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�Foreword

In November 1998, the Nordic Joint Committee for Agricultural Research (NKJ) appointed a working group on «Sustainable, environmentally friendly and organic agricultural production» with the following members:

Birgitte Hansen, Danish Research Centre for Organic Farming, Denmark

Helena Kahiluoto, Ecological Production, MTT, Finland

Ríkharð Brynjólfsson, Hvanneyri Agricultural College, Iceland

Sissel Hansen, (chairman) Norwegian Centre for Ecological Agriculture, Norway 

Karin Höök, Centre for Sustainable Agriculture, SLU, Sweden



Lennart Åberg was the NKJ secretary of the group. Arve Skutlaberg, Forskingstenester, Norway, was hired as a special secretary. During this process, the working group had three meetings. In addition, information was exchanged by e-mail and phone calls. There has been close co-operation among the secretary, the chairman and the other members of the working group.



In agreement with NKJ, the working group decided to limit the work to organic agriculture. This is because the work otherwise would have been impracticable, as most of the research done in agriculture today can be labelled environmentally friendly.



Considerable efforts have been made for surveying ongoing research projects as completely and consistently as possible. National databases or project lists and the group members’ own network have been used in order to find relevant projects. The survey is presented in Appendix 4. The project data is collected in a database that is suggested to be accessed at the home page of NKJ on the Internet.



The working group has suggested proposals for future Nordic research activities within organic agriculture. These are presented in chapter 6 of this report.



The group wants to thank NKJ for the opportunity to make this report, which we hope can make a significant contribution to the development of Nordic research co-operation in organic agriculture.



The working group is grateful to everybody who has contributed information about current research projects, ideas and criticism. A special thanks to Professor William Lockeretz for language corrections.





Stockholm, October 1999 



Ríkharð Brynjólfsson		Karin Höök						

Helena Kahiluoto		Birgitte Hansen						

Sissel Hansen

(chairman)



Summary

Denmark and Sweden have the most clearly defined research policies and funds for research in organic agriculture. Finland has a national research programme and national co-ordination is under way, but there are no separate funds for organic agriculture. In Norway the research institutions, the Research Council and the Ministry of Agriculture maintain separate research policies, with some co-ordination at the national level, but no separate funds. Iceland has no separate research policy or funds for organic agriculture.



Research in organic agriculture is going on in all five Nordic countries. In the period 1996-1999 the effort was greatest in Denmark (NOK 110 million), Finland (NOK 80 million) and Sweden (NOK 80 million), while the research activity in Norway (NOK 40 million) has been lower. The working group has not been able to establish the exact monetary figures for each country. An estimated 400 projects of varying size are currently running.



During the period 1996-1999 there were 5 NKJ-projects with relevance to organic agriculture. They can be characterised as basic biological research, and do not specifically deal with organic agriculture. NorFA has supported 3-4 Nordic postgraduate courses in organic agriculture in addition to a network. Forskningsnytt om økologisk landbruk i Norden (Research notes on organic farming in the nordic countries) is an important channel for information. There also are several other common Nordic initiatives related to research in organic agriculture.



The working group suggests Organic Agriculture - Sustainability, Quality and Health as a platform for the joint Nordic research efforts in organic agriculture. The main task is to evaluate and develop organic farming systems that are ecologically, socially and economically sustainable. Five research areas well suited for Nordic co-operation are pointed out:

Sustainable farming systems - evaluation and development

Healthy plants – regulation of pests

Animal health and welfare

Genetic resources - plant and animal breeding

Food quality and human health





The working group has discussed the possibility of establishing a virtual Nordic research centre for organic farming. The main tasks of the centre should be to co-ordinate Nordic co-operation and contribute to the exchange of information. 

�1.  Introduction 

1.1  The mandate

The working group was appointed by the Nordic Joint Committee for Agricultural Research (NKJ) in November 1998 with the mandate to prepare a basis for NKJs Nordic collaboration on sustainable, environmentally friendly and organic agricultural production. This is one of five priority areas for research and development in NKJs Strategy 1997-2000 (NKJ 1997). NKJ promotes and supports co-operation on agricultural research among the national research councils in the five Nordic countries.



Within the stated area the working group should:

Do a short review of research in the Nordic countries.

Find areas of research especially well suited for Nordic collaboration.

Make a proposal for common Nordic activities that should be given highest priority in the near future (research projects, networks, symposia workshops and conferences)



Strategy 1997-2000 states that «research on organic agricultural production will be given higher priority». At the first meeting in January 1999 the working group agreed that the mandate to include both «environmentally friendly» and «organic» agricultural production was impractical. Nearly all agricultural research programmes in the Nordic countries could be included within one or both of these terms. After consultation with NKJ, the group decided to limit its work to scientific research in «organic» agriculture. 



The working group suggests organic agriculture - sustainability, quality and health as the platform for the Nordic joint research efforts, on which the suggestions for future research areas are based.



1.2  Sustainability

Sustainability is fundamental for development of organic farming and represents society’s main challenge to agricultural production today. Development is often defined as a process that improves the satisfaction of human needs, i.e., increased economic and/or ecological efficiency. In order for development to be sustainable, the use of resources must be capable of enduring for the whole ecosystem. 



Sustainable development involves ecological, economic and social sustainability.



