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Introduction


Over 30% of the world’s plant species have at one time or another been used for medicinal purpose. Of the 2,50,000 higher plant species on earth, more than 80,000 are medicinal. Two third of plant species used for medicinal purpose comes from developing countries. The products relating to about 20,000 higher plant species are being marketed world over. About 120 chemical compounds of plant origin have been developed into modern pharmaceuticals. The natural essential oils and their fragrance are perhaps the most remarkable products of plant metabolism and these products have influenced human thoughts and emotions since the beginning of our civilisations. A realisation of the therapeutic value later made use of these materials in medicine as curative, cooling, antiseptic and preservative.

It is estimated that world market for plant derived drugs may account for about Rs.2,00,000 crores. Presently, Indian contribution is less than Rs.2000 crores. Indian export of raw drugs has steadily grown at 26% to Rs.165 crores in 1994-’95 from Rs.130 crores in 1991-’92.   The annual production of medicinal and aromatic plants raw materials is worth about Rs.200 crores. This is likely to touch US $1150 by the year 2000 and US $5 trillion by 2050. In respect of essential oils, aroma chemicals, natural flavours and fragrance, the demand projections of industrial raw material are valued at US$ 12 billion. In the world-wide flavour and fragrance market, essential oils constitute about 17 per cent. The estimate of world production of essential oils varies from 40,000 – 60,000 t/annum. The world essential oil production at raw material level was around US$ 1 billion in 1994, of which 55-60% goes to food flavours and 15-20% to fragrance.


The world population is likely to reach 11.5 billion by the year 2020.  Assessing the current status of health care system, inadequacies of synthetic drugs are likely to be more glaring in the coming years.  Increased emphasis on the usage of plant material, as a source of food, medicine, fragrance and flavors, dyes, and other items of daily use will be imminent. 

India is known for its plant resources from time immemorial and is one of the world’s 12 bio-diversity centers sheltering over 45,000 different plant species. India’s diversity is unmatched due to the presence of 16 different agroclimatic zones, 10 vegetation zones, 25 biotic provinces and 426 biomes. Of these, about 15,000-20,000 species have good medicinal value. However, traditional communities use only 7000-7500 species for medicinal purpose. The trade of medicinal plants in India is estimated to be to the tune of Rs. 550 crores/annum. Total turn over of ayurvedic and herbal products is around Rs. 2300 crores. About 1300 species of plants native to the country are known to possess aroma. However, India produces limited items of commercial value both from wild and cultivation. Export of essential oils from India during 1996-97 is Rs. 27.7 crores. Total production of fragrance in the country is to the tune of 8400 tonnes in 1997. Domestic demand for fragrance and flavours is increasing in tune with the increase in the purchasing power. The internal demand for flavours during 1996 was 33188 tonnes. It is predicted that India is growing to be one of the world’s largest economies in the next millennium. Our plant genetic resources and technological skill will play a significant role in attaining this enviable position. 
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Constraints in development

Market flexibility


In spite of regular internal demand and growing export, the trade in this sector is largely unorganised. This is largely because of fluctuations in the national and international prices on account of variable supply and demand that bring into conflict the interest of the growers and user industries. So far, India has been involved in the export of only large volume of raw materials. To achieve competitive advantage, we need to resort to low volume high cost trade through value addition to the raw and unfinished products. 

 With respect to raw drugs, the market demand continues to be fed largely from wild though isolated cultivation has taken off due to the concentrated efforts of various governmental and non-governmental organisations. China, which has taken lead in utilising its plant genetic resources and traditional system of medicine, has already eliminated the dependence on the supply from wild, whereby demand and supply of raw materials could be favourably adjusted.

Deforestation

The treasure house of medicinal and aromatic plants is undoubtedly the forests. In India, a forest cover of 71.803mha during 1950-’51 is at present disappearing at an annual rate of about 1.5m ha/year. What is left now is only 8% as against the mandatory 33% of the geographical area of 328.73 million hectares. An assessment of the forest cover, by satellite survey during 1980 reports that the actual forest area in the country varied between 63.34 mha and  64.20 mha. It is estimated that with the present rate of destruction of tropical forest, 20-25% of the world’s plant species will be lost by the year 2000. It is also reported that 10% of India’s flowering plants come under threatened categories. The “Red Data Book of Indian plants” gives bare passport data on 620 species. About 1080 species under threat require enlisting and categorizing in the new I.U.C.N. red list. If this destruction of plant resource is continued unabated, it would undoubtedly undermine our indigenous systems of medicine which cater to the health care of over 80% of our rural mass.

