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Executive Summary

The forests in India are characterised by immense biotic pressure, low productivity and acute degradation. Despite the efforts to afforest the land by planting trees, loss of natural forests continues unabated. The direct causes of degradation are poverty, landlessness, dependence of livelihoods on forests, lack of proper land use planning, uncertainties in land tenure system, biotic interferences, inadequate institutional capacity and lack of restrictive covenants and punitive legislations. The research support to the issues of forest productivity, protection and conservation, utilisation and substitution of forest products, ecosystem management and newer dimensions of forestry are, therefore, urgently needed to reverse the trend of degradation and to make available forest products at affordable prices.

Valuable scientific knowledge was generated and documented which formed the basis of applied research in the country. However, over the years, the forestry scenario has changed due to industrialization and increase in population bringing about the shrinking of forest cover, deforestation and degradation of forests leading to contraction in supply of goods and services from forests, and aggravating climate change. Under the circumstances, the approach of forestry research requires reexamination and restructuring so that new emerging problems could be tackled effectively by conducting problem solving multidisciplinary research.

During the last five to six decades it has been increasingly observed that the life-supporting potentials of our planet Earth has been eroding rapidly and may ultimately threaten the very existence of Biosphere. The root cause for depleting life supporting potentials of the earth is the environmental degradation due to anthropogenic activities. The ozone depletion, climate change, desertification, tropical deforestation, species extinction, and pollution of water, soil and air are some of the environmental issues of global concern, which need immediate interventions through high quality research.

Environmental education and research are critical not only for the establishment of sustainable human societies but also to develop technologies, skills and expertise, which translate into tailor-made solutions to problems related to the forests and environment. Use of available and developing technology can help to a large extent in rapid assessment of forest resources as well as generating and updating the information and data that is the very basis for good planning. Geographic Information System (GIS) is an effective technology for storage, analysis and retrieval of spatial, temporal and tabular data for natural resources, yet more needs to be done by the State Forest Departments in this area.

Adequate attention to transfer the technology from laboratory to the field has been found wanting. Research extension linkages in terms of sharing of information and technology transfer are very weak. Research results are not adequately transferred to the grass roots level. One of the root causes of such a situation could be that research in most of the research institutions are conducted without the active participation of development partners/stakeholders, as such consultations are not mandatory. 

Forestry research and education has to be restructured in order to achieve balance and harmony between economic, social and environmental needs of the country. A review of current status through SWOT analyses and gap analyses has been done to find a way forward taking into account the past and present achievements and experiences in this field.

Forestry research in India is galvanized and driven by the Indian Council of Forestry Research and Education (ICFRE). It is the focal point with country-wide footprint with its eight institutes and four advanced research centres. Research has been done on productivity enhancement, conservation of forest genetic resources, silviculture for improving forest management, agroforestry models, protection of forest resources, forest products, non wood forest produce, ecorestoration, biodiversity conservation, environment impact assessment, climate change, and biofuels etc. 

Presently, forest education is imparted only in select universities and colleges in the country leading to diplomas, graduation and post graduation degrees in forestry. Keeping in view the current global emphasis on forestry and environment, more and more universities need to be involved in forestry education. ICFRE has been providing Grant-in-Aid for giving an impetus to the forestry education by developing technical capabilities and strengthening infrastructure with respect to forestry faculty in 26 Universities imparting forestry education at graduation and post-graduation level.


Access to vast ecologically and economically rich and diverse forest resources, a well-organized institution of state forest departments, availability of experienced S & T personnel assisted with well-established laboratories and instrumentation, huge databases compiled over the years on various aspects of forestry, technical know-how on various aspects of forestry, growing scope for forestry students, National Designated Repositories and knowledge base in the form of books, journals and research articles on various aspects and disciplines of forestry science are the strengths of forestry research and education.

Too much focus on economic use of forest resources for timber and industrial use of wood; piece-meal and quick-fix approaches adopted for managing ecosystem goods and services; encroachments, poaching, illicit felling, thefts and other human interferences; dwindling strength of scientists and scientific support staff due to ban on recruitment, superannuation of experienced professionals and scientists, absence of second line of workers and limited funding for forestry research; deficiency of trained scientists and staff and modern equipments to work in frontline areas of research like nanotechnology, bioinformatics, biotechnology, genetic engineering, genomics and proteomics; old infrastructure; low priority to research in the state forest departments; paucity of experimental areas; poor extension and communication strategy; inappropriate interdepartmental coordination and linkages, and insufficient budgetary provision for forestry research and education at the Central and State levels are the major weaknesses of this system. Area specific research needs of North Eastern States and cold desert areas of Laddakh and Lahaul-Spiti, where communities largely depend on forest resources for their social, cultural, traditional and economic requirements, have also not been addressed.

The opportunities are unlimited trade options world over for timber and NTFP to other ecosystem goods and services, scope for planted forests in public-private partnership; avenues for investment options for capacity building for participatory resource management and sharing benefits; getting international accreditation for our forests, resources and ecosystem goods and services; scope of multidisciplinary research; exploration, conservation, development and utilization of abundantly available forest products; requirement of forestry graduates and post-graduates; to excel in emerging fields such as nanoscience, biotechnology and climate change related issues and creation of research infrastructure to address the regional needs including those of North-Eastern States, and vast expanses of cold desert of Himalayas including Ladakh and Lahaul-Spiti..

Uncertainty in sustained efforts; low priority; potential and virtual threat of cut-throat competition in forest-related trades; paucity of concerted efforts in the focus areas; frequent changes in the priority areas; brain drain due to liberalization; inadequate financial support, weak infrastructure and instrumentation, and lack of motivation, rewards and congenial environment for research are the biggest threats being faced by this sector.

The emerging issues in forestry research and education are application of new tools for productivity enhancement in forestry sector, quantification and valuation of ecosystem goods and services, new agroforestry models, value addition of forest products and non-wood forest produce, biodiversity and eco-development, forest protection, microbiology, adaptation and mitigation related to forests, forestry extension and marketing, improving quality of forestry education and capacity building.


A visionary approach has been followed to propose a way forward for forestry research and education. This includes future requirement for scientific manpower, facilities for infrastructure and instrumentation, capacity building of the institutions and of the human resource, technological upgradation required to meet the challenges, modernization of library, networking and financial support for national and international inter-institutional support and collaboration, valuation of ecosystem goods and services, patenting requirements and mechanisms, exchange programmes, modalities for linkages between research and education, strategies for forestry education and efficient extension approach for forestry research. Apex role of ICFRE in the national system of forestry research and education needs to be brought out clearly, and is also proposed to be strengthened, and to this end, restructuring of ICFRE is being proposed. Forestry research and education are suffering due to insufficient availability of funds. A functional autonomy for budget allotment and its utilization, like that of Indian Council of Agriculture Research (ICAR), would be the right option for the ailing forestry research and education sector. 


Chapter 1

Background 
1.1
The Present Forest Scenario

India has a landmass of 3.29 million sq. km. out of which about 20% is natural forest. This land mass (nearly 2.5 % of world’s geographical area and only 1.8 % of the world’s forest area) supports 16 % of the world’s population and 18 % of the world’s livestock. The forests in India are characterised by immense biotic pressure, low productivity and acute degradation. The average productivity of forests in India is 0.7 cu m/ha/yr against the world’s average of 2.1 cu m /ha/yr. Per capita availability of forest lands in the country is one of the lowest in the world, i.e. 0.08 ha against the world’s average of 0.64 ha. Despite the efforts to afforest additional land by planting trees, loss of natural forests continues unabated. The direct causes of degradation are poverty, landlessness, derivation of livelihood from forests, lack of proper land use planning, uncertainties in land tenure system, biotic interferences, inadequate institutional capacity and lack of restrictive covenants and punitive legislations. The research support to the issues of forest policy, forest productivity, protection and conservation, utilisation and substitution of forest products, ecosystem management and newer dimensions of forestry including environmental services, adoption to and mitigation of climate change, biotechnology, and nano-science applications are, therefore, urgently needed to reverse the trend of degradation, support the livelihoods of poor forest fringe dwellers, and to make available forest products at affordable prices.

Besides ecological and scientific values, forests of India also have socio-economic, religious and ethnic importance. The forests contribute 1.7 % of GDP of the country. Over 50 % of the revenue earned by the Forest Departments comes from Non-Wood Forest Products (NWFPs). Nearly 500 million people living in and around forests in India depend on NWFPs for their sustenance and supplemental income. Due to the problems associated with valuation of forests and its services, unrecorded removals, and illegal harvesting, etc., the exactness of the contribution made by the forests is difficult to assess. The World Bank has commented that due to usage of old technology, India has received low returns on investment in this sector. Research is needed for more accurate economic and social evaluation of the services provided by the forests so as to appreciate their real contribution to the well being of Indian society.

1.2
History of Scientific Forest Management in India

The origin of scientific forest management in the tropics can be traced in India. Dating from the mid-19th century, the classical tropical forest management principles were developed by Sir Dietrich Brandis, the then Inspector General of Forests of India. 

In India, although silvicultural research started in 1840s the first research laboratory started functioning in 1878 and a Forest Research Institute (FRI) was established at Dehradun in 1906. The FRI and its regional stations used to be directly under the control of Central Government (Ministry of Agriculture/Ministry of Environment and Forests) until 1986 when the regional centres were upgraded to full fledged research institutes and along with FRI were transferred to the Indian Council of Forestry Research and Education (ICFRE) under the Ministry of Environment and Forests. In the private sector also, forestry research was taken up much later as forestry has generally been perceived as the responsibility of the Government. 

1.3
Multidisciplinary Role of the Forests

Forestry is a multidisciplinary science, and related issues and problems can be addressed effectively following a thematic and holistic approach. In forestry research, where we deal with long duration crops, it becomes essential to adopt a multidisciplinary approach to address effectively numerous challenges of deforestation and climate change.


Effectiveness, relevance and acceptability of research depend on its institutional organization. Thus, organization of research becomes very crucial. In India, traditionally the organization of forestry research is discipline-wise. During the formative years, information was needed to be generated in every discipline, and, therefore, such an organization of research was probably the best at that time. Valuable scientific knowledge was generated and documented which formed the basis of applied forestry research in the country. However, over the years, the forestry scenario has changed due to industrialization and increase in population, bringing about the shrinking of forest cover, deforestation and degradation of forests inter-alia, aggravating impacts of climate change. Under the circumstances, the approach of forestry research requires re-examination and restructuring so that new emerging problems could be tackled effectively by conducting problem solving multidisciplinary approach. For example, the goal of improving productivity of plantations cannot be achieved unless there is a multidisciplinary effort involving silviculture, appropriate management practices, forest genetics and tree breeding, forest biotechnology, physiology and protection from diseases and insect pests. Thus, it is imperative to take necessary steps to restructure forestry research and education to suit the rapidly changing socio-economic scenario in India.

1.4
Sustainable Management

Sustainable management of forests means the management and use of forests and forest lands in a way that maintains their biodiversity, productivity, regeneration capacity, vitality and their potential to fulfil in the future, relevant ecological, economic and social functions at local, national and global level that does not cause damages to other ecosystems. A number of initiatives at the international level has been taken to determine criteria and indicators of sustainable forest management at regional, national and local levels. In India too, therefore, the planners must envisage funding research to evolve such criteria of management alongwith their financial implications of adoption especially in forest areas, which are vitally linked with the well-being and continued use of the forests.

Forestry education has to play a vital role in achieving the goal of sustainable forest management. Education for a sustainable future should aim at: (i) conserving the earth’s vitality and diversity, (ii) minimizing the depletion of non-renewable resources, and promoting production and use of renewables (iii) improving the quality of human life, (iv) respect and care for the community of living world, (v) changing personal values, attitudes and practices, and (vi) enabling communities to care for their own environment. Forest education and research are components of overall environmental education and research. The environmental sector with forestry as one of its sub-sectors has also linkages with the agriculture, fisheries and health sectors. Consequently, educational and research programmes particularly at higher level must integrate all these different sectors.

During the last five to six decades, it has been increasingly observed that the life-supporting potentials of our planet Earth has been eroding rapidly and may ultimately threaten the very existence of Biosphere. The root cause for depleting life supporting potential of the earth is the environmental degradation through anthropogenic activities. The ozone depletion, climate change, desertification, tropical deforestation, species extinction, and pollution of water, soil and air are some of the environmental issues of global concern, which need immediate interventions through high quality research.

1.5
Human Resource Development 

The concept of sustainable development has emerged as a prescription for human survival, which at the same time ensures long-term maintenance of ecosystem health. One of the priority requirements for achieving sustainable development is to create sustainable human societies. Environmental education and research are critical not only for the establishment of sustainable human societies but also to develop technologies, skills and expertise, which translate into tailor-made solutions to problems related to the forests and environment.

Organizing orientation programme for scientists through visit to various national and international institutes in their respective field is also required, either through exchange programmes or through fellowships, in order to facilitate exchange of ideas and keeping them abreast with latest scientific and technological developments. 

1.6
Forestry Research and Technological Advancement

We have not yet made adequate and effective use of the capabilities of computers and have not totally capitalized on the IT revolution in forestry research. Forest inventory, growth and yield statistics, forest extent, species diversity and the like continue to be documented manually. As a result of which, the activities are not just effort and time consuming but also subject to human error. Use of available and developing technology can help to a large extent in rapid assessment of forest resources as well as generating and updating the information and data that is the very basis for good and effective planning. Geographic Information System (GIS) is an effective technology for storage, analysis and retrieval of spatial, temporal and tabular data for natural resources, yet more needs to be done by the State Forest Departments (SFD) in this area.

The purpose of carrying out research today should be to generate benefit for the people by the application of new knowledge generated so far in the field of natural resource management. There is a need for user friendly and problem solving thrust in the field of research, education and extension. Research should be given due recognition and suitably placed at higher priorities to meet the new challenges. Research also needs adequate funding and possibility should be explored to involve corporate and industrial houses in financing the research projects. While formulating the research projects, research objective should be linked with the priorities of the nation such as poverty reduction, conservation and sustainable development, use of bio-resources, and long term goal of environmental well-being which require more attention of government rather than indulgence of private sector.

Adequate attention to transfer the technology from laboratory to the field has been found wanting. Research extension linkages in terms of sharing of information and technology transfer are very weak. Research results are not adequately transferred to the grass roots level. One of the root causes of such a situation could be that research in most of the research institutions is conducted without the active role and participation of development partners/stakeholders. In forestry sector, the largest stakeholder of developed technologies are state forest departments, who need to be sensitized suitably to take the research results from lab-to-land effectively.

1.7
Forestry Extension 

For an applied science like forestry, extension of research results to stakeholders is the most important aspect that bridges the gap between researcher and the stakeholder. It is generally accepted that close integration of research and extension activities is a critical necessity. Institutional and administrative integration along with functional integration based on close working relationships in practice, amongst researchers, extension workers and stakeholders may bring about desired results for meeting the needs of stakeholders.

Forestry extension is certainly quite different from agricultural extension in approach and overall philosophy due to ownership of the land-in one case, it is the government, and in other the farmers. Hence, a mechanism for transfer of technologies/ new information to the main stakeholders like the State Forest Departments, tree growers, farmers and forest-based industries for field implementation, needs to be essentially different in approach.