A viable biosphere is the main foundation for a sustainable society, including fertile soils, clean water, fresh air, a stable climate, well-functioning ecosystems and aesthetically pleasing landscapes. Agriculture represents a major human influence on the biosphere, and future agricultural systems must support and maintain its main elements and the balance among them. To develop and implement these life support functions, so-called ecosystem services, in farming systems, represents an important future challenge for society and the academic community. 



Research in organic agriculture should be based on the assumption that under conditions of ecological sustainability, the natural capital cannot be replaced by other types of capital. Thus, use of renewable resources, recycling, and careful use of limited resources are of major importance. The same is true for long-term maintenance and management of soil and biological diversity.



Social sustainability focuses on human relations necessary for maintaining society within the limits of sustainability. This involves socioeconomic and resource management over generations. For management of nonexclusive resources, systems where market forces can be supplemented by collective decisions are of great importance. To appropriately handle complex systems and conflicts of interest in decisionmaking is crucial. 



1.3  Principles and development of organic farming

Implementation of the definition of organic farming is based on the Basic Standards for Organic Agriculture and Processing of the International Federation of Organic Agriculture Movements (IFOAM). These basic standards provide a framework for development of national and regional standards. The organic agriculture organisations in the Nordic countries have agreed on the following definition (Nordic IFOAM 1989, the working group is responsible for the translation to English):



Organic agriculture is defined as a self-supporting and continuing agro-ecosystem in good balance. Use of local and renewable resources are the foundation of this system. Organic agriculture is based on a holistic view, which includes the ecological, economical and social aspects of agricultural production, both locally and in global perspectives. In organic agriculture, nature is seen as a totality with its own value. People have a moral responsibility to conduct agriculture in such a way that the cultural landscape is included as a positive part of nature.



The following goals for organic agriculture were formulated:

To produce food of high quality, in sufficient quantities and with a fair distribution.

To manage natural resources in order to avoid damage to the environment and maintain soil fertility.

To maximise reuse of plant nutrients.

To maintain genetic and species diversity in the cultural landscape

To use natural behaviour and needs as the foundation of animal husbandry.

To secure reasonable incomes and good work environments for farmers.

To strengthen contacts between farmers and consumers.



Important key points of organic farming include:

working as much as possible within closed system, drawing upon local resources

increasing or at least maintaining soil fertility on a long-term basis

excluding highly soluble mineral and synthetic nitrogenous fertilisers

excluding synthetic pesticides and feed additives

ensuring maximum animal welfare

restricting stocking densities



Biodynamic agriculture, included in organic farming, was already practised in the Nordic region in the 1930’s. The present concept of organic farming in the region developed during the 1970’s and 1980’s. An increasing number of farms have been converted to organic production since then, with the greatest expansion so far in Denmark, Finland and Sweden (Table 1).







Table 1  Organic agriculture in the Nordic countries, 1985 and 1998. Number of holdings, total organic area and total organic area as a percentage of total area of arable land. Total organic area includes the sum of the certified organic area and the area in the process of conversion. (The figures for each country were estimated from national statistics by the members of the working group).



�Denmark  �Sweden  �Finland�Norway �Iceland ��Number of holdings 1985�185�150�100�19���Number of holdings 1998�2.200�2.870�4.975�1.630�27��Total organic area 1985 (ha)�4.155�1.500�700�500���Total organic area 1998 (ha)�99.000�*127.330

**250.000�126.175�15.600���Total organic area as a percentage of total area of arable land �3,7�*4,6

**9,0�5,8�1,5���*   KRAV certified organic area

** Area with environmental subsidies for organic farming









































































2.  Research policy in the Nordic countries



2.1  Denmark

Since the mid-1980’s the promotion of organic farming has been part of the Danish Government’s agenda. Its policy has therefore included economic support for conversion, the provision of advice, information dissemination, education, and research in this area.



In October 1992 the Government presented a report that pointed out overall principles for research in organic agriculture in Denmark. Based on this report, the Minister of Agriculture set aside about DKK 50 million for research in organic farming for the period 1993-1997.



In June 1994 The National Strategy for Agricultural Research came out as a result of a comprehensive deliberation of the overall objectives of Danish agricultural research. A central word in the strategy was sustainability.



In March 1995 The action plan for promotion of the organic food production in Denmark prepared by The Organic Agricultural Board was released by the Minister of Agriculture and Fisheries. 



In September 1995 the Minister of Agriculture and Fisheries announced massive support of research in organic agriculture amounting to about DKK 100 million (NOK 112 million) for the period 1996-1999. Establishment of the Danish Research Centre for Organic Farming (DARCOF) in 1996 was one of the major initiatives following this decision. The main objective for the new institution was to initiate and co-ordinate Danish research in organic agriculture.



In February 1999 The Organic Food Board presented Action plan II – Organic Farming in Development on the instructions of the Minister of Food, Agriculture and Fisheries. In the action plan, 79 recommendations for further research are given on many different areas:

Consumption and marketing of organic products

Organic primary production

Quality and health

Educational aspects

Institutional use of organic products

Export

Regulations and laws

Protection of environment and nature

Animal welfare and health

Research and development



Similarly, in April 1999, the Danish Bichel Commitee published comprehensive reports from an interdisciplinary analyses of phasing out the use of pesticides in Danish agriculture and a total conversion to organic farming. The reports show the potential and need for further development of organic agriculture in Denmark. 