Lack of modern approach

Harnessing the plant resources for the benefit of humankind was taught to the world from the time of Indian civilisation, which dates back prior to 6000 BC. About 8000 herbal remedies have been codified in ayurveda. The Rigveda (5000 BC) has recorded 67 species, Yajurveda (5000-4500 BC) 81 species, Atharvaveda (4500-2500 BC) 290 species, Charak samhita (700 BC) 1100 species and Sushrut samhita (200 BC) described 1270 species of medicinal value. The art of perfume making was first conceived and employed in the East, especially in India, Egypt, Persia and China. 

We ourselves are to be blamed for losing the traditional knowledge passed on to us by our ancestors. Local communities hold the utilisation of bio-diversity in different languages and in their diverse epistemological frameworks. Lack of proper documentation, verification, conservation and short-sighted policies and laws resulted in this state of affairs. There has so far not been an over all guiding frame work to bring harmony and coherence in the protection of our plant resources and utilisation of our indigenous knowledge systems. China has demonstrated the best use of traditional medicines in providing health care. China has pharmacologically validated and improved many traditional herbal medicines and eventually integrated them in formal health care systems.

Challenges Ahead
The burgeoning population, limited natural resources and expanding biotic and abiotic stresses to the environment have made it imperative to boost agricultural productivity continuously using environmentally sustainable technologies. Sustainable agriculture should involve the successful management of resources for agriculture to satisfy changing human needs while maintaining or enhancing the quality of the environment and conserving natural resources. Accordingly, the research and development on medicinal and aromatic plants should be reoriented, infrastructure developed, short, medium and long term result oriented action plan chalked out and skilled man power developed for meeting the emerging challenges in the new millennium. 

Bio-conservation

Bio-diversity is the vital factor for improving biological productivity. To ensure availability of raw materials of medicinal and aromatic plants in future, its intra-specific genetic resources must be conserved. For effective conservation, it is vital to identify the plants, outline their distribution and assess the scarcity or abundance. Steps should be taken to reintroduce the highly depleted species into those areas where they once grew wild. Priority for ex-situ conservation should be given to species whose habitat has been destroyed or cannot be safeguarded. Considerable traditional knowledge (both documented and undocumented) on use of these plants for human benefit is available but needs revitalization. Comprehensive data base is to be generated with all the pertinent data for judicial use and conservation, like scientific/vernacular/trade names, geographical distribution, status of availability, description of plant part used, method of collection, uses, major chemical constituents and biological activity, pharmacological/toxicological data, source of planting materials, demand/supply status etc. The gene banks thus created have to be put to in-depth characterization from conventional taxonomy to cellular and molecular levels. Future exploitation and utilization of genetic diversity of conserved resources mainly depends on the level of characterization and comprehensive understanding of genetics. The main components of such analysis include genetic identity (molecular fingerprints), relatedness (molecular diversity), structure (genotype) and gene location (DNA sequence).  Techniques using “molecular markers” has direct utility right from identification, documentation to IPR protection and management of biological wealth.

Bio-production

The conserved genetic variability of commercially potential medicinal and aromatic plants may be utilized for evolving better varieties for higher production of superior quality raw drugs. Conventional genetics and plant breeding methods are to be further supported by genomics research, which seeks to unravel the structure, function and evolution of whole genomes. Application of genomics in mediculture would make metabolic pathways for the synthesis of pharmaceuticals, industrial and agricultural chemicals more efficient in host plants. Mediculture genomics will provide plant genotypes for economic production of a spectrum of valuable compounds through cropping in the field or tissue culture in bio-reactors. Appropriate production technology with emphasis on organic and eco-friendly farming should be developed in term with Good Agricultural Practices (GAP).  Safety limits of pesticide residues, heavy metals and microbial and radioactive contaminants for all plant materials used in herbal medicines should be laid down conforming to these guidelines.  Each plant including its parts, which are being used in formulation or herbal drugs, should be standardized using modern scientific tools.  Emphasis on cultivation of medicinal and aromatic plants in homesteads, wastelands, avenues, public places, creation of groves, etc should be integrated with social and cultural life. Domestication and cultivation form the most formidable challenge for the use of medicinal plants as many species are still gathered from the wild and continued exploitation can endanger the survival of the species.  

