of 
Arid Environment 33: 39-47. 

Al-Menaie, H.S., Al-Shatti, A.A. and Suresh, N. 2008. Effect of growing media on 
growth and flowering patterns of Gerdenai jasminoides under ariq condition. 
European Journal of Scientific Research 24: 69-73. 

AI- Saghir, M.G., Malkawi, H.I. and El-Oqlah, A. 2009. Morphological diversity in 
Hordeum spontaneum C. Koch of Northern Jordan (Ajloun Area). Middle-East 
Journal of Scientific Research 4 (1 ): 24-27. 

Alam, K.D., Ali, M.S., Mahjabeen, S., Parvin, S., Akbar, M.A. and Ahamed, R. 2010. 
Analgesic activities of ethanol extract of leaf, stem and their different fractions 
of Swertia chirayita. Pakistan Journal of Pharmaceutical Science 23(4): 455-
457. 

Alam, K.D., Ali, M.S., Parvin, S., Mahjabeen, S., Akbar, M.A. and Ahamed, R. 2009. 
In-vitro antimalarial activities of different fractions of Swertia chirata ethanolic 
extract. Pakistan Journal of Biological Sciences 12(19): 1334-1337. 

Albert, M.J., Escudero, A. and Iriondo, J.M. 2005. Assessing ant seed predation in 
threatened plants: a case study. Acta Oecologica 28: 213-220. 

240 



Albrecht, M.A. 2006. Reproductive biology of medicinal woodland herbs indigenous 
to Appalachians. Ph.D Thesis, College of Arts and Science, Ohio University, 
Ohio. 

Ali, S.M., Alam, M. and Jamal, A. 2006. Clinical evaluation of the efficacy of 
polyherbal Unani formulations in scabies. Indian Journal of Traditional 
Knowledge 5(2): 220-223. 

Ali, T., Hossein, P., Asghar, F., Salman, Z., Chahooki, Z. and Ali, M. 2010. The 
effect of different treatments on improving seed germination characteristics in 
medicinal species of Descurainia sophia and Plantago ovata. African Journal of 
Biotechnology 9(39): 6588-6593. 

Allen, G.A., Antos, J.A., Worley, A.C., Suttill, T.A. and Hebda, R.J. 1996. 
Morphological and genetic variation in disjunct populations of the avalanche lily 
Erythronium montanum. Canadian Journal of Botany 74: 403-412. 

Alvim, P. and De, T. 1984. Factors affecting the flowering of cocoa tree. Cocoa 
Growers Bulletin 35: 23-31. 

Amen, R.D. 1968. A model of seed dormancy. Botanical Review 34: 1-31. 

Amri, E. 2010. Effect of pre-sowing treatments on germination of snake bean 
(Swartzia madagasceriensis), a reported medicinal plants. American-Eurasian 
Journal of Agricultural and Environmental Sciences 8(5): 525-529. 

Andren, H. 1994. Effects of habitat fragmentation on birds and mammals in 
landscapes with different proportions of suitable habitat: a review. Oikos 71: 
355-366. 

Aneesh, T.P., Hisham, M., Sonal, S., Manjushree, M. and Deepa, T.V. 2009. 
International market scenario of traditional Indian herbal drugs- India declining. 
International Journal of Green Pharmacy 3(3): 184-190. 

Anonymous, 1996. Germany moves to the forefronf of the European herbal medicine 
industry. Genetic Engineering News 17(8): 14. 

Anonymous, 1997. Biodiversity Conservation Prioritization Project, Conservation 
assessment and management plan (CAMP) for endemic medicinal plants in 
India. WWF, India, ZOO/CBSG, India, U.P. Forest Department CIMAP, 
Lucknow, India. 

Anonymous, 2001. Down to Earth 9: 27-41. 

Anonymous, 2001. Guidelines for resource assessment and management of Chirata 
(Swertia chirayita). Forest Resources Development Division, Department of 
Forests, Ministry of Agriculture, Bhutan Pages 23. 

Arafeh, R.M.H., Sapir, Y., Shmida, A., Iraki, N., Fragman, 0. and Comes, H.P. 2002. 
Patterns of genetic and phenotypic variation in Iris haynei and I. atrofusca (Iris 
sect. Onocyclus = the royal irises) along an ecogeographical gradient in Israel 
and the West Bank. Molecular Ecology 11(1): 39-53. 

Arya, R., Kumar, S., Kumar, D., Malik, A. and Kumar, T. 2011. Antidiabetic activity 
of ethanolic extract of Swertia chirata Buch. Ham. International Research 
Journal of Pharmacy 2(1): 230-232. 

241 



Asthana, P.K., Sharma, N.K., Kulshreshtha, D.K. and Chatteijee, S.K. 1991. A 
xanthone from Swertia chirayita. Phytochemistry 30: 1037-1039. 

Badhwar, B.L. and Sharma, B.K. 1963. A note on the germination of Podophyllum 
seeds. The Indian Forester 89: 445-447. 

Badola, H.K. 1994. Bud phenological studies as an aid to forestry research: An 
overview. In: Forestry Research and Education. Edited by Dogra, P.D., and 
Dhiman, R.C. Diamond Jublee Publication, Indian National Science Academy, 
New Delhi, India, pp. 142-53. 

Badola, H.K. 1998. Biodiversity conservation study of Kanawar Wildlife Sanctuary in 
Himachal. In: Research for Mountain Development: Some Initiatives and 
Accomplishments. Himavikas Pub!. No. 12. Gyanodaya Prakashan, Nainital, pp. 
407-430. 

Badola, H.K. 2002. Endangered medicinal plant species-priorities and action. Theme 
Paper, International Workshop, Endangered Medicinal Plant Species in 
Himachal Pradesh, GBPIHED, Mohal-Kullu, India, 18-19 March, ·2002, 

Badola, H.K. 2009. Agrobiodiversity, livelihood and conservation: Focusing north
east Himalaya. In: Promoting conservation and sustainable use of 
agrobiodiversity. in North-East India. Edited by Borgohain, R., and Pathak, P .K. 
Assam Agriculture University, Jorhat, Assam, India and Wageningen 
International., Wageningen University and Research Centre, Wageningen, The 
Netherlands, pp. 34-58. 

Badola, H.K. 2010. Phenology and climate responses in Himalayan rhododendrons. 
In: Rhododendrons: Conservation and Sustainable Use. Proceedings of 
International Conference. Edited by Mainra, A., Badola, H.K., and Mohanty B. 
Forest Environment and Wildlife Management Department, Government of 
Sikkim, Gangtok-Sikkim. Printed at CONCEPT, Siliguri, India, pp. 48-59. 

Badola, H.K. and Aitken, S. 2003. The Himalayas of India: A treasury of medicinal 
plants under seize. Biodiversity 4(3): 3-13. 

Badola, H.K. and Aitken, S. 2010. Potential biological resources for poverty 
alleviation in Indian Himalaya. Biodiversity II (3-4): 8-18. 

Badola, H.K. and Butola, J.S. 2003. Cultivation production trials of Heracleum 
candicans, a threatened high value medicinal herb, in Himachal Himalaya. 
Umbelliferae Improvement Newsletter 13: 6-10. 

Badola, H.K. and Butola, J.S. 2005. Effect of ploughing depth on the growth and 
yield of Herac/eum candicans: a threatened medicinal herb and a less-explored 
potential crop of the Himalayan Region. Journal of Mountain Science 2: 173-
180. 

Badola, H.K. and Pal, M. 2002. Endangered medicimil plants in Himachal Pradesh. 
Current Science 83 (7): 797-798. 

Badola, H.K. and Pal, M. 2003. Threatened medicinal plants and their conservation in 
Himachal Himalayas. Indian Forester 129: 55-68. 

Badola, H.K. Paliwal, S.P., and Paliwal, G.S. 1992. Dormancy and spring activation 
of cambium in some Himalayan tree species. In: Proceedings of 2nd Pacific 

242 



Regional Wood Anatomy Conference. Edited by Rojo, J.P., Aday, J.U., Barile, 
E.R., Araral, R.K. and America, W.M. Forest Products Research and 
Development Institute, College, Laguna, Philippines, pp. 209-219. 

Badola, H.K. and Pokhriyal, A. 2001. Documentation of agro-techniques and post 
harvest processing of medicinal plants of the Indian Himalayan Region. IUCN
HIMAL Project Final Report (Himachal Pradesh), GBPIHED, Mohal-Kullu, 
India. 

Badola, H.K. and Pradhan, B.K. 2010a. Population exploration of Rhododendron 
maddenii in Sikkim, bordering Khangchendzonga Biosphere Reserve -
questioning rarity and endangerment. NeBio I: 1-9. 

Badola, H.K. and Pradhan, B.K. 2010b. Discovery of new populations of a rare 
species Rhododendron niveum in Khangchendzonga National Park, Sikkim. The 
Rhododendron (Official Journal of Australian Rhododendron Society) 50: 41-49. 

Badola, H.K. and Singh, J. 2003. Socio-economic upliftment of rural community of 
Himachal Himalaya, particularly women, and biodiversity conservation through 
cultivation of medicinal plants using low cost and simple techniques. Final 
Technical Report, Submitted to Department of Biotechnology, New Delhi (No. 
Bt/Pr1813/Spd/ll/146/99). 

Bai, Y. and Romo, J.T. 1995. Influence of temperature, light and water stress on 
germination of fringed sage (Artemisiafrigida). Weed Science 43: 219-225. 

Bajpai, M.B., Asthana, R.K., Sharma, N.K., Chatteijee, S.K. and Mukheijee, S.K. 
1991. Hypoglycemic effect of swerchirin from the hexane fraction of Swertia 
chirayita. Planta Medica 57(2): I 02-104. 

Balaraju, K., Maheswaran, R., Agastian, P. and Ignacimuthu, S. 2009. Egg 
hatchability and larvicidal activity of Swertia chirata Buch. - Ham. ex Wall. 
against Aedes aegypti L and Culex quinquefasciatus Say. Indian Journal of 
Science and Technology 2(2): 46-49. 

Balaraju, K., Agastian, P. and Ignacimuthu, S. 2009b. Micropropagation of Swertia 
chirata Buch.-Harns. ex Wall: a critically endangered medicinal herb Acta 
Physiologiae Plantarum 3:487-494. 

Balasundari, P., Singh, S. and Kavimani, S. 2005. Free radical scavenging of 
xanthones from Swertia chirata Buch. Ham. and tumor <;~ll growth inhibition. 
Main Group Chemistry 4:77-185. · 

Baneijee, S., Sengupta, A., Baneiji, J., Adhikary, P. and Chatteijee, A. 1994. Studies 
on hypoglycemic effect of indigenous herbs. Indian Journal of Pharmacology 
26(3): 229-230. 

Baneijee, S., Sur, T.K., Mandai, S., Das, P.C. and Sikdar, S. 2000. Assessment of the 
anti-inflammatory effects of Swertia chirata in acute and chronic experimental 
models in male albino rats. Indian Journal of Pharmacology 32(1): 21-24. 

Bantawa, P. and Monda!, T.K. 2008. Population studies of Gaultheriafragrantissima 
Wall. in Daijeeling district of West Bengal. Natural Product Radiance 7(1): 68-
73. 

243 



Barnett, J.P. and Mamonov, N.J. 1989. Biorythems in conifer seed germination during 
extended storage. Annals of Forest Science 46: 85-88. 

Baskin, C.C., Baskin, J.M. and Chester, E.W. 1995. Role of temperature in the 
germination ecology of the summer annual Bidens polylepis Blake (Asteraceae). 
Bulletin of the Torrey Botanical Club 122: 275-281. 

Baskin, C.C. and Baskin, J.M. 1988. Germination ecophysiology of herbaceous plant 
species in a temperate region. American Journal of Botany 75(2): 286-305. 

Baskin, C.C. and Baskin, J.M. 2001. Seeds: Ecology biogeography and evolution of 
dormancy and germination. Academic Press, San Diego, USA. 

Basnet, D.B. 2001. Evolving nursery practices and method of cultivation of high 
value medicinal plant Swertia chirata Ham. Environmental Ecology 19:935-938. 

Baumgartner, J. and Hartmann, J. 2000. The use of phenology models in plant 
conservation programmes: The establishment of the earliest cutting date for the 
wild daffodil Narcissus radiiflorus. Biological Conservation 93: 155-161. 

Bayorbor, T.B., Dzomeku, I.K., Avornyo, V.K. and Opoku-Agyeman, M.O. 2010. 
Morphological variation in Kersting's groundnut (Kerstigiella geocarpa Harms) 
landraces from northern Ghana. Agriculture and Biology Journal of North 
America 1(3): 290-295. 

Bazzaz, F.A. 1996. Plants in changing environment: linking physiological, population 
and community ecology. Cambridge University Press, Cambridge, United 
Kingdom. 

Beardmore, T., Wang, B.S.P., Penner, M. and Scheer, G. 2008. Effects of seed water 
content and storage temperature on the germination parameters of white spruce, 
black spruce and lodgepole pine seed. New Forests 36: 171-185. 

Beigh, S.Y., Nawchoo, I.A: and Iqbal, M. 2002. Seed germination and seedling 
survival of Aconitum heterophyllum, an endangered medicinal plant of the north
west Himalaya. Indian Journal of Plant Physiology 7(2): 109-113. 

Benson, E.E., Danaher, J.E., Pimbley, I.M., Anderson, C.T., Wake, J.E., Daley, S. and 
Adams, L.K. 2000. In vitro micropropagation of Primula scotica: a rare Scottish 
plant. Biodiversity Conservation 9: 711-726. 

Bergqvist, J., Dokoozlian, N. and Ebisud, N. 2001. Sunlight exposure and temperature 
effects on berry growth and composition of Cabernet Sauvignon and Grenache 
in the Central San Joaquin valley of California. American Journal of Enology 
and Viticulture 52(1): 1-7. 

Besnier, F. 1989. Semillas: Biologiay Tecnologia. Ed. Mundiprensa, Madrid. 

Bewley, J.D. and Black, M. 1994. Seeds: Physiology of development and·germination. 
2nd ed. Plenum Press, NY. 

Bhadula, S.K. and Purohit, A.N. 1994. Adaptational strategies of plants at high 
altitudes and future prospects for the conservation of biodiversity. Advances in 
Plant Science Research 1: 1-24. 

Bhadula, S.K., Singh, A., Lata, H., Kuniyal, C.P. and Purohit, A.N. 1996. Genetic 
resources of Podophyllum hexandrum Royle, an endangered medicinal species 
from Garhwal Himalaya, India. Plant Genetic Resources Newsletter 106: 26-29. 

244 



Bhargava, R. and Banerjee, V.N. 1994. Effect ofN and K on root characteristics of 
potato. Journal of Plant Physiology 37: 130-132, 

Bhargava, S. and Garg, R. 2007. Evaluation of antibacterial activity of Swertia 
chirata Buch. Ham. root. International Journal of Green Pharmacy. 2: 51-52. 

Bhargava, S., Rao, P.S., Bhargava, P. and Shukla, S. 2009. Antipyretic potential of 
Swertia chirata Buch. Ham. root extract. Scientia Pharmaceutica 77(3): 617-
623. 

Bhat, D.M. 1992. Phenology of tree species of tropical moist forest ofUttara Kannada 
district, Kamataka, India. Journal of Bioscience 17(3): 325-352. 

Bhat, D.N. and Murali, K.S. 2001. Phenology ofunderstorey species of tropical moist 
forest of Western Ghats region of Uttara Kannada district in South India. 
Current Science 81 (7): 799-805. 

Bhat, G.P. and Surolia, N. 2001. In vitro antimalarial activity of extracts of three 
plants used in the traditional medicine of India. American Journal of Tropical 
Medicine Hygiene 65(4): 304-308. 

Bhatt, A., Bisht, A.K., Rawal, R.S. and Dhar, U. 2007. Assessment of status and 
biomass of Swertia angustifolia: a high value Himalayan medicinal plant. 
African Journal of Plant Science 1 (1 ): 1-6. 

Bhatt, A., Joshi, S.K. and Gairola, S. 2005a. Dactylorhiza hatagirea (D.Don) Soo- a 
west Himalayan orchid in peril. Current Science 89: 610-612. 

Bhatt, A., Rawal, R.S. and Dhar, U. 2005b. Germination improvement in Swertia 
angustifolia: a high value medicinal plant of Himalaya. Current Science 89(6): 
1008-1012. 

Bhatt, A., Rawal, R.S. and Dhar, U. 2006. Ecological features of a critically rare 
medicinal plant, Swertia chirayita, in Himalaya. Plant Spffcies Biology 21 (1 ): 
49-52. ' 

Bhatt, A., Rawal, R.S. and Dhar, U. 2007. Effect of seed pre-treatments on 
germination of Swertia chirayita - a rare medicinal plant. Seed Research 35(1 ): 
66-69. 

Bhattacharya, D., Mukherjee, R., Pandit, S., Das, N. and Sur, T.K. 2003. Prevention · 
of carbon tetrachloride induced hepatotoxicity in rats by Himoliv, a polyherbal 
formulation. Indian Journal of Pharmacology 35(5): 283-285. 

Bhattarai, K.R. and Acharya, N. 1997. Identification, qualitative assessment, trade 
and economic significance of Chiraito (Swertia species) of Nepal. In: Final 
report of the workshop: Utilisation NTFP 's Environmental Conservation 
Economic Development Nepal. [Asia Network for Small Scale Agricultural 
Biotechnology (ANSAB)], Lazimpat, Kathmandu. 

Bhattarai, K.R. and Shrestha, S. 1996. Ecological study on "Chiraito" (Swertia 
chirayita Roxb. ex Fleming Karsten) in Northern Gorkha. Journal of Natural 
History Museum 15: 13-16. 

Bhuwan, C., Palni, L.M.S. and Nandi, S.K. 2006. Propagation and conservation 
of Picrorhiza kurrooa Royle ex Benth.: An endangered Himalayan medicinal 

245 



herb of high commercial value. Biodiversity and Conservation 15(7): 2325-
2338. 

Bisht, A.K., Bhatt, A., Rawal, R.S. and Dhar, U. 2006. Assessment, extraction pattern 
and restoration through propagation of Angelica glauca, a critically endangered 
Himalayan medicinal herb. International Journal of Biodiversity Science and 
Management 2: 1-2. · 

Bisigato, A.J. and Bertiller, M.B. 1999. Seedling emergence and survival m 
contrasting soil microsites in Patagonian Monte shrubland. Journal of 
Vegetation Science 10: 335-342. 

Biswas, A.K. and Chopra, R.N. 1982. Common medicinal plants of Darjeeling and 
the Sikkim Himalayas. Delhi, India. 

Bliss, L.C. 1966. Alpine community pattern in relation to environmental parameters. 
In: Assays in plant geography. Edited by Greenidge, K.N.H. Nova Scotia 
Museum, Halifax, pp. 167-182. 

Bohm, J. 2003. Terrestrial orchid seed handling: Growing orchids of temperate 
climates from seed. In: Seed Pretreatment Protocol. Homburg-Saar, Germany. 

Bonner, F.T. 1990. Storage of seeds: Potential and limitations for germp1asm 
conservation. Forest Ecology and Management 35(1-2): 35-43. 

Bowes, B. G. 1999. A colour atlas of plant propagation and conservation. Manson 
Publishing Ltd, London. 

Bradbeer, W.J. 1988. Seed dormancy and germination. Blackie Academic and 
Professional, Glassgow, UK. 

Bradshaw, A.D. 1960. Population differentiation in Agrostis tenuis Sibth. III. 
Populations in varied environments. New Phytologist 59(1): 92-103. 

Bradshaw, A.D. 1991. The Croonian Lecture: Genostasis and the limits to evolution. 
Philosophical Transactions of the Royal Society of London Series B: Biological 
Sciences 333: 289-305. 

Brahmachari, G., Mandai, S., Gangopadhyay, A., Gorai, D., Mukhopadhyay, B., 
Saha, S. and Brahmachari, A.K. 2004. Swertia (Gentianaceae): chemical and 
pharmacological aspects. Chemistry and Biodiversity 1: 1627-1651. 

Bruschi, P., Vendramin, G.G., Bussotti, F. and Grossoni, P. 2003. Morphological and 
molecular diversity among Italian populations of Quercus petraea (Fagaceae). 
Annals of Botany 91:707-716. 

Brys, R., Jacquemyn, H., Endels, P., Hermy, M. and Blust, G.D. 2003. The 
relationship between reproductive success and demographic structure in remnant 
populations of Primula veris. Acta Oecologica 24(5-6): 247-253. 

Brys, R., Jacquemyn, H., Endels, P., Blust, G.D. and Hermy, M. 2005. Effect of 
habitat deterioration on population dynamics and extinction risks in a previously 
common perennial. Conservation Biology 19(5): 1633-1643. 

Budvytyte, A. 2001. The effect of long-term storage conditions on seed germination 
in vegetables and medicinal plants. Biologija 2: 8-10. 

246 



Bullock, S.H. and Solis-Magalanes, J.A. 1990. Phenology of canopy trees of a 
tropical deciduous forest in Mexico. Biotropica 22(1): 22-35. 

Butola, J.S. and Badola, H.K. 2004a. Seed germination improvement using chemicals 
in Heracleum candicans Wall, a threatened medicinal herb of Himalaya. Indian 
Forester 130(5): 565-572. 

Butola, J.S. and Badola, H.K. 2004b. Effects of pre-sowing treatments on seed 
germination and seedling vigour in Angelica glauca, a threatened medicinal 
herb. Current Science 87(6): 796-799. 

Butola, J.S. and Badola, H.K. 2006a. Chemical treatments to improve seedling 
emergence, vigour and survival in Heracleum candicans Wall. (Apiaceae): a 
high value threatened medicinal ahd edible herb of Himalaya. Journal of Plant 
Biology 33(3): 215~220. 

Butola, J.S. and Badola, H.K. 2006b. Assessing seedling emergence, growth and 
vigour in Angelica glauca Edgew. and Heracleum candicans Wall. under 
different growing media and environments. Journal of Non-Timber Forest 
Products 13: 141-153. 

Butola, J.S. and Badola, H.K. 2006c. Growth, phenology and productivity of 
Dactylorhiza hatagirea (D. Don) Soo, a critically endangered medicinal orchid 
in the Himalaya: domestication compared with wild. Journal of Orchid Society 
of India 20: 37-43. 

Butola, J.S. and Badola, H.K. 2007. Use of sodium hypochlorite to enhance seedling 
emergence, vigour, and survival of Angelica glauca and Aconitum 
heterophyllum. Journal of Herb Spice and Medicinal Plants 13: 1-10. 

Butola, J.S. and Badola, H.K. 2008a. Threatened medicinal plants and their 
conservation in Himachal Pradesh. Journal of tropical Medicinal Plants 9(1): 
125-142. . 

Butola, J.S. and Badola, H.K. 2008b. Propagation conditions for mass multiplication 
of three threatened Himalayan high value medicinal herbs. Plant Genetic 
Resource Newsletter 153: 43-47. 

Caccia, F.D. and Ballare, C.C. 1998. Effects of tree cover, understory vegetation, and 
litter on regeneration of Douglas-fir (Pseudotsuga menziesii) in southwestern 
Argentina. Canadian Journal of Forest Research 28: 683-692. 

Calixto, J.B. 2000. Efficacy, safety, quality control, marketing and regulatory 
guidelines for herbal medicines (Phytotherapeutic agents). Brazilian Journal of 
Medical Biological Research 33 (2): 179-189. 

Canter, P.H., Thomas, H. and Ernst, E. 2005. Bringing medicinal plants into 
cultivation: opportunities and challenges for biotechnology. Trends in 
Biotechnology 23(4): 180-185. 

Cardoso, V.J.M. 1999. Thermal dependence of the germination ofCatharantus roseus 
seeds. Revista Brasileira de Fisiologia Vegetal11: 41-49. 

Casas, A., Caballero, J., Valiente-Banuet, A., JSoriano, J.A. and Davila, P. 1999. 
Morphological variation and the process of domestication of Stenocereus 

247 



stellatus (Cactaceae) in Central Mexico. American Journal of Botany 86(4): 522-
533.s 

Castor, J. 2006. Short delay in timing of emergence determines establishment success 
in Pinus sylvestris across microhabitats. Annals of Botany 98: 1233-1240. 

Castro, J., Zamora, R., Hadar, J.A. and Gomez, J.M. 2005. Ecology of seed 
germination of Pinus sylvestris L. at its southern, Mediterranean distribution 
range. Investigacion Agraria: Sistemas y Recursos Forestales 14(2): 143-152. 

Celikar, S., Guleryuz, G. and Bilaloglu, R. 2006. Germination response to GA3 and 
stratification of threatened Festuca L. species from eastern Medaterranian. Ver 
der Zeitsfur Natu. 61: 372-376. 

Creabolini, B., Andries, R.D., Ceriani, R.M. and Pierce, S. 2004. Seed germination 
and conservation of endangered species from the Italian Alps: Physoplexix 
comosa and Primula glaucescens. Biological Conservation 17: 351-357. 

Cervera, J.C., Andrade, J.L., Sima, J.L. and Graham, E.A. 2006. Microhabitats, 
germination, and establishment for Mammillaria gaumeri ( cactaceae ), arare 
species from Yucatan. International Journal of Plant Science 167: 311-319. 

Cervera, J.C., Andrade, J.L., Graham, E.A., Duran, R., Jackson, P.C. and Sima, J.L. 
2007. Photosynthesis and optimal light microhabitats for a rare cactus, 
Mammillaria gaumeri, in Two Tropical Ecosystems. Biotropica 39: 620-627. 

Cetinbas, M. and Koyuncy, F. 2006. Improving germination of Prunus avium L. seeds 
by gibberellic acid, potassium nitrate and thiourea. Horticultural Science 33: 
119-123. 

Chakrabarti, N. and Mukhelji, S. 2003. Effect of phytohormone pretreatment on 
nitrogen metabolism in Vigna radiate under salt stress. Biologia Plantarum 
46(1 ): 63-66. 

Chakravarty, A.K., Mukhopadhayay, S. and Das, B. 1991. Swertane terpenoids from 
Swertia chirata. Phytochemistry 30: 4052--4087. 

Chakravarty, A.K., Mukhopadhyay, S., Masuda, K. and Ageta, H. 1990. Chiratenol, a 
novel rearranged hopane tritepenoid from Swertia chirata. Tetrahedron Letter 
31:7649-7652. 

Chakravarty, A.K., Mukhopadhyay, S., Masuda, K. and Ageta, H. 1992a. More of 
swertane triterpenoids from Swertia chirata Buch.- Ham. Indian Journal of 
ChemistryB3l:70-71. - · 

Chakravarty, A.K., Mukhopadhyay, S., Masuda, K. and Ageta, H. 1992b. Kairatenol, 
yet another novel migrated gammacerane triterpenoid from Swertia chirata. 
Tetrahedron Letters 33(2): 125-126. 

Chakravarty, A.K., Mukhopadhyay, S., Moitra, s.K: and Das, B. 1994. Syringareinol, 
a hepatoprotective agent and other constituents from Swertia chirata. Indian 
Journal of Chemistry B 33: 405--408. 

Chakraborty, S., Mukheljee, D. and Dasgupta, T. 2009. Cytological study on 
chromosome behaviour and new report on nature of mode of pollination of 
Swertia chirayita, a high value endangered medicinal plant of North Eastern 
Himalayan region breed. Caryologia 62(1): 43-52. 

248 



Chanda, Y.R. 1976. The wealth of India. Vol. X Sp. 11. Publication and Information 
Directorate, CSIR, New Delhi. 

Chandra, B., Palni, L.M.S. and Nandi, S.K. 2006. Propagation and conservation of 
Picrorhiza kurrooa Royle ex Benth.: an endangered Himalayan medicinal herb 
ofhigh commercial value. Biodiversity Conservation 15: 2325-2338. 

Chandrasekhar, B., Mukheijee, B., Chakravarti, R.B. and Mukheijee, S.K. 1987. 
Effect of different fractions of Swertia chirayita on the blood sugar level of 
albino rats. Journal ofEthnopharmacology 21(2): 175-181. 

Chandrashekar, B., Bajpei, M.B. and Mukheijee, S.K. 1990. Hypoglycemic activity of 
Swertia chirayita (Roxb ex Flem) Karst. Indian Journal of Experimental Biology 
28: 616-618. 

Chapin (III), F.S., Matson, P.A. and Manney, H.A. 2002. Principles of terrestrial 
ecosystem ecology. Springer Science Business Media Inc., New York, USA. 

Chassot, P., Nemomissa, S., Yuan, Y.M. and Kupfer, P. 2001. High paraphyly 
of Swertia L. (Gentianaceae) in the Gentianella -lineage as revealed by nuclear 
and chloroplast DNA sequence variation. Plant Systematics and Evolution 
229(1-2): 1-21. 

Chaudhari, R.K, Pal, A. and Jha, T.B. 2007. Production of genetically uniform plants 
from nodal explants of Swertia chirata Buch.- Ham. Ex Wall.- an endangered 
medicinal herb. In Vitro Cellular and Developmental Biology- Plant 43: 467-
472. 

Chaudhari, R.K., Pal, A. and Jha, T.B. 2008. Conserva.tion of Swertia chirata through 
direct shoot multiplication from leaf explants. Plant Biotechnology Report 2: 
213-218. 

Chaudhari, R.K., Pal, A. and Jha, T.B. 2009. Regeneration and characterization of 
Swertia chirata Buch.-Ham. ex Wall. plants from immature seed cultures. 
Scientia Horticulturae 120: 107-114. 