2.2  Finland

The Ministry of Agriculture appointed governmental committees for development of organic agriculture that delivered reports in 1984, 1986 and 1991. They suggested increased efforts in basic and applied research. This was achieved by reallocation of resources in the established research institutions, mainly at the Agricultural Research Centre of Finland (MTT), and by establishing a research station for organic agriculture that has been connected to MTT since 1990. Since 1994, promotion of organic agriculture has been mentioned in the Governments’s agenda, and in 1997 the Ministry of Agriculture established 150.000 ha as the goal for increased organic production in the country.  



Since 1990, the Board of Research on Organic Agriculture has planned and attempted to co-ordinate the scientific efforts. The board is appointed by MTT, but interest groups and universities also are represented. The first research program was prepared for the years 1992 -1995 and updated in 1995. The current program was prepared during 1997 to offer guidelines and set priorities for research in organic agriculture, and it will be updated when necessary. The program is based on the goals for organic farming. 



However, the research policy has made no attempt to draw a clear organising line between organic and non-organic research, nor to earmark special funds for research in organic agriculture. Instead, the efforts have been combined in order to use resources and competence in an effective way for development of a sustainable agriculture. 



2.3  Iceland

In Iceland there is no specific research policy for organic agriculture, but the research funders have shown interest to projects with an environmental profile. Moderate financial support is given to farmers converting to organic agriculture.



2.4  Norway

The former Norwegian Agricultural Research Council (NLVF) published the first report on research policy in organic agriculture in 1985 (NLVF utredning nr 127 Alternativt landbruk). In 1986-87, the Ministry of Agriculture included organic farming among the strategies for a more sustainable agriculture. The establishment of the Norwegian Centre for Ecological Agriculture (NORSØK) was a part of that strategy. At the same time, the Agricultural University of Norway (NLH) organised their own research programme.  



In 1992, NLVF published a new report on research and development in organic agriculture (NLVF-utredning nr. 156). System research was introduced as an area of priority. NLVF also funded projects in other areas, such as crop protection, soil science, animal husbandry, veterinary medicine and economics.



Since 1996, organic agriculture has been integrated into the overall agricultural research policy. The Research Council of Norway has no separate strategies for organic agriculture. The general view in most of the scientific community seems to be that this is one of many possible approaches and an important arena for testing future sustainable production systems. However, organic agriculture is not regarded as the most important strategy. Hence «organic» research proposals have to compete for the same scarce money as other agricultural proposals. In the new research programme Soil, plants and domestic animals, organic agriculture is included under the subprogramme Production systems, business development and economy. The programme also gives priority to important research areas such as soil fertility, soil biology, plant health, animal health and welfare, and product quality. Some strategic institute programmes (programmes for basic research and development of competence funded by the Research Council) at NORSØK, the Norwegian Crop Research Institute (PLANTEFORSK) and the Norwegian School of Veterinary Science (NVH) have focused on organic agriculture. The research programmes for outlying fields («utmark») and cultural landscapes also have involved projects of interest to organic agriculture. 



The Ministry of Agriculture has given some support to applied research in organic agriculture. They also have included research as an important part of the national Action plan for organic agriculture in Norway, with cereal production, animal husbandry, seed multiplication and safe food as areas of priority. The main concern in this plan is better marketing and distribution of organic products. 



The Research and Extension Groups and some research projects are funded through «Jordbruksavtalen», the main economic agreement between the Ministry of Agriculture and the farmers’ unions.  



Since 1992, the Research Committee for Organic Agriculture has been a consultative body for organic agricultural research, but without a formal status. 



2.5  Sweden

In the mid-1980’s the interest for organic farming started to grow in Sweden and the Swedish Council for Forestry and Agricultural Research (SJFR), the Swedish Board of Agriculture (SJV) and the Swedish Regional Extension Service (Hushållningssällskapen) started to grant money to research projects in this area. 



Funding of research and development has been closely linked to the growing importance of organic agriculture in the overall agricultural policy. The area based governmental grant (arealstöd) to organic farmers was established in 1989 and included as a part of the broader programme for environmental grants (Miljøstöd) in 1995. That year SJV presented «Organic production - action plan 2000» on instructions from the government. Research and development was one of seven key actions in order to expand organic agriculture in Sweden. The following year SJV presented a programme for applied research and development which started in 1997. The research activities also should serve as a basis for improved extension service.



In 1996 SJFR appointed a working group with the mandate to elucidate the scientific state of art in organic agriculture and areas for future research. This work resulted in a research programme with organic agriculture as foundation for a sustainable society as the main vision. 



Thus, in the period 1997-1999 Sweden has had two programmes for research and development in organic agriculture. The projects have covered a very broad thematic field without any distinctive priority areas.



The Swedish government is working to establish a new national research policy. SJFR is responsible for working out the agricultural part of it. CUL therefor has been preparing new programme for research and development in organic agriculture. One of the goals is a stronger research co-ordination. The future efforts also will be influenced by the rapid market growth for organic products and the ambitions goals for organic agriculture (20 per cent before 2005) in the new politics for agriculture, environment and rural development (Landsbygds-programmet) 



2.6  Conclusion

From a small-scale start in the 1930’s, interest in organic farming grew in the 1970’s as a protest against narrowly focused conventional agriculture, because of increasing concerns about environment, animal welfare and product quality. Today, organic farming is a reality as an alternative to conventional farming. The development of organic farming has been stimulated by strong consumer demand and various policy initiatives. 