The task of researchers should not end just with the publication of research reports and scientific papers. The research results need to be applied in the field and transferred to stakeholders, similar to agricultural research where the technology for the green revolution passed on to farmers, brought desired results of increased yield. There should be a strong Extension and Training Division in forestry research organizations with a clear mandate to produce a package of practices, extension and training materials, and to regularly train the stakeholders. A new look and vision in forestry research extension is, therefore, imperative.


1.8
Forestry Education

The formal education in forestry in the country began with the training of the officers selected for manning the forest department in 1867 when the adoption of the scientific management of forest necessitated the services of trained foresters.  The forestry education in pre-independence India may be classified into four categories, viz., training of Officers of the Superior Services, Range Officers, Foresters and Forest Guards.

The foundation of forestry training and education was laid in 1878 when systematic training was initiated by the then Government of North Western Provinces and Oudh at the Central Forest School, Dehradun. The first theoretical course started in 1881. The Central Forest School, Dehradun was taken over by the Government of India in 1884 and renamed as “Imperial Forest School”. In 1891, Bombay started training Rangers at the College of Science, Poona, with duration of the course being two years. Thereafter, Rangers’ College was started at Dharwar and 9 candidates were trained during 1919-20. 

With the establishment of Imperial Forest Research Institute in 1906, the status of the school was raised and it was renamed as Imperial Forest College, Dehradun. The training of the officers of the Indian Forest Service continued at the British Universities till 1925. Their training started in India at Imperial Forest Research Institute (IFRI) in 1926 and continued till 1932 when the lack of demand for trained forest officers compelled its closure. 

The demand for trained forest officers to manage the forests in the provinces resulted in the creation of the Indian Forest College (IFC) in 1938, where Provincial Forest Officers were trained.  The level of training was upgraded in 1940 and was given an all India outlook in order to manage the vast national assets. The course was termed as the Superior Forest Service Course which offered “Associate of Indian Forest College, (AIFC)” Diploma, replacing the Provincial Service course. This course was continued till 1975.


Following the creation of Indian Forest Service again in 1966, the training of IFS officers started in 1968 in IFC along with the State Forest Service (SFS) trainees till 1975. After 1975, the IFC was exclusively set aside for training of Indian Forest Service probationers with a separate course of its own and the increased demand for training State Forest Service Officers necessitated establishment of three separate State Forest Service colleges at Burnihat in 1976, at Coimbatore in 1980 and at Dehradun in 1981. Government of India subsequently upgraded the IFC to the status of a national academy named after the late Prime Minister Mrs Indira Gandhi as Indira Gandhi National Forest Academy (IGNFA) in 1987.

 
The training of foresters and forest guards has always been the responsibility of the State Governments except for a brief period between 1952 to 1960 when a Regional Foresters’ School was run by Government of India at Southern Forest Rangers College (SFRC) Coimbatore which catered to the needs of the States of Madras, Andhra Pradesh, Mysore, Kerala and Andaman & Nicobar Islands. Currently, there are about 48 training schools in the States for imparting training to the Foresters and Forest Guards.


The Universities initiated organized forestry education only in 1987, when 14 State agricultural and five general universities established forestry faculties following the recommendations of the National Commission on Agriculture. 

1.9
Need for Coordinated Efforts `
Today, more than ever before, there is urgent need for partnership between research and educational institutions, market/business entrepreneurs, financing bodies and policy makers etc. Establishment of partnership between industries and institutions has been found to be an effective tool in almost all developed countries in achieving the objectives and success for industrial development.

Also efforts at protection and conservation of forests cannot succeed without the willing support and cooperation of the people. It is essential, therefore, to inculcate in people a direct interest in forests, their development and conservation and to make them conscious of the value of trees, wildlife and environment in general. This can be achieved through the involvement of educational institutions right from the primary stage. Farmers and interested people should be provided information and opportunities through institutions like Krishi Vigyan Kendras,Van Vigyan Kendras, and Trainers Training Centres to learn agri-silvicultural and silvicultural techniques to ensure optimum use of land and water resources. Short term extension courses and lectures should be organized in order to educate farmers. For this purpose, it is essential that suitable programmes are propagated through mass media, audio-visual aids, demonstration sites, and through extension machinery.


The forestry research and education has to be restructured in order to achieve balance and harmony between economic, social and environmental needs and imperatives of the country. 


Chapter 2

Present Status 

2.1
Forestry Research

2.1.1  Genesis

The origin of forestry research in India was a natural corollary to the introduction of scientific management of forests towards the end of nineteenth century. In the early years, most of the valuable work done by individual forest officers could not be properly documented and was lost. It, however, propelled significant works later, like Forest flora of North West & Central India by Dietrich Brandis in 1874 and Manual of Indian Timbers by J. S. Gamble in 1881. Forestry research documentation gained ground with the start of a monthly departmental magazine in 1875 titled Indian Forester.

Forestry research in the country truly began in an organized manner in 1906 when the Imperial Forest Research Institute (IFRI) was established in Dehradun. The facilities at the Institute were augmented in 1911 and again in 1914. The progress was rapid and in 1920, an estate covering 1,300 acres was acquired and the IFRI building was constructed in 1929. It housed the administrative offices, Biological branches, Herbarium, Museums, the Central Library, Convocation Hall and the Indian Forest College. IFRI initially had five branches (research disciplines) in 1929, which were gradually increased to twenty-four after 1945. In the ensuing decades, to meet the increasing and diverse forestry research needs of the country, regional research centres were established at Coimbatore, Bangalore, Jabalpur and Burnihat.

Forestry research gained rapid momentum thereafter, resulting in the formation of the Indian Council of Forestry Research and Education (ICFRE). It is the umbrella organization synergizing forestry research in India. Objectives of the Council are:

· To undertake, aid, promote and co-ordinate forestry research, education and its application

· To extend the research findings from lab to land

· To develop and maintain a National Forest Library and Information Centre.

· To provide consultancy services in the field of forestry research, education and training, and in allied sciences

2.1.2   Institutional framework

Forestry research in India is galvanized and driven by the Indian Council of Forestry Research and Education (ICFRE). It is the focal point with country-wide footprint through its eight institutes and four advanced research centres, namely Forest Research Institute (FRI) at Dehradun, Himalayan Forest Research Institute at Shimla, Tropical Forest Research Institute at Jabalpur, Institute of Wood Science and Technology at Bangalore, Institute of Forest Genetics and Tree Breeding at Coimbatore, Arid Forest Research Institute at Jodhpur, Rain Forest Research Institute at Jorhat, Institute of Forest Productivity at Ranchi, Centre for Social Forestry and Eco-Rehabilitation at Allahabad, Centre for Forestry Research and Human Resource Development at Chhindwara, Forest Research Centre at Hyderabad and Advanced Research Centre for Bamboo and Rattan at Aizawl.

Other institutions contributing to forestry research include Indian Plywood Industries Research and Training Institute, Banglore (IPIRTI), Indian Institute of Forest Management, Bhopal (IIFM), G. B. Pant Institute of Himalayan Environment and Development, Almora. Forestry research institutions under the aegis of Indian Council of Agricultural Research  (ICAR) namely Indian Grassland and Fodder Research Institute, Jhansi (IGFRI), National Research Centre for Agroforestry, Jhansi (NRCAF), Central Arid Zone Research Institute, Jodhpur (CAZRI), Central Soil Salinity Research Institute, Karnal (CSSRI), Central Soil and Water Conservation Research and Training Institute, Dehradun, ICAR Research Complex for North Eastern Hills Region, Shillong (ICAR- RC- NEH), Vivekananda Parvatiya Krishi Anusandhan Sansthan, Almora (VPKAS), Central Research Institute for Dryland Agriculture, Hyderabad (CRIDA), and Central Agricultural Research Institute, Port Blair (CARI).
 
NGOs and industry have also collaborated and contributed to forestry research in the recent past, namely I T C Bhadrachalam Paper Board Limited, WIMCO, Thapar Corporate Research and Development Centre (TCRDC), Ballarpur Industries Limited, and The Energy and Resources Institute (TERI). Forestry research endeavours in Universities have also contributed gainfully. Noteworthy are G.B. Pant University of Agriculture and Technology, Pantnagar; Punjab Agricultural University, Ludhiana; Kerala Agricultural University, Vellanikkara; Shivaji University, Kolhapur, (Maharashtra); Himachal Pradesh Krishi Vishwavidyalaya, Palampur; Assam Agricultural Univeristy, Jorhat and Dr. Y.S. Parmar University of Horticulture and Forestry, Nauni, Solan (H.P.). 
2.1.3

Forestry research highlights

Preservation Plots were amongst the earliest concerted attempts in forestry research in India. These were demarcated forest areas set aside in perpetuity for the preservation of the forest with no human interference beyond what is necessary for their protection and management.  They also serve as ecological reference centres for studying natural ecological processes in isolation without any human interference. The first preservation plot was established in 1906 at Saranda in Bihar.  Since 1927, Forest Research Institute (FRI) has established 188 preservation plots all over the country. There are presently 309 preservation plots in natural and plantation forests. Alongside, Indian Forester has remained a continuous publication since 1875 to the present, making it a repository of forestry research studies.

Post independence scientific advancement in forestry and allied disciplines has taken newer paths. Technological innovations and their extensive applications in forestry have changed the face of forestry research. Apart from traditional areas of research like silviculture, ecology and agroforestry, new vistas were opened with focus on genetics and tree propagation, bio-informatics, environmental impact assessment etc.  Lately, studies into new areas of focus like climate change and nano-technology have also started. One of the main objectives of forestry research is to increase the productivity of the forestry sector of the country. Protocols for micro-propagation of bamboos and eucalyptus have been developed. Germplasm banks have been established for clones of poplar, teak and other important timber species. DNA fingerprinting using RAPD and AFLP markers for characterization of clones has been carried out for casuarinas, shisham and pines. Adequate availability of quality planting material is the key to increasing productivity of forest tree plantations. Plus trees for raising quality planting material have been identified for neem, eucalytpus, teak and other important tree species of India. A protocol for rapid multiplication of Dalbergia sissoo through axillary bud proliferation has been developed. Clonal propagation technology for teak has also been standardized for production of quality planting stock. Major work has also been done in the direction of conservation of forest genetic resources. Seed Production Areas, Seed orchards-both clonal and seedling, were established using planting material of high quality. Seed testing procedures were developed for more than 120 species in various institutes of ICFRE. Agroforestry models have been developed for the farmers’ fields using various forest tree species like teak, eucalypts, acacias, casuarinas, poplars etc. Volume tables, site index equations and growth models have been formulated for commercially important forest tree species. Research on various aspects of forest protection has also been carried out. Databases on insects has been developed for more than 200 species and preserved at FRI. The complex problem of shisham mortality has been studied for causes, and solutions are being arrived at. Research on Forest products and utilization of wood/timber has also been carried out. Testing of raw material and finished products for strength properties is regularly carried out. Electronic database of physical and mechanical properties of timber species tested so far is available with FRI. Suitability indices and safe working stresses of timber species have been calculated and recorded. Utilization of weeds like Parthenium and Lantana has also been worked out. Eco-friendly dyes have been prepared from various species and methods standardized. Plasticisation techniques for palms and a few bamboo species have been developed. Research on post harvest technologies on non-traditional, under-exploited species for handicrafts has also been carried out. Research on standardized methods for reforestation and reclamation of mine dumps and problem soils has also been conducted.

2.1.3.1
The major achievements of ICFRE in recent times:
Research on enhancement of forest productivity
· Developed cost-effective micro-propagation protocols for mass propagation of Bambusa arundinacea, B. arundinacea var. gigantea, B. nutans, Dendrocalamus strictus, D. membranaceous, and Oxytenanthera stocksii.

· Standardized in vitro propagation methods for mature tissues of Azadirachta indica.
· Difficult to root clones of Eucalyptus tereticornis and E. camaldulensis rejuvenated and 10% rooting achieved. Methods were developed for the micro-propagation of tropical hybrid Eucalyptus europhylla  x  E. grandis. 

· Germplasm bank for 400 clones of Poplar (Populus deltoides) was maintained for tree improvement studies.

· Twelve clones of Casuarina equisetifolia, identified as superior performers, were selected for fingerprinting using RAPD and AFLP techniques. Developed DNA finger printing for molecular base characterization of germplasm of - Pine, Shisham and Eucalyptus.

· Plus trees of neem (1,156 no.) were identified in different agro-climatic zones of Madhya Pradesh, Chhattisgarh and Orissa. 

· The Clonal propagation technology for mass multiplication of the high yielding neem tree has been standardized. 

· A procedure for rapid multiplication of Dalbergia sissoo (Shisham) through axillary bud proliferation and Clonal propagation technology and micro-propagation package for teak has been standardized to produce high quality-planting stock. 

· Twenty outstanding clones each of Casuarina equisetifolia and C. junghuhniana sub-spp. timorensis were selected and vegetatively propagated in a hybridization garden. 
· Molecular cataloguing of 36 plus trees of teak from 11 States of India and one allied species, Tectona hamiltoniana Wall. endemic to Myanmar, using RAPD markers developed.
· Developed in vitro shoot proliferation methods for large-scale multiplication of mature clumps of Bambusa nutans and Dendrocalamus giganteus. 
Research on conserving forest genetic resources
· Established 1,300 ha. Seed Production Areas, 351 ha. Seed Seedling Orchards and 170 ha. Clonal Seed Orchards and Model Nurseries in different parts of the country for production of quality planting material.
· Standardized seed testing procedures for more than 120 species.

· Developed guidelines for certification of forestry seeds.
Research on silviculture for augmenting forest management 

· Initiated work on benchmarking biodiversity and preservation of gene pool of important species/forest types through preservation plots in 15 States of the country. 

· Developed technology for artificial regeneration of Buchnania lanzon in U.P.
· Volume tables, site index equations and growth/yield functions for Azadirachta indica, Eucalyptus camaldulensis and Dalbergia sissoo were developed.
· Field trials were laid with two important forestry species of Alnus nepalensis and Exbucklendia populnea for reclamation of highly eroded site at Cherrapunjee, Meghalaya.
· Growth of most common tree species planted in South-West Bengal, viz., Acacia auriculiformis, A. mangium, Azadirachta indica, Dalbergia sissoo, Eucalyptus spp., Gmelina arborea, Shorea robusta and Tectona grandis from 132 plantation sites under alluvial, coastal and lateritic soils were compared for the soil-vegetation interaction with special reference to nutrient cycling. 


Development of better agroforestry models

· Package developed for “Economic Production of Casuarina equisetifolia in Agroforestry system”.

· Developed and standardized management practices for most promising existing agroforestry systems in Central Narmada Valley and Satpura plateau agro-climatic regions of M.P., arid and semi-arid regions of Rajasthan, and semi-arid tropics of Andhra Pradesh.

· An agroforestry model consisting of tree species (Tectona grandis, Gmelina arborea and Emblica officinalis) and crop species (soyabean and wheat) has been developed. 

· Agroforestry models involving medicinal plants have been developed in farmers’ fields.

· Organized awareness campaigns for promotion of agroforestry amongst farmers.

Research on protection of forest resources

· Developed Insect database for 200 species for National Insect Reference using the collection preserved at FRI.  