Bio-prospecting

It is high time that we initiate a concentrated attempt for bio-diversity prospecting (bio-prospecting) for meeting the challenges of health care systems and natural product based industries in the coming years.  Bio-prospecting integrates the systematic research of new sources of economically valuable products.  This will help in the sustainable use of genetic resources and their conservation and helping the socio-economic development of the bio-diversity rich India.  This would help to create regulations on access to our genetic resources, to develop technologies for value addition to our genetic resources and create new sources for industrial utilization.  Plants, especially those related to traditional systems of medicine need to be screened for pharmaceuticals.  Biosynthetic pathways for the formation of secondary metabolites have to be studied.  The structure and functions of specific enzymes involved in the synthesis of secondary metabolites will have to be investigated.  The emerging information will be useful for the manipulation of the genetic control mechanisms of biosynthetic pathways to obtain higher yields of economically important metabolites.

 Isolation of natural food colorants, fragrance and flavors hold an exciting industrial utilization of our bio-diversity.  The research will lead to identification of high yielding natural resources of aroma, flavour and dyes and development of economically viable and efficient process technologies. This potential area of development needs substantial input from biotechnology and phytochemistry and the infrastructure are to be developed accordingly.

Market Intelligence


  To ensure continued supply of raw materials to meet the growing market demand, constant surveillance is inevitable. The market intelligence agencies should be able to provide demand-supply projections, sourcing, internal and international pricing and liaison between the producer and the end user. Out of the large number of species being used in indigenous systems of medicine and perfumery, only less than 60 species have been introduced for cultivation. This situation has to be changed whereby major share of raw materials should come from cultivation. It should be ensured that the cultivators’ interest is protected without prejudice to the industry.  

Quality Assurance

      This is one area where much attention needs to be given in order to push our natural products to international market.  Quality control guidelines for raw materials with respect to their collection, storage, packaging etc for maintaining international standards should be strictly laid down.  Quality control parameters (both physical and chemical) right from raw material stage, through processing stage, to final product stage have to be standardized.  This involves modernization of processing procedures and phytochemical screening of raw materials and final products.  The most modern analytical tools should be used in line with ISO standards for strict quality control.

Technology Management

In the coming millennium, nature, humanity and technology must work in harmony. Proper linkage between every ring of the production system is to be assured through effective technology management.  The fruits of research are to be linked with farmers who are the producers of raw material to the industry who are its end users.  The management system should ensure fair sharing of profits, build mutual trust and effective multidirectional flow of information.  This involves resource generation for research and development, patenting of technology and marketing of technologies developed. This is further enabled by the great information technology advancements allowing systematic assimilation and dissemination of relevant and timely information and dramatically improving the ability to access the universe of knowledge and communicating through low cost electronic networks. 

Scientific man power development

      A multi-disciplinary team should be built up at the national and regional levels involving plant taxonomists, agronomists, phytochemists, biotechnologists, pharmacologists, industrialists, practitioners and technology managers.  They should work out areas of collaboration with other Research and Development institutions and industries for commercialization of technologies and resource sharing.  The team should ensure continuity of the Research and Development efforts by grooming future generations of multi-disciplinary teams laying out short term, medium term and long term policies in judicious management of our plant genetic resources. The team should be able to stop biopiracy and intellectual piracy and evolve a foolproof protection system for bio-diversity and indigenous knowledge systems