The growth of organic farming has been strongest in Denmark and Sweden, but since 1991 there has been a rapid increase in Finland also. In Norway the development has been slower, while in Iceland, organic agriculture was introduced only recently. 



In the beginning, the main research organisations and institutes hesitated to allocate resources to research in organic agriculture. As a result, several new bodies for organic research emerged. New scientific networks were initiated. In this way, organic agriculture played an important part in reorganisation of the research system.



Denmark and Sweden have the most clearly defined policies and funding for research in organic agriculture. The national research co-ordination has been much stronger in Denmark than in Sweden. Finland has a national research programme and national co-ordination is under way, but there are no separate funds for organic agriculture. In Norway the research institutions, the Research Council, and the Ministry of Agriculture maintain separate research policies, with some co-ordination at the national level, but no separate funds. Iceland has no separate research policy or funds for organic agriculture.



In Sweden and Finland, cultural landscapes and rural food systems are included in the research programmes for organic agriculture. This connection is even more important in the new politics for agriculture, environment and rural development in Sweden. In the other Nordic countries the research policies have few direct links between organic agriculture and research areas such as rural development, cultural landscapes and use of outlying fields.


�



3.  review of ongoing Nordic research in organic agriculture 

3.1  Introduction 

The working group has collected 401 research projects dealing with organic agriculture in the Nordic countries. A review of the research efforts within the main scientific areas is given in Appendix 4. Table 2 in this appendix shows the number of projects in these areas for each country. It has not been possible to obtain sufficient data on project funding to make a similar table showing the distribution of resources.



Sometimes it is difficult to classify projects clearly as «organic» or «conventional». Many projects are of great interest for both organic and conventional farming. It also is difficult to distinguish between genuine research projects and development work. These definitions might vary among countries, making it difficult to compare the figures. 



The size of individual projects varies considerably. The number of projects must therefore not be taken as an indication of the level of investment or activity in research within each country.



This chapter gives a brief summary of the research activity within each country. From an academic point of view it also is worth mentioning that the first chair in organic agriculture was introduced at the Swedish University of Agricultural Sciences (SLU) in 1990. Today there are three professorships in organic agriculture in the Nordic region:

Erik Steen Jensen: Research Professor in organic plant production (Royal Veterinary and Agricultural University [KVL], Denmark)

Stig Milan Thamsborg: Research Professor in organic husbandry (KVL, Denmark)

Sten Ebbersten: Professor in alternative agricultural production, especially organic agriculture (SLU, Sweden)



In addition there are three professorships in agroecology (NLH, Norway; KVL, Denmark; and University of Helsinki, Finland) with organic agriculture as part of their academic responsibility. 



3.2  Denmark 

Since 1987, the Danish government has invested DKK 20 - 30 million annually in research in organic agriculture. In 1993, the Ministry of Food, Agriculture and Fisheries invested DKK 50 million in a research programme spanning 1994-1998, and in 1995, invested another DKK 100 million (NOK 110 million) for the period 1996-1999. The programme is divided into three main activities:

The Research Centre for Organic Farming (DARCOF)

Experimental research facilities

Professorship in organic plant production at the Royal Veterinary and Agricultural University (KVL)



The research in organic agriculture is primarily organised and co-ordinated through the Danish Research Centre for Organic Farming (DARCOF, http//www.foejo.dk). This is a «centre without walls», which means that the researchers remain in their own research environments, but collaborate across institutes. Currently the centre co-ordinates 33 research projects with about 100 scientists working at 13 different institutes. 



The main objectives of DARCOF are to:

develop organic agriculture and promote the sustainability of agriculture as a whole

keep research at a high international standard of quality

obtain maximal returns for the invested resources



Since 1996 DARCOF has co-ordinated six interdisciplinary programmes:



Biological and environmental aspects (Programme I) 

The first of these, financed by the Strategic Environmental Research Programme (SMP), provides strategic and basic support for organic agriculture, with particular emphasis on its biological and environmental aspects. It aims to throw light on the multitude of factors affecting nutrient balance, resource and energy utilisation, and disease, health and fertility conditions, with a view to establishing problem-free systems. There also is considerable research input to determine the degree of sustainability in organic farming and the connection between its overall objectives, the associated regulations and the practical consequences.



Production of organic foods (Programme II)  

The second programme, financed by the Ministry of Food, Agriculture and Fisheries, will help ensure the continued technical development of organic farming to meet the increasing demand for organically produced foods. This development must comply with the aims of long-term sustainable agricultural production, taking due regard of wildlife, the environment, and animal health and welfare. This research will help to solve the technical problems associated with the increased production of pork, eggs, cereals, proteinaceous crops, fruits and vegetables, so that to a greater extent organic farming will provide foods other than those based on cattle.



Crop rotations and nutrient management (Programme III)  

The opportunity for conducting a large number of studies on organic farming produced a need for permanent ecological sites where it would be possible to experimentally modify the factors found on organic farms, and perhaps obtain completely new and surprising results. At the same time there was a need to conduct the research under conditions that allowed the more long-term effects of the organic approach to be followed. For Programme III, therefore, a number of permanent ecological workshop sites were established on different types of soil at different locations in the country. At these sites, organic plant production systems are now being developed that involve little or no applications of farm manure. Alternative rotations and nutrient management systems also are being examined.