· Studied Shisham Mortality - temporal changes in the physical properties of soil and soil maturation, water stress, water logging, environmental stress, ecological succession aided with root pathogens are observed as the main causes for shisham mortality. 

· Resistant and susceptible clones of Dalbergia sissoo against major root-rot pathogen Ganoderma lucidum have been identified.

· Studied management of Sal heartwood borer in natural forests.

· Tested promising plant derived chemicals against key pests against the major defoliators of forest tree species. 

· Multiplied 3,00,000 wasps of Trichogramma rosi and introduced in 200 hectare teak plantations of Maharashtra and Madhya Pradesh to minimise the outbreak of teak defoliator and skeletonizer.  

· Deodar mortality in and around Shimla was studied and causative factors identified.
· Identified natural enemies of Ectropis deodarae comprising eleven parasitoids, eight predators and nine entomo-pathogens of Himalayan forest.
· Two new species of the genus Angulitermes (A. bhagsunagensis sp. nov.) from Himachal Pradesh and Microtermes (M. vikaspurensis sp. nov.) from Uttarakhand have been identified.  

· Identified Phloeobius crassicollis (Coleoptera: Anthribidae) damaging green culm of Bambusa bambos for the first time.

· Identified causes of mortality of Prosopis cineraria trees and suggested remedial measures for protecting the infested trees.

Research on forest products

· Electronic database of available physical and mechanical properties of timber species tested so far since 1911 belonging to 510 records has been prepared. Various calculations of suitability indices and safe working stresses of timber species have been completed and tested.

· Methods were standardized for vegetable dyes from Ageratum conyzoides, Parthenium hysterophorus, Eupatorium glandulosum and Azadirachta indica.

· FRI, Dehradun developed VAC-FRI technology for treatment of green bamboo. 
· Plasticisation technique for palms and selected bamboo species developed.

· Post harvest technologies on non-traditional, under-exploited locally available timber species for suitability to handicraft and other small scale industries studied. 

· Wood quality of Simarouba glauca for its timber value was assessed.
· Developed alternative preservatives of more economic value.

· Standardized seasoning and preservation techniques for rubber wood.

· Reconstituted wood made from lops and tops of Eucalyptus, Poplar, Lantana and Bamboo. 

· Furniture made from preservative treated (CCA and Chloropyriphos) under pressure treatment and from seasoned wood of all the three plantation of lesser-known timber species viz. Acacia tortilis, Prosopis juliflora and P. cineraria. 

Research on non-wood forest produce

· Studies have been initiated to propagate high altitude medicinal plants –Microstylis wallichii, Berginia ciliata, Valeriana jatamasi and Swertia chirayita by following non-destructive methods at lower elevations.

· Parthenium lignocellulosic material was isolated and converted into fibres, which were analysed for physical properties for development of Medium Density Fibre Board. 

· Agroforestry based medicinal plant cultivation research plots were established in Haryana and at Dehradun. The cost economics of cultivation of different medicinal plants under different agroforestry and horticultural species have been studied. 

· Studied lac cultivation on non-traditional host Flemingia spp. and its possibility in sustainable plantation forestry.

· Carried economic evaluation of NTFPs in tribal belt of Madhya Pradesh 
and standardized methodologies for extraction and value addition of NWFP providing sustenance to tribals.

· Standardized nursery techniques for mass propagation of selected medicinal plant species. 

· Heavy metals (lead and arsenic) in vegetable dye of Butea monospema and Woodfordia fruticosa were estimated.

· Methods standardized for production of alpha cellulose and its derivatives from Lantana camara for a variety of applications.

· Methods were standardized for vegetable dyes from Ageratum conyzoides, Parthenium hysterophorus, Eupatorium glandulosum, Azadirachta indica Lantana leaves, and Eucalyptus hybrid leaves.

· Methods standardized for compost making from Parthenium for effective utilization of weeds. 


Eco-restoration studies 

· Problem soils like quartz dumps, magnesite/lime stone mine spoils were reclaimed using suitable tree species and proper soil amenders.

· Biological reclamation of fly ash dumps at thermal power station area, Korba and Chachai studied.
· Standardized afforestation technique for sodic soils and reclamation of wastelands.

Environmental Impact Assessment studies

· Comprehensive environmental impact assessment and management plan for Bodhghat Hydro Electric Project, CSEB, Raipur, Chhattisgarh conducted.

· Environmental impact assessment of seismic operations in Krishna Godavari Basin (KG-ON-1) for 
 Reliance Industries Ltd., Mumbai.

· Prepared final mine closure plan for Kudremukh Iron Ore Company Limited (KIOL), Bangalore – This has been prepared first time in the country, as per the directive of Honorable Supreme Court to KIOCL.

· Ecological assessment of forest areas falling under Kol Dam Hydroelectric Project in Bilaspur District of H.P.

Biodiversity Conservation studies 

· Ecological assessment of Dipterocarp forest with reference to distribution, abundance, rarity and profile sketch of evergreen forest carried out in Gibbon Wildlife Sanctuary. 

· Spatial distribution mapping and population dynamics of 21 threatened medicinal plants were carried out in Silent valley and Kolli Hills MPCAs of Kerala and Tamil Nadu. 

· A total of 640 plant species belonging to 90 different families have been collected from the cold desert areas, out of which 345 species have been identified as unique species and 27 species of medicinal importance have been declared as red listed medicinal plants.

· Forest Invasive Species (FIS) is a priority issue under the Convention on Biological Diversity. Accordingly, based on information received from regional ICFRE Institutes, a Brochure was published on ‘Forest Invasive Species’ as per revised format for Asia Pacific Forest Invasive Species Network (APFISN).

Climate Change

· ICFRE was given Observer Status of UNFCCC at COP 10 in 2004 in accordance with Article 7, Paragraph 6 of the Convention.

· Studied Carbon mitigation potential of farmlands in Betalghat, Nainital, Uttarakhand.  

· Studied Carbon sequestration potential under farm forestry and community forest.

· FORCLIMIT India (MoEF- USEPA Programme – Forests and Climate Change Mitigation Networks). First phase in Udham Singh Nagar, Nainital, Uttarakhand for farm forestry and forestry was completed. Industrial potential approach at Singareni coalfield is in progress.

Research on bio-diesel  

· Isolated and estimated oil and anti-nutritional constituent, phytae in different provenances of Jatropha curcas. Separated toxic fraction of jatropha oil and assessed its efficacy for antifungal and antibacterial activities. 

· Identified provenance for high oil content of Jatropha from the clonal germplasm bank.
· A trial of 32 provenances has been established.

· Established germblasm bank of Jatropha in different institutes of ICFRE.

Patents registered

· Micro-propagation of bamboos- patent No. 1137/ MUM/ 2000 

· Technology VAC-FRI for Treatment of Green Bamboo-Patent No.19.14/03012/2003

· Lignin Copper Complex A and B - Patent No. 963/DEL/2004 

· An Apparatus for Post Harvest Treatment and Preservation of Bamboo - Patent No. 425/KOL/2003 

2.1.3.2
The major achievements of other institutions in recent times:
Indian Institute of Science

· Functional mimics of antibacterial-resistant Enzyme Metallo-(-Lactamase

· Synchronized extinction of species under external threat

· Smart Nanocomposites: SAFIN

· Space-time properties of 'new physics' at the International Linear Collider with polarized beams 

· Spin probe electron spin resonance of vitrification and glass transition of water: a journey into the "No Man's Land"

· Research Suggests New Approaches to Anti-thyroid Drugs

· Biomolecular Hydration Dynamics 

I T C Bhadrachalam Paper Board Limited

· Genetic improvement of Eucalyptus spp. 

· Selection of candidate plus trees.

· Cloning of selected candidate plus trees through rooting of juvenile leafy cuttings treated with hormones.

· Field evaluation of clones in statistically designed field trials for identification of superior genotypes.

· Establishment of gene banks, for large-scale multiplication of tested and proved superior clones for future plantations etc.

WIMCO Seedlings


The main research work carried out by the company is the improvement of planting material for the production of industrial raw materials. The nursery technique of poplar has been standardized and the rotation of Poplar has been reduced from 12 to 6 years. Different exotic clones of Poplars were introduced and the same were released for planting in the field, after testing the performance. The company has established a germplasm bank of Poplar.

Thapar Corporate Research and Development Centre (TCRDC)


The TCRDC in engaged in developing elite plant varieties for economically beneficial afforestation, improving forest productivity through better cultivation techniques and crucial inputs for Rhizosphere engineering. The TCRDC is also developing new technologies, which are environment friendly.

Ballarpur Industries Limited

Ballarpur Industries Ltd. has undertaken and supported applied forest research. The following are the projects, which were undertaken in the past:

· Preservation of Bamboo against borer and termites.

· The root-trainer technology for raising commercial plants such as Eucalyptus spp.

The Energy and Resources Institute (TERI)

· Tissue Culture Pilot Plant (TCPP) for various economically important forest tree species.

· Plantation models by identifying and selecting high quality genetic material.

· Development of clonal technologies for commercially important species.

· Improvement of planting and management techniques to maintain high fertility of the sites.

· Research on regenerating degraded and difficult sites, formulating methodologies for biomass assessment and watershed management to maintain sustainable levels of productivity etc.

· Greening of Taj trapezium zone.

2.1.3.3
Forestry Research by Universities

G.B. Pant University of Agriculture and Technology, Pantnagar

· Seed germination of certain tree species of Himalayas.

· Effect of water stress, pH, temperature and light on seed germination of four pine species.

· Effect of cone diameter on seed yield, moisture content and germination in Himalayan cedar-Cedrus deodara etc.

Punjab Agricultural University, Ludhiana

· Introduction of Poplar clones from U.P. Forest Department (Lalkuan, Rudrapur) at UHF-Nauni, Solan. More than 270 Poplar clones already introduced in the main campus. About 120 new clones of Poplar are under test in nursery.

· Progeny Testing Trials on Eucalyptus hybrid, Dalbergia sissoo, Acacia nilotica var. cupressiformis and Leucaena leucocephala.

· Development of micro-propagation technique for Eucalyptus tereticornis, Dalbergia sissoo and Azadirachta indica.

Kerala Agricultural University, Vellanikkara

· Study on the anatomical structures and stem wood properties of two important canes, i.e., Calamus travancoricus and C. thwaitesii.

· Suitability of Acacia auriculiformis for energy plantations, and for afforesting sites dumped with coal cinders, and other degraded areas.

· Demonstrated highest forage productivity in Casuarina equisetifolia plantations.

· Suitability of the seedlings of Albizia lebbek. Dalbergia latifolia. Casuarina equisetifolia and Pongamia pinnata as the best host for sandal in the nursery.

Shivaji University, Kolhapur, Maharashtra

· Standardization of nursery technology, establishment of germplasm bank and mass propagation studies.

· Selection of proper species for given agroclimatic conditions.

· Testing of various treatments given to the seeds for getting maximum germination rate in the nursery.

· Field trials of 17 species by raising various demonstration plots.

· Polyculture trenching for Eucalyptus spp., Cassia siamea, Acacia auriculiformis and Cassia fistula.

Himachal Pradesh Krishi Vishwavidyalaya, Palampur (H.P.)


Research in the field of commercial and agroforestry species and medicinal and aromatic plants such as Pinus roxburghii, Abies pindrow (Silver fir), Pinus gerardiana (Chilgoza pine), Cedrus deodara (Deodar), Pinus wallichiana (Kail), Picea smithiana (Spruce), Populus ciliata, P. deltoides, P. yunnanensis, P. delltoides, P. nigra, Cymbopogon nardus, D. lantana, Dioscorea, Fagopyrum, Glaucium flavum, Mentha piperita etc.

Assam Agricultural University, Jorhat

· Research work on agroforestry.

· Growth performances of forty-seven tree species under the existing agro-climatic conditions.

· Suitability of horti-silviculture system to see the interaction of Dalbergia sissoo and ginger, turmeric, Assam lemon, pineapple and vegetable crops.

Dr. Y.S. Parmar University of Horticulture and Forestry, Nauni, Solan (H.P.)


Here, the research disciplines are silviculture, tree breeding, forest products and medicinal and aromatic plants. The studies include seed collection and storage, nursery and planting practices of commercial and agroforestry species, biomass productivity and species influence in site ecology of mined areas, effect of cement dust pollution of forests, introduction and cultivation of some important medicinal and aromatic plants.

2.2
Forestry Education

Forestry Education which was aimed at imparting knowledge on various aspects in forestry to the students took a new dimension during X Five Year Plan period. Different subjects were classified into basic, applied, technical and optional at the Under Graduate level and more technical, applied and optional at M. Sc. and Ph. D. level to impart more technical skills to the students for meeting the challenges of the forestry sector. New courses like GIS and Remote Sensing in Forestry, Soil Survey and Land Use planning, Forest ethno-botany, Forestry inventory and Biometry, introduction to computer technology, dryland horticulture etc. were included along with revision in forestry courses.

Presently, forest education is imparted only in select universities and colleges in the country, whereas most of the Indian universities and colleges do not run courses leading to either diplomas, graduation and post graduation degrees in forestry. Keeping in view the current global emphasis on forestry and environment, more and more universities need to be involved in forestry education.


The institutes, universities and colleges engaged presently in imparting the education in forestry are as given below:

Indian Council of Forestry Research and Education (ICFRE)

Indian Council of Forestry Research and Education (ICFRE), is the apex organization of forestry in the country undertaking the holistic development of forestry research and education through need-based planning, promoting, conducting and coordinating research, education and extension covering all aspects of forestry. It runs Masters and Doctoral programmes in various disciplines of forestry at Forest Research Institute University at Dehradun. The university runs Masters Degree in Forestry, Masters Degree in Environment Management and Masters Degree in Wood Science and Technology. In addition, Post Graduate diploma courses in  Pulp and Paper Technology, Non-wood Forest Products and Natural Resource Management are also undertaken. 

Grant-in-Aid to Universities 
ICFRE has been providing Grant-in-Aid for giving an impetus to the forestry education by developing technical capabilities and strengthening infrastructure in forestry faculty in the Universities for imparting forestry education at graduation and post-graduation level. The component of Grant-in-Aid to these Universities from ICFRE during the X Plan was to the tune of Rs. 20.35 crore, which stands at  Rs 41.52 crore till 2007. ICFRE has set up guidelines and constituted committee to consider the proposals for Grant-in-Aid received from the Universities. A system of monitoring and evaluation for effective and meaningful utilization of Grant-in-Aid has also been put in place. However, since the quantum of Grant-in-Aid is limited, share for each University works out to be less than Rs. one crore during plan period or on an average about Rs 20 lakhs per annum. The major part of Grant-in-Aid has been utilized for creation of infrastructure such as classroom facility, college laboratories, hostels, computer centre, etc. In addition, support is provided for strengthening of library facilities, equipments and conduct of educational study tours. There are 26 Universities who get Grant-in-Aid currently, and offer Graduate and Post Graduate Level courses in Forestry producing about 2,000 – 2,500 graduates / post graduates in forestry every year. 