Chaudhary, D.K., Kaul, B.L. and Khan, S. 1996. Breaking seed dormancy of 
Podophyllum hexandrum Royle ex Cam b. (syn. P. emodi Wall. ex Honigberger). 
Journal ofNon Timber Forest Products 3(1-2): 1-0-12. 

Chaudhuri, P.K. and Daniewshi, W.M. 1996. Unambiguous assignments of the 1H 
and 13C chemical shifts of the major bitter principles of Swertia chirata by 2D 
NMR study and characterization of other constituents. Polish Journal of 
Chemistry 69: 1514-1519. 

Chauhan, N.S. 1999. Medicinal and aromatic plants of Himachal Pradesh. Indus 
Publishing Company, New Delhi. 

Chauhan, N.S. 2006. Scope of commercialization of medicinal and aromatic plants. 
Science Tech Entrepreneur. 

Chauhan, R.S. and Nautiyal, M.C. 2005. Commercial viability of cultivation of an 
endangered medicinal herb Nardostachys jatamansi at three different 
agroclimatic zones. Current Science 89(9): 1481-1489. 

249 



Chauhan, R.S. and Nautiyal, M.C. 2007. Seed germination and seed storage behaviour 
of Nardostachys jatamansi DC., an endangered medicinal herb of high-altitude 
Himalaya. Current Science 92(11): 1620-1624. 

Chauhan, R.S., Natiyal, M.C., Prasad, P. and Purohit, H. 2008. Ecological features of 
an endangered medicinal orchid - Malaxis muscifera (Llindley) Kuntze in the 
western Himalaya. The McAllen International Orchid Society Journal 9(6): 8-
12. 

Chen, J.C., Wan, D.R. and Komatsu, K. 1999. Collection of ethnomedicines of 
Swertia L. Chinese Journal ofEthnomedicine and Ethnopharmacy 2: 98-101. 

Chen, S.S.C. and Chang, J.L.L. 1972. Does gibberellic acid stimulate seed 
germination via amylase synthesis? Plant Physiology 49: 441-442. 

Chen, S.Y. and Chien, C.T. 2002. Germination and storage behaviour of Prunus 
phaeosticta and Prunus spinulosa seeds stored. Taiwan Journal of Forest 
Science 1:59-66. 

Chen, S.Y., Kuo, S.R. and Chien, C.T. 2007. Storage behaviour of seeds of 
Cinnamomum osmophloeum and Neolitsea aciculate var. variabillima 
(Lauraceae). Seed Science and Technology 35(1): 237-243. 

Chettri, D.B., Gurung, T. and Guring, R. 2005. Physiological and biochemical 
variations among the natural populations of the two medicinal plants, Plantago 
major L. and Astilbe rivularis D. Don from Darjeeling Himalaya. Journal of Hill 
Research 18(1 ): 1-8. 

Chopra, R.N., Chopra, I.C., Handa, K.K. and Kapur, I.D. 1958. Indigenous drugs of 
India. 2"d Edition, Dhar and Sons Ltd. Calcutta, India. 

Chaudhary, D.K., Kaul, B.L. and Khan, S. 1996. Breaking seed dormancy of 
Podophyllum hexandrum Royle Ex. Camb. (syn. P. emodiWall Ex. 
Honingberger). Journal of Non Timber Forest Products 3: 10-12. 

Choudhury, N. 1998. An outline of the physical geography of Sikkim, In: Sikkim: 
Perspectives for planning and Development. Edited by Rai, S.C., and Sundriyal, 
R.C. Bishen Sing Mahendra Pal Singh, Dehre Dun, India, pp: 17-23. 

Chowdhury, N.I., Bandyopadhyay, S.K., Banetjee, S.N., Dutta, M.K. and Das, P.C. 
1995. Preliminary studies on the anti-inflammatory effects of Swertia chirata in 
albino rats. Indian Journal a/Pharmacology 27(1): 37-39. 

Chowdhury, N.I., Dutta, M.K. and Sikdar, S. 1985. Some observation of Swertia 
chirata against acute inflammatory induced oedema in rat hind paw. Indian 
Journal of Pharmacology 17:24-7. 

Christensen, C.M. 1972. Micro flora and seed deterioration. In Viability of seeds. 
Edited by RH Roberts. Chapman and Hall, London, UK, pp. 59 - 93. 

Christie, A., 2001. Herbs for health, but how safe are they. Bulletin of the World 
Health Organization 79(7): 691-92. 

Chun, S.C., Schneider, R.W. and Cohn, M.A. 1997. Sodium Hypochlorite: Effect of 
Solution pH on rice seed disinfestation and its direct effect on seedling growth. 
Plant Disease 81: 821-824. 

250 



Chuanren, D., Bochu, W., Wanqian, L., Jing, C., Jie, L. and Huan, Z. 2004. Effect of 
chemical and physical factors to improve the germination rate of Echinacea 
angustifolia seeds. Colloids Surface B: Biointeifaces 37: 101-105. 

Cicek, E. and Tilki, F. 2006. Effects of temperature, light and storage on seed 
germination of Ulmus glabra Huds. and U. laevis Pall. Pakistan Journal of 
Biological Sciences 9(4): 697-699. 

Clarke, C.B. 1885. Gentianaceae. In: Flora of British India. Vol. IV (J.D. Hooker, 
ed.), L. Reeve and Co. Ltd., Ashford, Kent, UK, pp. 121-130. 

Clevering, O.A. 1995. Germination and seedling emergence of Scirpus lacustris L., 
and Scirpus maritimus L., with special reference to the restoration of wetlands. 
Aquatic Botany 50: 67-83. · 

Coates, F., Lunt, J.D. and Tremblay, R.L. 2006. Effects of disturbance on population 
dynamics of the threatened orchid Prasophyllum correctum D.L. Jones and 
implications for grassland management in south-eastern Australia. Biological 
conservation 129(1): 59-69. 

Coelho, M.D.F.B., Albuquerque, M.C.D.F. and Dombroski, J.L.D. 2000. Seed 
germination of Oxalis hirsutissima, medicinal plant of Mato Grosso, Brazil. Acta 
Amazonica 30(1): 3-8. 

Colbach, N., Chauvel, B., Durr, C. and Richard, G. 2002. Effect of environmental 
conditions on Alopecurus myosuroides germination. I. Effect of temperature and 
light. Weed Research 42: 210-221. 

Colling, G., Matthies, D. and Reckinger, C. 2002. Population structure and 
establishment of the threatened long-lived perennial Scorzonera humilis in 
relation to environment. Journal of Applied Ecology 39: 310-320. 

Copeland, L.O. and McDonald, M.B.l994. Seed Science and Technology. 3rd edition. 
Chapman and Hall, New York, USA. 

Cordell, S., Goldstein, G., Mueller-Dombois, D., Webb, D. and Vitousek, P.M. 1998. 
Physiological and morphological variation in Metrosideros polymorpha, a 
dominant Hawaiian tree species, along an altitudinal gradient: the role of 
phenotypic plasticity. Oecologia 113(2): 188-196. 

Cowling, R.J. and Harberd, N.P. 1999. Gibberellins control Arabidopsis hypocotyl 
growth via regulation of cellular elongation. Journal of Experimental Botany 
50(337): 1351-1357. 

Criddle, R.S., Smith, B.N. and Hansen, L.D. 1997. A respiration based description of 
plant growth rate responses to temperature. Planta 201(4): 441-445. 

Cupic, T., Popovic, S., Grljusic, S., Tucak, M., Andric, L. and Simic, B. 2005. Effect 
of storage time on Alfalfa seed quality. Journal of Central European Agriculture 
6(1 ): 65-68. 

Curtis, J.T., and Cottam, G. 1956. The use of distance measure in phytosociological 
sampling. Ecology 37(3): 451-460. 

Dahiya, O.S., Punia, R.C., Gates, R.N. and Hanna, W.W. 2000. Effects of seed 
protein and storage conditions on germination and seedling characteristics of 
pearl millet seeds. International Sorghum and Millets Newsletter 41: 72-73. 

251 



Dalal, S.R. and Shah, R.C. 1956. Swerchirin, a novel xanthone from Swertia chirata. 
Chemistry and Industry 7: 664. 

Das, S., Saha, P., Manda!, S., Das, A. and Das, P.C. 2004. Evaluation of the 
anticarcinogenic activity of Swertia chirata Buch. Ham. an Indian medicinal 
plant, on DMBA-induced mouse skin carcinogenesis model. Phytotherpy 
Research 18(5): 373-378. 

Daubenmire, R. 1972. Phenology and other characteristics of tropical semi-deciduous 
forest in North-Western Costa Rica. Journal of Ecology 60: 147-170. 

Davis, J.I. and Gilmartin, A.J. 1985.' Morphological variation and speciation. 
Systematic Botany 10(4): 417---425. 

Del, E., Perez, C.M., Alvarez, O.C., Arrazate, C.H.A. and Damian, M.A.T.M. 2007. 
Morphological variation in Guajillo chilli pepper plants (Capsicum annuuam L.). 
African Crop Science Conference Proceedings 8: 327-332. 

De Souza, A.M. and Eterovick, P.C. 2011, Environmental factors related to anuran 
assemblage composition, richness and distribution at four large rivers under 
varied impact levels in southeastern Brazil. River Research and Applications 27 
(Article in press) doi: 10.1002/rra.1410. 

Dhar, U., Rawal, R.S. and Upreti, J. 2000. Setting priorities for conservation of 
medicinal plants - a case study in the Indian Himalaya. Biological Conservation 
95(1): 57-65. 

Dhital, D.B. 2009. Asia-Pacific forestry outlook II: Working paper series: Bhutan 
forestry outlook study. FAO, UN Regional office for Asia and the Pacific, 
Bangkok. 

Dhyani, P.P., and Kala, C.P. 2005. Current research on medicinal plants: Five lesser 
known but valuable aspects. Current Science 88(3): 335. 

Dickie, J.B., Ellis, R.H., Kraak, H.L., Ryder, K., and Tompsett, P.B. 1990. 
Temperature and seed storage longevity. Annals of Botany 65(2): 197-204. 

Dikshit, V.K.1999. Export of medicinal plants from India: Need for resource 
management. In: Biodiversity - northeast India perspective: People's 
participation in biodiversity conservation. Edited by Kharbuli, B., Syiem, D., 
and Kayang, H. NEBRC, North Eastern Hill University, Shillong, India, pp. 85-
88. 

Dobriyal, R.M., Singh, G.S., Rao, K.S. and Saxena, K.G. 1997. Medicinal plant 
resources in Chhakinal watershed in the northwestern Himalaya. Journal of 
Herbs, Spices and Medicinal Plants 5(1): 15-27. 

Dobrowolska, D. 2008. Growth and development of silver fir (fibies alba Mill.) 
regeneration and restoration of the species in the Karkonosze Mountains. 
Journal of Forest Science 54(9): 398---408. 

Dodd, G.L. and Donovan, L.A. 1999 Water potential anq ionic effects on germination 
and seedling growth of two cold desert shrubs. American Journal of Botany 
86(8): 1146-1153. 

252 



Douglas, D.A. 1995. Seed germination, seedling demography, and growth of Salix 
setchellina on glacial river gravel bars in Alaska. Canadian. Journal of Botany 
73(4): 673-679. 

Drew, R.L.K. and Brockelhurst, P.A. 1984. The effect of sodium hypochlorite on 
germination of lettuce seed at high temperature. Journal of Experimental Botany 
35(7): 975-985. 

Duchok, R., Kent, K., Khumbongmayum, A.D., Paul, A. and Khan, M.L. 2005. 
Population structure and regeneration status of medicinal tree Illiciul griffithii in 
relation ti disturbance gradients in temperate bro.ad-leaved forest of Arunachal 
Pradesh. Current Science 89(4): 673-676. 

Duraisamy, S. and Paulsamy, S. 2010. Phenological observation and population 
dynamics of six uncommon medicinal plants in the grasslands of Nilgiris, 
Western Ghats, India. Maejo International Journal of Science and Technology 
4(2): 185-192. 

Dutt, U.C. and King, G. 1877. The Materia Medica of the Hindus. Compiled from 
Sanskrit medical works. Thacker, Spink and Co. Culcutta. 

Dutta, P.K. 2004. Study of market chain of Swertia chirata trade in west Kameng 
district of Arunachal Pradesh. Final Report, WWF-India, Arunachal Pradesh 
Field Office, Itanagar, India. 

Dzwonko, Z. and Loster, S. 2007. A functional analysis of vegetation dynamics in 
abandoned and restored limestone grasslands. Journal of Vegetation Science 
18(2): 203-212. 

Dzwonko, Z., and Gawronski, S. 2002. Influence of litter and weather on seedling 
recruitment in a mixed oak-pine woodland. Annals of Botany 90(2): 245-251. 

Eckert, R.E. (Jr), Peterson, F.F., Meurisse, M.S. and Stephers, J.L. 1986. Effects of 
soil surface morphology on emergence and survival of seedlings in big 
sagebrush communities. Journal of Range Management 39(5): 414-420. 

Edmond, J.B., and Draoala, W.J. 1958. The effects of temperature, sand and soil, and 
acetone on germination of okra seeds. Proceedings of American Society of 
Horticultural Science 71: 428-434. 

Ehrlich, P. and Ehrlich, A. 1981. Extinction. Oxford University Press, Oxford, UK. 

Ekpong, B. 2009. Effects of seed maturity, seed storage and pre-germination 
treatments on seed germination of cleome (Cleome gynandra L.). Scientia 
Horticulturae 119(3): 236-240. 

Ekstam, B., Johannesson, R. and Milberg, P. 1999. The effect oflight and number of 
diurnal temperature fluctuations on germination of Phragmites australis. Seed 
Science Research 9(2): 165-170. 

Ellis, R.H., Hong, T.D. and Roberts, E.H. 1991a. Effect of storage temperature and 
moisture on the germination of papaya seeds. Seed Science Research 1(1): 69-
72. 

Ellis, R.H., Hong, T.D. and Roberts, E.H. 199lb. Seed moisture content, storage, 
viability and vigour. Seed Science Research 1(4): 275-277. 

253 



Ellis, R.H., Hong, T.D. and Roberts, E.H. 1992. The low moisture content limit to the 
negative logarithmic relation between seed longevity and moisture content in 
three subspecies of rice. Annals of Botany 69(1):53-58. 

Ellis, R.H., Hong, T.D., Roberts, E.H. and Soetisna, U. 1991c. Seed storage behaviour 
in Elaeis guineensis. Seed Science Research I (2): 99-104. 

Ellis, R.H., and Roberts, E.H. 1980. The influence of temperature and moisture on 
seed viability period in barley (Hordeum distichum L.). Annals of Botany 45(1 ): 
31-37. 

Ellis, R.H. and Roberts, E.H. 1981. The quantification of ageing and survival in 
orthodox seeds. Seed Science and Technology 9: 373-409. 

Ellison, A.M., Buckley, H.L., Miller, T.E. and Gotelli, N.J. 2004. Morphological 
variation in Sarracenia purpurea (Sarraceniaceae): geographic, environmental, 
and taxonomic correlates. American Journal of Botany 91(11): 1930-1935. 

Endress, P.K. 2010. Disentangling confusions in inflorescence morphology: Patterns 
and diversity of reproductive shoot ramific1,1tion in angiosperms. Journal of 
Systematics and Evolution 18(4): 225-239. 

Espinar, J.L., Garcia, L.V. and Clemente, L. 2005. Seed storage conditions change the 
germination pattern of clonal growth plants in Mediterranean salt marshes. 
American Journal of Botany 92(7): 1094-1101. 

Exim Bank. 2009. Sikkim: Export potential and prospects. Exim bank Occasional 
·paper no. 134. Quest Publications. 

FAO 2003. State of the World's Forest. Food and Agricultural Organization, Rome, 
Italy. 

Farooquee, N.A. and Saxena, K.G. 1996. Conservation and utilisation of medicinal 
plants in high hills of the central Himalayas. Environmental Conservation 23(1): 
75-80. 

Fatimah, H. and Ahmad, T. 2009. Phenology of Parthenium hysterophorus - a key 
factor for the success of its invasion. Advances in Environmental Biology 3(2): 
150-156. 

Fay, M.F. 1994. In what situations is in vitro culture appropriate to plant 
conservation? Biodiversity and Conservation 3(2): 176-183. · 

Fay, M.F., and Muir, H.J. 1990. The role ofmicropropagation in the conservation of 
European plants. In: Conservation techniques in botanic gardens. Edited by 
Hernandez Bermejo, J.E., Clemente, M., and Haywood, V. Koeltz Scientific 
Books, Koenigstein, Germany, pp: 27-32. 

Felippe, G.M. 1978. Estudos de germinacao, crescimento e floracao de Bidens pilosa 
L. Revista do Museo Paulista 25: 183-217. 

Fenner, M. 1985. Seed ecology. Chapman and Hall, London, UK. 

Fenner, M. 1998. The phenology of growth and reproduction in plants. Perspectives 
in Plant Ecology, Evolution and Systematics 1 (I): 78-91. 

254 



Fidelis, A., Overbeck, G., Pillar, V.D. and Pfadenhauer, J. 2008. Effects of 
disturbance on population biology of the rosette species Eryngium horridum 
Malme in grasslands in southern Brazil. Plant Ecology 195(1): 55-67. 

Fieldhouse, D.J. and Sasser M. 1975. Stimulation of pepper seed germination by 
sodium h:ypochlorite treatment. Horticultural Science 10: 622-623. 

Fischer, M. and Matthies, D. 1998. Effects of population size on performance in the 
rare plant Gentianella germanica. Journal of Ecology 86(2): 195-204. 

Foster, B.L., and Gross, K.L. 1998. Species richness in a successional grassland: 
effects of nitrogen enrichment and plant litter. Ecology 79(8): 2593-2602. 

Foster, R.B. 1982. Famine on Barra Colorado Island. In: The Ecology of a Tropical 
Forest: Seasonal Rhythms and Long-term Changes. Edited by Leigh (Jr), E.G., 
Rand, S.A., and Windsor, D.M. Smithsonian Institution Press, Washington, pp. 
151-172. 

Galambosi, B., Galambosi, Z.S., Hethelyi, E., Szoke, E., Volodin, V., Poletaeva, I., 
and II!ina, I. 2010. Importance and quality of roseroot (Rhodiola rosea L.) 
growing in the European North. Arznei-& Gewurzpjlanzen (Journal of 
Medicinal and Spic_e Plants) 15:160-169. 

Galtson, A.W., and Davies, P.J. 1969. Hormonal regulation in higher plants. Science 
163: 1288-1297. 

Garcia-Fayose, P. and Verdu, M. 1998. Soil seed bank, factors controlling 
germination and establishment of Mediterranean shrub: Pistacia lentiscus L. 
Acta Oecologia 19(4): 357-366. 

Gaudio, N., Balandier, P., Dumas, Y. and Ginisty, C. 2011. Growth and morphology 
of three forest understorey species (Call una vulgaris, Molinia caerulea and 
Pteridium aquilinum) according to light availability. Forest Ecology and 
Management 261(3): 489-498. 

Geber, M.A., Watson, M.A. and Furnish, R. 1992. Genetic differences in clonal 
demography in Eichornia crassipes. Journal of Ecology 80(2): 329-341. 

Genova, E., Komitska, G. and Beeva, Y. 1997. Study on the germination of Atropa 
belladonna L. seeds. Bulgarian Journal of Plant Physiology 23(1): 61-66. 

Gentry, A.H. 1988. Changes in plant community diversity and floristic composition 
on environmental and geographical gradients. Annals of the Missouri Botanical 
Garden 75(1): 1-34. 

Getys, L.A. and Dumroese, R.K. 2009. Optimum storage and germination conditions 
for seeds of Pickerelweed (Pontederia cordata L.) from Florida. Native Plants 
Journal10(1): 4-12. 

Ghimire, B.K., Shin, C.M., Li, C.H., Ching, I.M., Lee, D.W., Kim, H.Y., Kim, N.Y., 
Lim, J.D., Kim, J.K., Kim, M.J., Cho, D.H., Lee, S.J. and Yu, C.Y. 2006. Effect 
of Gibberlin and light on germination of seeds of Codonopsis lanceolata Benth. 
Korean Journal of Medicinal Crop Science 14(5): 303-306. 

Ghimire, S.K., Gimenez, 0., Pradel, R., McKey, D. and Aumeeruddy-Thomas, Y. 
2008. Demographic variation and population viability in a threatened Himalayan 
medicinal and aromatic herb Nardostachys grandiflora: matrix modeling of 

255 



harvesting effects in two contrasting habitats. Journal of Applied Ecology 45(1): 
41-51. 

Ghimire, S.K., Sah, J.P., Shrestha, K.K. and Bajracharya, D. 1999. Ecological study 
of some high altitude medicinal and aromatic plants in the Gyasumdo valley, 
Manang, Nepal. Ecoprint 6(1): 17-25. 

Ghosal, S., Sharma, P.V., Chaudhari, R.K. and Bhattacharya, S.K. 1973. Chemical 
constituents of the Gentianaceae V: Tetraoxygenated xanthones of Swertia 
chirata Buch. Ham. Journal of Pharmaceutical Sciences 62(6): 926-930. 

Giri, D., Arya, D., Tamta, S. and Tiwari, L.M. 2008. Dwindling of an endangered 
orchid Dactylorhiza ~atagirea (D.Don) Soo: A case study from Tungnath Alpine 
meadows ofGarhwal Himalaya, India. Nature and Science 6(3): 6-9. 

Godoi, S. and Takaki, M. 2004. Effects of light and temperature on seed germination 
in Cecropia hololeuca Miq. (Cecropiaceae). Brazilian Archives of Biology and 
Technology 47(2): 185-191. 

Goebel, K. 1924. Die Entfaltungsbewegungen der Pflanzen und Deren Teleologische 
Deutung. 2nd ed. Jena, Fischer. 

Gonzalez, Y. and Mendoza, F. 1999. Effect of storage on seed germination and 
viability of Lablab purpureus cv. Rongai. Pastro Forrajes 22(2): 105-110. 

Gonzalez-Benito, M.E., Femandez-Lorente, F., and Perez-Garcia, F. 1998. Interaction 
between cryopreservation, rewarming rate and seed humidification on the 
germination of two Spanish endemic species. Annals of Botany 82(5): 683-686. 

Goode, M.J., Howland, J.M. and Sredl, M.J. 1995. Effects of microhabitat destruction 
on reptile abundance in Sonoran Desert rock outcrops. Nongame and 
Endangered Wildlife Program Heritage Report. Arizona Game and Fish 
Department, Phoenix, Arizona. 

Gordon, G.A. 1992. Seed manual for forest trees. Published by Forestry Commission, 
Bulletin No. 83. London. 

Grubb, P.J. 1977. The maintenance of species-richness in plant communities: the 
importance of the regeneration niche. Biological Review 52(1): 107-145. 

Guariguata, M.R. 2000. Seed and seedling ecology of tree species in neotropical 
secondary forests: management implications. Ecological Application 10(1): 145-
154. 

Guedje, N.M., Lejoly, T., Nkongmeneck, B.A. and Jonkers, W.B.J. 2003. Population 
dynamics of Garcinia Iucida (Clusiaceae) in Cameroonian Atlantic forests. 
Forest Ecology and Management 177(1-3): 231-241. 

Gul, B., and Weber, D.J. 1999. Effect of salinity, light and thermoperiod on the seeds 
. germination of Allenrolfea occidentalis. Cannadian Journal of Botany 77: 1-7. 

Gul, S., Ahmed, S., Achakzai, A.K.K. and Islam M. 2007. Impact of microhabitat on 
survival of Seriphidium quettense seedlings. Pakistan Journal of Botany 39(5): 
1717-1724. 

Gupta, R. 1993. Conservation and utilisation of Indian medicinal plants. Indian 
Journal of Plant Genetic Resources 6(2): 131. 

256 



Gurung, K. 2007. Market linkage of herbs and semi-processed and processed NTFPs 
products. A report submitted to ecology, agriculture and rural development 
society (ECARDS)-Dolakha, Charikot, Dolakha, Nepal. 

Hamann, A. 2004. Flowering and fruiting phenology of a Philippine submontane rain 
forest: climatic factors as proximate and ultimate causes. Journal of Ecology 92: 
24-31. 

Hamilton, A., Durbeck, K. and Lawrence, A. 2006.Towards a sustainable herbal 
harvest. Plant Talk 43: 32-35. 

Hamilton, A.C. 1975. A quantitative analysis of altitudinal zonation in Uganda 
forests. Vegetation 30: 99-106. 

Hamilton, A.C. 2004. Medicinal plants, conservation and livelihoods. Biodiversity 
and Conservation 13(8): 1477-1517. 

Hampton, J.G. and Hill, M.J. 2002. Seed quality and New Zealand's native plants: an 
unexplored relationship? New Zealand Journal of Botany 40(3): 357-364. 

Harper, J .L. 1977. The population biology of plants. Academic Press. New York. 

Harper, J.L., Lovell, P.H. and Moore, K.G. 1970. The shapes and sizes of seeds. 
Annual Review of Ecology and Systamatics 1:327-356. 

Harrington, J.F. 1973. Biochemical basis of seed longevity. Seed Science and 
Technology I: 453-461. 

Harrison, B.J. 1966. Seed deteriorationn in relation to storage conditions and its 
influence upon germination, chromosomal damage and plant performance. 
Journal of National Institute of Agricultural Botany 10: 644-663. 

Hartmann, H.T. and Kester, D.E. 1989. Plant propagation: Principles and practices. 
Prentice Hall of India Pvt. Ltd., New Delhi, India. 

Hartmann, H.T., Kester, D.E., Davies (Jr), F.T. and Geneve, L.R. 1997. Plant 
propagation: Principle and practices. 6th Edition, Prentice-Hall International 
Editions, Englewood Cliff, New Jersey, USA. 

Hegland, S.J., Van Leeuwen, M. and Oostermeijer, J.G.B. 2001. Population structure 
of Salvia pratensis in relation to vegetation and management of Dutch dry 
floodplain grasslands. Journal of Applied Ecology 38(6): 1277-1289. 

Hensen, I., Oberprieler, C., and Wesche, K. 2005. Genetic structure, population size 
and seed production of Pulsatilla vulgaris Mill. (Ranunculaceae) in central 
Germany. Flora 200: 3-14. 

Heywood, V.H., and Iriondo, J.M. 2003. Plant conservation: Old problems, new 
perspectives. Biological Conservation 113(3): 321-335. 

Hezewijk, M.J.V., Beem, A.P.V., Verkleij, J.A.C. and Pieterse, A.H. 1993. 
Germination of Orobanche crenata seeds, as influenced by conditioning 
temperature and period. Canadian Journal of Botany 71 ( 6): 786-792. 

Ho, T.N. and Pringle, J.S. 1995. Swertia. In: Flora of China- Gentianaceae through 
Boraginaceae. Vol. 16, Editorial Committee (ed.) .. Science Press (Beijing) and 
Missouri Botanical Garden (MO, USA), pp. 101-119. 

257 



Ho, T.N., Xue, C.Y. and Wang, W. 1994. The origin, dispersal and formation of the 
distribution pattern of Swertia L. (Gentianaceae). Acta Phytotaxonomica Sinica 
32(6): 525-537. 

Hoareau, L., and DaSilva, E.J. 1999. Medicinal plants: a re-emerging health aid. 
Electronic Journal of Biotechnology 2(2). Available: 
http://www.ejb.org/content/vol2/issue2/full/2/. ISSN: 0717-3458. 

Hoffmann, L., Renrd, R., and Demoulin, V. 1992. Phenology, growth and biomass of 
Cystodeira balearica in Calvi (Corsica). Marine Ecology Progress Series 80: 
249-254. 

Holway, J.G. and Ward, R.T. 1965. Phenology and alpine plants in Northern 
Colorado. Ecology 46(1): 73-83. 

Hong-Li, P., Xing-Liang, L., Xiao-Hu, C., Zhong, D., Fei, H., Ling, W., Cheng, J. and 
Mai-He, Li. 2009. Growth and morpholo_iical responses of Fargesia 
angustissima to altitude in the Wolong Nature Reserve, southwestern China. 
Acta Ecologica Sinica 29(2): 144-149. 

Hooftman, D.A.P. and Diemer, M. 2002. Effects of small habitat size and isolation on 
the population structure of common wetland species. Plant Biology 4(6): 720-
728. 

Hooftman, D.A.P., Billeter, R.C., Schmid, B. and Diemer, M. 2004. Genetic effects of 
habitat fragmentation on common species of Swiss fen meadows. Conservation 
Biology 18(4): 1043-1051. 

Hsaio, LA. 1979. The effect of Sodium hypochlorite, gibberlic acid, and light on seed 
dormancy and germination of wild buckwheat (Polygonum convolvulus) and 
cow cockle (Saponaria vaccaria). Canadian Journal of Botany 57: 1735-1739. 

Huang, J.Z., Qiu, M.Z., Fu J.R. and Okada, Y. 2008. Effect of storage conditions on 
germination rate of Leonurus artemisia, Platycodon grandiflorus and 
Atractylodes macrocephala seeds. Journal of Tropical and Subtropical Botany. 
8(4): 365-368. 

Hudson, I.L., Kim, S.W. and Keatley, M.R. 2009. Climatic influences on the 
flowering phenology of four Eucalypts: a GAMLSS approach. 18th World 
IMACS I MODSIM Congress, Cairns, Australia 13-17 July 2009. 

Hufford, K.M. and Mazer, S.J. 2003. Plant ecotypes: genetic differentiation in the age 
of ecological restoration. Trends in Ecology and Evolution 18:147-155. 