Organic plant production (Programme IV)  

Plants’ utilisation of nutrients other than nitrogen is an important theme of programme IV. This programme also is examining the recycling of nutrients, the influence of tillage on the soil microflora, and plant quality in relation to tillage processes, plant health and plant breeding.



Organic pork (Programme V)  

There is a shortage of organic pork, in part because there are a number of unsolved problems associated with its production. In programme V, production data are being collected and the possibilities are being assessed for improving the housing and feeding of pigs and the management of nutrients during production.



Synthesis of knowledge and the further education of researchers (Programme VI)  

An important aspect of organic farming research is the accumulation of knowledge and the further education of scientists with competence in the field of ecology. In this programme, the information gathered in the technical programmes is summarised. Also, educational and course activities are organised for researchers connected with DARCOF.



DARCOF has several research facilities to provide an opportunity for conducting different projects simultaneously, using the same research fields, herds, etc. This allows close co-operation among different research environments, with a high degree of interdisciplinary collaboration, synergy, and complementary research. The main facilities are located at:

The organic research station Rugballegaard

Research and ecological workshop sites at the Flakkebjerg, Aarslev, Foulum, Jyndevad and Askov 

Several farm studies



In addition to the co-operation at DARCOF, several institutions have their own research projects in organic agriculture:



Royal Veterinary and Agricultural University (KVL)

KVL has 27 projects of its own in organic agriculture. The university also runs the Bakkegården research station in Tåstrup. The activity is co-ordinated by the Centre of Ecology and the Environment (CENVIR), and aims to: I) initiate, support and develop research activities in organic agriculture; II) support the establishment and operation of a research school for researchers in organic farming; and III) support co-operation with DARCOF.



Danish Institute for Agricultural and Fisheries Economics

The institute has one project concerning the potential of organic agriculture with respect to sustainable development.



Danish Veterinary Laboratory

The institute has one project concerning antimicrobial resistance in dairy cattle herds.



Danish Pest Infestation Laboratory

The institute has three projects concerning biological control of pest insects.



Danske slagterier

The company has one project concerning market development for pork.



Danish Agricultural Advisory Centre

The centre has two projects concerning advisory services in crop production and animal husbandry.



Danish Institute of Agricultural Science 

The institute has one project on demonstration and development of organic agricultural systems and another on frozen baby food from Danish organic vegetables.



Danish Forest and Landscape Research Institute

The institute has one project on the use of sheep in the regulation of vegetation in fields with perennial ornamentals.



University of Southern Denmark

The university has two projects on how EUs CAP reform will affect organic farming and the market for organic products.



The working group has identified a total of 82 Danish projects on organic agriculture, distributed by main scientific areas as shown in Table 2.



3.3  Finland 

Research in organic agriculture started in 1981 with comparisons of organic and conventional agriculture. Research with a developmental approach was started gradually after 1985, when the Partala Research Station for Organic Agriculture was established in Juva as a private institute run by an association relying on project funding. In 1990 the research station joined MTT and formed the unit Ecological Production together with another research station in 1995. Research on organic agriculture at present is performed in several units of MTT. Many projects also are carried out by other institutes and universities. The University of Helsinki’s Mikkeli Institute for Rural Research and Training is especially involved in applied research and development work.



Although no separate funds have been dedicated to research on organic agriculture, approximately FIM 15 million annually is allocated to research in the area, corresponding to FIM 60 million (NOK 80 million) for the period 1996-1999. For implementation of the research programme, each project must separately apply for funds from the common sources of research funding. 



The research programme has four subprogrammes: 



a. Natural resources, economics and society

Problems and solutions in enterprise economics are studied with respect to ecological and social sustainability. A theoretical basis is built and methods are developed. Food system analyses, valuation of externalities, life cycle and energy analyses, and physical and economic substitutes for resources are important topics. Nutrient recycling and energy use within the farm and society are studied. A concept of soil fertility and its assessment in organic agriculture is developed. 
















b. Production technology 



Plant production

The research focuses on development of cropping systems with regard to nutrient management and plant protection, production of healthy propagation material, and development of appropriate technology. Methods of modelling and system analysis are applied in system studies.



Animal husbandry

The research on animal husbandry focuses on ecological sustainability with respect to degree of specialisation and intensity, as well as organic diets and housing for pigs and poultry.



c. Food quality assessment and quality impact of production methods 

Tools for quality evaluation of production and distribution systems as well as raw materials and products are developed. The health impact of organic products and its scientific basis are clarified. Interactions between product quality and cultivation practices also are studied, especially for cereals.



d. Distribution, processing, packing, marketing and product development

Food processing methods and products are developed taking into account the special quality properties of organic raw materials and consumer expectations for organic food. Processing, marketing and distribution networks are analysed and developed.



The working group has identified a total of 39 Finnish projects on organic agriculture, distributed by main scientific areas as shown in Table 2.



3.4  Iceland 

Scientific research in organic agriculture is of recent origin in Iceland. The Council for Science and Technology in Organic Agriculture was founded in 1997. The following list of research areas has been worked out:

Organic plant nutrition - utilisation and balances

Legumes for fodder, pasture, cereals and vegetables

Management of grasslands, soil tillage, plant nutrition and crop rotation

Self-sufficiency of fodder and technology under marshy conditions

Control of diseases, pests and weeds in organic farming

Animal health and welfare in organic animal husbandry - preventive measures

Buildings for good indoor environment for the animals

Economics, marketing and consumer education 



In Iceland the greatest potential for organic farming lies in lamb for export. The government is supporting this sector.