	Sl. No. 
	Name of the University

	1.
	Dr. YS Parmar University of Horticulture and Forestry (Dr.YSPUHF), Solan 

	2.
	Tamil Nadu Agriculture University (TNAU), Coimbatore 

	3.
	Kumaon University (KU), Nainital 

	4.
	Guru Ghasidas University (GGU), Bilaspur

	5.
	Kerala Agriculture University (KAU), Thrissur

	6.
	Forest Research Institute University (FRIU), Dehradun

	7.
	Hemwati Nandan Bahuguna Garhwal University (HNBGU), Srinagar

	8.
	Birsa Agriculture University (BAU), Ranchi

	9.
	Punjab Agriculture University (PAU), Ludhiana

	10.
	University of Agriculture Sciences (UAS), Dharwad

	11.
	North Eastern Regional Institute of Science and Technology (NERIST), Nirjuli

	12.
	Orissa University of Agriculture and Technology (OUAT), Bhubneshwar

	13.
	Dr. Balasaheb Sawent Kankan Krishi Vidyapeeth (Dr. BSSKKV), Dapoli

	14.
	Dr. Panjabrao Deshmuch Krishi Vidyapeeth (Dr. PRDKVP), Akola

	15.
	Jawahar Lal Nehru Krishi Vishva Vidhalaya (JLNKVV), Jabalpur

	16.
	Gobind Ballabh Pant University of Agriculture and Technology (GBPUAT), Pantnagar

	17.
	Sher-e-Kashmir University (SKU), Srinagar

	18.
	Chaudhary Charan Singh Haryana Agriculture University (CCS HAU), Hissar

	19.
	University of Agricultural Sciences (UAS), Bangalore

	20.
	Maharana Pratap University of Agriculture and Technology (MPUAT), Udaipur

	21.
	Indira Gandhi Agricultural University (IGAU), Raipur

	22.
	Ch. Sarwan Kumar Himachal Pradesh Krishi Vishvidhalaya (CSK HPKV), Palampur

	23.
	Chandra Shekhar Azad University of Agricultural Technology (CSA UAT), Kanpur



	24.
	Allahabd Agriculture Institute Deemed University (AAIDU), Allahabad

	25.
	Gujarat Agricultural University (GAU), Navsari

	26.
	Uttar Banga Krishi Vishwavidyalaya (UBKV), Cooch Behar


Out of these, only 15 universities offer PG courses as mentioned below:

	Sl.
	Name of University
	Degree Awarded



	1.
	FRI University
	M. Sc. (Forestry), 

M. Sc. (Wood Science & Technology) , 

M. Sc. (Environment Management)  and 

Ph. D. programmes

	2.
	KAU, Thrissur, Kerala
	M. Sc. (Forestry)

	3.
	AAI-DU, Allahabad, UP
	M. Sc. (Forestry)

	4.
	NAU, Navsari, Gujarat
	M. Sc. (Forestry)

	5.
	UBKV, Cooch Behar, WB
	M. Sc. (Forestry)

	6.
	BAU, Ranchi, Jharkhand
	M. Sc. (Forestry)

	7.
	UAS Dharward, Karnataka
	M. Sc. (Forestry)

	8.
	TNAU, Coimbatore, TN
	M. Sc. (Forestry) & Ph.D. Forestry

	9.
	CCS HAU, HIssar, Haryana
	M. Sc. (Forestry) & Ph.D. Forestry

	10.
	PAU, Ludhiana (Punjab)
	M. Sc. (Forestry)

	11.
	GGU, Bilaspur, Chattisgarh
	M.Sc. (Forestry, Wildlife and Environment)

	12.
	IGAU, Raipur, Chattishgarh
	Ph. D. Agroforestry

	13.
	HNBGU, Srinagar (UK)
	M. Sc. (Forestry and Environmental Sciences) 

	14.
	SKUAST Srinagar (J&K)
	M. Sc. (Forestry and Environmental Sciences)

	15.
	Dr. YSPUHF, Solan, H.P.
	M. Sc. (Forest Product), 

M.Sc. (Silviculture) and 

M.Sc. (Tree Improvement) & Ph.D. Forestry/Agroforestry


Indian Institute of Forest Management, Bhopal (IIFM)

The Indian Institute of Forest Management is a sectoral management institute established in 1982 to cater to the growing needs of management cadre in forestry sector. It runs a two-year fully residential Post Graduate Diploma course in Forestry Management to promote knowledge in the area of forest, environment and natural resources management and allied sectors. 

Indian Plywood Industries Research and Training Institute (IPIRTI) 

The Indian Plywood Industries Research and Training Institute (IPIRTI) was established in 1961-62 as a Central Research Laboratory of the Indian Plywood Manufacturers' Research Association. The Institute was transferred to the administrative control of Ministry of Environment and Forests in 1990. The name of the institute was changed to Indian Plywood Industries Research and Training Institute (IPIRTI) in the year 1992.

The Institute conducts the Post Graduate Diploma courses in “Technology for Forests Products” and several short-term courses for the industry personnel. It also organizes special training courses for senior Indian Forest Service Officers.

The Energy and Resources Institute (TERI)

TERI was established in 1974 with the purpose of addressing and dealing with the immense and acute problems that mankind is likely to face in the years ahead, on account of the gradual depletion of the earth’s finite energy resources which are largely non-renewable and on account of the existing methods of their use which are polluting and inefficient in performance.

The Institute established TERI University in 1998. Initially set-up as TERI School of Advanced Studies, it received the status of a deemed university in 1999. The University is a unique institution of higher learning exclusively for programmes leading to Masters and Ph. D. level degrees. 



Chapter 3

SWOT Analysis 

3.1
Forestry Research

Forestry research has although shown its versatility to address the diverse range of problems of wood based industries, state forest departments, other organizations, farmers and private entrepreneurs it is yet to realize its vast potential in addressing the national objective of poverty alleviation especially in respect of 200 million forest fringe dwellers. All the same, showing the way and setting various national (BIS) and international standards related to forests and forest products have become possible only after laborious efforts put in by past and present day researchers and foresters. A SWOT analysis of forestry research infrastructure in the country is being done to realize the goals set for immediate future and beyond 2020.

3.1.1
Strengths

1. Accessibility to vast ecologically and economically rich and diverse forest resources from tropical to alpine regions providing ecosystem goods and services, sustenance and support for livelihood of large rural populations, meeting national and global requirements and ample scope for research in improving the quantum and quality of goods and services. 

2. General availability of basic infrastructure comprising council, institutes, organisations, departments and disciplines at Central and State Government levels.

3. A well-organized institution of state forest departments with suitably qualified human resource and infrastructure to tackle various policy and field related issues. 

4. Management practices for natural and man-made forests based on scientifically prepared working plans and schemes.

5. State control on the forest resources through protected forests, reserve forests, biosphere reserves conducive to implement the decisions uniformly and extensively for betterment of the forests and people.

6. Availability of experienced S & T personnel, trained in national and international laboratories to undertake research in frontier areas with advanced methodologies and techniques in diverse fields of forestry, assisted with moderately equipped laboratories and instrumentation. 
7. Huge databases compiled over the years on various aspects of forestry activities and utilization aspects such as silviculture, forest genetics, forest products, forest ecology, botany, insect pests and diseases, non-timber forest produce and forest soils. 
8. Availability of seedling seed orchards, clonal seed orchards, seed stands etc to provide quality planting material to enhance forest productivity and base for advanced research on these aspects. 

9. Technical know-how available on agroforestry, farm forestry and social forestry for meeting the demands of fuel wood, fodder and timber besides various wood based products like plywood, pulpwood, particle boards etc. 
10. Wood seasoning and wood preservation techniques for increasing service life of timber and wood products in various forms of utilization developed after time tested research.
11. National Designated Repositories (Preservation Plots, Herbariums, Xylarium, Botanic Gardens, Arboretums, Fungi Culture Collection, Museums, National Forest Insect Collection) for management and sharing of information, knowledge, and serving as reference material for national and foreign researchers.

12. Studies on demand and supply of timber and fuel wood, market monitoring of tree products and development of market information services (MIS) on agroforestry produce and medicinal plants for the benefit of departments, farmers, end users and industry. 

13. Knowledge base in the form of books, journals and research articles on various aspects and disciplines of forestry science available for knowledge seekers all over the world.

3.1.2
Weaknesses

1. Myopic understanding and focus on economic use of forest resources, prominently limited to timber and industrial use of wood at planning and management levels. This diverts focus of research on other equally or more beneficial goods and services from forests. 

2. Piece-meal and quick-fix approaches adopted for managing ecosystem goods and services like grazing, lopping, fodder, fuel wood, rights and concessions of the forest dwellers without enough backing of scientific knowledge and management options. 

3. Encroachments, poaching, illicit felling, thefts and other human interferences are being tackled by legal means but socio-economic studies to address human dimension of these problems are lacking. 

4. Lack of institutionalized production of quality planting material of trees and medicinal plants in demand.

5. Dwindling strength of scientists and scientific support staff due to ban on recruitment, superannuation of personnel, absence of second line of workers and limited funding for forestry research. 

6. Very few subject matter specialists available compared to vast range of social, political, economic and environmental issues related to large expanse of  forest areas and the associated problems. 

7. Diluted focus on research activities due to involvement of scientists in multifarious activities besides research. 
8. Integrated and interdisciplinary cohesion, support and cooperation among different disciplines of forestry research are missing.
9. A shortage of efforts in capacity building and training in specific disciplines and subjects, and also in exchange of visits of S & T personnel at international and national levels.
10. Restriction on exchange of materials and information with outside agencies under national frameworks.
11. Deficiency of trained scientists and staff and modern equipments to work in frontline areas of research like nanotechnology, bioinformatics, biotechnology, genetic engineering, genomics and proteomics. 
12. Very old infrastructure in terms of machines, equipments and buildings requiring major overhauling and outright replacement.

13. Low priority to research in the state forest departments, poor extension and implementation of the research results.

14. Area specific research needs of North Eastern States and cold desert areas of Laddakh, and Lahaul-Spiti, where communities largely depend on forest resources for their social, cultural, traditional and economic requirements, have not been addressed.
15. Lack of inter-institutional coordination in guiding forestry research as also of a single source funding mechanism at central level to support research and education in forestry

16. Paucity of experimental areas to find good quality sites for establishing research trials and germplasm banks.
17. Lack of awareness among stakeholders for issues requiring research inputs and application of available technologies.
18. Poor maintenance of field trials, preservation plots due to lack of financial support, aptitude and ignorance about their utility.
19. Poor extension and communication of forestry programmes and outputs and inappropriate interdepartmental coordination and linkages.

20. Unlike ICAR, the functional autonomy is not in place and the budgetary provision for forestry research is insufficient, which causes difficulties in implementing policies aimed at incorporating newer fields and dimensions of research.

3.1.3 Opportunities

1. Unlimited trade opportunities world over from timber and NTFP to other ecosystem goods and services (carbon trading being one of the most lucrative offers due to changing global climate), provide ample scope for research initiatives.

2. Necessity of plantations and planted forests and public-private partnership in forest management for economic, ecological and socio-cultural values for the benefit and welfare of mankind, to be suitably supported by sound research base.

3. Avenues for investment options for capacity building in forestry with an ecosystem’s perspective by evolving institutional mechanisms at state, national and global level for participatory resource management and benefit sharing. 

4. To get international accreditation for our forests, resources and ecosystem goods and services in toto. 
5. Scope of multidisciplinary research concerning the current issues related with environmental and developmental economics
6. Certification, production and supply of quality planting material of commercially important tree and plant species including medicinal plants
7. Exploration, conservation, development and utilization of abundantly available forest products for socio-economic and ecological benefits
8. Developing ecologically suitable and economically viable agroforestry models to meet the requirement of rural artisans and small scale industries in rural enterprises 
9. Mass multiplication of planting material of rare, threatened and endangered species for ecological and consumption purposes.
10. Demand for aesthetically and ecologically suitable plant species to address the problems related to growing urbanization.
11. Emerging fields of research to excel such as nano-science applications in forest products research, energy efficiency in wood processing, product design and fabrication, bio-adhesives, eco-friendly preservatives, modern wood processing lines, polymer blends/ modern composites, glue lam, utilization of milling waste, radiation based technology to assess deterioration in timber stocks, effective utilization of plantation timber, biotechnology, genetic engineering, transgenic trees, DNA markers, chemical markers, quantitative trait loci mapping, biofuels, health products, forest valuation, sustainable forest management, impact assessment of diseases and insect damages, documentation of traditional knowledge etc. 
12. Strengthening of research infrastructure in the states by establishing autonomous SFRIs.
13. Development and implementation of All India Coordinated Research Projects on themes regarding multilocational studies and trials, and/or multidisciplinary expertise
14. Creating a hub in ICFRE to support through Research Grant Fund (RGF) cutting edge research to be undertaken by expert organisations throughout country.
15. Development of research infrastructure to address regional issues.

16. Creation of Centres of Excellence to carry out research in the highly specialized areas such as Nanotechnology, Bioinformatics etc. 

3.1.4   Threats

1. Uncertainty in sustained efforts for maintaining and protecting ecologically, and socio-economically important forests and forestry at all levels. 

2. Forest land receives low priority if decision for land use change especially for agriculture, economic zones (industrial and non-industrial) and expanding urban amenities is to be taken. 

3. Potential and virtual threat of cut-throat competition in forest-related trades be it medicinal plants or other commodities.

4. Paucity of concerted efforts in the focus areas due to inadequate media attention.

5. Frequent changes in the priority areas may produce generalists rather than the specialists.

6. Brain drain due to liberalization.

7. Less attractive to youth because of paucity of incentives in research career.

8. Inadequate financial support for infrastructure and instrumentation 

9. Lack of motivation, rewards and congenial environment for research 

3.2
Forestry Education

Forestry education in India can be categorized into two clearly identifiable streams. The first one is the formal education system in the Universities imparting graduate, post-graduate and doctoral level education. The second being the in-service training, including specialized and capacity building training imparted to various levels of personnel associated with the sector. For this purpose, a number of specialized institutes are available in the country, specifically to take care of training of officials of Forest Services. ICFRE, in addition to a continuous programme of HRD for its own scientific personnel, is also expected to play a lead role in the areas of its strength to fill-in the gaps in capacity building in forestry sector. It is in this context that SWOT analysis of Forestry education system is being done at this juncture to delineate future road-map. 


3.2.1
  Strengths

1. The experience of managing forests in the country for over 150 years has generated wealth of knowledge data and information about diversities associated with forestry profession that forms the basis for forestry education. 

2. Our country has a well documented National Forest Policy that has evolved over time, and envisages requirement of trained and educated professionals to achieve the priorities and goals so delineated in the Policy. 

3. Forestry is in the concurrent list of the Constitution that provides a National perspective to the local management of forest resources. Education on the other hand is a state subject. The focus on forestry education basically emanates from the local as well as National perspective of the sector. 

4. Integration of forestry education with well-established State Agricultural Universities provides infrastructural advantage for forestry education.

5. Demand for professionals/teachers is growing to take care of forestry education. 

6. Basic funding support has been provided by government for infrastructural development in State Agricultural Universities.  

7. Ascendancy in role of forestry in the country driven by National and International Developments open new challenges and careers for forestry students.

8. Established professional institutions for training forestry professionals at higher levels. 

3.2.2
    Weaknesses

1. Forestry is not a marketable subject and, therefore, forestry education is not the first choice of students. Hence, it has failed to attract talent.