Hurley, R.F., Van, S.J. and Smith, M.T. 1989. Guayule (Parthenium argentatum 
Gray) seed germination. The effects of water soaks, sodium hypochlorite, 
gibberlic acid, and gibberlin 4/7 applied as seed pre-treatments. Seed Science 
and Technology 20: 165-171. 

Hussain, F. and Sher, H. 1998. Income generation from the trade and cultivation of 
wild medicinal plants, District Swat. In: Proceedings of workshop "Wild Plant 
Resources of Northern Pakistan". Pakistan Forest Institute, Peshawar, 
Northwest Frontier Province, Pakistan. May 11-12, 1998, pp. 41-48. 

Hawkes, J.G., Maxted, N. and Ford-Lloyd, B.V. 2001. The ex situ conservation of 
plant genetic resources. Kluwer Academic Publishers, London, UK. 

258 



Ibanez, I. and Schupp, E.W. 2002. Effects of litter, soil surface conditions, and 
microhabitat on Cercocarpus ledifolius Nutt. seedling emergence and 
establishment. Journal of Arid Environments 52(2): 209-221. 

Iqbal, Z., Lateef, M., Khan, M.N., Jabbar, A., and Akhtar, M.S. 2006. Anthelmintic 
activity of Swertia chirata against gastrointestinal nematodes of sheep. 
Fitoterapia 77(6): 463-465. 

Isselstein, J., Tallowing, J.R.B., and Smith, R.E.N. 2002. Factors affecting seed 
germination and seedling establishment of fen-meadow species. Restoration 
Ecology 1 0(2): 173-184. 

IUCN. 1993. Guidelines on the conservation of medicinal plants. IUCN, Gland .. 

IUCN SSC. 2008. The IUCN red List of threatened species, 1994-2007 version, 
Switzerland. 

Jain, S.K. and Rao, R.R. 1997. A handbook of field and herbarium method. Today 
and Tomorrow's Printers, New Delhi, India. 

Jain, S.K. and Tarafdar, C.R. 1970. Medicinal plant lore of the Santals Tribe in S.E. 
Asia. Economic Botany 24: 241-249. 

Jayshanker, S., Babu, L.C., Sudhakara, K. and Unnithan, V.K.G. 1999. Provenance 
variation in seed and germination characteristics of teak (Tectona grandis L.). 
Seed Science and Technology 2: 131-139. 

Jeffrey, T.M., Andrew, D.R., Alan, K.K., Jeremy, I.F., Eric, A.G., John, A., Bruce, 
E.W., David, D.B., Geoffrey, M.H., Jonathan, M.H. and Liang, L. 2009. 
Tracking the rhythm of the seasons in the face of global change: phenological 
research in the 21st century. Frontiers in Ecology and the Environment 7(5): 
253-260. 

Jensen, K. and Meyer, C. 2001. Effects oflight competition and litter on performance 
of Viola palustris and on species composition and diversity of an abandoned fen 
meadow. Plant Ecology 155(2): 169-181. 

Jensen, S.R. and Schripsema, J. 2002. Chemotaxonomy and. pharmacology of 
Gentianaceae. In: Gentianaceae- Systematics and Natural History. Vol V. 
Edited by Struwe, L., and Albert, V.A. Cambridge University Press, UK, pp. 
574-631. 

Jenssen, J.G.M. 1973. Effect oflight, temperature and seed age on the germination of 
the winter annuals Veronica arvensis L. and Myosotis ramosissima Roche! ex. 
Schult. Oecologia 12(2): 141-146. 

Jones, L. 1962. Recommendations for successful storage of tree seeds. Tree Planters 
Notes 55: 9-20. 

Joshi, K. 2011. Molecular differentiation and phylogeny of Swertia (Gentianaceae) of 
the Himalayan region, Nepal. International Journal of Biotechnology and 
Biochemistry 7(2): 265-277. 

Joshi, K., Chavan, P., Warude, D. and Patwardhan, B. 2004. Molecular markers in 
herbal drug technology. Current Science 87:159-165. 

259 



Joshi, K., and Joshi, A. 2008. Swertia L. (Gentianaceae in Nepal Himalaya: checklist, 
phytogeography, ethnobotaby and conservation status. Ethnobotanical Leaflets 
12: 361-372. 

Joshi, M., and Dhar, U. 2003. Effect of various presowing treatments on seed 
germination of Heracleum candicans Wall. ex DC.: a high value medicinal 
plant. Seed Science and Technology 31: 737-743. 

Joshi, P., and Dhawan, V. 2005. Swertia chirayita- an overview Current Science 89: 
635-640. 

Joshi, P., and Dhawan, V. 2007. Axillary multiplication of Swertia chirayita (Roxb. 
Ex F:leming) H. Karst., a critically endangered medicinal herb of temperate 
Himalayas. In Vitro Cellular and Developmental Biology- Plant 43:631-638. 

Joshi, S.C., and Pant, S.C. 2010. Effect ofHzS04 on seed germination and viability of 
Canna indica L. a ·medicinal plant. Journal of American Science 6(6): 24-25. 

Kala, C.P. 2000. Status and conservation of rare and endangered medicinal plants in 
the Indian trans-Himalaya. Biological Conservation 93: 371-379. 

Kala, C.P. 2003. Commercial exploitation and conservation status of high value 
medicinal plants across the borderline of India and Nepal in Pithoragarh. The 
Indian Forester 129: 80-84. 

Kala, C.P. 2004. Revitalizing traditional herbal therapy by exploring medicinal 
plants: a case study of Uttaranchal state in India. In: Indigenous knowledge: 
Transforming the academy. Proceedings of an International Conference 
Pennsylvania: Pennsylvania State University, pp: 15-21. 

Kalliovirta, M., Ryttari, T., and Hiekinen, R.K. 2006. Population structure of a 
threatened plant, Pulsatilla patens, in boreal forests: modelling relationships to 
overgrowth and site closure. Biodiversity and Conservation 15: 3095-3108. 

Kandari, L.S., Chauhan, K., Maikhuri, R.K., Purohit, V.K., Phondani, P.C., and 
Saxena, K.G. 2007. Effect of presowing treatments on the seed germination of 
two endangered medicinal herb of the Himalaya (Angelica glauca Edgew and 
Pleurospermum angelicoides (Wall. ex DC) Benth. Ex. C.B. Clarke). 
Proceedings of Indian National Science Academy 73(1): 11-16. 

Kandari, L.S., Rao, K.S., Maikhuri, R.K., and Chauhan, K. 2008. Effect of pre
sowing, temperature and light on the seed germination of Arnebia benthamii 
(Wall. ex G. Don): An endangered medicinal plant of Central Himalaya, India. 
African Journal of Plant Science 2(1): 5-11. 

Kanecko, Y., and Morohashi, Y. 2003. The effect of sodium hypochlorite treatment 
on the development of a-amylase activity in mung bean cotyledons. Plant 
Science 164: 287-292. 

Kant, V., and Vashist, D.P. 1998. Effect of GA3 and storage on germination of 
Nardostachys jatamansi seeds. Journal of Hill Research 11 (2): 202-206. 

Kar, A., Chowdhary, B.K., and Bandyopadhyayrn N.G. 2003. Comparative evaluation 
of hypoglycemic activity of some Indian medicinal plants-in alloxan diabetic 
rats. Journal ofEthnopharmacology 84(1): 105-108. 

260 



Karam, N.S., Al-Khasawneh, A.A., Gnibli, R.A., Migdadi, H.M. and Al-Ajlouni, M. 
2006. Morphological variation in Black iris (Iris nigricans Dinsm.) from Jordan. 
Plant Genetic Resource Newsletter 147: 12-17. 

Karan, M., Vasisht, K., and Handa, S.S. 1999a. Anti hepatotoxic activity of Swertia 
chirayita on carbon tetrachloride induced hepatoxicity in rats. Phytothreapy 
Research 13(1): 24-30. 

Karan, M., Vasisht, K., and Handa, S.S. 1999b. Antihepatotoxic activity of Swertia 
chirata on paracetamol and galactosamine induced hepatotoxicity in rats. 
Phytotherapy Research 13(2): 95-101. 

Karki, M., Tiwari, B., Badoni, A., and Bhattarai, N. 2003. Creating livelihoods 
enhancing medicinal and aromatic plants based biodiversity-rich production 
systems: preliminary lessons from South Asia. Oral paper presented at The 3rd 
World Congress on Medicinal and Aromatic Plants for Human Welfare 
(WOCMAP III), 3-7 February 2003, Chiang Mai, Thailand. 

Karlsson, L.M., and Milberg, P. 2007. A comparative study of germination ecology of 
four papaver taxa. Annals of Botany 99: 935-946. 

Karssen, C.M., Zagorski, S., Kepczynski, J., and Groots, S.P.C. 1989. A key role of 
endogenous gibberellins in the control of seed germination. Annals of Botany 63: 
71-80. 

Kattimani, K.N., Reddy, Y.N., and Rao, R.B. 1999. Effect of pre-soaking seed 
treatment on germination, seedling emergence, seedling vigour and root yield of 
Ashwagandha (Withania somanifera Daunal.). Seed Science and Technology 27: 
483-488. 

Kaur, R., Arora, S., and Thukral, A.K. 2009. Enhancing seed germination of 
Chlorophytum borivilianum Sant. Et Femand. with PGRs, steroidal hormones 
and zinc. Research Journal of Seed Science 2(2): 32-39. 

Keil, M., Hartle, B., Guillaume, A., and Psiorz, M. 2000. Production of amarogentin 
in root cultures of Swertia chirata. Planta Medica 66: 452-457. 

Keshtkar, A.R., Keshtkar, H.R., Razavi, S.M., and Dalfardi, S. 2008. Methods to 
break seed dormancy in Astragalus cyclophyllon. Africa/ Journal of 
Biotechnology 7: 3874-3877. 

Khan, M.A., and Ungur, l.A. 1984. The effect of salinity and temperature on the 
germination of polymorphic seeds and growth of Atriples triangularis Willd. 
American Journal of Botany 71: 481-489. 

Khoshoo, T.N., and Tandon, S.R. 1963. Cytological, morphological and pollination 
studies on some Himalayan species of Swertia .. Caryologia 16: 445-477. 

Kilic, D.D., Karear, F., Kutbay, H.G., and Huseyinova, R. 2006. An investigation on 
the phenology of some endemic plants occurring in Amasya Kirklar Mountain. 
Paldstqn Journal of Biological Sciences 9(7): 1257-1264. 

Kik, C., Van Andel, J. and Joenje, W. 1990. Life history variation in ecologically 
contrasting populations of Agrostis stolonifera. Journal of Ecology 78( 4): 962-
973. 

261 



Kirtikar, K.R., and Basu, B.D. (ed.). 1984. Indian medicinal plants. Vol. III. 
Allahabad, India. 

Kitajima, K. 2007. Seed and seedling ecology. In: Functional Plant Ecology. 2nd edn. 
Edited by Pugnaire FI, Valladares F. CRC Press, Ty1or and Francis Group, pp. 
549-580. 

Kitayama, K. 1992. An altitudinal transect study of the vegetation on Mount 
Kinaba1u, Borneo. Vegetation 102: 149-171. 

Kitchen, S.G, and Monsen, S.B. 2001. Forage kochia seed germination response to 
storage time and temperatures. Journal of Range Management 54(3): 299-306. 

Kofidis, G., Bosabalidis, A.M. and Moustakas, M. 2007. Combined effects of altitude 
and season on leaf characteristics of Clinopodium vulgare L. (Labiatae). 
Environmental and Experimental Botany 60(1): 69-76. 

Kohli, K.R., Girl, S., and Kohlapure, S.A. 2004. Evaluation of the clinical efficacy 
and safety ofDiabecon in NIDDM. The Antiseptic 101(11): 487-494. 

Kolliker, R., Stadelmann, F.J., Reidy, B. and Nosberger, J. 1998. Fertilization and 
defoliation frequency affect genetic diversity of Festoca pratensis Huds. in 
permanent grasslands. Molecular Ecology 7(11): 1557-1567. 

Komatsu, M., Tomimori, T., and Mikuriya, N. 1971. Xanthone from Swertia. 
Chemical Science Abstract 75: 143-990. 

Korneck, D., and Sukopp, H. 1988. Red list of the Federal Republic of Germany 
extinct, missing and endangered fern and flowering plants and their evaluation 
of the species and habitat protection. Font Series for Vegetation Science 19: 1-
210. 

Korner, C. 1999. Alpine plants: stressed or adapted? In Physiological plant ecology. 
Edited by Press, M.C., Scholes, J.D., and Barker, M.G. Blackwell Science, 
Oxford, pp. 297-311. 

Korte, F. 1955. Amarogentin, a new bitter principle from Gentianaceae. 
Characteristics plant compounds, IX Msg. European Journal of Inorganic 
Chemistry 88: 704-707. 

Koyuncu, F 2005. Breaking seed dormancy in black mulberry (Morus nigra) by 
cold stratification and exogenous application of gibberellic acid. Acta Bio 
Cracoviensia Series Bot 47: 23-26. 

Khoshoo, T.N., and Tandon, S.R. 1963. Cytological, morphological and pollination 
studies on some Himalayan species of Swertia. Caryologia 16: 445-4 77. 

Koul, 0., and Wahab, S. 2004. Neem: today and in the new millennium. Kluwer 
Academic Publishers, Boston and London. 

Krishnan, N., Jeyachandran, A., and Nagendran, N. 2000. Effect of seasonal and 
altitudinal variations on growth performance of Acalypha indica Linn. in Alagar 
Hill (Eastern Ghats), South India. Tropical Ecology 41(1): 41-45. 

Krishnaraju, A.V., Rao, T.V.N., Sundaraju, D., Vanisree, M., Tsay, H.S., and 
Subbarraju, G.V. 2005. Assessment of bioactivity of Indian medicinal plants 
using Brine Shrimp (Artemia salina) lethality assay. International Journal of 
Applied Science and Engineering 3(2): 125-134. 

262 



Kubinova, D., and Krahulec, F. 1999. Phenology of Rumex longifolius: a key factor 
for the success of an invasive species. Preslia 70: 339-348. 

Kulkarni, M.G., Street, R.A., and Van, S.J. 2007. Germination and seedling growth 
requirements for propagation of Dioscorea dregeana (Kunth) Dur. and Sching -
A tuberous medicinal plant. South African Journal of Botany 73: 131-13 7. 

Kumar, A., and Purohit, S.S. 1986. Plant physiology: Fundamentals and applications. 
Agro Botanical Publishers, India. 

Kumar, I.V., Paul, B.N., Asthana, R., Saxena, A., Mehrotra, S., and Rajan, G. 2003. 
Swertia chirayita mediated modulation of interleukin-1 p interleukin-6, 
interleukin-10, interferon-y, and tumor necrosis factor-a in arthritic mice. 
Immunopharmacology and Immunotoxicology 25(4): 573-583. 

Kumar, I.V., Yadav, A.K., Saxena, A., and Paul, B.N. 2002. Modulation of 
interleulin-1, interleukin-4, interleukin-6 interleukin-1 0, tumor necrosis factor-a, 
and interferon-y by aqueous extract of Swertia chirayita. Indian Journal of 
Pharmacology 34: 141-155. 

Kumar, P., Paul, B.N., Kumar, S., Ali, M., and Saxena, A.K. 2004. Correlation of 
cytokines and mobility in mice with arthritis and during therapy with Swertia 
chirayita. Journal of Herbal Pharmacotherapy 4(2): 33-45. 

Kumar, R.V., Kumar, S., Shashidhara, S., Anitha, S., and Manjula, M. 2011. 
Comparison of the antioxidant capacity of an important hepatoprotective plants. 
International Journal of Pharmaceutical Sciences and Drug Research 3(1): 48-
51. 

Kuniyal, C.P., Bhadula, S.K., and Prasad, P. 2002. Morphological and biochemical 
variations among the natural populations of Aconitum atrox (Bruhl) Muk. 
(Ranunculaceae). Journal of Plant Biology 29(1): 91-96. 

Kusuma, Y.W.C., and Astuti, I.P. 2009. Population and microhabitat characteristic of 
Homalomena bellula Schott in Mount Slamet, Central Java, Indonesia. 
Biodiversitas 1 0( 4): 201-205. 

Labouriau, LG. 1970. On the physiology of seed germination in Vicia graminea Sm. 
II. An analysis of the temperature dependence of the seed germination rate. 
Anais da Academia Brasileira de Ciencias 42: 235-262. 

Lafta, A.M., and Lorenzen, J.H. 1995. Effect of high temperature on plant growth and 
carbohydrates metabolism in potato. Plant Physiology 109: 637-643. 

Laloo, R.C., Kharlukhi, L., Jeeva, S., and Mishra, B.P. 2006. Status of medicinal 
plants in the disturbed and the undisturbed sacred forests of Meghalaya, 
northeast India: population structure and regeneration efficacy of some 
important species. Current Science 90(2): 225-232. ·:· 

Lambert, J., Srivastava, J., and Vietmeyer, N. 1997. Medicinal plants: rescuing a 
global heritage. World Bank Technical Paper 355. The World Bank, W<~:shington 
DC. 

Larsen, H.O., and Olsen, C.S. 2007. Unsustainable collection and unfair trade? 
Uncovering and assessing assumptions regarding Central Himalayan medicinal 
plant conservation. Biodiversity and Conservation 16: 1679-1697. 

263 



Leigh (Jr), E.G., and Windsor, D.M. 1982. Forest production and regulation of 
primary consumers on Barra Colorado Island. In: The Ecology of a Tropical 
Forest: Seasonal Rhythms and Long-term Changes. Edited by Leigh (Jr), E.G., 
Rand, S.A., and Windsor, D.M. Smithsonian Institution Press, Washington, pp. 
111-122: 

Leslie, E.R., and Chungath, J.I.1987. Studies on Swertia chirata. Indian Drugs 25: 
143. 

Li, Y., Luo, T. and Lu, Q. 2008. Plant height as a simple predictor of the root to shoot 
ratio: Evidence from alpine grasslands on the Tibetan Plateau. Journal of 
Vegetation Science 19(2): 245-252. 

Liao, L., Liu, L., Guo, Q.S., Wang, Z.Y., and Chen, U.H. 2010. Morphological and 
chemical variation of Prunella vulgaris populations from different locations in 
China. Chinese Herbal Medicines 2(4): 305-311. 

Lienert, J. 2004. Habitat fragmentation effects on fitness of plant populations - a 
review. Journal of Nature Conservation 12: 53-72. 

Lin, C.N., Liou, S.J., Lee, T.H., Chaung, Y.C., and Won, S.J. 1996. Xanthone 
derivatives as potential anti-cancer drugs. Journal of Pharmacy and 
Pharmacology 48(5): 539-544. 

Liu, J., Baskin, J.f\1:., Baskin, C. C., Bu, H., Liu, M., Liu, W., and Du, G. 2011. Effect 
of storage conditions on germination of seeds of 489 speceis from high elevation 
grasslands of the Eastern Tibet Plateau and some implications for climate 
change. American Journal of Botany 98(1): 12-19. 

Liu, Y., Qiu, Y.P., Zhang, L., and Chen J. 2005. Dormancy breaking and storage 
behaviour of Garcin,ia cowa Roxb. (Guttiferae) seeds: Implications for 
ecological function and germplasm conservation. Journal of Integrative Plant 
Biology 47(1): 38-49. 

Lloyd, J.U. 1911. History of the vegetable drugs of the Pharmacopeia of United 
States. Bulletin of the Lloyd library of Botany, Pharmacy and Materia Medica 
18(4): 27. 

Lockhart, G.T. 1989. Herbs of the Inside. An unpublished book, edited and Pdf of part 
placed online by Arthur Lee Jacobson in 2007. 

Lodhiyal, L.S., Singh, S.P., and Lodhiyal, N. 1998.Phenology, population structure 
and dynamics ofRingal bamboo (Arundinariafalcata) in Nainital Hill of Central 
Himalaya. Tropical Ecology 39: 109-115. 

Losos, J.B. and Glor, R.E. 2003. Phylogenetic comparative methods and the 
geography of speciation. Trends in Ecology and Evolution 18(5): 220-227. 

Lynn, D.E. and Waldren, S. 2001. Morphological variation in population of 
Ranunculus repens from the temprorary limestone lakes (Turloughs) in the west 
oflreland. Annals of Botany 87(1 ): 9-17. 

Ma, H.Y. and Liang, Z.W. 2007. Effects of storage conditions and sowing methods on 
seed germination of Leymus chinensis. Ying Yang Sheng Tai Xue Baa 18(5): 
997-1002. 

264 



Maara, N.T., Karachi, M., and Ajenda, J.O. 2006. Effects of pre-germination 
treatments, desiccation and storage temperature on germination of Carissa 
edulis, Vangueria madagascariensis and Ximenia americana seeds. Journal of 
Tropical Forest Science 18(2): 124-129. 

Mackinnon, P.J. and Alderton, M.R. 2000. An investigation of the degradation of the 
plant toxin, ricin by sodium hypochlorite. Toxicon 38: 287-291. 

Mallick, R.N., Das, P.C. and Chatteiji, S.M. 1985. Antifeeding properties of Swertia 
chirata against jute semilooper (Anomis sabulifera Guen). Current Science 
54(21): 1110-1112. 

Maloof, J.N., Borevitz, J.O., Weigel, D. and Chory, J. 2000. Natural variation in 
phytochrome signaling. Seminars in Cell and Developmental Biology 11: 523-
530. 

Mandai, S. and Chateijee, A. 1987. Structure of chiratanin, a novel dimeric xanthone. 
Tetrahedron Letter 28: 1309-1310. 

Mandai, S., Das, P.C., Sidkar, S., Islam, C.N. and Dutta, M.K. 1992. Anti
inflammatory action of Swertia chirata. Fitoterapia 63: 80-83. 

Manjkhola, S., Dhar, U. and Rawal, R.S. 2003. Treatments to improve seed 
germination in Arnebia benthami: An endangered medicinal herb of high 
altitude Himalaya. Seed Science and Technology 31: 571-577. 

Manjunath, K.P., Kulkarni, G.T. and Patil, K.S. 2006. Preliminary phytochemical 
investigation and wound healing activity of the root of Swertia chirata Buch. 
Ham. (Gentianaceae). Indian Drugs 43: 535-537. 

Maqsood, M., Zamir, S.I., Akbar, N. and Zaidi, M.M. 1999. Comparative study on 
phenology, growth and yield of different mungbean (Vignia radiate L.) varieties. 
International Journal of Agriculture and Biology 1(3): 116-117. 

Martensson, L.M. 2010. The influence of soil pH on plant and microbial communities 
in sandy grasslands. PhD Thesis, Lund University, Lund, Sweden. 

Martinez-Calvo, J., Badenes Liacer, G., Bleiholder, H., Hack, H. and Meier, U. 1999. 
Phenological growth stages of loquat tree Eriobotrya japonica (Thunb.) Lind!. 
Annals of Applied Biology 134(3): 353-357. 

Martinkova, z., Honek, A. and Lukas, J. 2006. Seed age and storage conditions 
influence germination of barnyardgrass (Echinochloa crus-galli). Weed Science 
54: 298-304. 

Maschinski, J., Baggs, J.E. and Sacchi, C.F. 2004. Seedling recruitment of an 
endangered limestone endemic in its natural habitat and experimental 
reintroduction sites. American Journal of Botany 91: 689-698. 

McCormack, J.H. 2004. Seed storage and propagation: Principles and practices of 
seed harvesting, processing, and storage. An organic seed production manual 
for seed growers in the Mid-Atlantic and Southern U.S. Version 1.3. (available: 
www.saving ourseed.org). 

Mcintyre, G.I., Cessana, A.J. and Hsaio, A.I. 1996. Seed dormancy in Avenafatua: 
Interacting effects of nitrate, water and seed coat injury. Physiologia Plantarum 
97: 291-302. 

265 



McNeilly, T. and Antonovics, J. 1968. Evolution in closely adjacent plant 
populations. IV. Barriers to gene flow. Heredity 23(2): 205-219. 

Medda, S., Mukhopadhya, S. and Basu, M.K. 1999. Evaluation of the in-vivo activity 
and toxicity of amarogentin, an antileishmanial agent, in both liposomal and 
niosomal forms. Journal of Antimicrobial Chemotherapy 44(6): 791-794. 

Mechanna, H.T., Martin, G.C. and Nishijima, C. 1985. Effects of temperature, 
chemical treatments and endogenous hormone content on peach seed 
germination and subsequent seedling growth. Scientia Horticulturae 27: 63-73. 

Menzel, A., Sparks, T.H., Estrella, N., Koch, E., Aasa, A., Ahas, R., Alm-Kubler, K., 
Bissolli, P., Braslavska, 0., Briede, A., Chmielewski, P.M., Crepinsek, Z., 
Curnel, Y., Dahl, A., Defila, C., Donnelly, A., Filella, Y., Jatczak, K., Mage, F., 
Mestre, A., Nordli, Y., Penuelas, J., Pirinen, P., Remisova, V., Scheifinger, H., 
Striz, M., Susnik, A., Van Vliet, A.J.H., Wielgolaski, F.E., Zach, S. and Zust, A. 
2006. European phenological response to climate change matches the warming 
pattern. Global Change Biology 12(10):b1969-1976. 

Meuse!, H., Jager, E., Rauscert, S. and Weinert, E. 1978. Vergleichende Chorologie 
der Zentraleuropaischen Flora II (Karten). VEB Gustav Fisher Verlag, Jena, 
Germany. 

Meyer, S.A., McArthur, E.D. and Jorgensen, G.L. 1989. Variation in germination 
response to temperature in rubber rabbitbrush (Chrysothamnus nauseosus: 
Asteraceae) and its ecological implication. American Journal of Botany 76: 981-
991. 

Meyer, S.E. and Monsen, S.B. 1991. Habitat-correlated variation in mountain big 
sagebrush (Artemisia tridentata ssp. vaseyana) seed germination patterns. 
Ecology 72: 739- 742. 

Michael, P. 1990. Ecological methods for field and laboratory investigations. Tata 
McGraw-Hill, New Delhi, India. 

Mishra, D.N. 2009. Medicinal plants for the treatment of fever (Jvarachikitsa) in the 
Madhavachikitsa tradition in India. Indian Journal of Traditional Knowledge 8: 
352-361. 

Mishra, R. 1968. Ecological work book. Oxford & IBH Publishing Company, New 
Delhi, India. 

Moles, A.T. and Westoby, M. 2004a. Seedling survival and seed size: a synthesis of 
the literature. Journal of Ecology 92(3): 372-383. 

Moles, A.T. and Westoby, M. 2004b. What do seedlings die from and what are the 
implications for evolution of seed size? Oikos 106(1): 193-199. 

Muenscher, W.C. 1936. Storage and germination of seeds of aquatic plants. Bulletin 
of the Cornell University Agricultural Experiment Station 652: 1-17. 

MukheJjee, B. and MukheJjee, S.K. 1987. Blood sugar lowering activity of Swertia 
chirata (Buch. Ham) extract. International Journal of Crude Drug Research 25: 
97-102. 

MukheJjee, S., Sur, A. and Maiti, B.R. 1997. Hepato-protective effect of Swertia 
chi rata on rats. Indian Journal of Experimental Biology 35: 384-388. 

266 



Mukhetjie, S.M. 1966. Effect of storage on germinability of Chenopodium album 
seeds. In P.C. 480. Annual Report. I July 1964 to 30 June 1966, pp: 128-130. 

Muller, E., Cooper, E.J. and Alsos, I. G. 2011. Germinability of arctic plants id high in 
perceived optimal conditions but low in the field. Botany 89(5): 337-348. 
doi: 10.1139/B 11-022. 

Nadeem, M., Palni, L.M.S., Purohit, A.N., Pandey, H. and Nandi, S.K. 2000. 
Propagation and conservation of Podophyllum hexandrum Royle: an important 
medicinal herb. Biological Conservation 92: 121-129. 

Nadkarni, K.M. 1976. Indian Materia Medica. Bombay Popular Prakashan, Bombay 
1:1184--1186. 

Nadkatni, K.M. 1998. Indian plants and drugs with their medicinal properties and 
uses. Asiatic Publishing House, Delhi. 

Nagpal, A. and Karki, M. 2004. A study on marketing opportunities for medicinal, 
aromatic, and dye plants in South Asia. IDRC, Canada and Medicinal and 
Aromatic Plants Program in Asia (MAPPA), New Delhi. 

Nasreen, S., Khan, B.R. and Mohmad, A.S. 2000. The effect of storage temperature, 
storage period and seed moisture content on seed viability of soya bean. 
Pakistan Journal of Biological Sciences 3(12): 2003-2004. 

Nautiyal, B.P., Chauhan, R.S., Prakash, V., Purohit, H. and Nautiyal, M.C. 2003a. 
Population studies for the evaluation of germ plasm and threat status of the alpine 
medicinal herb, Nardostachys jatamansi. Plant Genetic Resource Newsletter 
136:34-39. 

Nautiyal, 'B.P., Prakash, V., Bahuguna, R., Maithani, U.C., Rajashekran, C., Bisht, H. 
and Nautiyal, M.C. 2002. Population study for monitoring the status of rarity of 
three aconite species in Garhwal Himalaya. Tropical Ecology 43: 297-303. 

Nautiyal, B.P., Prakash, V., Chauhan, R.S., Purohit, H. and Nautiyal, M.C. 2001. 
Assessment of germinability, productivity and cost benefit analysis of 
Picrorhiza kurrooa cultivated at lower altitudes. Current Science 81(5): 579-
585. 

Nautiyal, B.P., Prakash, V., Maithani, U.C., Chauhan, R.S., Purohit, H. and Nautiyal 
M.C. 2003b. Germinability, productivity and economic viability of Rheum 
emodi Wall. ex Meissn. cultivated at lower altitude. Current Science 84(2): 143-
148. 