Intellectual Property Rights 

 It is a reality that the economic future of any country lies in the number of patents it holds. In fact it is the number of patents and not the quality of patents that is going to add value to the market oriented research. There is an urgent need for public debates and educational programmes involving the scientists, judiciary, legislature and the people to bring in patent literacy and to establish ownership rights of the biological resources of the country. The decision of the World Intellectual Property Organization (WIPO) to explore the intellectual property needs, rights and expectations of holders of traditional knowledge, innovations and culture is an important step in widening the concept of intellectual property. Principles of ethics and equity demand that this invaluable component of Intellectual Property Rights (IPR) gets included when the Trade Related Intellectual Property Rights (TRIPs) agreement of the World Trade Organization (WTO) comes into force. Food and Agriculture Organization (FAO) has been a pioneer in the recognition of the contributions of farm families in genetic resources conservation and enhancement by promoting the concept of “Farmers Rights”. Like WIPO, the Union for the Protection of New Varieties of Crops (UPOV) should undertake the task of preparing an integrated concept of breeders’ and farmers’ rights. In a unipolar world, patent literacy is going to decide the economic winners of tomorrow.

Seed Security

Today genetic engineering is capable of introducing genes for desirable traits transgressing species barriers. Significant progress has been made in developing transgenic plants with the desired characters like resistance to pests and diseases. Simultaneously, ‘terminator gene’ technology- a concept in recombinant DNA technology gave birth to ‘terminator seed’ which does not produce viable seed for the farmer to raise the next crop. Recently, Traitor seed technology has surfaced. Traitor seed will not produce economic yields without using the input packet supplied by the multinational. This is obviously a means to make the farmer dependent on multinational forever for seeds. It is a common phenomenon observed in practise that unexpected shoot up in market price of a plant raw material is always succeeded by a shortage and rise in market price of seeds for the succeeding crop. Unscrupulous trades take advantage of the situation, making the seeds beyond the reach of common farmers. For farmers, the right to seed is a fundamental right, not a concession. To overcome such difficulties, a system should be evolved to take care of such contingencies to help the real cultivators.

Emerging opportunities

Biocides: Biocide preparations from herbs, extraction and production of plant growth regulators and allelo-chemicals, etc are other areas of utilization of our indigenous knowledge and bio-diversity resources. The failures and non-sustainability of the chemical route to agriculture and health care provides an opportunity to re-evaluate our traditional knowledge systems on safe use of plant extracts for pest and disease management. Use of neem, other non-edible oils and extracts of many medicinal plants are well known.

Aromatherapy: It is gaining importance all over the world. It is an alternative system of medicine visualizing the use of aromatic essential oils to prevent and cure diseases in man and animals. Bucheur (1994) has proposed a universal definition of Aromatherapy. “The therapeutic use of fragrances or volatile substances to cure and to mitigate or to prevent diseases, infections and indisposition only by means of inhalation.” This can easily be integrated with eco-tourism and will help to find domestic market for indigenous essential oils thus gearing up cultivation and production sectors.

Eco-technology: The ecological foundations essential for sustained advances in biological productivity and the atmosphere are experiencing gradual degradation or depletion. There is much to learn from the past in terms of the ecological and social sustainability of technologies. New developments have opened up new opportunities for developing technologies, which can lead to high productivity without any adverse effect on the natural resource base. Blending traditional and frontier technologies leads to the birth of eco-technologies with the combined strength of economics, ecology, equity, energy and employment. There is need to conserve traditional wisdom and practices which are often tending to become extinct. Eco-technologies enable adoption of ISO 9000 and ISO 14000 standards of environmental management.

Eco-tourism. Australia is the first country to have an eco-tourism strategy and Malaysia has followed suit. The diverse ecological zones of India offer tremendous scope for developing eco-tourism in the country. Development of eco-tourism can generate substantial foreign exchange without the usual disastrous ecological degradation associated with general tourism. It will help to promote and popularize the various indigenous systems of medicine, take people closer to nature and above all promote the overall well being of the people.

 Conclusion

Diversity and pluralism are the characteristics of Indian environment and Indian society. The rich bio-diversity of plants and diverse knowledge systems in harnessing the plant bio-diversity provide an opportunity to meet the future challenges in agriculture, health care systems, fragrance, flavours and allied areas. The failures and non-sustainability of the so-called modern approaches to agriculture and health care systems could be re-assessed through our knowledge heritage and natural resources. If information technology holds today’s fate, biotechnology will determine the future of the coming millennium. Our rich bio-diversity will provide the base for the revolution to take off. 