2. Paucity of highly developed research support, as is available in agriculture. 

3. The funding support in the arena of forestry education, either through ICAR/ICFRE or through other sources, has been basic and minimal vis-à-vis requirements, 

4. Private sector participation is insignificant and patchy, with only islands of excellence, and does not make any marked dent in the profession of forestry that could make it attractive to students. 

5. Stresses and strains of biotic influences take their toll on the forestry sector, which has a negative bearing on patronizing or adopting forestry education or forestry as a profession. 

6. Though tremendous amount of work is being done in the sector with available resources and constraints, the visibility of the forestry sector is low, that goes unnoticed with the potential takers. 

7. Owing to its long-term perspective, the sector does really figure as a priority sector with the government, as compared to rural development, agriculture, health, basic education etc. This holds true for forestry education too. 
8. Motivation amongst students and young entrants in forestry profession is not up to the mark, which hampers its growth and has a spiraling impact on the forestry education. 
9. Shortage of experts and specialists in various disciplines. 
10. Shortage of man-power in ICFRE Institutes to have outreach programmes of forestry education, both formal and informal for various stakeholders especially at grass roots level like farmers, tree growers and small entrepreneurs. 
3.2.3
   Opportunities

1.  To take best advantage of the well laid infrastructure in State Agricultural Universities. 

2. Growing interest of the private sector of late has been an opportunity.

3. Growing awareness of people about tree cultivation, out of increasing environmental consciousness, throws open demand for forestry education.

4. There is a very large human resource requirement, even within government sector and SFDs, provided right HRD policies are in place to meet the growing challenges. 

5. International focus of forestry sector opens up new opportunities of career and excellence at international level. 

6. Emerging areas such as nano-science application in forestry, genetic engineering, clonal forestry, climate change avenues, bioinformatics etc. open new opportunities for specialization in emerging areas.

7. Economics of carbon can fuel private sector participation in plantation forestry, and so the demand for well educated and trained forestry professionals. 

3.2.4
   Threats

1. Duality of control can lead to confusion and lack of direction.  Forestry education should clearly be the mandate of ICFRE and the entire decision making on forestry education should rest with ICFRE. 

2. Lack of quality control on forestry education will impair delivery.

3. Due to brain-drain, promising stock in lost to competing professions. 

4. Fewer takers for forestry profession especially forestry research owing to its long gestation period.

5. Private investment in forestry sector has been insignificant so far and thus it alongwith research does not get portrayed as a good employer. 

6. Lesser opportunities of fellowships, scholarships and good career diverts students to greener pastures. 

7. While formulating the syllabi for various forestry courses, the universities have concentrated on their own strengths, resulting in formation of syllabus which not only has a wide variance in emphasis on subjects, but also a strong bias in favour of subjects with an agricultural background. 

3.3
Emerging Issues



Low productivity and acute degradation cause serious impairments to the forests in India.  Only about half of the forest cover has a crown density of 40%, and even these forests are under constant pressure due to over-exploitation and encroachment. The main causes of degradation are poverty, landlessness, sustenance of livelihood from forests in an unsustainable manner, lack of proper land use planning, disproportionate biotic pressure, and inadequate institutional capacity etc. These factors have been responsible in reducing the per capita forest and tree cover availability to 0.08 ha, which is one of the lowest in the world.




Forestry activities and plantation programmes have not been able to compensate the high rate of degradation and lack of adequate research support to these programmes is one of the prominent reasons for this. Forestry, agroforestry, tree plantation and allied activities in India critically need research support to improve productivity, reduce losses and wastage, maximize utilization and improve longevity, improve conservation of genetic resources including wildlife, increase country’s forest cover etc. to reverse the trend of degradation and to improve upon the status of forests. 



Following emerging issues need a long term roadmap for research in different thrust areas with specific time bound milestones:

I. Productivity Enhancement/Tree Improvement

1. Upgradation and establishment of advance generation of Seed Orchards of important tree and plant species

2. Molecular characterization of elite clones/material for certification and mass multiplication

3. Institutionalization of mass production infrastructure and certification mechanism for regulating availability of quality planting material

4. Development of facilities for storage and conservation of forestry seeds/germplasm

5. Development of guidelines for testing and release of varieties of forest trees and medicinal plants

6. Genetic diversity estimation using DNA markers and development of DNA finger printing database of existing natural forest resources for conservation and efficient utilization

7. Development of trait specific molecular and chemical markers for advanced breeding strategies for forest tree species to develop stress tolerant, disease and insect pest resistant trees/clones
8. Work on functional genomics in forestry species for preparation of database

9. Establishment of facilities for development of transgenic species and development of gene transfer methods in forestry species

II. Quantification and Valuation of Environmental Services from Forests

1. Containment of SOx, NOx and CFCs for amelioration of climate

2. Climate change related studies to generate specific data for use in carbon trading, clean development mechanism, global warming, carbon sequestration etc.

3. Contribution to soil and water conservation

4. Noise abatement

5. Carbon sequestration 
6. Ecological modelling for ecosystem goods and services, soil and water conservation, watershed management

III. Adaptation and Mitigation Opportunities in Forestry Sector

1. Need for initiating research on developing and evaluating adaptation practices and strategies to enhance the resilience of the forest ecosystems
2. Enhancing the capacity of forest-dependent people to meet their needs of food, fuel and fodder
3. To incorporate adaptation practices, such as mixed species forestry, into the afforestation programme
4. To incorporate climate concerns into long-term forest policy and management plans, in particular into Working Plans
5. To reduce fragmentation of forests and other ecosystems through provision of natural corridors for species migration
6. Maintenance of grasslands not only to conserve animal species endemic to mountain tops but also to provide pasturelands for the livestock of local communities
7. To assess the sensitivity of mangroves to changing climate  
8. Development of biofuel and biomass energy technologies to provide climate change mitigation opportunities as well as much needed income generation for rural people
9. To develop a network of research sites for multi-disciplinary investigations on sensitivity to climate variability and change
10. Dynamic vegetation modelling of climate change impacts on forest ecosystems, biodiversity and adaptation
11. To analyze the climate impacts using dynamic vegetation models and developing adaptation strategies
12. Development of a database on biomass growth rates and soil carbon accumulation rates in forests and plantation systems in different agro-ecological zones

13. To estimate the wood specific gravity (as indicator of capacity and efficiency of CO2 sinks) of different forest types, forest stands or plantations
14. To assess the role of forest/plantations in generating environmental services, and physical and financial valuation of these services, namely containment of SOx, NOx in atmosphere, amelioration of microclimate, noise abatement, soil and wood carbon, and water and soil conservation
IV. 
Agroforestry

1. Improvement of agroforestry models to meet fuel wood, fodder and small timber requirements

2. Development of site specific clones of Casuarina equisetifolia, Dalbergia sissoo Populus deltoides and other species in different agroclimatic zones

3. Extension of agroforestry models including medicinal plants in farmers field for income generation and reduction of pressure on forests

4. Commercialization of subsistence agroforestry and market integration into forest and forestry practices

V. Value Addition of Timber and Non-Timber Produce

1. Development of certification norms and mechanisms 


2. Wood quality assessment of imported timber and new clones using advanced analytical tools

3. Development of new biotechnological processes for pulp and paper manufacture

4. Nanomechanics for understanding mechanical behaviour of wood and wood composites

5. Development of ecofriendly technologies for value-addition of NTFPs and other forest products 
6. Documentation of indigenous knowledge on NTFPs to strengthen synergy between traditional knowledge and modern science for harvesting optimum benefits for mankind.
7. Development of capabilities in industrial utilization of NTFPs including green products such as natural dyes, biopesticides, biofuels, modified biopolymers, medicines etc.

8. Standardization of bioactive principles of medicinal plants

VI. 
Biodiversity and Eco-development
1. People’s participation for biodiversity conservation and sustainable utilization

2. Networking of R & D support for biodiversity conservation with special emphasis on Forest Phyto-diversity Network by establishing region-cum-species specific advance centres
3. Monitoring and bio-prospecting of the key areas of conservation such as preservation plots, sacred groves etc. using modern tools
4. Develop and use systems approach, bioindicators, remote sensing and GIS to achieve greater understanding of the resources, the environment and their sustainability, and manipulate these to reduce the environmental and human health risks to make these more sustainable in the context of holistic ecological and socio-economic systems 

5. Develop repositories of lesser known and threatened forest biodiversity for management, and posterity
6. Use of Bioinformatics in forestry systems

7. Watershed ecosystem approach for biodiversity conservation 
8. Develop forest biodiversity oriented eco-restoration mechanism
9. Initiatives to cater to forestry research needs of North Eastern States and cold desert areas of Laddakh and Lahaul-Spiti, where the local communities are socially, culturally, traditionally and economically heavily dependent on local natural resources predominantly forests.

10. Coastal shelter management related to the effects of tsunami, cyclones etc. 

11. Mangrove ecosystem conservation

12. Adoption of new protected areas in different bio-geographic zones

VII. Forest Protection and microbiology

1. Forest insect diversity and its conservation

2. Integrated pest management approach against major insect pests and diseases

3. Commercialization of eco-friendly control of insect pests and diseases including use of parasitoids biopesticides and microbes

4. Evaluation and management of mortality of trees in and outside forests

5. Morphological and molecular traits of the pathogens and beneficial fungi

6. Biological and non-chemical control of diseases/biodeterioration of medicinal plants/produce

7. Use of microbes as biotechnological tools such as in bioremediation, biopulping, biodeinking etc.

8. Application of biofertilizers in medicinal plants
VIII. Forestry Extension and Marketing

1 Strengthening research extension linkages deploying established practices with users such as State Forest Departments, farmers, tribals, women, sister academic and research organizations etc.

2 Establishment of Van Vigyan Kendras and extension of developed technologies 

3 Developing effective models and methods for transfer of technologies

4 Market information and effective institutional mechanism

5 Integration of Green Accounting with National Accounting System
IX. Education and Capacity Building

1. To develop technical capabilities and strengthen infrastructure for forestry faculties in universities imparting forestry education at graduation and post graduation levels

2. Improvement of forestry education in research and academic institutions through updating curricula in accordance with changing forestry scenario

3. Human resource development – need to strengthen manpower and international and national trainings for managers, researchers and faculties in universities imparting forestry education

4.  Post-graduate research awards and studentships

5. Establishment and strengthening of National Bureau of Forest Genetic Resources

6. Skill upgradation of the village artisans


Chapter  4

Gap Analysis 
4.1
Forestry Research

Although constrained by availability of requisite budget, forestry research has been trying to keep pace with the demands and expectations of the society. Still a few gaps do remain especially considering the long gestation period for the research results of the forestry research to flow. Considering the focus of forestry research on enhancing the productivity of forests, that now includes man-made forests (plantations) and allied areas like bio-fuels, climate change etc., a period of decade may be too short to assess the benefits of the research. However, introspection is required for assessing early shortfalls or gaps and taking adequate measures for their redressal.

The stakeholders of forestry research now include farmers and private sector apart from the traditional state forest departments. Liaison with this sector is very essential for the fruits of forestry research to go down to the masses and contribute to the poverty alleviation programmes of the country. Forestry extension remains one of the major gaps in forestry research regime. The mechanism of transfer of technology from lab-to-land needs to be strengthened and linkages with appropriate organizations, mainly NGOs and cooperative societies, need to be developed for the purpose. Indian Council of Forestry Research and Education is in the process of implementing a comprehensive extension strategy. The fruits of this will be visible in active participation of the stakeholders in the process. Establishment of Van Vigyan Kendras and their sustained utilization for extension of forest technologies is essential. Forestry research should also be encouraged in private sector through collaborations and funding.

With scarce resources, it becomes imperative that the research is not duplicated. Regular interactions with the organizations engaged in forestry research are necessary to avoid duplication of research and also to identify major challenge areas that need immediate attention. At the same time, it is also essential that national coordinated projects are also commissioned by involving concerned players. Forestry research needs to evolve on a continuous basis to achieve its goal. A substantial quantum of investment is essential to provide a momentum to the forestry research to incorporate innovative ideas and their implementation.

Focus also needs to be on species of the common man and lesser-known tree species. Adequate research needs to be done on their silviculture and plantation technology for optimizing output. Efforts are also required to identify alternative species and alternative materials for reducing the pressure on forests. 


Conservation of germplasm is also important for protection of biological diversity. States should establish germplasm banks and initiate programmes for in situ and ex situ conservation of gene pool.

Subject of forest fires also needs attention as a lot of growing stock and biodiversity is lost when a forest fire takes place. There is absence of a mechanism to assess the losses. Regular and effective awareness programmes for the people are essential to manage and control forest fires, especially those, which are caused due to carelessness on part of the people. Scientific studies are required to understand the causes, and to find remedial solutions of fire occurrence. Need of establishing an institute of forest fire research is felt to address these issues.
Joint Forest Management (JFM) is one of key programmes that have evolved towards participatory management of forests. Equitable mechanisms need to be developed for sharing the benefits of JFM and also to resolve the conflicts that occur in these areas. Evolution of JFM should be such as to lead to visible economic and social development. Sustainable management of forests should also provide for sustainable livelihoods for forest dependent communities. Initiatives need to be taken to cater to forestry research needs of North Eastern States and cold desert areas of Laddakh and Lahaul-Spiti, where the local communities are socially, culturally, traditionally and economically heavily dependent on local natural resources predominantly forests.
Certified quality planting material is essential for increasing the productivity of forests and also the success of JFM. Criteria and indicators for certification of planting stock need to be developed to maintain quality and put a check on proliferation of uncertified planting material, thereby leading to protection of farmers’ interests. Alongside, a mechanism also needs to be evolved to protect the rights of the tree breeder. The liaison with stakeholders is essential for extension of research from lab-to-land. The practice of holding of silvicultural conferences should be restarted and maintained. 

The existing seed stands, seed production areas, seedling and clonal seed orchards need to be strengthened. Identity of plus trees should be maintained for production of quality seeds and also to address the issue of certification. Tissue culture and mass propagation techniques for important species need to be developed. Mass production of quality planting material through adoption of modern nurseries equipped with high-end technology is essential for meeting the demands of the sector.

Documentation and promotion of traditional knowledge for protection of intellectual property is essential for the benefit of the local communities. Documentation of such knowledge should be a part of research work being undertaken in this direction.

Multidisciplinary approach in forestry research needs to be extended to involve other disciplines also. New emerging areas like bioinformatics, biotechnology, GIS applications and nano-technology are the frontier areas in which research needs to be accelerated. A blend of traditional forestry and modern concepts is required for optimizing the benefits of research and translating these into profit making enterprise generating social or economic profits. Moreover, local population needs to be consulted for taking up species for improvement and development of agroforestry models. 

There is a need to improve plantation technology to reduce pressure on natural forests for timber. Adequate research is required on genetic manipulation or genetic engineering techniques for incorporating special characteristics in wood. Studies on inventory management are essential for extracting optimum output from forests. Forestry research work needs to be taken up as a campaign with commitment of qdequate assets and expert manpower for the cause. A strategic research plan should be formulated on all-India basis with appropriate regional concerns built into it.