Nautiyal, M.C., Nautiyal, B.P. and Prakash, V. 2004. Effect of grazing and climatic 
changes on alpine vegetation of Tungnath, Garhwal Himalaya, India. The 
Environmentalist 24: 125-134. 

Nautiyal, M.C. and Purohit, A.N. 2000. Cultivation of Himalayan Aconites under 
polyhouse conditions. Current Science 78(9): 1062-1063. 

Nautiyal, S., Badola, H.K., Pal, M. and Negi, D.S. 1994. Plant responses to water 
stress: Changes in growth, dry matter production, stomatal frequency and leaf 
anatomy. Biologia Plantarum Praha 36: 91-97. 

267 



Navarro, L. and Guitians, J. 2003. Seed germination and seedling survival of two 
threatened endemic species of the northwest Iberian peninsula. Biological 
Conservation 109: 313-320. 

Nawab, A., Yunus, M., Mahdi, A.A. and Gupta, S. 2011. Evaluation of anticancer 
properties of medicinal plants from the Indian sub-continent. Molecular and 
Cellular Pharmacology 3(1): 21-29. 

Negi, H.R. and Upreti, D.K. 2000. Species diversity and relative abundance of lichens 
in Rumbak catchment of Hemis National Park in Ladakh. Current Science 78: 
1105-1112. 

Nemomissa, S. 1998. A synopsis of Swertia (Gentianaceae) in East and northeast 
tropical Africa. Kew Bulletin 53(2): 419-436. 

Nevo, E., Beiles, A. and Krugman, T. 1988. Natural selection of allozyme 
polymorphisms: a microgeographic differentioation in wild emmer wheat 
(Triticum dicoccoides). Theoretical and Applied Genetics 75(3): 529-538. 

Nicolas, C., Nicolas, G. and Rodriguez, D. 1996. Antagonistic effects of abscisic acid 
and gibberellic acid on the breaking of dormancy of Fagus sylvatica seeds. 
Physiologia Plantarum 96(2): 244-250. 

Nikolaeva, M.G. 1977. Factors controlling the seed dormancy pattern. In: The 
physiology and biochemistry of seed dormancy and germination. Edited by 
Khan, A.A. North-Holland Publication Co., Amsterdam, pp. 51-54. 

Nilsson, M.C., Zackrisson, 0., Sterner, 0. and Wallstedt, A. 2000. Characterisation of 
the differential interference effects of two boreal dwarf shrub species. Oecologia 
123: 122-128. 

NMPB. 2002. Promotional and commercial schemes: Operational guidelines for 
financial schemes. National Medicinal Plant Board, New Delhi. 

Nobel, P.S. 1980. Morphology, nurseplants, and minimal apical temperatures for 
young Carnegia gigantea. Botanical Gazette 141: 188-191. 

Odland, A. and Birks, H.J.B. 1999. The altitudinal gradient of vascular plant species 
richness in Aurland, western Norway. Ecography 22: 548-566. 

Oelke, E.A. and Albrecht, K.A. 1985. Influence of chemical seed treatments on 
germination of dormant wild rice seeds. Crop Science 20: 595-598. 

Ojeda, M., Coirini, R., Cosiansi, J., Zapata, R. and Zygadlo, J. 2001. Evaluation of 
variability in natural populations of peperina (Minthostachys mol/is (Kunth.) 
Griseb. ), an aromatic species from Argentina. Plant Genetic Resource 
Newsletter 126: 27-30. 

Oleskog, G. and Sahlen, K. 2000. Effects of seedbed substrate on moisture conditions 
and germination of Scots pine (Pinus sylvestris) seeds in a mixed conifer stand. 
New Forest 20: 119-133. 

Olsen, C.S. 2005. Valuation of commercial central Himalayan medicinal plants. 
Ambio 34: 607-610. 

Olsen, C.S. and Larsen, H.O. 2003. Alpine medicinal plant trade and Himalayan 
mountain livlihood strategies. The Geographic Journal!69(3): 243-254. 

268 



Omolaja, S.S., Aikpokpodion, A., Adedeji, A. and Vwioko, D.E. 2009. Rainfall and 
temperature effects on flowering and pollen productions in Cocoa. African Crop 
Science Journal17(1): 41-48. 

Onyekwelua, J.C. and Fayose, O.J. 2007. Effect of storage methods on the 
germination and proximate composition of Treculia africana seeds. Conference 
on International Agricultural Research for Development, October 9-11, 2007. 
University of Kassel-Witzenhausen and University of Gottingen, Tropentag. 

Ortega, I.R., Coronado, M.E.S. and Segovia, A.O. 2009. Seed germination in 
Marathrum schiedeanum and M. rubrum (Podostemaceae). Aquatic Botany 90: 
13-17. 

Osunkoyo, 0.0.1999. Population structure and breeding biology in relation to 
conservation in the Gardenia actinocarpa (Rubiaceae) - a rare shrub of North 
Queensland rainforest. Biological Conservation 88: 347-359. 

Otroshy, M., Zamani, A., Khodambashi, M., Ebrahimi, M. and Struik, P.C. 2009. 
Effect of exogenous hormones and chilling on dormancy breaking of seeds of 
asafoetida (f'erula assafoetida L.). Research Journal of Seed Science 2(1): 9-15. 

Ouinsavi, C. and Sokpan, N. 2010. Morphological variation and ecological structure 
of Iroko (Milicia excelsa Welw. C.C. Berg) populations across different 
biogeographical zones in Benin. International Journal of Forestry. Article ID 
658396, 10 pages, doi:10.1155/2010/658396. 

Overbeck, G., Kiehl, K. and Abs, C. 2003. Seedling recruitment of Succisella inflexa 
in fen meadows: importance of seed and microsite avaiiability. Applied 
Vegetation Science 6: 97-104. 

Palevitch, D. 1991. Agronomy applied to medicinal plant conservation. In: 
Proceedings of an International consultation "The conservation of medicinal 
plants". Edited by Akerele, 0., Heywood, V. and Synge, H. 21-27 March 1988, 
Chang Mai, Thailand, Cambridge University Press, UK, pp. 168-178. 

Pandey, A.K. and Mandai, A.K. 2008. Cultivation of Andographis paniculata. 
Journal of Tropical and Medicinal Plants 9(1): 178-182. 

Pandey, A., Nadeem, M. and Palni, L.M.S. 2002. Improvement in seed germination of 
Himalayan Yew through simple soil treatments. Indian Journal of Forestry 
25:109-113. 

Pandey, H., Nandi, S.K., Nadeem, M. and Palni, L.M.S. 2000. Chemical stimulation 
of seed germination in Aconitum heterophyllum Wall, and A. balfourii Stapf. : 
Important Himalayan species of medicinal value. Seed Science and Technology 
28(1): 39-48. 

Parab, G.V. and Krishnan, S. 2008. Assessment of genetic variation among 
populations of Rhynchostylis retusa, an epiphytic orchid from Goa, India using 
ISSR and RAPD markers. Indian Journal of Biotechnology 7(3): 313-319. 

Parmesan, C. and Yohe, G. 2003. A globally coherent fingerprint of climate change 
impacts across natural systems. Nature 421(2): 37-42. 

Pavlova, D. 2009. Morphological variations in Teucrium chamaedrys in serpentine 
and non-serpentine population. Northeastern Naturalist 16: 39-55. 

269 



Pavon, N.P., Hernandez-Trejo, H. and Rico-Gray V. 2000. Distribution of plant life 
forms along altitudinal gradient in the semi-arid valley of Zapotitlan, Mexico. 
Journal of Vegetation Science 11:39-42. 

Penuelas, J. and Filella, I. 2001. Phenology - responses to a warming world. Science 
294: 793-795. 

Perez- Gracia, F. 2008. Effect of cryopreservation, gibberellic acid and mechanical 
scarification on the seed germination of eight endemic species from the Canary 
Islands. Seed Science and Technology 36: 237-242. 

Perez-Garcia, F., Iriondo, J.M. and Martinez-Laborde, J.B. 1995. Germination 
behaviour in seeds of Diplotaxis erucoides and D. virgata. Weed Research 35(6): 
495-502. 

Phoboo, S., Jha, P.K. and Bhowmik, P.C. 2008. Biology and phytochemistry of 
Swertia chirayita. In: Medicinal plants in Nepal: An anthology. Edited by Jha, 
P.K., Karmacharya, S.B., Chettri, M.K., Thapa, C.B., and Shrestha, B.B. 
Ecological Society (ECOS), P.O. Box 6132, Kathmandu, Nepal, pp. 203-211. 

Phoboo, S. and Jha, P.K. 2010. Trade and sustainable conservation of Swertia 
chirayita (Roxb. Ex Fleming) H. Karst in Nepal. Nepal Journal of Science and 
Technology 11: 125-132. 

Phoboo, S., Pinto, M.D.S., Bhowmik, P.C., Jha, P.K. and Shetty, K. 2010. 
Quantification of major phytochemicals of Swertia chirayita, a medicinal plant 
from Nepal. Ecoprint 17: 59-68. 

Pinheiro, F. and Borghetti F. 2003. Light and temperature requirements for 
germination of seeds of Aechmea nudicaulis (L.) Griesebach and Streptocalyx 
jloribundus (Martins ex Schultes F.) Mez (Bromeliaceae). Acta Botanica 
Brasilica 17(1): 27-35. 

Pirzad, A., Shakiba, M.R., Zehtab-Salmasi, S., Mohammadi, A., Darvishzadeh, R. and 
Hassani, A. 2010. Phenology of German Chamomile and its changes under· 
different irrigation regimes and plant densities. Notulae Scientia Biologicae 2(1 ): 
43-48. 

Planning Comission. 2000. Report of the task force on medicinal plants in India. 
Planning Comission, Government oflndia, New Delhi, India. 

Plummer, J.A. and Bell, D.T. 1995. The effect of temperature, light and gibberlic acid 
(GA3) on the germination of Australian everlasting daisies (Asteraceae, Tribe 
Inuleae). Austtralian Journal of Botany 43: 93-102. 

Pons, T.L. 2000. Seed responses to light. In: Seeds: the ecology of regeneration in 
plant communities. 2"d Edition. Edited by Fenner M, CAB International, New 
York, USA, pp. 237-261. 

Poschlod, P., Dannemann, A., Kahmen, S. and Melzheimer, V., Biedermann, H. and 
Mengel. C. 2000. Genes in the landscape. Changes in central European land use 
and its impact on genetic diversity of plants. Schriftenreihefur Vegetationskunde 
32:111-127. 

Poschlod, P. and Jackel, A.K. 1993. Studies of seed rain and seed bank in two 
calcareous grassland sites of the Schwabisch Alb. Flora 188:49-71. 

270 



Pradhan, B.K. and Badola, H.K. 2008. Ethnomedicinal plant use by Lepcha tribe of 
Dzongu valley, bordering Khangchendzonga Biosphere Reserve, in North 
Sikkim, India. 'Journal of Ethnobiology and Ethnomedicine 4: 22. 
doi: I 0.118611746-4269-4-22. 

Prajapti, N.D., Purohit, S.S., Sharma, A.K. and Kumar, A. 2003. Handbook of 
Medicinal Plants. Agrobios, India. 

Prasad, B.N. 1999. Effect ofGA3 on seed germination and seedling growth of Swertia 
chirayita and its medicinal uses in Nepal. Vasundhara 4: 93-96. 

Principe, P. 1991. Monetising the pharmacological benefits of plants. US 
Environmental protection Agency, Washington, DC. 

Probert, R.J., Smith, R.D. and Birch, P. 1985. Germination responses to light and 
alternating temperatures in European populations of Dactylis glomerata L. I. 
Variability in relation to origin. New Phytologist 99: 305-316. 

Puijalon, S. and Bornette, G. 2004. Morphological variation of two taxonomically 
different plant species along a natural flow velocity gradient. New Phytologist 
163: 651-660. 

Purohit, H., Nautiyal, B.P. and Nautiyal, M.C. 2008. Interpopulation variation 
in Pi_crorhiza kurrooa Royle ex Benth - step towards identifYing genetic 
variability and elite strains for crop improvement study. American Journal of 
Plant Physiology 3: 154-164. 

Purushothaman, K.K., Sarada, A. and Narayanaswami, V. 1973a. Chemical 
examination of Swertia chirata. Leather Science 20: 132-134. 

Purushothaman, K.K., Sarada, A. and Narayanaswami, V. 1973b. Chemical 
examination of kiratatikta (Swertia chirata). Journal of Research in Indian 
Medicine 8: 23-28. 

Qu, X.X., Huang, Z.Y., Baskin, J.M. and Baskin, C. C. 2008. Effect of temperature, 
light and salinity on seed germination and radicle growth of the geographically 
widespread halophyte shrub Halocneum strobilaceum. Annals of Botany 101: 
293-299. 

Rafatullah, S., Tariq, M., Mossa, J.S., Al-Yahya, M.A., Al-Said, M.S. and Agee!, 
A.M. 1993. Protective effect of Swertia chirata against indomethacin and other 
ulcerogenic agent induced gastric ulcers. Drugs Experimental Clinical Research 
19(2): 69-73. 

Rai, L.K., Prasad, P. and Sharma, E. 2000. Conservation threats to some important 
medicinal plants of the Sikkim Himalaya. Biological Conservation 93: 27-33. 

Raina, R., Johri, A.K. and Srivastava, L.J. 1994. Seed germination studies in Swertia 
chirata L. Seed Research 22: 62-63. 

Ralph, P.J., Morrison, D.A. and Addison, A. 1998. A quantitative study of the 
patterns of morphological variation within Hormosira banksii (Turner) Decaisne 
(Fucales: Phaeophyta) in south-eastern Australia. Journal of Experimental 
Marine Biology and Ecology 225: 285-300. 

Ramirez, N. 2002. Reproductive phenology, life forms, and habitats of Venezulan 
central plain. American Journal of Botany 89(5): 836-842. 

271 



Ramiro, M.L., Perez-Garcia, F. and Aguinagalde, I. 1995. Effect of different seed 
storage conditions on germination and isozyme activity in some Brassica 
species. Annals of Botany 75: 579-585. 

Rao, N.K., Roberts, E.H. and Ellis, R.H. 1987. Loss of viability in lettuce seeds and 
the accumulation of chromosome damage under different storage conditions. 
Annals of Botany 60(1): 85-96. 

Rao, S., Pandey, V., Soni, A. and Naithani, S.C. 2009. Ex-situ seed storage behavior 
of Dipcadi saxorum Blatter, an endangered species from India. Journal of New 
Seeds 1 0( 4): 282-292. 

Raskoti, B.B. and Shakya, S.R. 2004. Morphological variation of Swertia chirayta 
(Roxb. ex Flem.) Karst. Botanica orienta/is: Journal of Plant Science 4(1): 32-
35. 

Rastogi, D. and Srivastava, L.J. 1996. Variability estimates for some selected 
characters contributing to the bitter principle in Swertia chirayita Karst. Journal 
of Non-Timber Forest Products 3: 7-9. 

Rath, B. 2005. Globalisation, global trend in herbal market, and the impact thereof 
on medicinal plants in Orissa. V asundhara, Bhubaneswar, Orissa, India. 

Rawal, J.R. 2003. Medherb Green Pages - India 2003. Rawal Publishers and 
Distributors, Delhi. 

Rawal, R.S., Bunkoti, N.S., Samant, S.S. and Pangtey, Y.P.S. 1991. Phenology of tree layer species 
from the timber line around Kumaun in Central Himalaya. India Vegetation 93: 109-118. 

Ray, S., Majumder, H.K., Chakravarty, A.K., Mukhop~~yay, S., Gil, R.R. and 
Cordell, G.A. 1996. Amarogentin, a naturally occumng secoiridoid glycoside 
and a newly recognized inhibitor oftopoisomerase 1 fr~m Leishmania donovani. 
Journal of Natural Product 59(1): 27-29. .. 

Reen, R.K., Karan, M., Singh, K., Karan, K., Johri, R.K. and Singh, J. 2001. 
Screening of various Swertia species extracts in primary monolayer cultures of 
rat hepatocytes against carbon tetrachloride and paracetamol-induced toxicity. 
Journal of Ethnopharmacology 75: 239-247. 

Ren, J., Zixue, J. and Tao, L. 2005. Effect of temperature on seed germination of 
seven Calligonium species. Pakistan Journal of Botany 37(3): 651-660. 

Rijal, D.P. 2009. Taxonomic study of some medicinally important species of Swertia 
L. (Gentianaceae) in Nepal. Botanica Orienta/is -Journal of Plant Science 6: 
18-24. 

Ritchie, G.A. 1984. Assessing seedling quality. In: Forest nursery manual production 
of bare root seedlings. Edited by Duryea, M.L. and Landis, T.D. Martinus 
Nijhoff /Dr. W. Junk Publishers, The Hague, Netherland, pp. 243-259. 

Roberts, E.H. 1972. Storage environment and the control of viability In: Viability of 
seeds. Edited by Roberts, E.H. Chapman and Hall, London, UK, pp. 14-58. 

Roberts, E.H. 1973. Predicting the storage life of seeds. Seed Science and Technology 
1: 499-514. 

Roberts, E.H. 1975. Problems of long-term storage of seed and pollen for genetic 
resources conservation. In: Crop genetic resources for today and tomorrow. 

272 



Edited by Frankel, O.H. and Hawkes, J.G. Cambridge University Press, pp. 269-
298. . 

Roberts, E.H. 1988. Seed ageing-the genome and its expression. In: Senescence and 
ageing in plants. Edited by Nooden, L.D., and Leopold, A. C. Academic Press, 
New York, pp. 465-598. 

Roberts, E.H. and Smith, R.D. 1977. Dormancy and the pentose phosphate pathway. 
In: The physiology and biochemistry of seed dormancy and germination. Edited 
by Khan, A.A. North-Holland Publicatio Co., Amsterdam, pp. 385-411. 

Romanas, L. 1991. Effect of cold stratification on the germination of seeds. In: 
Physiology of forest seeds. Edited by the National Agricultural Research 
Foundation (NAGREF), Forest Research Institute, Thessaloniki. pp. 20. 

Rood, S.B., Williams, P.H., Pearce, D., Murofushi, N., Mander, L.N. and Pharis, R.P. 
1990. A mutant gene that increases gibberellin production level in Brassica. 
Plant Physiology 93: 1168-1174. 

Roos, E.E. 1982. Induced genetic changes in seed germplasm during storage. In: The 
physiology and biochemistry of seed development, dormancy and germination. 
Edited by Khan, A.A. Elsevier Biomedical Press, Amsterdam, pp. 409-434. 

Rokaya, M.B. and Ghimire, S.K. 2004. Vegetation analysis of medicinal plants in 
Dho-tarap area of Upper Dolpo, Mid-western Nepal. Botanica Orienta/is 4(1): 
46-50. 

Saba, P. and Das, A. 2010. Highlighting the anti-carcinogenic potential of an 
ayurvedic medicinal plant, Swertia Chirata. Asian Pacific Journal of cancer 
Prevention 11(6): 1445-1449. 

Saba, P., Mandai, S., Das, A., Das, P.C. and Das, S. 2004. Evaluation of anti
carcinogenic activity of Swertia chirata Buch. Ham, an Indian medicinal plant 
on DMBA - induced mouse skin carcinogenesis model. Phytotherapy Research 
18: 373-378. . 

Saba, P., Mandai, S., Das, A. and Das, S. 2006. Amarogentin can reduce hyper
proliferation by down regulation of Cox-II and up regulation of apoptosis in 
mouse skin carcinogenesis model. Cancer Letter 244: 252-259. 

Sakcali, M. and Serin, M. 2009. Seed germination behaviour of Diplotaxis tenuifolia. 
EurAsian Journal ofBioSciences 3: 107-112. 

Salimi, H. 201 0. Effect of seed storing temperature on germination of wild mustard 
(Sinapis arvensis) seeds. Rostaniha 11(1): 87-91. 

Salisbury, F.B. 1974. Plant Physiology. Prentice Hall ofindia Pvt. Ltd. New Delhi. 

Samant, S.S., Dhar, U. and Rawal, R.S. 1996. Conservation of rare endangered 
plants: the context of Nanda Devi Biosphere Reserve. In: Conservation and 
Management of Biological Resources in Himalaya. Edited by Ramakrishnan, 
P.S., Purohit, A.N., Saxena, K.G., Rao, K.S. and Maikhuri, R.K. Oxford & IBH 
Publishing Company, New Delhi, pp. 521-545. 

Samant, S.S., Dhar, U. and Palni, L.M.S. 1998. Medicinal plants of Indian Himalaya: 
Diversity, distribution potential value. Himavikas Occasional Publication No. 
13. Gyanodaya Prakashan, Nainital, India. 

273 



Samy, R.P. and Gopalkrishnakone, P. 2007. Current status of herbal and their future 
perspectives. Nature Proceedings, hdl: 101 Ol/npre.2007.1176.1. 

Sanz-Cortes, F., Martinez-Calvo, J., Badenes, M.L., Bleiholder, H, Hack, H., Llacer, 
G. and Meier, U. 2002. Phenological growth stages of olive trees (Olea 
europaea). Annals of Applied Biology 140: 151-157. 

Sapir, Y., Shmida, A., Fragman, 0. and Comes, H.P. 2002. Morphological variation 
of the Onocyclus irises (Iris: Iridaceae) in the southern Levant. Botanical 
Journal of the Linnean Society 139: 369-382. 

Sastry, D.V.S.S.R., Upadhyaya, H.D. and Gowda, C.L.L. 2006. Degluming, storage 
and testing periods influence seed germination of wild sorghum germplasm. SAT 
ejournal2(1). 

Sastry, D.V.S.S.R., Upadhyaya, H.D. and Gowda, C.L.L. 2007. Survival of groundnut 
seeds under different storage conditions. SaT ejournal5(1). 

Satishkumar, P., Paulsamy, S. and Anandkumar, A.M. 2010. Variation in physical 
characters and evaluation of genetic diversity in Acacia caesia var. caesia (L.) 
Willd. in an environmental gradient in the Western Ghats of Tamil Nadu, India. 
Maejo International Journal of Science and Technology 4(03): 533-539. 

Saxena, A.M., Bajpei, M.B. and Mukheijee, S.K. 1991. Swerchirin induced blood 
sugar lowering of streptozotocin treated hyperglycemic rats. Indian Journal of 
Experimental Biology 29(7): 674-675. 

Saxena, A.M., Bajpai, M.B., Murthy, P.S. and Mukheijee, S.K. 1993. Mechanism of 
blood sugar lowering by a swerchirin-containing hexane fraction (SWI) of 
Swertia chirayita. Indian Journal of Experimental Biology 31: 178-181. 

Saxena, A.M. and Mukheijee, S.K. 1992. Mechanism of blood sugar lowering action 
of Swertia chirayita: effect of impure swerchrin (SWI) on insulin release from 
isolated beta cells of the pancreas. Journal of Microbiology and 
Biotechnology 7: 27-29. 

Scartezzini, P. and Speroni, E. 2000. Review of some plants of Indian traditional 
medicine with anti-oxidant activity. Journal ofEthnopharmacology 71(1-2): 23-
43. 

Schaber, J. and Badeck, F.W. 2005. Plant phenology in Germany over the 20th 
century. Regional Environmental Change 5: 37-46. 

Schemske, D.W., Husband, B.C., Ruckelshaus, M.H., Goodwillie, C., Parker, I.M. 
and Bishop, J.G. 1994. Evaluating approaches to the conservation of rare and 
endangered plants. Ecology 75: 584-606. 

Schippmann, U., ·Leaman, D.J. and Cunningham, A.B. 2002. Impact of cultivation 
and gathering of medicinal plants on biodiversity: global trends and issues. 
Biodiversity and the Ecosystem Approach in Agriculture, Forestry and Fisheries. 
Satellite event on the occasion of the Ninth Regular Session of the Commission 
on Genetic Resources for Food and Agriculture. Inter-Departmental Working 
Group on Biological Diversity for Food and Agriculture, Rome. 

Schmidt, L. 2002. Guide to handling of tropical and subtropical forest seeds. Dandia 
Forest Seed Centre, Publisher: Barch Tyrk A/S, Denmark. 

274 



Schutz, W. aJ"!d Milberg, P. 1997. Seed dormancy in Carex canescens: regional 
differences and ecological consequences. Oikos 78: 420-428. 

Scoweroft, P.G. 1988. Germiiiability of Cook pine (Araucaria columnaris) seeds 
under different storage conditions. Tree Planters' Notes 38(3): 17-25. 

Semwal, D.P., Saradhi, P.P., Nautiyal, B.P. and Bhatt, A.B. 2007. Current status, 
distribution and conservation of rare and endangered medicinal plants of 
Kedarnath Wildlife Sanctuary, Central Himalayas, India. Current Science 
92(12): 1733-1738. 

Serebryanaya, A. and Shipunov, A. 2009. Morphological variation of plants on the 
uprising islands of northern Russia. Annates Botanici Fennici 46: 81-89. 

Serrano-Bemardo, F., Rosua, J.L. and Diaz-Miguel, M. 2007. Light and temperature 
effects on seed germination of four native species of Mediterranean high 
mountains (Spain). Pyton - International Journal of Experimental Botany 76: 
27-38. 

Shah, S.H. 2007. Physiological effects of pre-sowing seed treatment with gibberellic 
acid on Nigella sativa L.; Acta Botanica Croatia 66: 67-73. 

Shannon, C.E. and Weiner, W. 1963. The mathematical theory of communication. 
University of Illinois Press, Urbaba, IL, USA. 

Sharma, B. and Sharma, U.K. 2009. Hepatoprotective activity of some indigenous 
herb. International Journal of PharmTech Research 1(4): 1330-1334. 

Sharma, C.M., Suyal, S., Gairola, S. and Ghildiyal, S.K. 2009. Species richness and 
diversity along an altitudinal gradient in moist temperate forest of Garhwal 
Himalaya. Journal of American Science 5(5): 119-128. 

Sharma, G., Nautiyal, B.P. and Nautiyal, A.R. 2009. Seedling emergence and survival 
in Cinnamomum tamala under varying micro-habitat conditions: conservation 
implications. Tropical Ecology 50(1): 201-209. 

Sharma, I.N.S., Singh, A.K. and Singh, S.P. 1992. Allelopathic potential of some 
plant substances as anti-feedant against insect pests of jute. Proceedings of first 
National symposium on Allelopathy in Agro-ecosystems, India Society of 
Allelopathy, HAU, Hisar, India, pp. 157-176. 

Sharma, K.D., Singh, B.M., Sharma, T.R., Katoch, M. and Guleria, S. 2000. 
Molecular analysis of variability in Phodophyllum hexandrum Royle - an 
endangered medicinal herb of northwestern Himalaya. Plant Genetic Resource 
Newsletter 124: 57-61. 

Sharma, P.V. 1982. Alkaloids of Swertia chirata. Indian Journal of Pharmaceutical 
Sciences 44: 36-52. 

Sharma, P.V. 1983. Triterpenoids of Swertia chirata. Indian Journal of 
Pharmaceutical Sciences 45: 222. 

Sharma, R.K., Sharma, S. and Sharma, S.S. 2006. Seed germination behaviour of 
some medicinal plants of Lahul and Spiti cold desert (Himachal Pradesh): 
implications for conservation and cultivation. Current Science 90(8): 1113-1118. 

Sharma, S., Rathi, N., Kamal, B., Pundir, D., Kaur, B. and Arya, S. 2010. 
Conservation of biodiversity of highly important medicinal plants of India 

275 



through tissue culture technology - A review. Agriculture and Biology Journal 
ofNorthAmerica 1(5): 827-833. 

Sharma, S.N., Sinka, R.K., Sharma, D.K. and Jha, Z. 2009. Assessment of intra
specific variability at morphological, molecular and biochemical level of 
Andrographis paniculata (Kalmegh). Current Science 96(3): 402-408. 

Sher, H., Alyemeni, M.N. and Faridullah. 2010a. Cultivation and domestication study 
of high value medicinal plant species (Its economic potential and linkages with 
commercialization). African Journal of Agricultural Research 5(18): 2462-2470. 

Sher, H., Hussain, F. and Sher, H. 2010b. Ex-situ management of some high value 
medicinal plant species in Swat, Pakistan. Ethnobotany Research and 
Applications 8: 18-24. 

Sher, H., Melick, D. and Khan, Z. ud-Ud. 2005. Ex-situ cultivation of medicinal plant 
species in high altitude at Swat, Pakistan. Acta Botanica Yunnanica 27(6): 676-
684. 

Shivkkumar, V., Anandlakshmi, R., Warrier, R.R., Tigabu, M., Oden, P.C., 
Vijayachandran, S.N., Geetha, S. and Singh, B.G. 2006. Effect of presowing 
treatments, desiccation and storage conditions on geirnination of Strychnos nux
vomica seeds, a valuable medicinal plant. New Forest 32: 121-131. 

Shrestha, B.B. and Jha, P .K. 2008. Habitat range of two alpine medicinal plants in a 
trans-Himalaya dry valley, central Nepal. Journal of Mountain Science 6(1 ): 66-
77. 

Shrestha, B.B. and Jha, P.K. 2010. Life history and population status of the endemic 
Himalaya Aconitum naviculare. Mountain Research and Development 30(4): 
353-364. 

Siddique, A.B. and Wright, D. 2003. Effects of different seed drying methods on 
moisture percentage and seed quality (viability and vigour) of pea seeds (Pisum 
sativum L.). Pakistan Journal of Agronomy 2(4): 201-208. 