At present Hvanneyri Agricultural College is doing some research on vegetable production and on utilisation of manure from sheep. The Agricultural Research Institution studies legumes for fodder production (white clover and lupins) and control methods for pastures. The Farmers Association is responsible for the advisory service. In total, two persons have organic agriculture as part of their job. 



The working group has identified a total of 5 Icelandic projects on organic agriculture, distributed by main scientific areas as shown in Table 2.



3.5  Norway 

Research in organic agriculture started in the early 1980’s with establishment of the Research and Extension Group for Organic Farming in Mid-Norway. In 1986 NORSØK started as a private foundation. About the same time the first projects were initiated at NLH and PLANTEFORSK. At present about 30 scientists are engaged in projects concerning organic agriculture. In 1998 the total budget was around NOK 12 million, funded by the Research Council of Norway and the Ministry of Agriculture, corresponding to about NOK 40 million in the period 1996-1999. 



NORSØK started research activities with a programme for on-farm research and an advisory service (The 30-farm Project and the Farm Study Project, 1989-1997). The centre also ran projects on nutrient management, horticulture, mechanisation and crop production. The new strategic plan from 1999 outlines the following scientific areas for the centre:

Analysis and development of production systems

Production methods and strategies for effective utilisation of resources in organic plant production

Soil resources and management of nutrient and organic materials, on the farm level and in society.



In 1998, NORSØK was involved in 12 research projects. In addition to the areas listed above, other areas studied were animal health and welfare, plant protection, and production systems for berries. In addition, NORSØK is working on dissemination of scientific results through courses, books, articles, and an advisory service for advisors, governmental institutions and private companies.



The research activities of PLANTEFORSK are co-ordinated from Apelsvoll Research Centre. Here an important cropping system project started in 1989. At present PLANTEFORSK is working with 15 research projects in organic agriculture, including crop protection, cropping systems and nutrient management in the major plant production areas. Together with NLH the institution has three workshop areas (cropping systems). PLANTEFORSK also co-ordinates the field trials in organic agriculture and is active in the advisory service concerning plant production. 



NLH started research in organic agriculture in 1987. At present two projects are running, which concern cropping systems (workshop area) and utilisation of resources in organic milk production (farming system approach). A third project on the development of organic agriculture in areas with mainly cereal production (on-farm approach) has just finished. A new professor is working on establishment of agroecology as a new scientific branch at the university.



The Norwegian School of Veterinary Science (NVH) has 3 projects concerning organic farming. Two of them involve health and welfare of dairy cow herds. In the last, homeopathic treatment of infections is studied. 



Institute of Biology, University of Tromsø, has 3 projects on nitrogen fixation in legumes (white clover) in a cold climate. 



At the moment, the Norwegian Institute of Agricultural Economics (NILF) has no projects whose main focus is organic agriculture. However, organic farms are included in the long-term monitoring programme for farm economics statistics. Also, a project with a focus on decisionmaking in sustainable agriculture and handling of wastes is relevant for organic agriculture, as well as a project focusing on production economics in herb production.



The Centre for Rural Research started research on organic farmers in 1990 with a project connected to NORSØK’s 30-farm project. For years the centre has focused on the various links in the food chain, from the farmer to the consumer. At the moment, the centre has one project dealing with organic agriculture. The main objective of this project is to identify challenges and possibilities for organic farmers, distribution and consumers in a transition to more organic farming. The Western Norway Research Institute (Vestlandsforskning) and the National Institute for Consumer Research (SIFO) also are involved in study of these issues.



The Norwegian Agricultural Research and Extension Groups have 8 projects on development of organic agriculture in different regions of Norway. One of them is «Free First Advice», which is an important part of the governmental strategy to encourage farmers to convert to organic farming. The research and extension groups also are important in carrying out field trials.



The Biodynamic Association of Norway has carried out some research, extension and developmental projects, for instance at Fokhol gård in Stange. 



Hedmark College at Blæstad started a three-year programme for higher education in 1998. They intend to run research and development projects in arable organic agriculture. 



Sogn Agriculture and Horticulture School runs an organic farm. They also are doing some development projects.



The working group has identified a total of 54 Norwegian projects on organic agriculture, distributed by main scientific areas as shown in Table 2.



3.6  Sweden 

In Sweden, research on organic agriculture is primarily conducted at the Swedish University of Agricultural Sciences (SLU), but also at other national institutes, universities and the regional extension service. From 1986 to 1996, the Swedish Council for Forestry and Agricultural Research (SJFR) invested about SEK 10 million annually in projects related to organic production. Between 1988 and 1995 the Swedish Board of Agriculture (SJV) contributed a total of approximately SEK 26 million to research and development projects in organic agriculture. The Swedish Regional Extension Service (Hushållningssällskapen), the Swedish farmers’ co-operatives and different foundations also contributed to research funding. 



In December 1996, the Parliament decided to invest SEK 46,5 million in research in organic agriculture and horticulture for the period 1996-1998. SJFR was commissioned to organise a comprehensive programme that included research projects and co-operative international research support services. Research topics currently being given priority within this programme are:

Sustainability and resource management

Circulation of nutrients

Supply and use of energy

Consumer demand and patterns of behaviour

Impact of a conversion to organic agriculture on society and business

Integration of urban and rural areas

Ethical issues

Farming systems

Product quality

Animal health and welfare

Genetic resources, plant breeding, and animal breeding

Integration of animal husbandry and plant production/horticulture

Environmentally friendly technology



SJFR has also funded the Research School in Ecological Land Use at CUL, SLU.