The vital role played by forests in maintenance of environmental and ecological security cannot be ignored. The forestry sector has to play a major role in this area while fulfilling its socio-economic responsibility. Efforts in policy research are required in this direction. Research into increasing forest cover to maximize the availability of goods and services to the local communities by institutionalizing production and availability of quality planting material needs to be conducted. Work in the area of assisted natural regeneration will help greatly in enhancing forest cover. Increasing soil fertility, conservation of soil and water, microclimates, and biodiversity conservation are certain areas in which momentum has to be provided for quality research and extension work. Eco-restoration of problem soils and their management practices is also an area which requires immediate initiation of research.

Afforestation and reforestation are important for achieving the goal of 33% forest and tree cover. Innovative plantation and regeneration models involving quality planting stock is essential for the success of these programmes, which are also going to be the backbone of Green India Mission. Research in adaptation and mitigation aspects of forests needs to be carried out to assert the relevance and potential that forestry sector has with respect to climate change. Specific research programmes in hotspots of biodiversity are required to track the impact of climate change on biodiversity and develop mechanisms to mitigate these effects. Such programmes need to be run on a large scale in different forest types of important species. There is a need to continuously improve upon the plantation models to achieve the goals of the Green India Mission.

It has also been felt that a functional autonomy like that of ICAR is not in place in respect of forestry research and education, which does not provide freedom for garnering technical support and financial resources. The existing budgetary provisions are insufficient for implementing policies aimed at venturing in newer fields and dimensions of forestry research.

4.2
Forestry Education

1 Integration with Development:

Forestry education is not integrated with the national priorities like poverty alleviation, raising health standards and disease management etc. 


2.
Non-Uniformity in curriculum:


Gaps exist in curricula and syllabi of institutions imparting Forestry Education.

3.
Scholarship and student exchange programme: 

Lesser opportunities in this regard fail to give the required fillip to popularization of forestry education.  
4 
Training and capacity building: 

Lack of use of new technologies and management tools in forestry sector due to which the sector lags behind in the connection at the local, national, regional and global levels.

5
Need based specialization courses:

Lack of micro level need based forestry education programmes for catering to the special needs of the stakeholders, for instance, programme for greening urban areas, landscaping, trees outside forests etc. 

6.
Linkages between ICFRE and ICAR: 

Gaps exist between the ICAR and ICFRE for continuous monitoring and evaluation of the agriculture and forestry education. There is need to develop synergy through frequent consultations in evolving quality syllabi for all forestry and agroforestry courses.

7. 
Thrust areas and their prioritization 

(i) Increased focus on environmental services to earn a rightful share in country’s GDP.
(ii) Integrate forestry subjects with community welfare programmes.

(iii) Keeping abreast of the changing trends in education to meet the challenges of global issues through periodic and regular review of syllabi and curricula.

(iv) Simple technological/skill upgradation packages that could easily be adopted by the farming community for supplementing income. 

(v) Reorientation of forestry curricula to fit into the national priorities, e.g., poverty alleviation, literacy and drinking water supply. 

(vi) Institutional and financial support for implementing well laid down accreditation guidelines of ICFRE to bring about a qualitative improvement

(vii) Increase in grant-in-aid to universities/institutions to give more impetus to forestry education.
(viii) Increase in the number of universities/institutions imparting forestry education in the country.
(ix) Increase student exchange facilities with other national and international institutes.

(x) Study on impacts of development like construction of roads, railways, dams, and mining activities in areas rich in biodiversity. 

(xi) Assessment of specialized training needs and human resource development for the personnel associated with the forestry education.
(xii) Improvement in forestry education modules for better education on a continuous basis.

(xiii) Funding support for implementation of HRD Plan of ICFRE.


Chapter  5

The Way Forward
The sustainable use and protection of natural resources is essential to support continued food production and quality of life for humans, domestic animals, and wildlife. Efficient use of natural resources includes activities that would promote quantum and quality of value added products, as well as innovative approaches to assessing the vulnerability of the environment to management practices that, inter-alia focus on renewable resources. The financial magnitude of this approach would require judicious decision to fund activities that link research to adopting sustainable practices, tackle issues that have historically limited such adoption, and bridge research gaps in disciplines with potential to contribute in poverty alleviation, mitigating the impacts of climate change, and above all keeping India as leader in forestry research and allied disciplines at global level. 

The activities would include social and bio-economic considerations, as well as scientific research aimed at providing the information and justification that land managers need to assess the risk of adopting new practices that generally offer long-term benefits, and should also not impact the stability of natural resource base.

The era of globalization has induced change in the research agenda. At present, the research has become necessarily interdisciplinary. Forestry research has not been rated high on the broader agenda, but the need for research is increasing. 

Forestry research has come a long way over the past hundred years with milestones and landmarks of distinction. Yet there are a few dreams that have remained unfulfilled due to failures and shortcomings. While achievements have brought glory to the institutions and workers, the failures have put up challenges to strive and do even better. A visionary approach is required for guiding us to future to excel in the field of forestry research and education. Keeping these imperatives in view, a way forward is being proposed to address the future challenges and needs for coming decade and beyond.

5.1
Scientific Manpower Requirements
In a progressive society science has become, an indispensable tool for civilized existence and a main factor in determining the direction of progress. Our country needs a constant flow not only of trained scientific workers but also of scientist leaders filled with the spirit of research. Committed and dedicated scientists are needed not only to advance science by developing new processes and new machinery for day-to-day running of industries and various public services but also to train our future generations of scientists. It is, therefore, urgently necessary that we should have appropriate and adequate facilities for scientific education in our schools, colleges and universities to inculcate scientific aptitude to develop future scientists, and at the same time we should provide ample facilities and financial incentives for advanced training in research. The answer to our national problems in science is in strengthening the scientific departments at all levels. 

Scientific manpower is one of the most important resources for research. Proper manpower in qualitative as well as in quantitative terms will be the key for attaining excellence and desired results in forestry research. This should include the manpower from specialized fields, support areas and general subjects keeping in view the obvious requirements of today’s dynamic world for multi-disciplinary research.


Currently about 350 scientists and an equal number of support research staff are engaged in forestry research, whereas about 100 teaching faculty is involved in universities in imparting forestry education. A conservative estimate for future requirement of scientific manpower looking to the proposed futuristic plan of expansion of forestry research and education is being projected below:

Scientists


- 
1,000

Teaching faculty

-
500

Research support staff 
- 
1,500

Research fellowships

-
2,500



Needless to say the new recruits are expected to have qualifications to work in the field of genetic improvement, development of quality planting material, biological control, valuation of environmental services, climate change related aspects of forestry, nanotechnology and wood composites etc. besides the traditional subjects of botany, taxonomy, pathology and NTFP etc.

5.2
Special Research Needs for Unique Agro-climatic Regions

The highly biodiverse but fragile mountain ecosystems of North East India have diverse vegetation types encompassing right from the subtropical, submontanne, montanne, subalpine to alpine systems. North East India is nestled in the globally recognized biodiversity hotspot and an ecoregion renowned for its high species diversity and endemism. It is also recognized as one of the centres of origin of cultivated plants. The dependence of the population on forest resources is high which provides livelihood to more than 225 tribal groups native to the region.


The need of the hour is to understand the impact of climate change on forests, biodiversity and livelihoods and to incorporate the knowledge in conservation practices so that the imminent threats could be addressed through adaptation strategies. There is a conspicuous gap between research upon and field needs. Regeneration and cultural practices for many species need to be researched and standardized for their cultivation. Threatened species need immediate action for ensuring their continued existence. Need-based research should be encouraged.

Similarly, the cold desert regions of the Himalayas form a unique agroclimatic zone, spread over an approximate area of 74, 809 sq. km. Leh and Kargil districts of Ladakh in Jammu and Kashmir, and Lahaul-Spiti along with some parts of Chamba and Kinnaur districts of Himachal Pradesh comprise this cold desert area. 


Located in the interior of continents, away from any source of moisture, cold deserts manifest remarkable ecological variety and biological diversity. Their geographic remoteness and harsh climatic conditions greatly constrain economic growth and development. Environmental degradation, which is on increase, is an additional cause for concern. 


Therefore, in order to address the specific research needs of these unique areas, separate institutes must be established to fulfil these requirements.

5.3
Strengthening of FRI University

Forestry Education in the State Agricultural Universities, commenced following the recommendations of the National Commission on Agriculture way back in 1976 to give boost to agroforestry as also the afforestation of wastelands through social forestry programmes. Indian Council of Forestry Research and Education (ICFRE) was established in the year 1987 with the mandate to spear-head and oversee forestry research, education and extension in the country. 


In order to give full effect to the mandate of ICFRE with regard to forestry education, it was decided during October 2006 in the meeting of Vice Chancellors, Deans and Head of Forestry Departments of State Agricultural Universities running forestry courses, that ICFRE should take the lead role in giving direction and setting trends for quality forestry education in the country. 


The fast emerging emphasis on land use management, multiple and optimum natural resource management leading to sustainable development and awareness about land use interaction with social conditions, has necessitated that Forestry Education should become highly professionalized, specialized and oriented towards meeting the requirement of management of highly complex forestry resources on the one hand and satisfy the competing demands of goods and services on a sustainable manner on the other. Further it is greatly realized that higher education system in the country has to accommodate the fast paced changes, and be tailored to meet the demands of the job markets so as to provide the right kind of human resources for the new production processes and systems in the globalized economic order. Forestry has traditionally been realized both as a scientific discipline as well as a profession. Post-graduate forestry courses have, therefore, imperatively to be fully geared to meet the challenges of market demands of specialized nature, as also to contribute to the furtherance of forestry science by developing and promoting interest towards academics and research in the aspiring student community.


FRI, with a strong scientific base and having largest forestry research manpower in South Asia, possesses the adequate storehouse of knowledge to inculcate the professionalized and specialized skills among upcoming foresters. In order to achieve this, there is an urgent need to strengthen FRI University.


5.4
Research Facilities – Infrastructure and Instrumentation
Expansion and advancement of the instrumentation facility will require construction of new laboratories in consonance with Good Laboratory Practices (GLP) to meet the international research standard. Most of the existing buildings have outlived their life and need renovation or new construction. Besides establishing Centres of Excellence in advanced fields and creation of State Forest Research Institutes at different states will require land and buildings. 

State of art instrumentation is the foremost and core necessity of a research laboratory to support its research activities. Further, advanced and sophisticated instruments/equipments will considerably reduce the time and cost of research to meet international standards. New equipments are also essential as some of the existing equipments have served their life, besides new emerging frontiers of research need advanced instrumentation. 

Forestry research is suffering because of insufficient fund provisions made by the Ministry. Functional autonomy for budget allotment and its utilization on the pattern of Indian Council of Agricultural Research (ICAR) would be the right option for the ailing forestry research sector. 

Vehicles

Vehicles are required for field related studies, extension work and for health care and other welfare facilities for the staff. Most of the existing vehicles have completed their service life and need replacement.

Buildings (laboratories and museum upgradation, renovation and new structures)

Creation of Centre of Excellence for Molecular Forestry Comprising Genetics, Biotechnology and Biochemistry (including staff, buildings and equipments)

Creation of Centre of Excellence for Nanotechnology (including staff, buildings and equipments)

Creation of Centre of Excellence for Bioinformatics (including staff, buildings and equipments)

Creation of Centre of Excellence for Climate Change (including staff, buildings and equipments)

Equipments

An indicative list of equipment required for upgradation of labs of one institute is given at Annexure-I.


5.5
Capacity Building

The effectiveness of a national forestry research organization will significantly depend on the availability of an in-house corps of trained researchers to achieve scientific breakthroughs in the face of complex forestry challenges of today.  There has to be considerable focus and investment on human resources engaged in forestry research, if we are expecting to manage our forestry resources effectively and sustainably.  Emphasis should focus on to give due importance to the human resources and provide them with adequate opportunity to grow and develop so as to keep pace with the dynamic process of change in the system.  It should not only aim at building capacity of the personnel engaged in research and development but also to help them in imbibing spirit of innovation, enquiry and vision so as to develop their capacity towards anticipating and analyzing a research problem and exploring the ways and means to solve them.  Capacity enhancement and modernization of resources go hand in hand so that optimum use could be made use of human as well as other resources.  A comprehensive capacity building programme for human resource development in forestry research shall primarily aim at:-
· Increasing the management skills of managers and senior researchers and to keep them abreast with current thinking and trends in forestry research. 

· Enhancing the core competence of the researchers in their areas of specialization through training attachments, facilitation of visits to advanced institutes, professional interactions, research workshops and seminars etc.

· Providing in-service training in professional skills, lab management, field investigations etc. to all levels of supporting staff.

· Continuously linking these with their career progression so as to update their knowledge, skills and capacities.

· Striving towards upgradation of infrastructure to match with the researchers’ skills.

There is also a growing feeling that strengthening of national forestry research system requires training and development of scientists engaged in forestry research at frequent and regular intervals, as also institutionalizing research support networks and regular overviews of forestry research. It would be essential that training needs are assessed, reviewed and revised at regular intervals to keep these updated and focused in order to meet fast emerging requirements of forestry research in the country as also to keep pace with international developments in this arena.  The training requirements for skill enhancement shall be assessed again as the scientists move upwards in their career, from amongst the broadly identified areas.  In addition to this, they shall be given frequent and regular opportunities to attend workshops/seminars in their own disciplines, which would also serve as a learning tool and experience sharing process for them. Starting with the workshops/seminars of routine nature being organized by various institutes/ organizations / universities, the scientists should be encouraged and provided financial support to participate in the workshops/ seminars, which are of very high international standard so that there is a qualitative enrichment of their exposure, knowledge and also act as motivation for them in bringing about desirable changes in their attitude, scientific temperament and research orientation in order to strengthen their research capabilities.  


It may also be feasible to develop self-teaching modules with the help of subject matter specialists in the field of forestry research to speed up transfer of skills from senior scientists and research managers to the new entrants in the field.  

However, capacity building of the human resource engaged in forestry research would not only require visionary approach and determination on the part of the policy makers and planners but also require to make adequate budgetary provision for proposed HRD programmes.

5.6
Technological Upgradation: Futuristic Vision
Realization of the dependence of the poor on forests is not quite recent. This implies more deliberate efforts to link sustainable livelihood for poverty reduction with sustainable forestry.  Therefore, it is a matter of great urgency to increase the productivity of forests, by improving existing techniques both in forestry and forest based industries, and also by enhancing the quality of the forest produce, raw material and finished products. 

Between 1950 and 2000, globally the forest sector has undergone significant change, and the pace whereof is expected to accelerate in the coming years. This is high time to take a note of the situation and to initiate actions. Urgent steps are required to upgrade traditional technologies into improved, economic and ecofriendly technologies not only to reduce the pressure on forests and trees but also to enhance their industrial values. Some of the technological interventions required are:

1. Improved technologies (less material and less energy intensive) for wood processing to permit the use of a larger number of species and trees of smaller dimensions and lesser known utility. 

2. Improved efficiency in processing and recycling, for example in case, of paper which would reduce wood raw material requirements.

3. Technologies related to tree improvement, including clonal propagation, and improved site management.

4. Although many non-wood forest products are used in traditional ways and their properties are known, technological developments for post harvest management and processing will lead to their value addition for domestic and international markets. It is noteworthy that increased concerns over health are resulting in a rapid growth of markets for natural products.