Silva, E.A.A.D., Davide, A.C., Faria, J.M.R., Melo, D.L.B.D. and Albreu, G.B.D. 
2004. Germination studies in Tabebuia impetiginosa Mart. Seeds. Cerne 10: 1-9. 

Silveira, F.A.O., Santos, J.C. and Fernandes, G.W. 2010. Seed germination 
ecophysiology of the wild pineapple, Ananas ananassoides (Baker LBSm 
(Bromeliaceae). Acta Botanica Brasilica 24(4): 1100-1103. 

Simao, E. and Takaki, M. 2008. Effects of light and temperature on seed germination 
in Tibouchina mutabilis (Veil.) Vogn. (Melastomataceae). Biota Neotropica 
8(2): 63-68. 

Singh, A. 2008. Phytochemicals of Gentianaceae: a rview of pharmacological 
properties. International Journal of Pharmaceutical Science and 
Nanotechnology 1 (1 ): 33-36. 

Singh, R.D., Ahuja, P.S., Nahar, P.K., Kaul, V.K., Singh, B., La!, B., Vats, S.K., 
Yadav, P. and Mishra, S. 2000. Effect of manuring and shade on yield and 
quality of Valeriana wallichii L. Medicinal and Aromatic Plant Sciences 22(1B): 
669-670. 

276 



Sivkumar, V., Anandlakshmi, R., Warrier, R.R., Tigabu, M., Oden, P.C., 
Vijayachandran, S.N., Geetha, S. and Singh, B. G. 2006. Effect of presowing 
treatments, desiccation and storage conditions on germination of Strychnos nux
vomica seeds, a valuable medicinal plant. New Forests 32: 121-131. 

Sivritepe, H.O. and Dourado, A.M. 1998. The effect of storage environment on seed 
survival and the accumulation of chromosomal aberrations in Pea landraces and 
cultivars (Pisum sativum L.). Turkish Journal of Botany 22: 223-232. 

Smart, R.E. and Sinclair, T.R. 1976. Solar heating of grape berries and other spherical 
fruits. Agricultural Meteorology 17:241-259. 

Smith, M. and Capelle, J. 1992. Effects of soil surface microtopography and litter 
cover on germination, growth and biomass production of chicory ( Cichorium 
intybus L.). American Midland Naturalist 128: 246-253. 

Snedecor, G.W. and Cochran, W.G. 1967. Statistical Method. Oxford and ffiH 
Publishing Co. Pvt. Ltd. New Delhi, India. 

Socolowski, F., Vieira, D.C.M. and Takai, M. 2008. Interaction of temperature and 
light on seed germination in Tecoma stans L. Juss. ex Kunth (Bignoniaceae). 
Brazilian Archives of Biology and Technology 51 ( 4): 723-730. 

Spyros, T., Ioannis, T., Vassiliki, K. and Dimitriosm A. 2008. Niche analysis and 
conservation of the orchids of east Macedonia (NE Greece). Acta Oecologica 
33: 27-35. 

Sreenivasulu, Y., Chanda, S.K. and Ahuja, P.S. 2008. Ethanol induced seed 
germination in Aconitum heterophyllum Wall.: An endangered medicinal herb of 
the North-West Himalayas. Indian Journal of Plant Physiology 13(2): 159-165. 

Srivastava, S., Mishra, N. and Misra, U. 2010. Neurological studies of novel 
compounds from Swertia chirayita. Journal of Chemical and Pharmaceutical 
Research 2(1): 125-134. 

Stebbins, G.L. 1971. Adaptive radiation of reproductive characteristics of 
Angiosperms II. Seeds and seedlings. Annual Review of Ecology and 
Systamatics 2:237-260. 

Stech, M. and Tesitetel, J. 2005. Morphometric and RAPD study of Melampyrum 
sylvaticum group in the Sudeten, the Alps and Carpathians. Folia Geobotanica · 
40(2/3): 177-193. 

Steenbergh, W.F. and Lowe, C.H. 1977. Ecology of the saguaro.!!. Reproduction, 
germination, establishment, growth and survival of the young plant. National 
Park Service Scientific Monograph Series 8. National Park Service, Washington, 
DC. 

Stevens, G.C. 1992. The elevational gradient in altitudinal range: an extension of· 
Rapoport's latitudinal rule to altitude. American Naturalist 140: 893-911. 

Sugahara, V.Y. and Takaki, M. 2004. Effect of light and temperature on seed 
germination in guava (Psidium guajava L. - Myrtaceae). Seed Science and 
Technology 32(3): 759-764. 

Suksathan, P. 2001. A new species of Swertia (Gentianaceae) from Thailand. 
Edinburgh Journal of Botany 58: 429-434. 

277 



Sultan, P., Shawl, A.S., Ramteke, P.W. and Jan, A. 2006. In vitro propagation for 
mass multiplication of Podophyllum hexandrum: a high value medicinal herb. 
Asian Journal of Plants Sciences 5(2): 19-184. 

Sundaram, R., Venkataranganna, M.V., Gopumadhavan, S. and Mitra, S.K. 1996. 
Interaction of herbomoneral preparation D-400, with oral hypoglycemic drugs. 
Journal ofEthnopharmacology 55(1): 55-61. 

Sundriyal, R.C., Joshi, A.P. and Dhasimana, R. 1987. Phenolof'y of the high altitude 
plants at Tungnath in the Garhwal Himalaya. Tropical Ecology 28: 289-299. 

Suryawanshi, S., Mehrotra, N., Asthana, R.K. and Gupta, R.C. 2006. Liquid 
chromatography I tandem mass spectrometric study and analysis of xanthone 
and secoiridoid glycoside composition of Swertia chirata, a potent antidiabetic. 
Rapid Communication in Mass Spectrometry 20: 3761-3768. · 

Suthur, A.C., Nail, V.R. and Mulani, R.M. 2009. Seed and seed germination in 
Solanum nigrum Linn. American-Eurasian Journal of Agriculture and 
Environmental Science 5 (2): 179-183. 

Sydes, C. and Grime, J.P. 198la. Effects of tree leaflitter on herbaceous vegetation in 
deciduous woodland. I. Field investigations. Journal of Ecology 69: 237-248. 

Sydes, C. and Grime JP. 198lb. Effects of tree leaflitter on herbaceous vegetation in 
deciduous woodland. II. An experimental investigation. Journal of Ecology 69: 
249-262. 

Takos, I. 1999. Electronics bank of woody plant seeds. In: Planting stock of woody 
species. Edited by Radoglou, K., and Raftoyannis, I. National Agricultural 
Research Foundation (NAGREF), Forest Research Institute, Thessaloniki, pp: 
93-109. 

Takos, I. and Merou, T. 2001. Effect of storage conditions and seed treatment on 
germination of Cedrus deodara Loud. and C. libani A. Rich. Silvae Genetica 50: 
5-6. 

Tandon, V. 1997. The status of collection, conservation, trade and potential for 
growth in sustainable use of major medicinal plant species found in the Great 
Himalayan National Park and its environs in Kullu district of Himachal Pradesh. 
Report submitted to The Wildlife Institute oflndia, Dehradun. Pp.39. 

Tebar, F.J., Gil, L. and Llorens, L. 2004. Flowering and fruiting phenology of a 
xerochamaephytic shrub community from the mountain of Mallorea (Balearic 
Islands, Spain). Plant Ecology 174: 293-303. 

Tesitel, J. and Stech, M. 2007. Morphological variation in the Melampyrum 
sylvaticum group within the transitional zone between M. sylvaticum s. str. and 
M. herbichii. Prestia 79(1): 83-99. 

Thanos, C.A., Georghious, K. and Skarou, F. 1989. Glaucium flavum seed 
germination: An ecophysiological approach. Annals of Botany 63: 121-130. 

Thibaut, G. and Nino, F.D. 2009. Morphological variations of natural populations of 
an aquatic macrophyte Elodea nuttallii in their native and in their introduced 
ranges. Aquatic Invasions 4(2): 311-320. 

278 



Thompson, B.E. 1984. Seedling morphological evaluation - What you can tell by 
looking. ln: Evaluating seedling quality: Principles, procedures and predictive 

·abilities of major test. Edited by Duryea, M.I. Workshop held: October 16-18, 
1984, Forest Research Laboratory, Oregon Sate University, pp. 59-72. 

Thompson, K., Grime, J.P. and Mason, G. 1977. Seed germination in response to 
diurnal fluctuations of temperature. Nature 26: 147-149. 

Thompson, P .A. 1981. Germination of Caryophyllaceae at low temperature in relation 
to geographical distribution. Nature 217: 1156-1157. 

Tian, L.Y., Chen, J.C., Huang, F.J. and Fang, J.B. 2008. Simultaneous determination 
of four active components in Swertia by RP-HPLC. Chinese Journal of Natural 
Medicine 6(6): 444-449. 

Ticktin, T. 2004. The ecological implications of harvesting non-timber forest 
products. Journal of Applied Ecology 41: 11-21. 

Tilki, F. and Cicek, E. 2005. Effects of stratification, temperature and storage on 
germination in three provenances of Fraxinus angustifolia subsp. oxycarpa 
seeds. Turkish Journal of Agriculture and Forestry 29: 323-330. 

Tilman, D. 1993. Species richness of experimental productivity gradients: how 
important is colonization limitation? Ecology 74:2179-2191. 

Tipirdamaz, R. and Gomurgen, A.N. 2000. The effects of temperature and gibberellic 
acid on germination of Eranthis hyemalis (L.) Salisb. seeds. Turkish Journal of 
Botany 24: 143-145. 

Tommaso, A.D. and Nurse, R.E. 2004. Impact of Sodium hypochlorite concentration 
and exposure period on germination and radicle elongation of three annual weed 
species. Seed Science and Technology 32: 377-391. 

Tooren, B.F.V. and Pon, T.L. 1988. Effect of temperature and light on germination in 
chalk grassland species. Functional Ecology 2: 303-310. 

Tredici, P.D. 2007. The phenology of sexual reproduction in Ginkgo biloba: 
ecological and evolutionary implications. The Botanical Review 73( 4): 267-278. 

Tripathi, R., Mohan, H. and Kamat, J.P. 2005. Modulation of oxidative damage by 
natural products. Food Chemistry I 00: 81-90. 

Troll, W. 1964. Die ltifloreszenzen: Typologie und Stellung im Aujbau des 
Vegetationskorpers. Vol. 1. Stuttgart, Fischer. 

Turcker, G. 2003. Nutritional enhancement of plants. Current Opinion in 
Biotechnology 14: 221-224. 

Turesson, G. 1922. The genotypical response of the plant species to the habitat. 
Hereditas 3(3): 211-357. 

Turnbull, L.A., Crawley, M.J. and Rees, M, 2000. Are plant populations seed-limited? 
A review of seed sowing experiments. Oikos 88:225-238. 

Uniyal, S.K., Awasthi, A. and Rawat, G.S. 2002a. Current status and distribution of 
commercially exploited medicinal and aromatic plants in upper Gori valley, 
Kumaon Himalaya, Uttaranchal. Current Science 82(10): 1246-1252. 

279 



Uniyal, S.K., Kumar, A., Lal, B. and Singh, R.D. 2002b. Quantitative assessment and 
traditional uses of high value medicinal plants in Chhota Bhangal area of 
Himachal Pradesh, western Himalaya. Current Science 91(9): 1238-1242. 

Uysal, I., Celik, S. and Ozkan, K. 2006. Studies on the germination of an endemic 
species Centaurea tomentella Hand.-Mazz. Pakistan Journal of Botany 38: 983-
989. 

Valladares, F. and Niinemets, U. 2008. Shade tolerance, a key plant feature of 
complex nature and consequences. Annual Review of Ecology, Evolution and 
Systematics 39:237-257. 

Van, A.J. 1998. Intraspecific variability in the context of ecological restoration 
projects. Perspectives in Plant Ecology Evolution and Systematics 1 :221-23 7. 

Van Schaik, C.P. 1986. Phenological changes in Sumatran rainforest. Journal of Tropical Ecology 
2(4): 327-347. . 

Vandelook, F., Bolle, N. and Assche J.A.V. 2007. Seed dormancy and germination of 
the European Chaerophyllum temulum (Apiaceae), a member of a Trans-atlantic 
genus. Annals of Botany 100: 233-239. 

Vandelook, F., Moer, D.V.D. and Assche, J.A.V. 2008. Environmental signals for 
seed germination reflect habitat adaptations in four temperate Caryophyllaceae. 
Functional Ecology 22: 470-478. , 

Van Tienderen, P .H. 1992. Variation in a population of Plantago lanceolata along a 
topographical gradient. Oikos 64: 560-572. 

Yare, H., Vertberg M. and Ohtonen M. 1997. Shifts in mycorrhiza and microbial 
activity along an oroarctic altitudinal gradient in northern Fennoscandia. Arctic 
and Alpine Research 29(1): 93-104. 

Vashistha, R.K., Butola, J.S., Nautiyal, B.P. and Nautiyal, M.C. 2010. Phenological 
attributes of Angelica glauca and A. archangelica expressed at two different 
climatic zones in Western Himalaya. Open Access Journal of Medicinal and 
Aromatic Plants 1(1): 7-12. 

Vashistha, R.K., Nautiyal, B.P. and Nautiyal, M.C. 2006. Conservation status and 
morphological variation between populations of Angelica glauca Edgew. and 
Angelica aechangelica Linn. In Garhwak Himalaya. Current Science 91(11): 
1537-1542. 

Vashistha, R.K., Nautiyal, B.P. and Nautiyal, M.C. 2009. Chemical stimulation of 
seed germination in Angelica archangelica Linn. (Apiaceae), a threatened high 
altitude aromatic herb. Journal of American Science 5(5): 59-70. 

Vazquez, J.A. and Givnish, T.J. 1998. Altitudinal gradients in the tropical forest 
composition, structure, and diversity in the Sierra de Manantla'n. Journal of 
Ecology 86: 999-1020. 

Vazquez-Yanes, C. and Orozco-Segovia, A. 1993. Patterns of seed longevity and 
germination in tropical rain forest. Annual Review in Ecology and Systematics 
24: 69-87. 

280 



Ved, D.K. and Goraya, G.S. 2007. Demand and supply of medicinal plants in India. 
National Medicinal Plant Board, New Delhi and Foundation for Revitalization of 
Local Health and Traditions, Bangalore, India 

Ved, D.K., Kinhal, G.A., Haridasan, K., Ravikumar, K., Ghate, U., Sankar, R.V. and 
Indresha, J.H. (eds) 2003a. Conservation assessment and management 
prioritisation for the medicinal plants of Arunachal Pradesh, Assam, Meghalaya 
and Sikkim. Proceedings of the workshop held at Guwahati during 27th February 
to 1st March 2003. Foundation for Revitalisation of Local Health Traditions 
(FRLHT), Bangalore, India. 

Ved, D.K., Kinhal, G.A., Ravikumar, K., Prabhakaran, V., Ghate, U., Sankar, R.V. 
and Indresha, J.H. (eds) 2003b. Conservation Assessment and Management 
Prioritisation for the medicinal plants of Jammu & Kashmir, Himachal Pradesh 
and Uttaranchal. Proceedings of the workshop held at Shimla during 19'h- 24th 
May 2003. Foundation for Revitalisation of Local Health Traditions (FRLHT), 
Bangalore, India. 

Verma, H., Patil, P.R., Kolhapure, R.M. and Gopalkrishna, V. 2008. Antiviral activity 
of the Indian medicinal plant extract, Swertia chirata against herpes simplex 
viruses: a study by in vitro and molecular approach. Indian Journal of Medical 
Microbiology 26(4): 322-326. 

Verma, O.P., Singh, P.V., Singh, K. and Vishwakarma, S.K. 1996. Effect of 
packaging material on storability of poppy seeds. Seed Research 24(1 ): 57-58. 

Vertucci, C.W. and Roos, E.E. 1990. Theorotical basis of protocols for seed storage. 
Plant Physiology 94(3): 1019-1023. 

Vertucci, C.W. and Roos, E.E. 1991. Seed moisture content, storage, viability and 
vigour. Seed Science Research 1: 277-279. 

Vieira, D.C.M., Sosolowski, F. and Takaki, M. 2010. Seed germination and seedling 
emergence of the invasive exotic species, Clausena excavate. Brazilian Journal 
ofBiology. 70(4): 1015-1020. 

Vujanovic, V., St-Amaud, M., Barabe, D. and Thieault, M. 2000. Viability testing of 
orchid seed .and the promotion of colouration and germination. Annals of Botany 
86: 79-86. 

Wakdikar, S. 2004. Global health care challenge: Indian experiences and new 
prescriptions. Electronic Journal of Biotechnology 7: 214-220. 

Walck, J.L., Baskin, J.M. and Baskin, C.C. 2000. Increased sensitivity to green light 
during transition from conditional dormancy to nondormancy in seeds of three 
species of Solidago (Asteraceae). Seed Science Research 10: 495-499. 

Walters, C. and Engels, J. 1998. The effects of storing seeds under extremely dry 
conditions. Seed Science Research 8: 1-74. 

Walther, G .R. 2004. Plants in a warmer world. Perspectives in plant ecology. 
Evolution and Systematics 6(3): 169-185. 

Wang, B.S.P., Scheer, G.C. and Coleman, S.J. 1993. Effect of moisture content and 
storage temperature on germination. of white spruce seeds. In: Tree seed 
problems, with special reference to Africa. Proceedings of the IUFRO 

281 



symposium of the project group P.2.04.00 Ouagadougou, Burkina Faso, 
November 23-28. 

Wang, L., An, L., Hu, Y., Wei, L. and Li, Y. 2009. Influence ofphytohormones and 
medium on the shoot regeneration from leaf of Swertia chirata Buch.-Ham. Ex 
wall. in vitro. African Journal of Biotechnology 8:2513-2517. 

Wang, C.T., Long, R.J., Wang, Q.J., Ding, L.M. and Wang, M.P. 2007. Effects of 
altitude on plant species diversity and productivity in an alpine meadow, 
Qinghai-Tibetan Plateau. Australian Journal of Botany 55(2): II 0-117 
doi: I 0.1 071/BT04070. 

Wang, Y. 1993. Phenological observation of the early spring ephemeral and 
ephemeroid plant in Xinjiang. Arid Zone Research 10(2): 34-39. 

Warren, S.L., and Bilderback, T.E. 2004. Irrigation timing: Effect on plant growth, 
photosynthesis, water-use efficiency and substrate temperature. Acta 
Horticulturae 644: 29-38. 

Washitani, I. and Saeki, T. 1986. Germination responses of Pinus densiflora seeds to 
temperature, light and interrupted imbibition. Journal of Experimental 
Botany 37(9): 1376-1387. 

Wawrosch, C., Hugh-Bloch, A., Hostettrnann, K. and Kopp, B. 2005. Swertia chirata 
Buch.-Ham. Ex Wall. (Gentianaceae), an endangered Himalayan medicinal 
plant: comparative study of the secondary compound patterns in market drug, in 
vitro-cultivated, and micropropagated field grown samples. Scientia 
Pharmaceutica 73: 127-137. 

Wawrosch, C., Maskey, N. and Kopp, B. 1999. Micropropagation of the threatened 
Nepalese medicinal plant Swertia chirata Buch. - Ham. ·ex Wall. Plant cell 
Reports 18: 997-1001. 

Whiteford, P.B. 1949. Distribution of woodland plants in relation to succession and 
clonal growth. Ecology 30: 199-208. 

WHO. 2002. WHO traditional medicine strategy. World Health Organization, 
Geneva. 

Williams, E.R., Gunn, B.V.W., Solomon, D.J. and Doran, J.C. 2007. Reliability of 
germination testing procedures and germination performance of stored 
Eucalyptus camaldulensis seed of different ages. Seed Science and Technology 
35:1-8. 

' Williams, W.M. 2000. Germplasm centres and issues of seed conservation. In: 
Current research on seeds in New Zealand. Edited by McManus, M.T., Outred, 
H.A., and Pollock, K.M. Agronomy Society of New Zealand Special 
Publication. 12:103-107. 

Wilson, P .J. and Provan, J. 2003. Effect of habitat fragmentation on levels and 
patterns of genetic diversity in natural populations of the peat moss Polytrichum 
commune. Proceedings of the Royal Society of London: B 270(1517): 881-886. 

Wipf, S. 2010. Phenology, growth and fecundity of eight subarctic tundra species in 
response to snowmelt manipulations. Plant Ecology 207: 53-66. 

282 



Wood, L. 1997. Herbal supplements attract new users. Health foods business, 
January, 1997. 

World Bank, 2004. Sustaining forests: a development perspective. World Bank 
Publications, Washington, DC, USA. 

Xiong, S. and Nilsson, C. 1999. The effects of the plantlitter on vegetation: a meta
analysis. L. Journal of Ecology 87(6): 984-994. 

Yamaguchi, S. and Kamiya, Y. 2000. Gibberlins and light stimulated seed 
germination. Journal pf Plant Growth Regulators 20: 369-376. 

Yang, Q.H., Ye, W.H., Deng, X., Cao, H.L., Zhang, Y. and Xu, K.Y. 2005. Seed 
germination eco-physiology of Mikania micrantha H.B.K. Botanical Bulletin of 
Academia Sinica 46(4): 293-299. 

Yeung, M.F. and Che, C. T. 2009. A review of presence of Oleanolic acid in natural 
products. Natura Prada Medica 2: 77-290. 

Yildiz, M. and Celal, E. 2002. The effect of Sodium hypochlorite solution on In vitro 
seedling growth and shoot regeneration of flax (Linum usitatissimum). 
Natureweissenshaften 89: 259-261. 

Yilmaz, D.D. and Aksoy, A. 2007. Physiological effects of different environmental 
conditions on the germination of Rumex scitatus (Polygonaceae). Erciyes 
Universitesi Fen Bilimleri Enstitusu Dergisi 23(1-2): 24-29. 

Yu, S., Bell, D. and Kutiel, P.B. 2009. Impact of microhabitats on the heterogeneity 
of seedling emergence in a Mediterranean coastal sand dunes community. 
Ecoscience 16(3): 369-378. 

Yu, S., Bell, D., Sternberg, M. and Kutiel, P. 2008. The effect of microhabitats on 
vegetation and its relationships with seedlings and soil seed bank in a 
Mediterranean coastal sand dune community. Journal of Arid Environments 
72(11): 2040-2053. 

Zaddy, E., Boeken, B., Ariza, C. and Gutterman, Y. 2003. Light, temperature, and 
substrate effects on the germination of three Bromus species in comparison with 
their abundance in the field. Israel Science Journal51(4): 267-273. 

Zamstorff, M.E., Keys, R.D. and Chamblee, D.S. 1998. Growth regulator and seed 
storage effects on Switchgrass germination. Agronomy Journal86:667-672. 

Zhang, J.T., Xu, B. and Li, M. 2010. Genetic diversity of populations of an 
endangered medicinal plant species (Glycyrrhiza uralensis) in different 
environments of North China. Journal of Medicinal Plants Research 4(9): 830-
836. 

Zotz, G. and Schmidt, G. 2006. Population decline in epiphytic orchid Aspasia 
principissa. Biological Conservation 129(1): 82-90. 

283 



Seed Germination Response of Populations of 
Swertia chirayita [(Roxb. ex Fleming) H. Karst] 

Following Periodical Storage 
Bharat K. Pradhan and Heman! K. Badola• 

" 
ABSTRACT 

Swertia chirayita, a critically end~ngered and high value Himalayan med
icinal herb was investigated to understand response of different populations 
on initial seed germination, and germination after storage at 4 •c for 18 
months. Populations differed significantly for seed characteristics, indicating 
considerable genetic diversity. Of 13 populations tested, eight exhibited 100% 
germination immediately after collection, which was negatively correlated 
with altitude of the sites where plants were growing. The results suggested 
an acceptable range of 16 to 42% seed moisture content, before storage, as 
suitable criteria for S. chirayita populations in long term gene resource con
servation. Seed from 10 plant populations showed a steady decline in ger
mination over the storage period. Varied germination responses offer a 
possibility of selecting elite populations as a seed resource in S. cllirayita. 
The Mean Germination Time (MGT) significantly declined after six months, 
but increased after 12 and 18 months of seed storage for the majority of 
plant populations. The best germination and lowest MGT occurred for seed 
of S. chirayita that was sown six months after collection, followed by slightly 

·lower levels at 12 months. Several populations tested offer proll)ise for the 
conservation of this species as paten tial gene bank in Sikkim Himalaya. 

EXPERIMENTAL TECHNIQUES 

Understanding the response of different plant populations on seed germina
tion provides helpful clues on the genetic make-up of the species and its exis
tence in the natural settings (Baskin and Baskin, 2001), which is essential to 
select elite seeds (Jayshanker et al.,,1999) for ex-situ conservation of gene re
sources. Seed storage, and frequent testing to monitor losses in germination 
rate, which might adversely affect nursery recovery rates, is considered as one 
of the most efficient methods (Gonzalez-Benito et al., 1998; Williams et a!., 
2007) to select elite poplllations. However, poor seed germination has been 
shown to be one of the limiting factors (Butala and Badola, ~oo4a; Badola and 
Butala, 2005; Butala and Badola, 2006). Due to inappropriate storage, germina
tion capacity of a species may decline during the first few months after collection 
(Romanas, 1991); whereas, proper storage may be effective over a considerable 
storage period (Butala and Badola, 2004a, 2004b; Chen eta!.. 2007). 

Little information has been reported for Swertia chirayita (Roxb. ex Fleming) 
H. Karst, a critically endangered species regarding micro-propagation (Wawrosch 
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eta!., 1999; Joshi and Dhavan, 2007) in thl: absence of successful dom~stication 
(Joshi and Dhawan, 2005). 'Ihe current literature lacks any populations' ba~ed 
assessment of seed germination, especially related to storage in S. chirayita. 
The species has very high pharmaceutical"value in national and international 
markets and is prioritized at the top for ex-situ cultivation in an international 
experts' report (Badola and Pal, 2002). Since the species regenerates only 
through seeds, understanding the response of different populati!JnS on seed 
germination behaviour, especially seed tolerance to periodical storage would 
be crucial for ex-situ conservation. Low density of this species in nature 
(Bhatt et a!.. 2006) further necessitates such an investigation. 

Swertia chirayita (Gentianaceae) grows mostly in temperate Himalaya (uoo-
3000 m as!) from Afghanistan to Bhutan (Kirtikar and Basu, 1984), and has 
been used ethno-medicinally for centuries (Wawrosch et a!., 2005). The plant 
has numerous medicinal properties (Joshi and Dhawan, 2005), and is used as 
a liver stimulant and in bronchial asthma, dyspepsia, debility, fever, gastro
intestinal infections, curing various skin problems and scorpion bite (Biswas 
and Chopra, i982; Kirtikar and Basu, 1984; Nadkarni, 1976). The objectives of 
this study were to investigateS. chirayita for, (i) variability among plant popula
tions for their seed characteristics and germination response, (ii) seed germina
tion responses following storage of various plant populations and individually 
for each population in an attempt to identify elite seed resources. 

Matured seeds of S. chirayita were collected from 13 populations (Table 1) of 
Sikkim Himalaya (27•o4' 46" and 28•o7' 48" N lat. and 88•oo' s8"' and 88•55'25" 
E. long.) during November-December 2005 and dried for 10 d at room tem
perature. To determine seed moisture content, 50 seeds/replicate (three repli
cates/population) for each population were oven dried (6o •c; 48 h). Seeds 
were counted using 10 healthy fruits per'population. Seed size was measured 
using 30 seeds per population under microscope (10 seeds each for three 
replicates). Because of the minute seed size and the difficulty in finding the 
detached embryo, the viability test using 2,3,5. tri-phenyl tetrazolium chloride 
solution could not be conducted. After drying, seeds were tested for initial 
germination and the remaining seeds in each population were stored in sealed 
specimen tubes at 4 •c, for periodical re-testing at six month intervals for 18 
months. For each germination test, 30 seeds/replicate (three.r~plicates/popula
tion) were disinfected (5 s) with sodium hypochlorite solution (4% w/vavailable 
Chlorine), washed thoroughly with double distilled water (DW), and separately 
soaked in DW for 24 h, before placing in Petri-plates (90 mm dia.) lined with 
single filter paper (Whattman No. 1). The Petri-plates were placed in an incu-

. bator at 25 •c (± 2 •C); with alternating light (14/io h ligllt/dark periods) for a 
maximum period of 90 d. Three replicates/population were tested in a random
ized design. The filter papers were moistened daily using DW. Seeds were counted 
daily and were considered germinated when radicles had emerged. Germina
tion was complete when a constant reading was obtained. Mean germination 
time. (MGT) was calculated using equation, MGT= :E(nd)/:EN; where n = 
number of newly germinated seedlings after each incubation period in days d, 
and N = total number of seeds emerged at the end of the test (Hartmann and 



TABLI! 1. General features and seed characteristics of different plant populations of Swertia chirayita collected in Sikkim 
No. S«dS/ ·- Seed Seed Seed Moisture 

Name of Population Altitude fruit weight · length width _co~tent Habit~\ 

(mas!) (mg/so seeds) (fUD) (fUD) (%) 

P1 - Luing (ES} 2126 2l2 1.6 487 ~56 23.5 Ridge, moist grassy slope with Cryptomeria japonica and 
Castanopsis tribuloides 

P2 - Rallgaon (ES} 1948 302 1.5 535 382 20.5 Shrubberies with C. japonica and C. lribuloides 
- "' P3 - U Pangthang (ES) 2176 316 1.6 503 381 2].1 Shrubberies. moist grassy slope with Quercus lamellosa "' "' and· C. tribuloides t:l 

P 4 - Guranscy dara (ES} 2107 230 1.1 457 356 24-4 Moist mixed Forest with C. japonica and Rlzododendron sp. :;? 
0 

Ps- Jaunbari (SS) 165\ 221 1.~ 452 377 35-2 Moist grassy slope with Alnus nepaulensis and :I: 
z 

Midtelia lanuigilosa 0 ,... 
P6- U Chamgaon (SS} 1583 1.3 343 20.6. Dry grassy slope with A. nepaulensis aDd Schima wallidti 0 

233 432 - 0 

Moist grassy slope with C. japonica and A. nepaulensis 
... 