In a second programme the government has contributed approximately SEK 39 million from 1997-1999 through SJV for development work and applied research, mainly in the following areas:

Cropping systems

Management of nutrients

Control of weeds, diseases and pests

New crops

Fodder

Animal health

Housing systems for animals

Product quality



The investment in these two programmes over the period 1996-1999 is estimated to about SEK 85,5 million (NOK 80 million).



A number of projects with relevance to organic agriculture also has been financed over the MISTRA-programme MAT 21, the Foundation for Agricultural Research (Stiftelsen lantbruks-forskning) and by private foundations. The working group has not been able to estimate monetary figures for these sources of research funding.



During the last half of 1999, a new programme for research and development has been under preparation at CUL, SLU. Areas given priority in the new programme are:

Sustainable multifunctional agricultural systems

Production

Ecosystem services

Public interests

Food and sustainable consumption



The Centre for Sustainable Agriculture (CUL) at SLU was founded in 1997 as a forum for inspiration, co-operation and co-ordination at the institutional level. The work at CUL includes development of interdisciplinary methods and research projects. Co-ordination of education, research and development projects also is important. In addition, CUL is engaged in dissemination of scientific results. The Ekhaga Research Farm is connected to CUL as well as the Research School in Ecological Land Use (ResELU) 



At present SLU has about 160 projects on organic agriculture, not only in Uppsala, but also at research centres at Alnarp, Röbäcksdalen and Skara. About 66 per cent of these concern plant production / plant protection / soil science. About 20 per cent deal with animal husbandry / animal health and welfare. About 100 scientists are involved in research and development in organic agriculture. SLU also owns the Öjebyn Research Station, where a long-term project with farming systems is running.



The Swedish Regional Extension Service (Hushållningssällskapen) has 21 projects covering a wide range of issues, such as nutrient management, crop production, vegetable production, crop protection, animal husbandry and sustainable farming systems. Hushållningssällskapen also has three research farms for organic farming: Tingvall, Logården and Lilla Böslid.  



The foundation Biodynamic Research Institute (SBFI) at Skilleby Research Farm has six projects on development of biodynamic agriculture. 



The universities in Göteborg, Uppsala, Stockholm and Linköping are involved in a total of 6 projects concerning issues related to biological diversity, toxic compounds, food supplies and consumers’ attitudes.



The National Institute of Agricultural Engineering has 6 projects concerning management of manure.



The National Veterinary Institute has one project on systems for health control and one on control of parasites. 



Several private organisations and companies carry out research, for instance in plant breeding (Svalöf Weibull AB), seed potatoes (IVK Potatis AB), production of eggs (Föreningen för ekologisk fjäderfäproduksion), analyses of life cycles in milk production (SIK - Institute of Food and Biotechnology AB) and fruit production (Norrby plantskola). 



The working group has identified a total of 221 Swedish projects on organic agriculture, distributed by the main scientific areas as shown in Table 2.



3.7  Conclusion

Research in organic agriculture is going on in all five Nordic countries. Denmark, Finland and Sweden have the greatest efforts, each spending approximately NOK 80-110 million over the period 1996-1999, while Norway has spent NOK 40 million in the same period. The working group has not been able to establish the exact monetary figures for each country. An estimated 400 projects of varying size are presently running.



In Denmark, Finland and Sweden, the research is organised in and co-ordinated by national institutions (DARCOF, MTT, CUL). The co-ordination seems to be strongest in Denmark, where DARCOF is running 6 major subprogrammes and the experimental facilities. In Sweden, CUL is working for stronger co-ordination of research for the coming four-year period. In the present period (1996-1999) there have been many small projects with a low level of co-ordination. In Finland there is a great variety of individual projects. Thus Denmark has fewer and bigger projects / subprogrammes than the other two countries, as seen from Appendix 4. 



Norway has a structure of small individual projects, without any strong national co-ordination. New strategic programmes may facilitate some co-ordination among institutions on the programme level. Iceland is running a few projects at the most important national agricultural research institutions.



As seen from Appendix 4 and Table 2, a great range of topics is covered by Nordic research in organic agriculture. The greatest activity seems to be in the areas of plant production, soil fertility and nutrient dynamics, crop protection, and farming systems. There also is a wide range of projects concerning animal production and animal health and welfare.  



In addition to the projects reported in Appendix 4, interesting research with relevance to organic agriculture is carried out in research programmes for sustainable agriculture, resource management, alternative energy, preventive veterinary medicine, etc. 


�



4. 
FORMER AND CURRENT NORDIC COLLABORATION IN ORGANIC 


AGRICULTURE





4.1  Research co-ordinated through NKJ

During the period 1996-1999 there have been 5 NKJ-projects with relevance to organic agriculture:

Utilization of mycorrhiza in sustainable agriculture. Project leader: Mauritz Vestberg MTT, Finland. Funded by Denmark, Finland and Norway. 1995 - 1997. 

Ecology of Rhizobium - legume symbioses: a multidisciplinary approach. Project leader: Mette Svenning, University of Tromsø, Norway. Funded by Iceland, Norway and Sweden, 1996-1998.