5. Technologies for development of biomaterials. Within the next decade biomaterials are likely to become a major and continuing influence on global manufacturing, driven by growing consumer demands for renewable and biodegradable products. US Office of Industrial Technologies projections depict that at least 10% of basic chemical building blocks will be plant derived renewables by 2020, increasing to 50% by 2050" (McLean, 2002).

6. Area specific technologies for North Eastern states and cold desert areas of Laddakh and Lahul-Spiti to sustain forest dependent social, cultural, traditional and economic needs of local communities.

7. Technology for production of renewable energy from forest biomass. 

8. Computer simulations would make it possible to manage forests for an optimal mix of all products and services. This would also include carbon modelling of different types of forests as also plantations of different species.

To venture into the above-identified priority areas, following requirements are essential:

1. Adequate state of the art laboratory and instrumentation facilities.

2. Capacity building to provide in-depth exposure to the advanced research methodology and techniques.

3. Pilot scale facilities.

4. Technology Incubation Centre (TIC): to allow new companies that have technology linkages or synergistic relationships with ICFRE, the permission to be located on campus, and access resources that could be otherwise impossible for a fledgling company. TIC supports the incubation process offering lab and office facilities, business support and planning resources, access to faculty experts, expensive instrumentation and specialized equipment.

5. Adequate scientific and supporting staff.

5.7
Modernization of Libraries in Forestry Sector in the Country

There are three broad categories of users of forestry information - the scientific community, practising foresters, and administrators or policy makers. These users depend on libraries of academic and research institutions functioning under Ministry of Environment and Forests, Government of India and state governments to fulfil their information needs. Condition of libraries in forestry sector is not healthy, and, therefore needs modernization.   

Modernization of libraries in forestry sector is not only necessary to make these relevant to the modern users but helps different libraries to collaborate and coordinate with each other, to use their resources optimally. However, modernization does not mean the introduction of IT facilities only. The libraries should be modernized so that they become an inviting place and their services should be so designed to offer proactive and relevant services to the user community.


Forestry activities are broadly divided into two categories, forestry and wildlife. At the national level ICFRE with its regional institutes and centres is responsible for the management of forestry research and education. However, the state forest departments and state agricultural universities are also occupied with the research and education in forestry sector. 

The Wildlife Institute of India has been assigned responsibility of wildlife related research and education at the national level. The state forest departments are also managing wildlife parks, etc. All the above stated institutions have their own libraries, most of which are not up to the mark, hence, need modernization. 

For revamping of the libraries and information facilities in the country, it is essential that at the national level, National Forrest Library and Information Centre, FRI, and Library of the Wildlife Institute of India be supported to develop as true National Forestry Information Centre and National Wildlife Information Centre, respectively with the following responsibilities:


1. Developing and maintaining document collections by subscribing all the journals published in the country and abroad in their on-line version, and purchase books and other documents published on the subject, serving as the national base for information work.

2. Developing state of the art information and communication facilities for storage and dissemination of information. 

3. Compilation of national union catalogues of collections, viz., theses and dissertations, serials etc. and making these accessible on internet.

4. Compilation of bibliographical databases.

5. Procuring copies of documents, on request, from whichever source available.

6. Bringing out current awareness services on Indian literature and on selected foreign literature.

7. Providing digital reference service to those who are away from the national centre usually with 24 hours turnaround. 

8. Providing document delivery of articles and other items from print collection.

9. Providing interlibrary loan services.

10. Providing/arranging translation services.

11. Providing reprographic services.

12. Organizing training facilities in documentation, information science etc. 

13. Providing advisory services to the information centres.

14. Developing relations and cooperation with the foreign libraries and information centres on subjects.

Besides, the libraries of institutions under Ministry of Environment and Forests, Government of India; regional institutes of ICFRE; state forest research institutes; universities having forestry as a subject be designated and supported to become subsidiary forestry information centres. The forestry information centres will have the following responsibilities:

1. Developing and maintaining document collections in the thrust area of the institution;

2. Cataloguing all the holdings and making these accessible on internet; 

3. Digitization of available theses, dissertations, and other documents after addressing copyright issues.

4. Designing and launching of website of the information centre, making the services accessible through the website. 

5. Providing reference, circulation, photocopying, interlibrary loan services. 

6. Supporting national centres in developing an information base at the national level by providing information about their holdings etc. 

Funding: Government of India should allocate sufficient funds for the development and expansion of libraries, and provide 100 per cent funds for modernization of national centres and subsidiary forestry information centres as a one time grant, and in future 5-10 per cent of the budget of the parent institution should be earmarked for the library services. However, a recurring grant to the tune of Rs. two crore per year be provided by the Government of India to the national centres.


5.8
Networking

Forestry research and education aim at the sustainable utilization and management of forest resources and building of capacity through education and training. It is the acknowledged fact that the resource rich areas are confined to developing countries. The nations are often confronted with limited financial resources and lack of cohesion among the countries, intra/inter organizational networking and integration of recent techniques and technology. From the point of view of education, there is knowledge explosion in various aspects of forestry research, and in times to come no single organization may be able to absorb it, and subsequently there may be drainage of wisdom and expertise. Most of the developed countries spend millions for gathering relevant information in most of the fields of environmental science besides establishing linkages for inter-institutional support and collaboration. 


 
The fullest extent of networking mechanisms in the forestry research and education can only be realized if new technologies and know-how developed are integrated at inter-disciplinary and inter-organizational levels. In fact, the responsibility for timely and sound implementation of forestry research 
programmes is needed to be shared by developing and developed world. With a view to raising awareness and addressing adequately the questions pertaining to the sustainable management of forest resource, there is marked responsibility of different agencies of national, multilateral and bilateral institutions within the national framework to follow action plans and strategies outlined under different international conventions. For development of networking and inter-institutional support for funding and other activities, international agencies and well-developed national organizations should help strengthen regional and national infrastructures, facilities, capacity building and dissemination of wisdom.


  
The relevance of networks involving studies on various aspects of biodiversity and genetic resources by and large depends on following features:
-  Application of communication technology.
- Quality of forestry research and education to be ensured in the network
-  Safeguarding the prime objective (mandate, thrust areas) of institute and expertise

 
It is understood from the point of view of forestry research, education and 
extension that there should be consideration on the issues such as,

i. Contribution for increasing efficiency and quality in research aimed at reducing cost,

ii. Improvement in delivery time, 

iii. Enhancing the quality of output, and 

iv. Adapting the improvements in network technologies to the field conditions for the assessment of the relevance of network. 



The criteria for consideration for networking mechanism of an institute should include capacity to participate in the network, quality and quantity of information, emphasis on core programme of the institute/organization, impact of participation on the priorities and research effort, and benefit of exchanges for R & D.

 

There is no denying that researches are being carried out on various aspects of forestry in isolation. There is gap in the knowledge in the conversion of the research results into practice (field) and identification of users in true perspective. The linkages among the workers in different disciplines for sharing information and strengthening network are yet to be established with a view to accepting leadership for team work.


 

Regional to international co-operation and networking while targeting the 
common goals and objectives on forestry research and education should 
cover following features:

- Purpose
- R&D
- Education
- Extension
- Database development
- Involvement
- Study group
- Managing group
- User group



International fora for inter-organizational co-operation and networking 
directly or indirectly on the forestry and related subjects are as follows:

· FAO (Food and Agricultural Organization of Untied Nations)

· UNDP (United Nations Development Programme)

· IUCN (International Union for the Conservation of Nature and 
Natural Resources) – subject specific commissions are SSC (Species 
Survival Commission), CNPPA (Commission on National Parks and 
Protected Areas), CEC (Commission on Ecology) collaborates with institutions such as WCMC (World Conservation Monitoring Centre), WWF in developing awareness, dissemination of information and targeted activities.

· IBPGRI (International Bureau of Plant Genetic Resources)

· WWF (World Wide Fund for Nature earlier World Wildlife Fund)

· UNESCO (United Nations Educational, Scientific and Cultural Organization)

· ITTO (International Tropical Timber Organization) – an inter–governmental non – UN organization besides promoting trade in timbers of tropical countries, supports R & D activities related to the sustainable management

· CGIAR (The Consultative Group for International Agricultural Research) – Founded in 1971 sponsored by UNDP, World Bank and FAO has 17 internationally important centres. The important ones dealing with conservation of forest genetic resources are Biodiversity International, ICRAF (International Centre for Research in Agroforestry) and CIFOR (Centre for International Forestry Research)

· IUFRO (The International Union of Forestry Research Organisations) – Non – governmental organization established in 1892 dealing for the linkage among the forestry research organizations, forestry research, and the scientists through a world-wide networking through Special Programme for Developing Countries

· INBAR (International Network on Bamboo and Rattan)

· CIDA (Canadian International Development Agency)

· IDRC (International Development Research Centre)

· CTSC (Canada Tree Seed Centre)


· ASEAN (Association of South East Asian Nations) and CTSC promote activities pertaining to in situ and ex situ conservation of genetic resources of SE Asian region

· DANIDA (Danish International Development  Agency) deals with the management of ex situ conservation of genetic diversity)

· USDAFS (US Department of Agriculture Forest Service) 
provides international assistance in forestry (genetic diversity) research activities

· FORSPA (The Forestry Research Support Programme for Asia and the Pacific) – A broad–based research network dependent upon donor support (ADB: Asian Development Bank and UNDP) aims at solving regional problems by networking and developing association such as APAFRI (Asia Pacific Association of FRI) and APFISN (Asia Pacific Forest Invasive Species Network)

· TEAKNET (Asia Pacific Region Network on Teak)

· ICIMOD (International Centre for Integrated Mountain Development).

For the networking following the mandate and jurisdiction of different organizations, agreements, legislations and other bodies of regional and national significance are mentioned below:

BSI        
 : Botanical Survey of India
CCMB  
 : Centre for Cellular and Molecular Biology
CDRI     
 : Central Drug Research Institute
CIMAP  
 : Central Institute of Medicinal and Aromatic Plants
CMFRI  
 : Central Marine & Fisheries Research Institute
CSIR      
 : Council of Scientific & Industrial Research
DBT       
 : Department of Biotechnology
DOD
 : Department of Ocean Development
FRI       
 : Forest Research Institute, Dehradun
FSI
 : Forest Survey of India, Dehradun
GBPIE
 : Govind Ballabh Pant Institute of Environment, Almora
ICAR
 : Indian Council of Agricultural Research
ICFRE
 : Indian Council of Forestry Research and Education, Dehradun

IGNFA
 : Indira Gandhi National Forest Academy, Dehradun 
IIRS

 : Indian Institute of Remote Sensing, Dehradun
IIFM

 : Indian Institute of Forest Management
MoEF

 : Ministry of Environment and Forests, Government of India
NBA

 : National Biodiversity Authority, Chennai
NBRI

 : National Botanical Research Institute
NIO

 : National Institute of Oceanography
NMNH
 : National Museum of Natural History
RRL

 : Regional Research Laboratory
RRSSC
 : Regional Remote Sensing Service Centre, Dehradun 
SAARC
 : South Asian Association for Regional Cooperation
SACON
 : Salim Ali Centre of Ornithology and Natural History, Coimbatore
SFRIs

 : State Forest Research Institutes
SFSC

 : State Forest Service College (MOEF)
WII

 : Wildlife Institute of India, Dehradun

ZSI

 : Zoological Survey of India


5.9
Ecosystem Goods and Services

Forest ecosystem is a complex system having interactions with plant and animal communities; micro organisms, climate, sunlight, water and soil. Its contribution is immense as far as environmental conservation, maintenance of ecological stability and biological diversity is concerned. Apart from providing timber and other forest products to local communities, the forests capture rain water; conserve water and soil; minimize soil erosion; prevent floods and droughts; restrict recession of water sources; maintain soil fertility; reduce intensity of winds and storms; provide obstruction to harmful radiation; are habitat to a large number of flora and fauna; and are reservoirs of large genetic pools of innumerable species. The carbon economics scenario has put immense value on the forests for global trading. The production of the forest ecosystem goods and services for anthropogenic purposes is mainly depending on biophysical and societal situation and it is immense. Therefore, for guiding human decisions vis-à-vis ecosystems, the value for its various derivatives in terms of goods and services can be a useful tool when distinguishing and measuring where trade-offs between society and the rest of nature are possible and where these can be made to enhance human welfare in a sustainable manner. While win-win opportunities for human activities within the environment may exist, these appear to be increasingly scarce in a ‘full’ global ecological–economic system. This makes valuation of ecosystem services all the more essential for guiding future human activity. However, the contribution and use of forest ecosystem varies with respect to the forest types or region and society. Therefore, it is imperative to visualize or estimate the value of the goods and services provided by the forest ecosystem on the basis of sample study with forest types or physiographic zones as units of area parameter consideration. It is essential to extrapolate the value of such services and goods for local, regional and global needs.

Moreover, with continuing debate on the Green Accounting System since 1993 System of National Accounts, the value for different components of Green Accounting Measures is crucially needed. So, that it can reflect the scarcity, depreciation, and sustainability issues of natural resources, and hence the true accounting of the country. 

Moreover, the contribution of forests for GDP or National Accounts is grossly underestimated due to lack of proper and supporting data on forest services and goods. However, some crude location specific estimates for goods, viz., timber, fuel wood, NWFPs, paper etc. provided by the forests are available. But this lacks the holistic regional estimates or cannot be extrapolated over the whole region. A global estimate for any of the forests providing services or goods are not available for whole country. However, the information pertaining to value of services provided by the forests is at infancy stage in the country, and only a few studies for the forests of Himachal Pradesh and Uttarakhand have been conducted.


Therefore, at this point it is essential to design and commission study for estimation of various goods and services derived from different forest ecosystems.


5.10
Specialized Patent Cells
Intellectual Property Rights (IPR) is a general term covering patents, copyright, trademarks, industrial designs, geographical indications, layout design of integrated circuits, undisclosed information (trade secrets) and new plant varieties. India has legislations covering these IPRs. Patent is one of the important components of the IPRs. A patent is a set of exclusive rights granted by a state to an inventor or his assignee for a fixed period of time in exchange for a disclosure of an invention. The procedure for granting patents, requirements placed on the patentee and the extent of the exclusive rights vary widely amongst countries according to national laws and international agreements. The more patents filed, the higher is the level of innovations in a country. This in turn leads to economic growth and more money flow in research and development. When an individual turns an innovator, his or her standing within the country usually rises, with all the accompanying benefits. 

Now-a-days more and more public research institutions and universities have started patenting their innovations, enhancing technology dissemination and transfer from the institution to the use groups. However, there is still a lack of awareness that intellectual property can be a driving force for economic growth. Protecting IPR is a scientific and managerial skill and requires intensive efforts and cost. It is, therefore, essential to understand various issues related to the IPRs and how to strengthen our intellectual property system and also to boost the economic growth. 

ICFRE has been undertaking the holistic development of forestry research through need based planning, promoting, conducting and coordinating research, education and extension covering all aspects of forestry in the country. The Council recognizes that R&D should be encouraged and patentable inventions and discoveries may arise from this R&D.  Topical research by the Council enhances public confidence in the ability of forest managers and researchers to successfully handle challenges related to natural resource management. To protect their innovations and commercialization of technologies developed by the Council, services of the National Research Development Centre (NRDC) were outsourced. However, support from NRDC does not address adequately the issues related to the management of IPRs. 