P7 -Tiffin dara (SS} 1667 227 1.2 436 336 16.2 -"' P8- U Changrang (ES} 2.055 275 1.7 497 371 17-3 Moist grassy slope, shrubberies with Machilus sp. and .. 
C tribuloides !t 

:-l· 
P9 - Phinsyonala (NS} 1]61 446 38.2. Marshy grassy slope with A. nepaulensis 

.. 
233 1.2 347 s. 

P1o- Zemathaog-1 (NS} 2.841 249 1.3 462 333 42.6 Rocky steep slope with Selenium sp and Artemesis sp. ~ 
P11 - L Pangthang (ES} 2000 210 1.3 468 248 18.2 Grassy slope with Symingtonia populnea ~ 
Pu- Kali Pokhari (ES} 2450 284 1.5 444 238 1].] Shrubberies with Osbeckia sp. 

P13- Khecheopahi (WS) 1867 200 14 429 121 25-5 Mixed temperate forest with Ct:lstanopsis tribuloides, -
Quercus lamellosa. Q. glauca, Michelia excelsa. 

(P < o.o5} 75-85 0.1] 2].2.0 19.60 7-13 

F 6.24 10.50 11.19 19.60 11.02 

tES: East Sikkim.; WS: West Sikkim; SS: South Sikkim; NS: North Sikkim "' "' 
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. Kester, 1989). Analysis of variance was conducted on different parameters and 
.least significant difference was used to Jetermine differences among treatments 
(Snedecor and Cochran, 1968). 

RESULTS AND DISCUSSION 

A variety of habitats support populations of Swertia chirayita, which dif
fered significantly for various seed characteristics (Table 1), indicating species 
genetic diversity. Seed moisture content showed a weak negative correlation 
with altitude of the populations sites (r = -0.509). Across plant populations, 
mean seed germination in all samples was significantly higher (p' < q.o5) than 
P-10 in the initial test and after six months' storage time (Table 2). Eight popu
lations showed 100% germination when tested initially, which indicated an 
availability of potential gene bank of s. chirayita in Sikkim Himalaya. Germi
nation was negatively correlated with altitude (r = -0.700; P < o.oz), but re
mained non-significant in post-storage testing. Seed germination variability 
at various altitudes has previously been reported (Baskin and Baskin, 2001). 
After 12 months Of storage, seed germination in P9 was 94%, which was the 
maximum level and significantly (p < o.o5) higher, than Pz (the lowest level, 
52%) and several other populations. After 18 months, germination was at 
maximum levels (79%) for P9, followed by P1 (74%) and both were signifi
cantly higher than all other populations. Five populations remained above 
50% germination even after 18 months of storage, which is promising for con
servation of S. chirayita. However, a steady decline in germination from the 
initial to final test in 10 populations indicates that the seeds are destined to 
deteriorate over time, even under appropriate conventional storage. It has 
previously been reported that a desirable range in seed moisture for seed 
longevity in storage is 10 to 40% (Hampton and Hill, 2002). The seeds col
lected in this study ranged from 16 to 42 o/o seed moisture which generally fit 
into that range. In many cases, seed storage at 4 •c responds effectively after 

. six (Butola and Badola, 2004a, 2004b) to 12 months (Chen eta!., 2007) stor
age. InS. chirayita, storage at 4 •c prov-ed quite effective up to 12 months, sug
gesting this as a valuable method for propagation to retain high seed longevity 
and provide an environment for mini!11um physiological an"d pathological de
terioration (Williams, 2000). This is iJllportant for scheduling spring/summer 

· sowing in field, an appropriate time for many Himalayan herbs (Badola and 
Singh, 2003; Badola and Butola, 2003, 2005). The MGT significantly differed 
among populations (Table 2). At the initial test, MGT ranged from 14 d (Pu) 
to 59 d (P1o). After six months MGT declined in all populations, indicating 
that the seeds need some after ripening period before actual germination 
starts in a natural environment, in summer (personal observations, unpub

. lished), for survival, overcoming win tell frost and chilling. However, MGT 
significantly increased in third and fourth test during storage (Table z). 

The present study confirms that the populations of a species differ in their 
. germination responses (Perez-Garcia et al., 1995), which may offer valuable clues 
. for selection of elite populations for seeds (Jayshanker eta!., 1999). A majority 

:~:o(present populations of S. chirayita showed high seed germination, in general, 



TABLE 2. Seed germination and mean germination time for various plant populations of Swertia chirayita following storage periods at 4 •c 
Mean Germination (96)t Mean Germination nme (d) 

Name of Population Initial 6 month 12 month t8 month P (<o.os) F Initial 6month 11 month 18 month P (<o.os) F 

P1- Luing (ES) 100 91 86 74 5-18 41.18 16 9 14 18 2.30 32.-35 

P2 - Railgaon (ES) 100 89 52 39 8.98 101..62. 17 11 15 19 '·37 55-93 

"' P3- Upper Pangthang (ES) 100 94 61 52 6.69 12.2.]7 15 10 15 19 3·99 8.66 m 
m 
t:l 

P 4 - Guransey dara (ES) 100 97 64 12 7-13 315.68 20 12 16 19 8.10 2-::14 ;;;l 
0 

P5 - Jaunbari (SS) 100 97 77 59 3·45 zg6.zs 18 10 14 18 2.)8 25-45 = z 
0 

P6 - Upper Chamgaon (SS) 99 89 77 21 4-23 651.27 29 10 ,.: 15 19 3-98 39-54 
... 
0 
Cl 

P7- Tiffin dara (SS) 100 97 78 33 8.64 1.2.1.96 28 10 16 21 95-69 
... 

2-43 -"' P8 - Upper Changrang (ES) 100 98 90 56 8.29 59-98 28 9 14 23 3-92 47·55 ~ ... 
P9 - Phinsyonala (NS) 100 98 94 79 6.69 19.64 26 9 14 22 1.6] 199-29 :.> 

!l-
P10- Zemathang-1 (NS) 70 87 81 42 ll.g8 26.47 59 11 14 23 4-08 zss.:u ~ 
P11 -Lower Pangthang (ES) 61 181.65 18 6.47 

t;l 
99 93 24 7·9'- 14 12 17 1-94 "' 

Pu- Kali Pokhari (ES) 93 97 71 40 8.11 100.40 20 9 16 20 5-78 6.47 

P13- Khecheopalri (WS) 88 89 61 22 5-46 316.93 21 15 22 17 6.69 2.65 

P (<o.o5) 3-52 7·53 7-22 8.18 4·57 1.0] 3·54 5-71 

F 55·7• 2.]2 25-57 51-96 53·43 23-35 3-58 0-94 
"' " 
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irrespective of altitude or habitat differences indicating that a majority of sites 
in Sikkim offer suitable growing conditions for S. chirayita, which is an encour
aging finding useful to restoration of this critically endangered species. Still, 
slow disappearance of this species from nature apart from anthropogenic pres
sure is a maher of concern, which may require further field studies on seed
ling growth and survival. This study concludes that the seed of S. chirayita 
responds best if sown within 12 months after storage at 4 •c and more suitably 
after six months and. scheduling seed sowing in pre-monsoon (May-June) for 
best results, instead of immediate sowing after collection. · 

CONCLUSIONS 
• Populations of Swertia chirayita offer considerable diversity for seed charac

teristics and seed germination potential" 

• The range of 16 to 42% seed moisture content, before storage, proved suit
able for long term species gene resource conservation. 

• Seed storage at 4 •c is recommended to maintain high germination for six 
to 12 months and to retain moderate germination potential up to 18 months. 
High seed germination in a large number of populations provides excellent 
promise for the conservation of critically endangered species, S. chirayita 
and a potential gene bank in Sikkim Himalaya. 
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Chemical Stimulation of Seed Gennination in ex siJu Produced Seeds in 
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Abstract: Present study on S. chirayita was taken to (1) assess the gennination 
potential of seeds procured fonn ex situ source and (2) enhance seed germination 
in ex situ produced seeds, using various pre-sowing chemical treatments. In 
Swertia chirayita, a critically endangered and high value medicinal plant, the seeds 
procured from 6 ex situ set ups, shrubberies, forest-slope, open-slope, tree-canopy; 
and green-house and net-shade, showing poor germination at initial testing (12 to 
31 %) were subjected to II pre-sowing chemical treatments. Among the pre-sowing 
treatments, gibberellic acid (50 to 350 fJM) most effectively stimulated seed 
germination (96.7%, maximum; p<O.OOI) and reduced mean germination time 
(p<O.OS), followed by potassium nitrate (100 mM) and sodium hypochlorite (5 min) 
(p<O.OO! ). Study confirms ex situ produced seeds attained physiological dormancy, 
which was broken by pre-sowing treatments, as a tool to ex situ species 
conservation. 

Key words: Critically endangered, ex situ, Himalayan, seed · . germi~;ftion, 
Swertia chirayita 

INTRODUCTION 

One of the richest pools of biological diversity in the world, Indian Himalaya, has been 
experiencing unreasonable extraction .of wild medicinal plants due to market demand, 
endangering many of its high-value gene stock (Badola and Pal, 2002, 2003; Badola and 
Aitken, 2003;. Butola and Badola, 2008a) including S. chirayita (Bhattarai and Acharya, 1997; 
Badola and Pal, 2002, 2003; Dutta, 2004; Olsen, 2005; Pradhan and Badal a, 2008a). Ex situ 
ci.Iltivation is considered as a possible solution to the conservation of endangex:ed taxa and 
at the same time to meet out commercial raw material demand (Badola and Pal, 2002; 
Badal, and Aitken, 2003; Badola and Singh, 2003; Heywood and Iriondo, 2003; Badola and 
Butola, 2003, 2005). It has been realized that to sustain availability of continuous stock of 
plantirjg material for commercial cultivation as well as for species recovery, it is crucial to 
have i{l hand an appropriate multiplication technique to build a massive reserve of ex situ 
plants (Badola and Butola, 2003, 2005; Buto!a and Badola, 2007, 2008b). Additionally, the 
selection of species specific appropriate propagation technology (Fay and Muir, 1990; 
Butala and Badola, 2004a, b, 2006a, b) and ideal propagation conditio!1ll for mass 
multiplication (Butola and Badola, 2008b) would minimize the waste of propagule resource. 

Corresponding Author: Dr. Hemant K. Badola. Biodiversity Conservation and 
Management Theme, G.B. Pant Institute of Himalayan Envirorunent and 
Development, Sikkim Unit, Gangtok, Pangthang, Sikkim, India 
Tel: +91-9609740419 

139 



Res. J. Seed Sci .• 3 (3): 139-149,2010 _ . 

However, p~r seed germination of viable Seeds in several Himalayan plant species is 
experienced. as a limiting factor in large scale plant multiplication (Nadeem et al., 2000~ 

Butala and Badola, 2004a, b, 2006b, 2007, 2008a, b; Pradhan and Badal a, 2008a). Pre-sowing 
chemical treatments are used to enhance seed gennination of wild sources of several 
Himalayan medicinal plants (Nadeem eta/., 2000; Pandey eta/., 2000; Joshi and Dhar, 2003; 
Manjkhola eta/., 2003; Butala and Badola, 2004ab, 2006a, 2007; Shivkumar et a/., 2006) 
and in plants of other regions (Plummer and Bell, 1995; Yamaguchi and Kamiya, 2001; 
Ghimire eta/., 2006; Kulkarni eta/., 2007; Vande look et al., 2007; Kaur eta/., 2009). The above 
studies were mostly confmed to test seeds from wild. Seeds of only a few endangered 
Himalayan medicinal herbs have been evaluated, following establislunent of ex situ set-ups, 
for their gennination potential assessment, especially using various chemical stimulants and 
growing conditions (Butala and Badohi,.2006a, 2007). . 

A critically endangered Himalayan herb (Ved et a/., 2003) and prioritized on top for 
conservation through ex situ cultivation by the international experts (Badola and Pal, 2002), 
Swertia chirayita (Roxb. ex Fleming) H. Karst was targeted for the current study. The 
genus Swertia (Gentianaceae) comprises of over 170 species globally, of which 79, 27· and 
40 species are distributed in China, Nepal and India, respectively. Sikkim alone, a North
Eastern state of India. harbow-s 13·14 specieS of Swertia. Amongst these, S. chi,.ayita, which 
grows mostly in temperate Himalaya (1200-3000 m.a.s.l.) from Kashmir to Ei3utan and in 
Khasia hills ofMeghlaya, India (Chadha, 1976) in open pastures, grassy slopec and forests, 
is of great medicinal importance. Distribution of S. chirayita depends upon the altitude and 
slope and is not unifotm. The species prefers to grow on north facing slopes aud descends 
below 1500 m, while on south facing slope the plants are found between 1500 and 3000 m. In 
general, 2000 m altitude is a suitable range preferred by the species in Nepal (Ehattarai and 
Shrestha, 1996) and 1800-2300 m in Sikkim Himalaya (present authon;; unpubitsheci). Over 
centuries, S. chirayita is used ethno-medicinally (Wawrosch et al., 2005; Pradhan and 
Badola, 2008b) for having numerous medicinal properties (Nadkami, 1976; Siswas and 
Chopra, 1982; Kirtikar and Basu, 1984). InS. chirayita, seed is the only viable solution to the 
reproduction of the plant. Very limited publications are available oil seed germination of 
S. chirayita, all limited to wild seed resources (Raina et al., 1994; Pradhan andBadola, 2008a). 

The objectives of the present study on S. chirayita were, (1) germination assessment 
of seeds from 'six ex situ produced sources and (2) enhancement of seed germination, in 
ex situ produced seeds, using various pre-sowing chemical treatments. So, far t1.e authors' 
knowledge is conCerned, it is for the first time the present study makes a move beyond wild 
stock and targets further the descendent seeds as a stock to put on viability of ex situ 
cultivation technology on S. chirayita for consezvation. The current study makes a break 
from the grotmd and attempts to make a crucial step to nnderstand process of domestication 
of species to attain predictability. The study targets to compare the ex situ prodUced seeds 
of S. chirayita from six sources and make various disclosers on the gennination behavior of 
seeds. · 

MATERIALS AND METHODS 

In March 2006, nursery raised (at, ca 2000 m altirude) 8 month old healthy seedlings of 
Swertia chirayita, initially developed through mass sowing (tmder biodiversity C(USeJVation 
programme) of wild seeds collected from the forests in East Sikkim, India (2050 m), were 
transplanted (140 seedlings; 35 plants/condition), maintaining 50 em distance between plants, 
under four natural habitats of the species (sluubberies, forest-slope, open· slope and 
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'· 
tree-canopy) and two mm;ery conditions (70 seedlings; 35 planm/condition), on soil 
amended beds using garden soil and forest humus (open net-shade and temperature 
controlled green-house; 25°C±5), located at Pangthang-Gangtok, Sikkim, India (ca 2000 m 
altitude; N 27°21 '51.6"; E 088°34' I 0.1 "). Average minimum and maximum temperature of the 
area ranged between 6.42°C (Jannary) and 20.l'C (August) and average minimum and 
maximum relative hwnidity varied between 70.3% (December) and 98.4% (July). Average 
monthly rainfall for nearest station, Gangtok, varied between 8.0 mm (minimum: December) 
and 691.1 mm (maximwn: July), which remained high in August (617.8 mm). The percent 
survival of all transplanted planll! was recorded In December 2007, mature seeds were 
harvested from above six ex situ conditions and mixed well individually for each source. T a 
determine moisture content, I 00 seeds/replicate (3 replicates/seed source) were weighed and 
oven dried (60'C; 48 h). Seeds were counted for !Ohealthy fruits per source. Seed size was 
measured for 30 seeds per sample (1 0 seeds each of 3 replicates) under a microscope. 1'he 
remaining seeds were air dried in room temperature for 15 days. The seed viability test could 
not be performed due to minute seed size (Pradhan and Badola, 2008a). In January 2008, seed 
germination potential using distilled water was tested (6 replicates; 30 seeds each) in a seed 
germinatpr, which yielded poor germinatio~ The remaining seeds were stored in air tight 
specimen tubes in refrigerator ( 4°C) till the initiation of the pre-sowing chemical treatment 
experim~nt which was perfonned soon after the initial test was over. 

Seed Germination Test 
In l(ebruary 2008, air dried seeds were surface sterilized by dipping in 0.04% aqueous 

solution _of Mercuric chloride (HgCI,) for I 0 sec to discourage fungal infection and washed 
thoroug}Y.y with double distilled water in all cases. The disinfected seeds were soak_ed in 
beakern ~ontaining various freshly prepared test solutions, viz., gibberellic acid (GA,: so;··r 50, 
250, 350_.1'11); potassiwn nitrate (KNO,: 50, 150, 250 mM) for 24 hand sodium hypochlorite 
(NaOC1;5% available chlorine) for 5, 10 and 15 min Treated seeds were washed 2-3 times 
with dopble distilled water and placed in petri-plat~s (90 mm) lined with single layer of 
Whattman No. 1 filter paper moistened with double distilled water. Control sets were 
mainta;Fed using double distilled water. Each treatment had 06 replicates of30 seeds each, 
which Y'ere incubated for a maximum of 45 days in genninetion chamber (temperature: 
25± 2°j::; photo period: 14/10 h lightlderk), following a complete randomized design. Seeds 
were qpecked daily and moistened with double distilled water as and when required and 
recordi;d as germinated on radical emergence. Germinated seedlings were counted and 
removed. 

J 

Statistj,cal Analysis 
The deta were analyzed for mean and standard deviation (SD ). Mean germination time 

(MGT) was calculated using equation: 

where;..n is number of newly germinated seeds after each incubation period in days d and 
N is !<>tal nwnber of seeds emerged at the end of the test (Hartmann and Kester, 1989). 
AnalyS\s of variance was conducted on different parameters. The difference among the 
means<was compared by Least Significant Difference (LSD) test (Snedecor and Cochran, 
1967). 
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RESULTS 

Before fruit harvest in December 2007, the final plant sUIVival varied in different growing 
conditions, viz., 71% (Siuubberies), 54% (forest-slope), 22% (open-slope), 71% (tree-canopy), 
43% (net-shade) and 88% (green-house). At attaining full maturily of plants, fruits harvested 
in December 2007 showed significant differences amongst sources. Number of seeds per f:uit 
was significantly higher for shrubberies, which further varied amongst plot sources (p<O.OJ ). 
Seed moisture content ranged from 14 to 22%. Significant differences (p<0.05) were obtaiQed 
for seed weight, seed size and the moisture content amongst sources (Table 1 ). In initial 
control test, very low seed germination was recorded for all sources, viz., slnubberies: 31 %; 
forest-slope: 12%~ open-slope: 20'%; tree-canopy: 21 %~net-shade: 23%; green-house: 1 ~%. 
Seeds produced in shrubberies showed significantly higher germination (p<O.OOl) compa'red 
to other sources, except net-shade, which differed at p<O.Ol. 

In pre-sowing chemical stirnulcition experiment, in control, the seeds from forest-siope 
showed lowest gennination (9.44%) comparing to other plots; this followed more or less s2.:ne 
trend to that of earlier initial control test. Pre .. sowing chemical treatments significoi:tly 
stimulated seed germination in S. chiray11a over control, which varied amongst sour.:es 
(Table 2). In general, GA1 was most effective in stimulating seed germination over otller 
treatments. Across seed sources, compared to centro~ GAl treatments improved the perc:mt 
germination significantly (p<O.OOl ). Seed germination value mnged between 70% (minim em; 
net-shade) and 97% (maximum; forest-slope and tree-canopy) using different GA, 
concentrations. Amongst them, GA, 250 JJM followed by GA, 350 JJM effectively stimulat"d 
seed germination (p<O.OOl). Seed sources did not show uniformity of germination specifica!:Y 
to a particular concentration of GA3• For example, seeds from shrubberies responded be~t 
with SO 11M GA,; from open slope best gennination was obtained for 250 and 350 11M GAi, 

,. 
Table 1: S~edcharao:terisr.icso! SwertrJ dlimllQ f!!'!)Wfllmde' dill'a-enl o::r1dilions &tea 2000mu I 
Seed SOUI"Co! Shrubberies Fore:t-s\ope Oem-stooe Tree-canooy Ntt-shade Clffen-hcme p<O 05 F..,alu;: 

Flatbeds 
(soil amended 

Silt' eondilions Slope. 20•, Slcpe·~•. Sk:pe: \C"~ 5~: 20•, Fbtbeds 
D«rinW species Pcminmt :pecie:· Da"riinuJt :;pedes- Pct"tinri species.: (soilammded 
Sjmploa:<X Wifdlll. &dl~ 01-M.W sp. C.Zll:lrlcprif wlh fcust wilh !CC'd 
s;~ ptJ~ tnlJulcd:s fmtltf) """"J 

No.seecbpa- 316.00 ZJO.IX! 184.00 146.00 172..00 '"'"' "'" ,. .. 
"" Seedweigtlt l.ZO '" '"' 273 ,,., 

'" OJ.I "' (mg 100"' seed$) 
Stedi~4Jm) 3622D 350$.0;1 480.17 319.83 417.17 361.90 "" 40.60, 
SeedWidlh ~ 315.21 310.40 355.70 306.10 345.77 "'" "' 11.Z8 
Moistun: 14.62 1481 17.47 21.91 17.38 20.89 .. , 410 

'M""' 
Table 2: EII'ed. o£ d1ffa"8'1t chermcal lm!ments m s~ serminllicn in S'wertia Chi~$ S(llll"(:1!d fran six ex situ ta~dtticns 

Gmni!UI.icnl%} 

-·-·-·-·-·-·-·-·-·-·'-·-·--·-·-·-·-·-·-·-·-·---·----·------
TrellrnO!I"'b Shrubb~es F~-sl!3:!e Qeen-!15:£~ Tree.can5:£)! Net.!h~<M Ofl!f!lohcuSI! e<005 p<001 [!<0001 F...,alue 

Cm!ro/ ,., 
"' ,.,. 19-44 2J.II 17.78 '" 1.93 , ... 817 

GA,(SO!IM) 91.61 8889 8lll 9~.00 7000 82.78 10 61 14Zl 18.77 411 
GA,(I50 1>iM> 813] ''" "" 92.18 1lll 82.22 9.15 1109 17.25 '" GA,(2SO~ 0<11 95.56 91.1Sl' ,.., 89.44 .,,. 7.39 '" 13.07 ,, 
GA.,(J50!1M) ~.56 96.11 91 \1 91-11 85.56 ez.zz ., 9.0S 11.94 4.6< 
KN0,(50mM) ,., U89 20.00 J1.67 .... 27.22 861 11.56 !S.24 43.69 
KNO,('OOmM) 5944 , .. '"" 31.78 45.00 n.78 '" 12.47 1644 7.51 
KNO,.(\SOmMI "" 0722 "" o5.00 lZ.78 18.89 '" ... 11.33 "" NIHCIO,C5 mi'l) 56. \l 53 )3 .. , s:Z-2.2 .... "·"' ... 1}.20 17.41 0.81 
NlHCIO,OOmin) ,. .. 2056 31.61 21.89 21.61 42.22 9.61 12.89 16.99 '" NIHClO,(Umin) '"' '" '"' 11-ll 7.78 10.00 '·"' 9:-48 ,,,. ... 
StaWtk:llllll!ylill 
p<0.0 '" '" '" 1.98 7.95 8.16 
p<GOJ '"" '" '"" J0-60 10.56 10.84 
p<O.OOI '"' 1\ 86 "" tl77 13.7Z 14.08 
F-nlut "" 25581 \0121 t5H1 94.1] 109.64 
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Table 3: Flfed. of different chemical treatments on mean gennination time in SwertJo. ChJrqyiJ.a, sourced from six: ex siJu 
c:mditicm 

Treatments · 
Control 
OA,(SO)IM) 
GAJ (1.50 JiM) 
OA,(:>SO,M) 
OA,(3$0 pM) 
KNO,(SOmM) 
KN0,(100.inM) 

KNO, (lSO,inM) 
Na!!CIO, (5 min) 
Na!ICIO, (10 min) 
Na!ICIO, (15 min) 
StaUstlcal 8nalysl! 
p<O.O.S D 
f-va\ue ::;. 

lu 

Mean gennination time 

Shrubberies 'Forest-skye 
23.55 27.26 
l.S . .SI 17.85 
14.27 1.5.66 
15.44 11.58 
14.16 16.72 
19.17 22.64 
20.24 22.19 
23.86 24.2.5 
19.77 18.62 
19.46 23.18 
17.93 20.06 

2.20 2.27 
19.0'1 20.19 

Ooen-slopc Tree-canopy Net-shade Green-house p<O.O.S 
17.53 20.46 22.88 20.20 2.69 
16.22 15.97 18.38 16.94 1.87 
IS.29 13.74 16.41 14.65 1.18 
14.92 14.96 15.13 15.33 0.91 
14.52 15.21 15.24 15.37 0.9S 
20.4.5 21.08 21.14 20.08 1.61 
19.04 22.81 20.46 22.18 1 . .53 
23.33 20.00 23.83 20.66 2.60 
18.11 17.79 19.13 18.4.5 2.67 
19.62 17.76 18.53 17 . .56 3.07 
17.56 20.89 20.43 18.28 3.35 

1.97 
14.44 

2.28 
13.83 

2.23 
12.61 

2.03 
11.70 

F-value 
12.82 
2.97 
.5.63 
9.74 
7.07 
4.37 
7 . .54 
4.12 
0 . .59 
3.69 
1.51 

whereaS seeds from tree-canopy, net-shade and green-howe responded best to GA3250 J.1M 
(Table 2). Seeds from forest-slope showed an exceptional unifoonity in germination of about 
96% with all GA, concentrations except GA, 50 !lM (89%). Comparing to contra~ KNO, 
treatmetits proved beneficial in improving seed germination in ~ajority of cases·, in which, 
KN03 IOOmM proved equally effective to stimulate' seed germination in all sources (p<O.OOI). 
Individillilly, maximum seed germination (72%; p<O.OOI) was achieved with KNO, 50 mM 

' for s~~beries. However, KN03 150 mM was detrimental in case of three seed sources 
(forest'slope, open-slope and tree-canopy). Soaking in NaOCI (5 min) had significantly 
(p<O.OOI) stimulated seed gennination (4S%: open-slope to 56'/o: shrubberies). Increased 
soaking time in NaOCI (15 min) appeared harmful to the delicate seeds of S. chirayita. 

Significant decline (p<0.05) in germination delay (number of days taken for I st seed 
gennlnation) was recorded with different concentratiOOs ofGA3over control, with lowest of 
I 0 days for GA350, 150 and 350 )lM, which varied amongst seed·sources from experimental 
plots. The KN03 and NaOCI were effective in reducing germination delay only on the seeds 
collected from shrubberies and forest slope. The half of the maximum seed germination time 
(days taken to reach 50% of fmal germination) of 26 days was recorded in control for the 
forest-slope and a minimum of 13 days in GA, !50 )lM (shrubberies and tree-canopy), GA, 
250 !lM (tree-canopy) and GA, 350 !lM (shrubberies and open-slope). Gibberllic acid 
significantly reduced (p<0.05) Mean Germination Time (MGT) over control compared to other 
treatments (Table 3). After soaking in different concentration of KNO, and for different 
period in NaOCI, significant reduction (p<0.05) in MGT was achieved for the seeds collected 
from shrubberies, forest-slope and net-shade. Individually, significant reduction in MGT 
(p<0.05) was recorded for tree-canopy in NaOCI (5 and 10 min) and for green-house in NaOCI 
(1 0 min). In general, among all treatments, GA, had greatly improved percent germination 
(Table 2) and lowered the MGT (Table 3). 

DISCUSSION 

In the present study, ex situ produced seeds of S. chirayita harvested from different 
growing conditions showed very low germination, initially, under control. Likewise in many 
Himalayan herbs (Pandey et a/., 2000; Butala and Badola, 2004a, b, 2006a, 2007; 
Shivkwnar et al., 2006), pre-sowing chemical treaL~ent.s significantly improved germination 
percentage, onset and fmal germination of S. chirayita in present study. Here, gibberellic 

143 



Res. J. Seed Sci., 3 (3): 139-149,2010 

acid most effectively stimulated seed germination and minimized the difference in onset 
and final germination which can be attributed to increased activity of hYdrolytic enzymes 
(Al-Helal, 1996; Joshi and Dhar, 2003; Manjkhola eta/., 2003) or mobilization of nutrients in 
dormant seeds (Kumar and Purohit, 1986; Hartmann and Kester, 1989). Further, gibberellic 
acid is known to promote germination by breaking dormancy in wide range of seeds 
(Vandelook et al., 2007; Perez·Gracia, 2008). InS. chirayita, GA3 in all concentrations was 
highly stimulatory to seed germination. Further, except for two sources, i.e., tree·canopy and 
net-shade, the difference amongst GA3 tr'eatments was insignificant in other four sources. 
That suggested effectiveness of all used concentrations of GA3 in stimulating seed 
germination as well as reducing mean germination time inS. chirayita as gibberellic acid is 
known to affect physiological as well as metabolic activities of seeds resultini in early 
germination (Tipirdsmaz and Ve-G6mtirgen, 2000; Chuanren eta/., 2004). With the incre,se 
in GAJ concentrations, increase in percent germination was obsetved (Abdel~Hady et al., 
2008; Keshtkar et al., 2008). However, present srudy indicated non~unifonnity in germination 
with different concentrations of GA3 amongst the seed sources as reported by Bhatt et !31. 
(2005) for Swertia angustifolia. However, exogenous application ofGA, had no effect on;lle 
germination of seeds inFerula assqfoetida (Otroshy eta/., 2009). 1 

Sodium hypochlorite overcomes seed dormancy by either increasing permeability ofL1e 
seed coat to oxygen through the removal of phenolics (Hurley et a/., 1989) or by scarificati:m 
or modification of the seed coat (Hsiao, 1979; Butola and Badola, 2004a, b, 2007) whichmif'lt 
have resulted in early seedling onset and increased percent germination in seeds treated wllh 
NaOCl (5 and 10 min) compared to control for all tested sources in the present-experimen~. 
The NaOCl (I 0 min) could significantly stimulated seed germination for only two sour.ce3 
(forest-slope and green-house) at p<O.OS. However, the time period for soaking in NaOCi 
needs to be standardized from species to species. For imtance, seed gemiination wal 
enhanced by soaking for 5 to 60 sec in Amaranthus powellii but declined as the soaking 
period exceeded 60 sec in annual weed (Tommaso and Nurse, 2004). Similarly, seed 
germination was increased from 2 to 1 90/o in Zizania palustris when soaked in NaOCl for 
2 h (Oelke and Albrecht, 1985). A range of soaking time in NaOCl (15-45 min) effectively used 
in many Himalayan herbs (Butola and Badola, 2004ab, 2006b, 2007). Since, the seeds are 
suscepuble to fungal infection during germination, but, treating with NaOCl further reduces 
the chances of fungal infection to seeds (Butola and Badola, 2007) thereby resulting in 
improved germination as in the present study. 

In present study, KNO, 50 and 100 mM proved significantly effective for all sources 
used, lesser stimulatory comparing to GA~~1 Whereas, increased concentration of KNOJ 
(!50 mM) was beneficial significantly only in case of shrubberies and net-shade. Contrarily, 
in Angelica glauca (with large sizad seed, compared to minute seeds inS. chirayita), KNO, 
(150 mM) was found effective in stimulating seed germination (Butola and Badola, 2004a), 
may relate to the seed size as an important factor, need to be considered while standardizing 
level of concentration Effectiveness of KN03 in stimulating seed germination may be 
possibly due to oxidized form of nitrogen causing a shift in respiratory metabolism to the 
pentose phosphate pathway (Roberts and Smith, 1977). Nitrogenous compounds in various 
forms, particularly nitrates (e.g., KN03) have been used to stimulate gennination 
(Choudhai)' et a/., 1996; Mcintyre eta/., 1996). They play a critical role in increasing the 
physiological efficiency (Bhargava and Banerjee, 1994) and influence germination through 
change in water relationship (Nikolaeva, 1977). The responses of seeds to a partic~lar 
concentration of KN0 3 may vary with species. In Gentianaceae family, in general, 
physiological dormancy is reported (Nikolaeva, 1977). Contrarily, the researcher's 
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assessment on 13 wild populations of~· chirayita (Gentianaceae) did not show any seed 
dormancy (Pradhan and Badola, 2008a)." However, in the present study, ex situ produced 
seeds were found with high dormancy. The results with improved gennination rates i~ .. ? 

current sb.Jdy m1der GA3 and KNOl treatments fwther correspond w"ell with these . 
generalizations, as both these substanc"es are .considered best for breaking physiological 
dormancy (Nikolaeva, 1977). The present study confums that the seeds of S. chirayita from 
ex situ grown sources, initially using wild seed stock, had physiological dormancy, which 
was broken by pre~sowing chemical treatments. 

Present authors had earlier recorded over 70% (minimum) seed gennination in thirteen 
wild populations of s. chirayita, which gradually declined over time and further differed 

· amongst sources under storage conditions (Pradhan and Badola, 2008a). Seed germination 
, potential differences in the same species/genus have been reported (Celiklar et al., 2006). 
·.~Such differences may be due to the environmental variations in the light and temperature 
·(Karlsson and Milberg, 2007; Vandelook eta/., 2007) and climate present in the native 
; habitats of the species (Celiklar et al., 2006), but if proper strategies in respect of seed 
1'collection time etc., is maintained. such difference can be minimized to some extent The 
present results suggest, there might be various envirorunental factors, the plants grown in 

•-or transplanted from green-house to natmal habitats had to encowtter during acclimatization 
~:·and adaptation over two more growing seasons, might have induced greater physiological 
1~Seed dormancy in second generation, which Was later broken by chemical treatments. This 
l can be viewed as a part of defence mechanism of a plant's survival tactics in response to a 
~sudden change in its' eco-climatic condition. More detailed investigations are recommended 

~~ to assess such eco-physiological changes occur from a sudden snap from wild species 
1: adapted environmentally over ages. The study further recommends GA, (50 to 350 )AM) as 
" 1 the best treatment for breaking seed doi1llancy and greatly improving gennination in ex situ 

produced seeds inS. chirayila. Good survival in natural conditions following transplantation 
of plants developed in green-house, using above pre-sow~g treatments, has appeared as a 
teclmologica.l package for strengtheriing conservation as well ex situ cultivation of targeted 
endangered taxa, S. chirayita, in Himalaya. 
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PrJdhdn Bl\, Badola HK ! Seedlinq cmNr;ence ;md vigOLH uf \wt-~rlir:l ch;rayua us1ng sub'itrnte combinations 

B. K. Pradhan and H. K. Bado/a 

Assessment of seedling emergence and vigour for 
quality planting material in thirteen populations 
of Swertia chirayita- a high value endangered 
medicinal herb, using substrate combinations 

Introduction 
Indian Himalaya, an immensely rich 
reservoir of medicinal plant resources, 
has been targeted to harvest several 
high value species in meeting out 
ever-expanding raw material demand 
of the pharmaceuticals (3). However, 
with growing herbal market in recent 
few decades, owing to over harvesting 
and unsustainable extraction practices 
several medicinal plant species 
have faced risk of their survival in 
natural habitats, and many assessed 
as threatened (3,6,7,24,35,37,38,39). 
Since, the raw material supply to herbal 
industry is a societal requirement, and 

j conservation of genetic mciterial is a 
vital concern towards its safeguard for 
long-term survival in nature. Ex-situ 
cultivation by developing suitable and 

'til easy to handle propagation and agro
technique packages for the farmers 
are the only answer to meet-out raw 
material supply of the pharmaceuticals, 
ensuringlesseningharvestingpressures 
on natural habitats, thus helping in
situ conservation of threatened taxa 