It is in the context of above that the ICFRE has established a specialized patent cell, and working on formulating a comprehensive policy to govern the administration of IPRs.   Patent Policy of Council shall encompass following objectives:

1. To maintain the policy of encouraging research and development as creative academic endeavours while recognizing that commercially viable inventions may result from such endeavours.

2. To delineate procedures to encourage inventors to report discoveries with patent potential and to assist them, while at the same time safeguarding the interests of all concerned parties.

3. To make inventions developed available to the public under conditions that will promote their effective utilization and development.

4. To assure that inventions developed shall not be used to the detriment of the public interest by the unnecessary exclusion of any qualified user or by any other means.

5. To recognize the equity of any outside sponsor by allowing reasonable and equitable provisions for the granting of patent rights to the sponsor consistent with the basic objectives outlined above.

6. To develop mechanism for ownership rights.

7. Constitution of a patent committee, which will evaluate the patent proposals, recommend whether to accept the proposal and attempt to obtain the patent and to recommend the equity of the ICFRE and the inventor.

8. To develop guidelines for the Patent Committee to deal with the issues such as: 

8.1 IP disclosure

8.2 Patent Income

8.3 Licensing restrictions

8.4 Maintenance fee

8.5 Infringement

5.11
Exchange Programmes

To work with forest-based communities and to strengthen their capacity in sustainable management of natural resources, the exchange programmes offer the chance to gain professional experience in forestry by participating in short-term practical placements. Learning about forestry is just one part while living and working out of their working place gives trainees the chance to learn about a different culture, meet new people, and share and exchange knowledge and ideas. Sharing knowledge with forest-based industries to make them more productive and efficient is also part of exchange programmes.

 
Forest services and the forest researchers of   organizations are expected to meet the needs of the private/community forestry sector concerning training, advisory and management support services. This alone cannot contribute to achieve the desired results   if cordial relationships between the forestry research organization and State Forest Departments on one side, and private forest entrepreneurs, community users and their organizations on the other are prevented or seriously hampered due to social, economic, institutional, ethnic or political reasons. The problem is also associated with the poor forestry extension services. A real risk is associated with   respect to the world market prices of timber and other wood and non-wood products.   
 
There is need to develop the institutional mechanisms with changing situations and needs of the foresters, researchers and community users. 

Activities:
1. Support/facilitate necessary training needs for all relevant forestry services (state or private) and support/facilitate the preparation of plans of operations in all participating countries.

2. Support an in-service training programme for relevant forestry services.

3. Develop / improve public relation skills of relevant state or private forestry services by trainings, seminars and workshops.

 4. Support a country specific training and extension system for private forest entrepreneurs and community users.

5. Support the exhibition and display of extension materials.

6. Organize study tours and exchange programmes/fellowships within the country and abroad for research staff from government and private forest based industries according to specific needs. 

7. Establish a market information system for forest products.

8. Establishment of a regional network of trainers.  

9. Support the development of partnerships and collaboration among forest services within   country and with other countries.

10. Support the establishment of participatory forest management planning on the basis of simplified and rationalized planning techniques. 

11. To upgrade forestry information exchange, improve the system of collecting, analysis and distribution of information by creating electronic data bases and sources on Internet.
12. Exchange programme to develop forest policy tools for improving forest legislations according to European standards.

13. To broaden the practice of research institutions co-operation in sustainable forest management and improvement of forest management systems, 
14. Exchange programmes to develop the modern modeling and prediction methods of forest dynamics under environmental change, monitoring and forest certification implementation, improvement of ecological, economic and social needs from forest resources assessment.

5.12
Linkage of Education with Forestry Research: Regional, National and International Level


The interaction between education, training and research must exist for sustainable forestry development to occur. This synergic effect of all three activities working together, and preferably under one umbrella, should focus efforts on improving the standard of living and the well-being of people. If any of these three important factors is missing, then it is unlikely to promote holistic development of forestry sector. Universities, research centres and organizations dealing with development, have to find mechanisms to follow up on the new knowledge, as well as existing research and validation results, successful extension and technical cooperation programmes.

 
Formal education at graduate and post graduate level in forestry in India is available at limited number of universities and colleges. ICFRE is capable of functioning as an umbrella organization like ICAR. There is need to have Memorandum of Understanding between all the forestry research institutions and universities for sharing of resources for the education and research. The exchange programme of students and faculty between state level and national organizations may be promoted for sharing the expertise available, for the improvement of education and research. The number of students opting for the Forestry subjects is gradually reducing due to scarcity of job opportunity as compared to other professional subjects like Business Administration, Medicine, and Engineering.  

Education, training, research, and extension are an investment, not an expense. Thedr produce high rates of return if adequately planned, executed and accounted for. Education, training, research, and extension should complement each other in a synergistic way leading to the common goal of sustainable forestry. Separation in their planning, and lack of coordination in their execution, leads to inefficiency and waste. Better education leads to better research and better research improves the education standards of an institution.
Forestry is no longer simple and straightforward. Now it involves international concerns, initiatives, restrictions, and many new trends in its multiple use. Therefore, MoU between foreign Universities for sending students abroad for higher studies at post graduate and Ph. D. levels in forestry is needed. Fellowships are needed to support higher education of our foresters and scientists in foreign universities and research institutes.

Forestry education should focus on a good balance between theory and practice, emphasizing on technologies that are easy to adopt and maintain. They must also have enough sensitivity to be able to absorb and utilize ethnic technologies and knowledge of local origin which in the end are cheaper and more effective.
Faculty should be appointed exclusively for the teaching at the Assistant Professor, Associate Professor and Professor levels. The teaching faculty should devote 80% of their time in teaching courses both at graduate and post graduate level and 20% for research. Compulsory course work at least for two semesters should be there for the Ph. D. students, which should cover recent development in the forestry research. 

Fellowships for the Ph. D. students qualifying admission will generate interest, seriousness and stability in students for research. The regular intake of Ph.D. students will also ensure continuity in the research that is essentially required for fruitful output especially for long duration forestry crops. 
There is need to conduct workshops and meetings of expert groups from the universities to restructure syllabus on regular basis so that the latest emerging topics may be added. Student seminars at graduate and undergraduate levels should be made compulsory. This would help students in developing presentation skills. Seminars on current research topics by eminent scientist should be arranged at least in each semester for the benefit of the students. Some of the examiners for Ph. D. viva voce examinations may be invited to deliver a talk to the student. Visiting scientists and faculty members from abroad may be requested to deliver talks. 


Forestry is a science that is incomplete without study tours to different types of forests. Number of tours and duration of stay in the forests should be increased which will enable the students learn more in nature outside their classroom. Subject like taxonomy is important for forestry research and there is hardly any student who opts to specialize in it. There is urgent need to revive interest in the students about the subject and do something to create job opportunities.  Same is the case for basic science subjects. We need to strengthen basic or fundamental research. Optimum balance is required between fundamental and applied forestry research. This will ensure better research outputs in the future. Separate budget should be kept for promotion of basic research in forestry and in no case its share should be reduced. 

Governments should establish policy and legislation needed to encourage science and technology. New scientific knowledge can contribute to managing the environment sustainably, ensuring the everyday and future survival of humanity. The new knowledge should be used to design future strategies towards the achievement of sustainable development. 

Support to national research training should be encouraged since it has a number of advantages over training received abroad. To begin with, post graduate candidates tend to become engaged in research areas of direct importance to the country’s development. While studying, they can also assist university lecturers, who are usually in short supply. 


In addition, successful research needs to have suitable legal, economic and political conditions to flourish, which essentially lead to an efficient organization and management of research. Planning of such research should consider the long-term goals of the country in terms of quality of life, exports, employment, foreign earnings, protection of the environment, and the need to meet national demand for increased quantities of goods and services coming from the land.

There should be focus on collaborating with local, national, international, regional institutions and organizations, both public and private, to minimize duplication of efforts and increase the effectiveness of actions. Continuity, stability and durability of programmes and actions, and the continuous strengthening of the comparative and competitive advantages, are required to be able to serve the beneficiaries in the long run.

5.13
Strategies for Forestry Education
· ICFRE should be strengthened as an apex body engaged in standardizing and certifying quality education in the field of forestry, and also in validating the eligibility of institutions for imparting forestry education. It should be supported in its endeavour by UGC and ICAR.

· Syllabus across universities should be made uniform with adequate emphasis on field skills. Syllabus review should develop backward linkages with job requirements.

· Specialized courses should be offered in all forestry programmes in collaboration with other institutions/organizations/industries.

· Inter-linkages among the universities, institutions and industries should be improved by an annual meet of faculty of all concerned universities, representatives from related institutions, industries, SFDs, UGC, ICAR and ICFRE.

· Forestry should be allowed as an optional subject in various competitive examinations (particularly civil services).

· All universities and institutes offering courses in forestry should have active Placement Cells.

· Link forestry education with forestry research to provide latest technical inputs and advances.Effort should be made to linked forestry education with forestry research by the institutions.
· Private, Government and Non-Government organizations should recruit forestry professionals for pursuing forestry activities.

· Forestry graduates should be given preference in recruitment at different levels in government forest departments and forest corporations. 
· Research fellowships should be provided by ICFRE on the pattern of ICAR. 
· There should be synergy between UG/PG forestry curricula followed by Universities and IFS/SFS/Rangers training programmes for better integration of the education standards at different levels.

· Ample opportunities for training of faculty in new emerging areas at national and international institutes for the advancement of education and research in forestry should be created.

· There should be very strong linkages between universities and different forest based industries so as to create opportunities for industrial training/internship of the students as well as employment avenues. 

· Appropriate mechanisms for exchange of faculty among institutions imparting forestry education should be developed.

· Eligibility criteria for admission to the courses should be fixed so as not to compromise in merit. 


Annexure-I

An indicative list of equipment required for upgradation of labs of FRI, Dehradun.

	Sl. 

No.
	Name of the equipment
	Approximate

cost (in lakhs)

	Forest Products Research

	1.
	Pilot plant for particle board/MDF(Chipper/refiner, glue blender, mat former, press, etc.)
	250.00

	2.
	Pilot plant for plywood (Veneer Lathe (Peeling), dryer, slicer, cliper, glue spreader, hydraulic press, etc.)
	100.00

	3.
	Muffle furnace
	1.00

	4.
	Wood Working machines (Circular, Band saws, Sanders, planers, drill machine etc.)
	25.00

	5.
	Knife grinder
	0.50

	6.
	Cold press
	0.50

	7.
	Wood Preservation plant
	10.00

	8.
	Image Analyzer
	10.00

	9.
	UTMs of varying capacity (6 Nos), IZOD impact tester and impact bending machine
	300.00

	10.
	Resistograph
	10.00

	11.
	Band saw machine (36 inch wheel diameter)
	2.00

	12.
	Dehumidification kiln (200 cft capacity)
	9.00

	13.
	RF dryer (to be fabricated)
	5.00

	14.
	Twin chamber steam heated kiln with boiler  ( to be fabricated)
	15.00

	15.
	Six-in-one wood working machine
	0.75

	16.
	Portable drill machine (non gum type)
	0.15

	17.
	Laboratory ovens (2 nos)
	0.70

	18.
	Humidity Chamber
	1.50

	19.
	SEM with EDX
	200.00

	20.
	Contact angle measurement instrument
	20.00

	21.
	Film thickness measuring equipment
	5.00

	22.
	Abrasion meter
	2.00

	23.
	Gelation timer
	5.00

	24.
	Bamboo processing machinery
	15.00

	25.
	RF curing equipment
	25.00

	26.
	Fibre length analyzer
	5.00

	27.
	Skin moulding
	2.00

	28.
	AAS
	12.00

	29.
	GPC
	15.00

	30.
	Portable Lumber grader
	4.00

	31.
	Micro wave power meter
	2.50

	32.
	Acoustic Emission Equipment
	8.00

	33.
	X ray densitometer with accessories
	100.00

	34.
	FFT Analyzer
	8.00

	35.
	Ultrasonic tester/ Micro –second timer
	10.00

	36.
	Humidity chambers
	10.00

	37.
	Impulse hammer
	5.00

	38.
	Fracto-meter
	5.00



	39.
	Weatherometer
	75.00

	Chemistry and Non-wood Forest Products Research

	40.
	Automated flash chromatography system consisting of gradient pump, column holder, UV-VIS detector and fraction collector
	

	41.
	Table Top Gas Chromatograph Mass    Spectrometer (GC-MS) 
	50.00

	42.
	High Performance Liquid Chromatograph 

   (HPLC)- Analytical 02; Semi preparative 02 
	80.00

	43.
	CHN, Analyzer 
	20.00

	44.
	Bioreactor
	20.00

	45.
	Microwave oven for organic synthesis
	10.00

	46.
	Wind Tunnel
	2.00

	47.
	GC-EAG
	10.00

	48.
	Amino acid Analyzer
	70.00

	49.
	Electrophoresis
	5.00

	50.
	Super critical fluid extractor 
	90.00

	51.
	Microwave assisted solvent free extraction unit for essential oils
	20.00

	52.
	LC-MS 
	100.00 

	53.
	HPTLC 
	60.00 

	54.
	FAB-MS
	35.00

	55.
	NMR Spectrophotometer with complete accessories 
	100.00

	56.
	Gas Liquid Chromatograph 
	40.00

	57.
	UV-VIS Spectrophotometer 
	14.00

	58.
	FT-IR Spectrophotometer  
	15.00

	59.
	SEC MALLS
	80.00

	60.
	Rapid Visco Analyzer 
	50.00

	61.
	Viscometer 
	15.00

	62.
	Fermentor 
	50.00

	63.
	DSC, TGA /DTA 
	50.00

	64.
	XRD 
	80.00

	Genetics Research

	65.
	Floral Biology Laboratory facility (including advanced research microscope attached with image analysis system; high power stereo zoom Microscope with imaging facility; freezers and incubators for storage and germination of pollen
	25.00

	66.
	Facility for DNA Sequencing and Genotyping
	125.00

	67.
	Facility for studying Gene Expression (Poplar Genechip Affimetrix)
	200.00

	68.
	Genetic Transformation Laboratory (including a small plant tissue and cell culture facility, a transgenic glass house, equipments like shaker, BOD incubator, microscopes, gene gun equipment for gene transfer and miscellaneous equipments
	100.00

	69.
	Other equipments: 

i. Realtime PCR

ii. Liquid handling work station

iii. Automated system for DNA isolation

iv. Tissue lysis system

v. 2 D gel electrophoresis system complete

vi. DNA star software

vii. Gel analysis system

viii. Power tiller

ix. Hypsometer

x. Vehicle mounted trolley

xi. Hybridization ladders

xii. Photosynthesis system
	300.00


	70.
	Vegetative Propagation Complexes (including three state of art mist chambers equipped with latest misting system, fully automated regulation of light, temperature and humidity; expansion of the existing shade house with sprinkler system for irrigation. 
	80.00

	Tree  Pathology and Molecular studies of pathogens and useful fungi

	71.
	Tree Radar Unit (2 No.)
	30.00

	72.
	Automated DNA work station
	50.00

	73.
	Gene gun
	25.00

	74.
	Real time PCR
	18.00

	75.
	State of Art mist chamber for disease resistance testing
	10.00

	76.
	AFLP system
	10.00

	77.
	Pathogen identification softwares
	25.00
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