(2,5,25,30,31). Developing quality 
planting material is the primary 
requirement for successful cultivation 
of wild medicinal plants, especially 
Himalayan (4, 13,15). The success of 
productive cropping will largely depend 
upon the appropriate choice of growing 
media or substrate combinations and in 
many Himalayan herbs, these substrates 
have proved promising to achieve 
improved seedling emergence, growth 
and crop productivity (4,14,27,28,29). 
Swertia chirayita (Roxb. ex Fleming) 
H. Karst, a critically endangered herb, 
indigenous to temperate Himalaya, 
distributed along 1200m-3000m 
asl is considered non toxic and safe 
in ethnomedicinal use (26). The 
herb is exp_loited for bitter bioactive 
compounds including amarogentih, 
xanthones and iridoid glycosides (21). 
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). S. chirayita is valuable 
Ayurvedic medicinal herb, having high 

~~~rect . • · --:::1 
~ Swertia ·chira}l/ti!J" (Chirayita) i; a high vaiue medicinal herb haVing high' global demand: 

l for raw Jnaterial by ,pharmaceuticals, arid .prioritized at. the top for ex-situ cu\tiva. tio.n I 
in Himalaya. THe· variability in seedling emergence -is a major ·pi'oblem resulting in the 

J production Of non-uniform seedlings, as big constraint to corh,merdal cultivation. The 
1 present study. aimed to (1) standardize. effective substrate _combination for obtaining uni-
1 form·and vigorous seedlings, and (2),identify mofphological traitdor the assessm~nt·of I 
i healthy seedlirigs as quality planting material inS. chJrayita. The effect of two substrate 
j combinatio!J (~ubstrate·1: garden soil, sand, Jorest humus; substrate 2: garden soil, s_and, 

1 

I, farm yard manure; 1:1:1) and' control (sand.and garden soil;-3:1) on seedling emergence,. j 
l seedling grovy.!h, biomas_s and-vigour were tested with ~he seed~ collected from thirteen l 
! wild· populations jn. Sikkim. ·seedl_ing' emergence we~s signifi~an_tly higher in substrate ~ I 
1 (p<O.OS) over others. Substrate 2 significan:ly (p<O.OS) in:proved all the seedling growth 

parameters e_xcept number of leaves. 'Of,th~rteen populations. assessed, seven (Sc1, 2, ~. 
8, 9, 11,' and 13) exhibited higher seedling bioma~s and SVI Using substrate 2. The pre
sent study cOncludes substrate 2 as the-most.effective substrate COmbinations resulting 

1 
in hiQh percent,_emergence, uniform and,_vigorous seedlings and hi_Qh-plant survival after 

j field transplarltation; besides, ·collar .size appeared .to be the strongest morphological 
I trait to identify seedling vigorousness,._.as an aid to successful ex-situ Cultivation of high ! 
J value· medicinal crop, Swertia chirilyita\ , ", ! 
I . I 
: Keywords . . , 
i Ex-situ _cultiVation, populations, seedling-emergence,_ seedlirig~proctuction, seedling- j' 
~ vigour, substrate combinatfons, Swerti?J chirayita " 
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demand in Indian and international 
markets (6), and possess multiple use 
value in local medicine (31,32). Seeds 
are the only means of propagation in 
S. chirayita and poor seed germination 
and low seed viability in its natural 
environment has been considered as 
limitation to commercial cultivation of 
the species (6,18). The reason for poor 
natural regeneration in S. chirayita 
may be that the seed matures in dry 
period (November-December) where 
the availability of moisture in the 
natural environment is very low. The 
seed emerges out in late May prior 
to start of monsoon shower and the 
species does not get the required 
moisture for sufficient germination. 
The present authors field experiences 
reveals that the immature fruits of 
S. chirayita provides shelter and the 
necessary nutrients required for the 
growth and development of insect 
larvae which prohibits the fruit 
from further development and could 
be another factor resulting in poor 
natural regeneration inS. chirayita. 
Micro propagation of S. chirayita 
has been tried by several workers 
(1,8,18,19,20,22,40,42). There are not 
many reports on studies relating 
to germination and viability of S. 
chirayita seeds. Raina et al., (34) 
reported 91% seed germination after 
chilling to 3 oc for 15 days as compared 
to 3.4% germination in control seeds in 
Himachal population; Chaudhari et al. 
(18) reported difficulty in germination. 
However, Pradhan and Badola (30) 
obtained 100% seed germination, 
initially, under laboratory conditions, 
without any treatment in majority 
of the natural populations and 
also found out that 5 populations 
retained above 50% germination 
after 18 months of storage at 4 °C in 
S. chirayita in Sikkim. However, 
physiological dormancy was observed 
in seeds procured from domesticated 
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plants, and that was broken by suitable 
chemical treatments (33). 
In commercial cultivaUon of 
the species, besides having slow 
growth rate (10), the variability in 

Fig. 1: Availability of Swertia chirayita 
in natural habitat; a and b- plants in 
vegetative stage; c- plants in reproduc
tive stage. 
Abb. 1: Swertia chirayita am natUrlichen 
Standort; a und b- Pflanzen im vegeta
tiven Stadium; c- Pflanzen im generativen 
Stadium. 

commencement of seedling emergence 
has been identified as the major 
problem resulting in the production of 
non-uniform seedlings; therefore, the 
need of the hour was to develop uniform 
and vigorous seedlings for successful 
and productive crop cultivation of 
the species. In view of this, our study 
aimed to (1) standardize effective 
substrate combination for obtaining 
uniform and vigorous seedlings, and 
(2) identify morphological traits for 
the assessment of healthy seedlings 
as quality planting material for 
cultivation inS. chirayita. 

Materials and methods 
Experimental design 
The matured fruits of S. chirayita were 
collected from thirteen populations 
(Tab. 1) distributed in different parts 
of Sikkim Himalaya (27°04'46' and 
28°07'48' N lat. and 88°00'58' and 
88°55'25'E. long.) during the month 
of November - December 2005. The 
collection of fruits/seeds was made 
sustainably in such a way that 15-20 
robust plants per site were randomly 
selected from the middle of each 
population without disturbing the other 
plants keeping in view that the seeds 
are the only means of reproduction 

in S. chirayita; collection from the 
margins was avoided to prevent the 
natural spreading of the species and to 
limit the edge effect, if any. 

The collected fruits were brought 
to the laboratory and seeds were 
segregated by mashing up fruits which 
followed the thorough cleaning to 
remove impuriUes. The seeds were 
dried in ambient room temperature for 
ten days, and stored in refrigerator (4 
0 C) in properly sealed specimen tubes 
separately for different populations 
till nursery experiment initiated. 
Following good result at the initial test 
in the laboratory (30); the seeds were 
tested under nursery conditions in the 
end of February 2006 using garden 
soil [pH: 6.43±0.05; moisture (%): 
42.00±2.00; nitrogen (%): 0.40±0.11; 
phosphorus (%): 0.41±0.05), forest 
humus [pH: 5.91±1.00: moisture (%): 
42.67±2.31; nitrogen (%): 0.43±0.01; 
phosphorus (%): 0.29±0.04), farm yard 
manure [pH: 8.32±0.06; moisture (%): 
46.39±0.17; nitrogen (%): 6.57±0.02; 
phosphorus (%): 7.29±1.25), and 
sand [pH: 7.17±0.02; moisture (%): 
6.40±0.96; nitrogen (%): 0.25±0.03; 
phosphorus (%): 0.02±0.02). At first, 
two substrate combinations of equal. 

Einfluss verschiedener Anzuchtsubstrate auf das Auflaufen 
r;;-·---------·----·--- -- ---·--- -·--·------- --l 
I und die Vitalitat von Samlingen f(lr die Jungpflanzenproduk• , 
! tion von Slivertia chirayita·- einer wertvollen Arzneipflanze I 
I · I 

I 
Zusammenfassung f 

Swertia chirayita (Chirayita) ist eine wertvolle Arzneipflanze, die weltweit in _graB em Um- j 
fang ·zur Herstellung P'flanzlicher A_rzne.imittel b.enOtigt .w. ird und die besohders hohe I 

I 
Bedeutung fOr den ex-situ-Anbau im Himalaja. hat. Die Ungleichm.iBigkeit der Samen
·keimung, die zur Entwicklung uneinheitlicher Jungpfianzen fUhrt, stel(f Eline groBe Er- ! 

I schwernis fOr den· kommerziellen Anbau dar. Die Untersuchungen wurden mit de_r Ziel- 1 
l stellung durchQefQh~t. -{1) Anzuchtsubstrate fOr die Gewinnung einheitlicher und vitaler J 

! Jungpflanzen zu optimieren und (2) morphologische Merkmale zu finden; die geeignet 
sind, die Qualitlit gesunder Jungpflanzen von S. chirayita zu charakterisieren. Es wur-

1 

de der Einfluss von zwei Anzuchtsubstratkombi~ationen (Substrat 1:' Gartenerde, Sand, 
Waldhumus; Substrat' 2: Gartenboden, S~nd, Stalldung; 1:1:1) und der Kontrolle {Sand' 

I und Gartenerde; 3:1) auf Auflaufen, Wachstum, Biomasse und WOchsigkeit der samlinge I 
l von 13, in Sikkim gesammelten wild en Populcitionen getestet. Das _Auflaufen-war in Sub- / 
j strat 2 signifikant (p<O.OS) am hOchsten. Substrat 2 steigerte aile Wachstumsmerkmale l 

signifikant (p<O.OS) mit Ausnahme der Anzahl der Blatter. Von den 13 bewerteten Po- : 
j ·pulationeri wiesen·siet:,en (Sc1, 2, 3, 8, 9, 11 und 13) eine hOhere Biomas_se.und einen hO- l 
} heren Samlingsvitalitatsindex (SVI) bei Verwendung des Substrates 2 auf. Bei den durch- ! 
, geftihrten Untersuchungen .erwies sich Substr~t 2 als besonders geeignete Anzuchterde, j I ~a mit ihr eine hohe Ke_imf.lhigkeit, einheitliche und vitale Jungpflanzen und eine hohe 1 

Uberlebensrate nach ,dem Auspflanzen im Feld erreicht wurderl;· weiterhin erschien die 1 
RosettengrOBe als ,besonders gut geeignetes m().rphologisches Merkmal ·zur,Beurteilung 1 
derJuilgpflanzenvitalit.1it als'Hilfsmittel fDr die erfolgreiche ex-situ-Kultivierung der wert..;: I 
vollen Arzneipflanze Swertia chirayita. ! 

i 
· SchlagwOrter ; 
Anz~:~c_hterden, Auflaufen, Ex-situ-Kultivierung,, Jungpflanzenanzl;Jcht, Populationen.j 

S.lmlingsvita~i~~ Sw:_rtia qhir~~--------·------------__1 
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Tab. 2: Result of MANOVA characteristics by populations, treatments and their inter-
action on S. 'hlrayita · ·· 
ra't.' 2: Ergebnis der mehrfaktiorie/len Varianzanalyse der PrUfmerkmale von s. chirayita in 
A~angigkeit von den Populationen und Behandlungen und ihre Wechselwirkungen 

Independent variables (Unabhangige Variablen) 
Dependent variables Population Treatment PxT 
(Abhangige Variablen) (Population) (Behandlung) 

(P) (T) 

F-value Probability F-value Probability F-value Probability 
(F-Wert) c·> (F-Wert) c·> (F·Wert) c•> 

Seedling onset 3.407 0.000 38.778 0.000 3.991 0.000 

T, 2.111 0.025 19.030 0.000 2.058 0.009 

Final emergence 5.086 0.000 13.000 0.000 4.363 0.000 
Emergence(%) 8.587 0.000 34.595 0.000 3.566 0.000 

'Mean emergence time 3.808 0.000 40.388 0.000 4.786 0.000 
Emergence rate 3.311 0.000 33.694 0.000 4.460 0.000 

*lrrtumswahrscheinlichkeit 

Tab. 3: Result of MANOVA chatacteristics by populations, treatments and their Inter-
action on 5. chlrayita .. 
Tab. 3: Ergebnis der mehrfaktioriellen Varianzana/yse der PrUfmerkmale von S. chirayita in 
Abha.ngigk.eit von den Popul~tionen und Behandlungen und ihre Wechselwirl<ungen 

Independent variables {Unabhangige Variablen) 
Dependent variables Population 
(Abhangige Variablen) (Populat1on) 

(P) 

F-value Probability 
(F-Wert) c·> 

CollarJdiameter 10.115 0.000 
Number of leaves 7.354 0.000 

-Largest leaf length 31.524 0.000 
largest leaf width 9.576 0.000 

Numb'i_of roots 10.922 o.ooo 
Total dry biomass 12.39.4 0.000 

Seedling vi~our intlex 11.053 0.000 
• lrrtumswahrscheinlichkeit 

Wei: (Woch8) [f:{>} 
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0 

SeedHng Onset 
(Aurlaufbeginn) 
Fina1 emergence 
(Aufloufendel 

Treatment 
(Behandlung) 

(T) 

F-value Probability F-value 
(F-Wert) c•> (F·Wert) 

119.699 0.000 6.214 
384.623 0.000 8.772 

880.279 0.000 18.160 

437.101 0.000 8.233 

182.709 0.000 6.502 

241.057 0.000 0.668 

209.046 0.000 8.592 

!';:::;:(:;:::;j T60 

___.._ Eme~gence rate 
(Auflaufrate) 

Control Substrate 1 Substrate 2 

PxT 

Probability 
c•> 

o.ooo 
0.000 
0.000 
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0.000 
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Fig. 3; Effect of different substrate combinations on seedling onset, Tow final emer
genc~nd emergence rate InS. chirayita. 
Abb. 3: Einftuss verschiedener Substratk.ombinationen auf den Beginn des Auflaufens. Tsc' 
En de des Auflaufens und auf die Aufgangsrate von S. chirayita. 

Seedling survival 
For seedling survival test, fifteen 
seedlings, of more or less uniform 
size, per substrate {five each of L11rec 
replicates), including control, were 
transplanted in 20 x 20 em distance 
under a net shade in the Institute's 
experimental medicinal plant garden 
[altitude: ca. 2000m asl: temperature: 
20.1 •c (max.), 6.42 •c (min.); relative 
humidity: 9B.4o/o (max.), 70.3o/o (min.)] 
and monitored by the end of growing 
season. Populations were not taken 
into consideration for observing 
survival. Plant survival for each 
substrate combinations and control set 
was recorded. 

Results 
Multivariate analysis of variance 
(MANOVA) revealed significant 
effect of populations, treatments and 
their interaction on various seedling 
emergence parameters and growth 
parameters in S. chirayila (Tab. 2 and 
Tab. 3). 

Effect of substrate combinations on 
seedling onset, T :-.o and final emergence 
Minimum of four weeks and maxi mum 
of five weeks were tH.kon for the onset 
and completion of. 50% seedling 
emergence (T

50
), and minimum of 

five weeks and maximum of seven 
weeks were taken in completing final 
emergence in all the populations 
irrespective of substrate combinations, 
including control (Fig. 3}. However, 
seedling onset, T.w and final 
emergence was significantly faster in 
substrate 1 (p<0.05) than substrate 2 
and control. 

Effect of different substrate combi
nations on seedling emergence, mean 
emergence time and emergence ralc 
Seedling emergence ·and allilude 
of populations (seed collection sile). 
showed negative (non-significant) 
correlation with all the subslrale 
combinations including control 
{substrate 1, r = -0.304; substrate 2, r 
= -0.092; control, r = -0.163), Seedling 
emergence was significantly higher 
in substrate 2 (p<0.05) over substrate 
1 and control. Similarly, substrate 1 
recorded higher seedling emergence 
over control (P<0.05). The lowest (Sc10; 
2B41m as!) and the highest (Sell: 2000m 
asl) seedling emergence in control and 



volume were prepared, substrate 1 
(pH: 6.5): Garden soil + Sand + Forest 
humus (1:1:1) and substrate 2 (pH: 
7.08): Garden soil + Sand + Farm 
yard manure (1:1:1), and substmte 
combinations were mixed well. These 
substrate combinations were filled 
in earthen trays. Trays filled with 
sand and garden soil in 3:1 ratio (pH: 
6.7) were considered as control. The 
seeds· of S. chirayita were soaked 
overnight in double distilled water 
before sowing. Each set of experiment 
had three replicates of 30 seeds per 
replicate: the seeds were sown at o.scm 
depth with equal distance between 
seeds. The experiment was conducted 
under an autOmatic temperature 
controlled green-house (25 'C ± 5 'C). 
Mist irrigation was done twice a 
day (09:30 hrs and 16:30 hrs) till the 
completion of the seedling emergence 
which was reduced to once in a day 
(09:30 hrs) after seedling emergence 
stopped providing optimal moisture to 
growing plants. Weeding was done at 
equal interval. 
Seedlings after the completion of 
emergence (eight weeks) were thinned 
to mitigate competition, maintaining 
8- 10 em distances. 

After 24 weeks, the effect of different 
substrate combinations on seedling 
growth, different morphological traits 
were evaluated by harvesting five 

seedlings each of uniform size for all 
populations. D,uring experiment, the 
seedlings remained in rosette form: 
the identified traits included collar 
diameter,largestleaflength,leafwidth 
and number of roots and biomass .. To 
obtain dry biomass, after recording 
the fresh weight, seedlings were oven 
dried at 60°C to constant weight and 
reweighed and the value obtained was 
recorded. 

Statistical Analyses 
SPSS 10.0 for Windows (SPSS Inc. 
1989) was used for statistical analysis 
of the data. Mean emergence rate (e) 
was calculated following Labouriau 
(23) as, e = 1/2(xd)f2t; 
where, x = number of newly einerg8d 
seedlings in each day d, and t = total 
number of seedling emerged at the 
end of the test. Multivariate analysis of 
Variance (MANOVA) was carried out 
to determine the effect of the substrate 
combinations concerning on the seedling 
emergence and seedling morphological 
traits. A Bonferroni test (p<0.05) was 
used to determine differences amOngst 
the treatments. Pearson's correlation 
analyses were ;Performed to analyze 
the relationship between different 
morphological trails for each substrate 
combinations including control. To 
identify the best substrate combinations, 
Seedling Vigour Index (SVI) was 
calculated following Butola and Badola 

Tab. 1: Site characteristics of the populations of S. chirayita in Sikklm 

Fig. 2: a- Seedling emergerice" In 
nursery experimentation; b- thinning 
of seedlings after eight weeks (under 
substrate 2) InS. chlrayita. ~~ 

Abb. 2: a- Auflaufen der Sitmlinge im An~ 
zlfchtversuch; b- AusdOnnen der samlinge 
von S. chirayita nach acht Wochen (auf 
Substrat 2). 

(12) as SVl = (d/a)•1oO; where, "d" is dry 
weight/seedling; "e" is mean emergence 
rate and 100 is constant. 

Tab. 1: Besch rei bung der Region en in Sikkim, in den en die Populationen von S. chirayita gesammelt wurden 

Site code Site Name Altitude Aspect Slope GPS Broad habitat 
(Regionscode) (Bezeichnung der (Hohe) (Himmels- (Gefalle) Latitude Longitude (Lebensraum) 

Region) (m) richtung) (1 (Breite) (N) (Lange) (E) 

Scl Luing (ES) 2126 NE 55 27"21'47.60" 88"34'12.17" Ridge, mixed forest of Cryptomeria 
japonica and Castanopsis tribuloides 

Sc2 Railgaon (ES) 1948 NE 40 27"21'52.71" 88"33'47.07" Shrubberies with species of Cryptomeria 
japonica and Castanopsis tribuloides 

5c3 U Pangthang (ES) 2176 sw 45 27"21'13.54" 88"33'53.37" Forest-shrubberies.with Quercus lame/Jose 
; and Castanopsis tribu/oides 

Sc4 Guransey dara 2107 SE 60 27"20'51.02" 88"34'07.92" Moist mixed Forest with Cryptomeria 
(ES) japonica and Rhododendron sp. 

ScS Jaunbari (55) 1651 sw so 27"11'47.20" 88"23'33.60" Moist forest-shrubberies with Alnus 
nepalensis and Michelia lanuigifosa 

Sc6 U Chamgaon (55) 1583 NW 55 27"11'03.80" 88"22'26.20" Forest-shrubberies with Alnus nepalensis 
and Schima wallichi 

Sc7 Tiffin daral (SS) 1667 w 60 27"11'14.8" 88"22'46.01" Moist grassy slope with Cryptomeria 
japonica and Alnus nepalensis 

Sc8 u Changrang {ES) 2055 5 65 27"21'51.97" 88"35'20.31" Forest-shrubberies with Machilus sp. and 
Castanopsis tribuloides 

Sc9 Phinsyonala (NS) 1761 NE 55 27"37'01.6" 88"37'26.2" Forest-shrubberies of Alnus nepalensis .-a SclO Zema1 (NS) 2841 NE 60 '27"44'34.7" 88"32'48.0" Rocky steep slope with Selenium sp .. and 
Artemesia sp. 

Sell L. Pangthang (ES) 2000 N 40 27"21'49.52" 88"33'32.15" Grassy slope with Symingtonia populnes •• Sc12 Kalipokhari (ES) 2450 N 50 27"21'27.31'" 88"33'24.18" Open shrubberies with Osbeckia sp. 
Sct3 ·Khecheopalri (WS) 1867 sw 55 27"21'06.07" 88"11'21.06" Moist mixed forest of Quercus sp. and 

Castano sis tribuloides 
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Fig~ 6: Effect of different substrate combinations on collar 
diameter and number of roots ins. chirayita 

Fig. 7: Effect of different substrate combinations on seedling 
biomass and seedling vigour ins. chirayita 

Abb. 6: Einfluss verschiedener Substratkombinationen auf den 
Rosettendurchmesser und die Wurzelanzahl von S. chirayita 

Abb. 7: Einfluss verschiedener Substratkombinationen auf 
Biomasse und samlingswOchsigkeit von s. chirayita 

• obtained with substrate 1 and substrate 
·z over control; however the best result 
achieved with substrate 2 (p<0.05) than 

·Substrate 1 (Fig. 7}; Of 13 populations 
assessed, seven (Scl, 2, 3, 8, 9, 11, and 13) 
exhibited higher total seedling biomass 
and SVI using substrate 2, of which, Sc2 
population followed by ScB recorded the 
highest values. For Sc6, the total seedling 
biomass and SVI was signi~cantly 

greater with substrate 1 than substrate 
2 (p<0.05). All the growth parameters 
were significantly (p<0.0001) correlated 
with each other (Tab. 4}. 

Effect of different substrate combina· 
tions on seedling survival 
Seedlings developed using substrate 1 
and substrate 2 combinations resulted 
in 77% and 83% survival, respectively, 
in nursery beds compared to control 
(63%). During the experimentation 
period, no insect infestation was 
observed in the seedlings. 

D[fcussion 
Difference in germination behaviour 
between the plant populations (9,17) 

has been indicated in earlier studies 
(30). The present study considered that 
appropriate substrate combinations 
are essential for the successful 
establishment of a species. Higher 
seedling emergence with substrate 
1 and substrate 2 combinations 
compared to control in the present 
study further strengthens the above 
assumption (Fig. 3). Of the two 
substrate combinations, substrate 2 

resulted in higher seedling emergence 
in all the populations than substrate 1, 
which further significantly enhanced 
the seedling performance for different 
growth parameters and resulted in 
higher percent survival, as well, 
suggesting substrate 2 as the best 
substrate combination for S. chirayita. 
The present results are based on a 
large number of populations and mild 
use of manure, where all populations 
exhibited higher performance for both 
seedling emergence as well as seedling 
growth, especially greater seedling 
vigOur in majority of populations. 
That means, the present substrate 
combination offers wider application 

for S. chirayita in cultivation 
programme. This is particularly 
applicable for developing quality 
planting material, a pre-requisite to 
successful cultivation of S. chirayita, 
this is also important, as the direct 
sowing inS. chirayitci is not suggestive 
as in the case of Hercicleum candicans 
(4) but the transplantation of one 
season old seedling performed well (33; 
and other unpublished work). Butole 
and Badola {14) in their study recorded 
highest seedling emergence with the 
mixture of sandy lOam and vermi
compost and sandy ·loam and forest 
humus (mixture in equal proportion, 
1:1) in Angelica glauco and Heracleum 
candicans, respectively, suggesting 
that the species responds differently in 
their nutrient requirements. Compared 
to very low seed germination achieved 
in four populations of S. chirayita 
(25.33% to 33.33%) from centre! and 
north-western Himalaya in control in 
growth chamber {11), high soodling 
emergence was achieved in some of 
the populations in control (37.33%, 
Sell; 33.33%, Sc4 and Scl3) in 
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Fig. 4: Effect of different substrate combinations on seedling emer
gence and mean emergence time In populatig.ns of S. chi;ayita 
Abb. 4: Einfluss verschiedener Substratkombinationen auf das Auf
laufen der Siimlinge und die mittlere Aufgangsdauer der Populati-
onen von S. chirayita · 

Tab. 4: Correlation matrix (Pearson Product-Moment Correlation 
Coefficient) between different growth parameters inS. chirayita 
after 24 weeks of sowing at ca. 2000m asl (n = 195; df = 193) 
Tab. 4: Korrelationsmatrix (Pearson Product-Moment Korrelationskoef
fizient) zwischen verschiedenen Wachstumsparamtern von S. chirayita 
24 Wochen nach der Saat in ca. 2000 m 0. NHN (n = 195; df = 193) 
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Fopulati- (Poputa:>orwo~) 0 Cc~tro:l 11 Subtlnlte , • Substrate 2 

Total seedling 0•864 . 0.674 0_916 0_804 0_843 Fig. 5: Effect of different substrate combinations on number of 
biomass (gm) leaves, largest leaf length and leaf width inS. chiraylta 

~S"VI:;----;::---0:::·;::8..:4-'-1 _;0:.,:.6:::;9:::5'-:-..:0::;.9:.:1..:4c,....,:0:::.8:::0'=6'-=:c:;.0:.:.8:..:1..:S _ _;o:..:·::.98::.0'-:-_ Abb. 5: Einfluss verschiedener Substratkombination auf die Anzahl 
•All seedling growth parameters significant at p< 0.0001 Blatter, max. Blattliinge und Blattbreite von S. chirayita 

substrate 1 and the lowest (Sc6; 1583m 
asl) and the highest (Sc13; 1867m asl) 
seedling emergence in substrate 2 
were significant at p<0.05 level (Fig. 4}. 

Mean emergence time was significantly 
lower in substrate 1 over substrate 
2 and control (p'<0.05); likewise, it 
was significantly lower in substrate 
2 compared to control (p<0.05). 
Comparatively, seedling emergence 
rate was significantly (p<0.05) higher 
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in seeds sown in substrate 1 than 
substrate 2 and control (Fig. 3). 

Effect of different substrate combi· 
nations on seedling growth, biomass 
and vigour 
Both substrate 1 and substrate 2 
combinations were significantly 
(p<0.05) effective in improving all 
the seedling growth parameters over 
control in all the populations. However, 

on comparing between substrate 1 
and substrate 2, the latter substrate 
combination was more effective 
(p<0.05) than former, but in the case 
of number of leaves the effectiveness 
was non-significant. Fig. 5 and Fig. 6 
depict the effect of both the substrate'< 
combinations including control on 
various seedling growth parameters in~
chirayita. Significant (p<0.05) increase 
in total seedling biomass and SVI was 
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the present study even in nursery 
condition, suggesting the populations 
of S. chirayita from Sikkim (eastern 
Himalaya) to be more viable. 
The light requirement of the species 
for germination (author's unpublished 
work) ensures that the seeds will 
germinate successfully on or near the 
soil surface, when other conditions are 
favourable for seedling emergence. In 
the present study, the seeds were sawn 
at 0.5cm depth and showed positive 
result. Similar results ~have been 
earlier reported for Himalayan herbs 
(5,14,16) 
Germination of seeds may be inhibited 
if the amount of water is too low or if it 
is too much (9). In case of S. chirayita, 
healthy and robust form of the species 
in open slopes compared to flat lands 
in natural habitats suggested that the 
water requirement of the species is 
very low (present author's personal ob· 
servation). Therefore, beside appropri
ate substrate combinations, proper ir· 
rigation in terms of volume and timing 
is also essential to maximize produc
tion of high quality plant material and 
optimum percent survivability. War
ren and Bilderback (41) suggests an 
early morning hour (before 10.00 hrs) 
as suitable time to irrigate plants to 
reduce potential of wind blowing the 

' irrigation water from thO_ targeted area 
and to reduce evaporatio~ of irrigation 
water. Irrigation in the form of mist has 
resulted in high percent emergence, as 
the seeds were protected from being 
swept away by the force of the water 
due to its minute size, thereby giving 
high survivability inS. chirayita in the 
present study. 
Identifying appropriate morphological 
traits helps in assessing plant health 
and productivity (12). For example, 
strong correlation of collar diameter 
to total seedling biomass suggested 
that these traits are of great use in 
pre·assessing crop productivity. The 
plant height could not be considered 
for identifying seedling vigour in S. 
chirayita as in the case of Angelica 
glauco (12) because, for the first 
two years the S. chirayita plants 
remains in rosette form and merely 
exceeds 15 em height. Instead, collar 
diameter provides a general idea 
about the seedling durability and has 
been considered as one of the best 
predictors of field survival and healthy 

growth (36), which is supported by 
significantly strong and positive 
correlation between collar diameter 
and total seedling dry biomass (r = 
0.864; p<0.0001) and between collar 
diameter and SVI (r = 0.841; p<0.0001) 
in case of S. chirayita in present study. 

Conclusion· 
Our study concludes that substrate 2 
(garden soil, saD.d, farmyard manure in 
equal proportion) is the most effective 
substrate combination resulting in 
high percent emergence, uniform and 
vigorous seedlings and high field 
plant survival after transplantation. 
In addition, the collar size appeared to 
be the strongest morphological trait by 
which the seedling vigorousness could 
be identified, as an aid to successful 
ex-situ cultivation of high value 
medicinal crop, Swertia chirayita. 
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Swertia chiraylta (Gcntianaceae), a critically endangered medicinal herb in Himalaya, Is recommended at the top amongst other priori
tized 5pedes, for its conservation through ex-situ cultivation by an international forum of experts. We examined the effects of identified 
pre-sowing chemh:al treatments on seedling emergence and vigour using seeds obtained from ex-situ raised plants under natural condi
tions (4 sources) and nursery conditions (2 sources), with an aim to fulfill ever Increasing demand of the pharmaceuticals, and to sup
port In-situ species recovery programme. Seedling emergence was promoted from 6% (contrOl) to 69% (GAl 250 J!M). The seedling 
emergence rate was faster in GAl (250 Ji.M) followed by NaHCIOl (5 min) In all the seed sources. MANOVA indicated significant effect 
(p < 0.0001) of treatments on all seedling emergence variables; seed sources and treatments bad significant (p < 0.0001) effect on differ
ent sel~llng growth parameters. Collar diameter appeared a' the strongest morphological trait, which can be used in identifying vigor
ous seedlings for plantation. 

Keywords:- Ex-silu cOnservation, gibberellic acid, medicinal herb, sodium hypochlorite, Swerlia chiraylta. 

Jn-situ conservation within protected habitats must 
remain the primary means to conserve plant species. 
Plants are very sensitive to the environmental changes 
around them. The habitat disturbance and change in 
habitat conditions, ultimately leading to habitat loss, 
due to undesirable growth of unwanted plant species 
over important plant species, devoid them of required 
ecological conditions. This would result in fragmenta
tion of the population thereby restricting its distribu
tion to smaller pockets and finally wiping the species 
·from the entire area. At this crucial point, ex-situ 
mechanism plays an important role in conserving·en
dangered plant species (Badola and Pal, 2002; Prad
han and Badola, 2010b) through their recovery, 
habitat rehabilitation and restoration. Ex situ conser
vation helps to provide the flexibility in responding to 
unforeseen environmental changes. The risk of extinc
tion of threatened species in nature can be reduced by 
reinforcing the ex-situ raised individuals (Bowes, 

•For correspondence. (e·mni\: bado1ahk@yahoo.co.in) 

1999). Expensive techniques may not be essential for 
sucqessful seed germination and developing healthy 
individuals for some species, but identifying suitable 
technique, based on species requirements, would 
minimize the wasting of the resources (Fay, 1994; 
Benson eta/., 2000; Butala and Badola, 2004a, 2007; 
Pradha:n and Badola, 2010b). For raising mass plant
ing material in species conservation programme, es
pecially for Himalayan herbs, the best option would 
be the production of uniform and vigorous seedlings 
using identified pre-sowing chemical treatments (Bu
tala and Badola, 2004a; 2006, 2007). Also, high and 
rapid germination determine good stand establishment 
which results in higher yields. Therefore, fast and uni
form germination is equally important for superior 
crop production (Afzal eta/., 2002). 

The genus Swertia (Gentianaceae) is represented by 
over 170 species globally, out of which over 40 spe
cies occur in Indian Himalayan region and 13-14 spe
cies are recorded in Sikkim Himalaya (India). 
Amongst them, Swerlia chirayita is of great impor
tance for its several biologically important compounds 
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(Singh, 2008) and its multiple utilities in local medi
cine (Pradhan and Badola, 2008a,b, 20 I Oa,b ). Species 
bears high pharmaceutical value in national and inter
national markets (Badola and Pal, 2002; Pradhan and 
Badola, 20!0a). Plant possesses anti-inflammatory, 
hypoglycemic, anti-fungal, anti-bacterial, anti
malarial, anti-oxidant (Joshi and Dhavan, 2005) and 
anti-pyretic (Bhargava et a/., 2009) properties; and 
can be used as natural larvicide (Balaraju et a/., 2009). 
S. chirayita is considered to be a bitter tonic, febrifuge 
and laxative and is used in fever, burning of body, 
intestinal worms, skin diseases, etc .. in a variety of 
forms and in combination with other medicines. In 
ancient Indjan literature, MOdhavachikilsii text, chap· 
ter Jvarachikitsii, one of the most important post 
Caraka Sushruta Samhita (Caraka Sushruta era: be
tween 5th and lOth century) mentions effectiveness of 
S. chirayita in Jvara or fever (Mishra, 2009). As en
tire plant possesses medicinal properties, S. chirayita 
is uprooted unsustainably in wild at very early stage 
of development or before seeds are fully matured. 
Such human pressures have led to its endangerment in 
nature and has been assessed as critically endangered 
(Ved et a/., 2003; IUCN, 2008). Amongst the priori
tized species, S. chirayita is further recommended at 
the top for its conservation through ex-situ cultivation 
(Badola and Pal, 2002). For both strengthening in-situ 
conservation and promoting ex-situ cultivation, avail
ability of standardized propagation techniques and 
quality planting material of targeted species is a pre
requisite (Butala and Badola, 2004a, 2006, 2007). To 
maintain sustainability of genetic stock (seeds), it 
would be equally important to use seeds from ex-situ 
sources (Butala and Badola, 2007; Pradhan and 
Badola, 2010b) 

The present study was carried out with the aim to ful
fill ever-increasing demand of the pharmaceuticals 
and to strengthen in-situ species recovery programme 
by developing and standardizing suitable technique to 
improve seedling emergence and raise vigorous and 
mass scale planting material for S. chirayita. The ob
jectives of the present study were: (i) to examine the 
effect of earlier laboratory tested and identified best 
pre-sowing chemical treatments on nursery seedling 
emergence, emergence rate, growth and biomass; (ii) 
to examine variability amongst seed sources on above 
parameters in nursery conditions, and (iii) to identify 
appropriate morphological 'traits in screening vigorous 
seedlings in S. chirayita. 

In the present work, we chose two earlier tested best 
chemical treatments in improving seed germination 
potential in a seed germinator, using the same ex-situ 
sources for obtaining seeds, as a continuum (second 
phase) of earlier work (Pradhan and Badola, 2010b) in 
nursery condition with addition of assessment on 
seedling growth and vigour in S. chirayita. 

Materials and methods 

Seed collection 

In December 2007, mature seeds of S. chirayita 
(Roxb. ex Fleming) H. Karst. were harvested from six 
experimental set ups, viz. four in natural habitats 
(shrubberies, forest-slope, open-slope and tree-canopy) 
and two in nursery conditions, on soil amended beds 
using garden soil and forest humus (open net-shade 
and temperature controlled greenhouse; 25°C ± 5°C) 
established by us (Pradhan and Badola, 2010b) at 
Pangthang-Gangtok (Sikkim), India (ca. 2000 m; 
27°21 'Nand 088°34'E). Seeds were collected from all 
six ex-situ sources, targeting over a dozen plants in 
each source. Seeds were mixed well individually for 
each source, room dried for 15 days and stored in air 
tight specimen tubes at 4°C until the experimentation. · 

Experimental design 

During May 2008, seeds from all the six sources were 
provided with the best chemical treatments, which we 
had earlier tested and identified in laboratory on ger
mination in S. chirayita seeds collected from the same 
plots (Pradhan and Badola; 2010b), i.e. gibberellic acid 
(GA3 250 11M) and sodium hypochlorite (NaHCIO, 
5 min soaking time; 5% available chlorine), out of I I 
treatments, i.e. GA3 (50, "ISO, 250, 350 11M); KN03 

(50, 150, 250 mM) and NaHCI03 .(5, 10 and 15 min 
soaking time) including control. In the previous 
experiment (Pradhan and Badola, 20!0b), all four 
concentrations of gibberellic acid resulted in high per
centage of seed germination and GA3 (250 J.lM) most 
effectively stimulated seed germination for majority 
of the sources (open slope, tree canopy, net shade, 
green house); and amongst three concentrations used 
for NaHCI03, the 5 min soaking time gave best re
sults; while all the three concentrations of KN03 were 
less effective in stimulating seed germination, except 
for shrubberies, due to which KN()3 was not consid
ered in the current experiment. The seed lots from 
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each source were divided into three sets containing 
ISO seeds/set/source. The first set of seeds was soaked 
in GA3 (250 ~tM) for 24 h and the second set was 
soaked in NaHC103 for 5 min. The third set was 
soaked in double distilled water (DDW) for 24 h 
which served as control. The soaked seeds for each set 
were washed thoroughly with DDW and sown (0.5 em 
depth in rows; maintaining 5 em distance between 
each seed in three replicates; 50 seeds each per repli
cate) in nursery trays containing a mixture of garden 
soil, sand and crushed farm yard manure (pH 7.02) in 
equal volume. The experiment was performed under 
the net-house (temperature, max: 25.04'C, min: 
13.22'C; relative humidity, max: 91%, min: 65%) 
located in the Institute campus at an altitude of ca 
2000 m in a completely randomized design. Prior to 
seed sowing, the soil mixture was wetted with water 
in order to avoid washing away of seeds from the 
trays. Taking into account the importance of soil 
moisture in seedling emergence, careful watering was 
done according to the necessity. 

Daily observation on seedling emergence was made 
using a powerful hand lens for 60 days. To avoid 
competition, thinning was done after 16 weeks of seed 
sowing, maintaining maxim~m distances between 
each seedling (10-12 em). After 24 weeks of seed 

,sowing, 5 seedlings for each treatment per seed source 
from experimental trays were randomly harvested and 
assessed for growth parameters, including the total 
dry biomass. As the plant remains in the rosette form 
for consecutive two years (pers obs), the plant height 
was not taken into consideration. The root length was 
determined from the root collar to the tip of the pri
mary root. The collar diameter was measured using a 
digital calliper (Mitutoyo, Japan). The dry biomass 
was determined by oven-drying seedlings to constant 
weight at 70'C. 

Statistical analysis 

Multivariate analysis of variance (MAN OVA; a~ 
0.05) in general linear model (GLM) was carried out 
to determine the effect of seed sources, treatments and 
their interaction on seedling emergence variables and 
morphological traits using SPSS I 0.0 software (SPSS 
Inc. 19&9). A Bonferrcni test (p < ().()S) was used to 
determine the differences amongst mean values for 
different treatments. Mean days for emergence (M,) 
was calculated according to the equation of Edmond 

and Drapala (1958) as: M, ~ l.nd/LN, where n is the 
number of newly emerged seedlings in each day d, 
and N is total number of seedlings emerged at the end 
of the test. Seedling emergence rate was calculated 
using modified Timson index of germination velocity 
by Khan and Ungar (1984) as: T~ l.Git, where G is 
percentage of seeds emerged after two days interval 
and I is the total emergence period. 

To identify the most effective treatment for producing 
healthy seedlings, seedling vigour index (SVI) was 
calculated following Butala and Badola (2004a), 
SVI~ (diM,) x 100, where dis dry weight/seedling; 
M, is seedling mean day~ of emergence and I 00 is 
constant value. In order to analyse the relationship 
between different morphological traits and to identify 
convenient morphological traits to select vigorous 
seedlings, Pearson's correlation (r) analyses were per
formed by pooling data from all the treatments and the 
relationship amongst different seedling traits was exa
mined. 

Results 

Seedling emergence 

Table I shows the result of multivariate analysis of 
variance (MANOV A) showing effect of treatments, 
seed sources and their interaction on different seed
ling emergence variables. Different treatments showed 
significant effect on all the seedling emergence para
meters (p < 0.0001). 

Seedling emergence in all the sources and treatments 
including control started within 18 to 22 days of seed 
sowing and maximum number of seedlings emerged 
within 56 days of sowing. Both GA3 (250 ~tM) and 
NaHCI03 (5 min) highly stimulated the seedling 
emergence in all seed sources over control; however 
GA3 was more effective than NaHCI03 (Figure 1). 
Over 59% seedling emergence was recorded with GA3 

in all the seed sources and the maximum latitude in 
stimulation was recorded in seeds sourced from forest 
slope, where seedling emergence was promoted from 
6% (control) to 69% (GA3). Comparatively, 40% 
seedling emergence was the maximum value recorded 
in seeds (green house) treated with NaHClO,. 

Seedling emergence rate was faster in GA3 followed 
by NaHCI03 in all the seed sources (Table 2). With 
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Table I. Results of MANOVA showing effect of different seed sources, treatments and their interaction on 
seedling emergence variables in Swenla chirayita. 

Independent variable 

Source (S) Treatment (T) SxT 

Dependent variable F Sig. F Sig. F Sig. 

Seedling onset time (days) 6.902 o.ooo 9.581 0.000 2.633 0.016 
50% emergence time (days) 6.784 o.ooo 17.562 0.000 3.887 0.001 
Final emergence time (days) 10.176 0.000 456.074 0.000 8.152 0.000 
Seedling emergence(%) 2.526 0.046 689.359 0.000 2.622 0.017 
Mean days of emergence (days) 9.231 o.ooo 103.197 0.000 9.558 0.000 
Emergence rate 0.954 0.458 378.929 0.000 1.026 0.442 
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Figure 1. Effect of different seed sources and pre-sowing chemical treabnents on seedlirig emergence in 
Swertla chlraylta. Sh: shrubberies, FS: forest slope, OS: open slope; TC: tree canopy; NS: net shade; GH: 
green house. 

GA3, amongst six sources, the seedling emergence 
was faster for green house {11.53 ± 0.47) and slower 

. for net-shade (9.51 ± 2.39), comparatively. With 
NaHC103, the seedling emergence was faster for tree 
canopy (4.52 ± 1.35) and shrubberies (4.51 ± 0.93) 
compared to other sources. 

Seedling growth and biomass 

MANOV A revealed significant (p < 0.000 I) effect of 
seed sources and treatments on all the seedling growth 
parameters; however, the effect of their interaction 
was non-significant for number of leaves and root 
diameter (Table 3). Amongst the seed sources, forest 

slope resulted in significantly (p < 0.05) higher values 
for root length, total plant ;lry biomass and seedling 
vigour index compared to otl.ler sources (Figures 2-4) . 
Significantly (p < 0.05) miiiimum .seedling growth 
was achieved for shrubberies. Significantly (p < 0.05) 
lesser number of leaves was recorded for the seed 
sourced from open slope cort\pared to other sources. 
GA3 and NaHC103 treatment! significantly (p < 0.05) 

' enhanced all the seedling gro•Jtth parameters over con-
trol; however the effect of NdiCI03 was in-significant 
for number of leaves. On co.cnparison, GA, appeared 
significantly (p < 0.05) more: effective over NaHCI03 

treatment for all the growth )\ammeters including total 
plant dry biomass and seedling vigour index. All the ,,, 
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Table 2. Index of emergence rate in Swerlia chirayita, using a modified Timson Index of 
germination velocity. 

Treatment 

Source Control GA, {250 ~M) NaHCIOl (5 minutes) 

Shrubberies 1.21 ± o.351 10.20 ± 0.75' 4.51 ± 0,931 

Forest slope 0.20 ± 0.17b 10.34 ± !.38' 4.43 ± 0.471 

Open slope 0.48 ± 0.13bc I 1.33 ± !.49' 3.27 ± 0.961 

Tree canopy 0.69 ± 0.19'' 11.08 ± 2.531 4.52 ± 1.35' 
Net shade 1.02 ± O.l31c 09.51 ± 2.391 2.99 ± 0.69' 
Green house 0.54 ± 0.23bc 11.53 ± 0.471 4.28 ± 0.65' 

Values in each column with the same superscript are not signi.ficantly different IU p > 0.05, 
Bonferroni test(±: standard deviation). 

Table 3. Results ~f MANOVA showing effect of seed sources, treatments and their interaction on different 
growth parameters in Swertla chirayila. 

Source (S) ,. 
'" Dependent variable t~ F Sig. ,, 

Collar diameter 40.429 0.000 
Leaf number 

' 
9.842 0.000 

Largest leaf length -~ 78.377 0.000 
largest leaf width i!" 24.129 0.000 
Root diameter 13.180 0.000 
Root length ·~ 138.446 0.000 
Seedling dry biomas~ 311.877 0.000 
Seedling Vigour IndeX 328.761 0.000 

plant growth parameters ,shO\yed significant correlation 
' .t. 

with each other except njlmbc;r ?f leaves (Table 4). 
I 

Discussion 

In a species, varialion in g,ermination behaviour bet
ween sites (Baskin and Bask\n, 1998; Cerabo1oni et 
a/., 2004; Pradhan and Baaola 2008a) is applicable 
not only to the natural ptipulations but also to the 
ex-situ produced seeds ~nder different conditions 
(Pradhan and Badola, 20i0:b). The present study, with 
ex-situ produced seeds iniS. chirayita, indicates the 
germination variability arllongst the seed sources in 
addition to existence o\:· physiological dormancy 
(Pradhan and Badola, 2010b). 

~: 

Both GA; (Mehanna et a/., 1985; Tipirdamaz and 
Gomurgen, 2000; Butala ahd Badola, Z004ab, 2006; 
Chandra el a/., 2006) and NaHCIO, (Fieldhouse and 

Independent variable 

Treatment(T) SXT 

F Sig. F Sig. 

99.950 0.000 3.839 0.000 
11.358 0.000 0.626 0.787 
95.652 0.000 7.250 0.000 
26.920 0.000 4.089 0.000 
12.200 0.000 0.662 0.155 

182.174 0.000 4.929 0.000 
262.684 0.000 43.899 0.000 
148.523 0.000 33.030 0.000 

Sasser 1975; Hsiao 1979; Drew and Brocklehurst 
1984; Bewely and Black, 1994; Butola and Badola, 
2004ab, 2006, 2007, Pradhan and Badola, 2010b) are 
known for their stimulatory action on seed germina
tion, breaking seed dormancy and increasing germina
tion rate. In the present study, both GA, (250 liM) and 
NaHCIO, (S min) treatments were stimulatory to 
seedling emergence and over all seedling growth for 
all six ex-situ seed sources. The commencement of 
seedling emergence was significantly faster (p < 0.05) 
in NaHCIO, treatment followed by GA3 over control. 
Such differences in seedling emergence between 
treated and untreated seeds might be due to alteration 
of physiological process by the liberated enzymes 
inside the embryo (Kattimani e/ a/., 1999). Although 
the mean days of seedling emergence were higher in 
GA3 than NaHCI03, the faster seedling emergence 
rate for GA3 indicated it as more effective treatment 
than NaHCIO, (Table 2). 
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GA3 proved to be more effective than NaHCI03 in 
stimulating seedling emergence in S. chirayila in all 
six ex-situ seed sources (Pradhan and Badola, 201 Ob) 
in the present study, however, higher effectiveness of 
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Figure 1. Effect of pre·sowing chemical treatments on number of 
[eaves, largest leaf length and width in Swerlia chirayita (error 
bars: standard deviation). 

NaHCI03 over GA3 was observed in case of Angelica 
glauca and Herac/eun candicans (Butola and Badola, 
2004a, 2006). In the present study, greatly stimulated 
seedling emergence by using higher concentration of 
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Scarification or bleaching of seed coat by NaHCI03 

(Vujanovic eta/., 2000; Bohm, 2003) or other modifi
cation in seed coat (Hsaio, 1979) may not be the cause 
of stimulation of seedling emergence in S. chirayita, 
as the delicate seeds are enclosed in very thin seed coat 
which do not need extra physical effort in promoting 
germiriation. It may be due to either increase in per
meability of seed coat to oxygen through the removal 
of phenolics (Hurley eta/., 1989) or release of oxygen 
with decomposition of NaHCI03, thus enhancing oxi
dative respiration, thereby, promoting seed germination 
(Bewely and Black, 1994; Vujanovic eta/., 2000). 

Other factors which might be responsible for stimula
tion of seedling emergence by NaHCI03 are decompo
sition of germination inhibitors (Mackinnon and 
Alderton, 2000), overcoming dormancy by lowering 
of pH thereby promoting oxygen uptake (Bohm, 
2003), or promoting an enhancement of a-amylase 
activity (Kanecko and Morohashi, 2003). Soaking 
seeds in NaHCI03 for lesser time (5 min) appears 
relatively useful to achieve successful recruitment of 
S. chirayita. NaHCI03 not only protects the seeds 
from pathogens in nursery conditions but also facili
tates leaching of toxic compounds and improves the 
up\ake of water and oxygen contributing to increase 
seed germination or seedling emergence. 

In the present study, GA3 application resulted to 
higher seedling dry biomass and seedling vigour in
dex. This may be due to the fact that the action of GA3 
applied before sowing could have sustained itself till 
the plants reached vegetative stage. Further, this could 
be related to an elaboration of an endo-membrane sys
tem and regulated synthesis of proteins required for 
germination, which in turn could have contributed 
additionally to the amino acid rescue and protein 
turnover during active metabolism, later in plant life 
(Shah, 2007). NaHCI03 is applied as a suitable disin
fectant for seed surface sterilization (Bewley and 
Black, 1994; Kaneko and Morohashi, 2003) and also 
known to promote seed germination and overcome 
seed dormancy (Bewely and Black, 1994) .. However, 
the effect of NaHCI03 on seedling growth (Fieldhouse 
and Sasser, 1975; Chun et a/., 1997; Butola and 
Badola, 2004a, 2006, 2007) and its mechanism has 
rarely been reponed. 

All the seedling growth parameters were positively 
correlated with' each other but the correlation was 

non-significant for some of the growth parameters. 
Both collar diameter and root diameter though showed 
significant correlation with all the growth parameters 
except number of leaves; collar diameter is considered 
the strongest morphological trait for identifying seed
ling vigorousness in S. chirayita because root being 
present below ground surface is not conveniently visi
ble. Further, the collar diameter is always larger than 
the root diameter (pers obs) which does not necessi
tate going further step to identify vigorous seedlings. 

Conclusions 

The present study suggests that stimulatory effect of 
GA3 (250 ~M) (preferably} and NaHCI03 (5 min) on 
seedling emergence and seedling vigour may solve the 
problem of increasing pressure on the wild population 
of species for raw material, as a tool to strengthen 
ex-situ cultivation of S. chirayila. Higher seedling 
emergence rate obtained with GA3 (250 ~M) may lead 
to early establishment of the seedlings, which bear the 
ability to compete and withstand the rough climate. 
This could be advantageous during the process of spe
cies reinforcement in the nature using individuals 
raised by ex-situ means. While reinforcing the species 
into the natural habitats, collar diameter should be 
used for identifying the vigourous seedlings which 
would not only save time but also minimize the wast
age of the resources (Fay, 1994; Benson et a/., 2000; 
Butola and Badola, 2004a). Such step will definitely 
reduce the risk of extinction of endangered species 
(Bowes, 1999) likeS. chirayita in Himalaya. 
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