Exploring legume- Rhizobium symbioses for sustainable agriculture. Project leader: Mette Svenning, University of Tromsø, Norway. Funded by Iceland, Norway and Sweden, 1999-2002.

The ecological function of ammonium-oxidising bacteria in soil. Project leader: Lars Bakken, NLH, Norway. Funded by Denmark, Finland, Norway and Sweden, 1997-2000.

Co-ordination of the project «Control of varroa mite (Varroa jacobsoni) with ecological methods». Project leader: Ingemar Fries, SLU, Sweden. Funded by Denmark, Finland, Norway and Sweden, 1997-1999.



All of these can be characterised as basic biological research. They do not specifically deal with organic agriculture. In 1998, the research councils funded these projects at a total annual level equivalent to NOK 4,5 million (Denmark: DKK 565.000, Finland: FIM 323.300, Iceland: ISK 1.600.000, Norway: NOK 1.355.000, Sweden: SEK 2.065.000).  



In the period 1994-1998, NKJ, together with the Nordic Forest Research Co-operation Committee (SNS), supported a Nordic collaboration on Soil biology in relation to sustainable land use, with representatives from Denmark, Finland, Norway and Sweden.



4.2  The Nordic Academy for Advanced Study (NorFA)

NorFA is a general granting body established by the Nordic Council of Ministers in order to support activities related to advanced education in the Nordic countries, the Baltic countries and northwestern Russia. There have been 4 Nordic postgraduate courses in organic agriculture:

Research Methods in Ecological Agriculture. Fokhol Farm, Stange, Norway, May-June 1995.

Systems Research in Ecological Agriculture. Fokhol Farm, Stange, Norway, May-June 1996.

From Farming Systems to Food Systems. Fokhol Farm, Stange, Norway, May 1997.

Farming Processes as Links between Nature and Society  -  Nutrient Flows in the Food System. Tingvall - Eko, Bohuslän, Sweden, September 1998.













In 1993 the 14. Nordic research course in crop sciences, Agroecology in cropping systems, took place in Sweden 



NorFA also supported the Nordic Research Network for Education and Research in Ecological Agriculture (1996 -1999). This has been a network among the agricultural universities in the Nordic countries.



4.3  Co-operation on higher education

The Nordic Forestry, Veterinary and Agricultural University (NOVA) started a working group in agroecology/ecological agriculture in 1997. The main task for the working group has been to develop a MSc-programme in agroecology. There also is some exchange of students in organic agriculture through the EU-programme SOCRATES. There has been some European co-ordination of this work through the network Common European Specialisation in Ecological Agriculture.



4.4  Forskningsnytt om økologisk landbruk i Norden (Research notes on organic farming in the Nordic countries)

Forskningsnytt is a periodical with 8 issues annually that was established in 1995. It is a collaboration among 10 research institutions in the Nordic countries. The editorial office is at CUL in Sweden. The aim is to disseminate knowledge and views from Nordic research in organic farming to scientists, advisors, teachers and farmers. The periodical also is relevant to governments, organisations, politicians and others with interests in the development of organic agriculture.



4.5  Nordic Association of Agricultural Scientists (NJF)

The Nordic Association of Agricultural Scientists (NJF) has arranged several seminars on organic farming. The latest, Ecological animal husbandry in the Nordic countries, took place in Horsens, Denmark, 16-17 September 1999. At the 21. NJF-congress in June 1999, organic agriculture was addressed in a number of sessions and seminars, including: 

Possibilities and limitations in organic farming

Crop production in organic farming

Horticulture and ornamental plants: Organic production and crop protection

Technical equipment for organic crop production



4.6  Other Nordic networks

AGECO is an e-mail discussion group for organic agriculture in the Nordic countries started in 1992. The objective is to promote the exchange of information relating to topics of interest to Nordic scientists, extension people and teachers in organic agriculture. Information or questions to the members of AGECO are mailed to: ageco@slu.se. The answer to a question is addressed either to the whole group or to the person who asked it. The information or questions are not stored in any directory for further use. Membership can be obtained by mailing to the list administrator. For the moment, AGECO has 78 members and the list administrator is Torbjörn Pettersson (torbjorn.pettersson@njv.slu.se).



There are many other formal and informal networks and seminars for agricultural scientists in the Nordic countries. These are fora for reflection over common scientific problems and exchange of results and ideas. NKJ and other institutions must continue to support these very important aspects of our common Nordic scientific culture.


�


5.  Main strategies for research in organic agriculture in THE EU’s scientific programmes 

In the 5th framework programme, research in organic agriculture belongs under Key Action V Sustainable agriculture, fisheries and forestry, including integrated development of rural areas, theme 1 Quality of life and management of living resources. 

Priority areas include: 

new and sustainable systems of production, including breeding methods, and exploitation in agriculture, forestry, fishing and aquaculture, taking into account profitability, the sustainable management of resources, product quality and employment as well as animal health and welfare,

the integrated production and exploitation of biological materials (non-food uses),

sustainable and multipurpose utilisation of forest resources; the integrated forestry-wood chain,

development of methods of control, surveillance and protection, including protection of land and prevention of soil erosion,

prelegislative research designed to provide a scientific basis for Community legislation,

the production of new tools and models for the integrated and sustainable development of rural and other relevant areas based on optimisation of the specific potential of each area, including at regional level, diversification of activities and land use, and involvement of the people concerned.



Organic farming systems are especially mentioned under the first priority area, including:

Solutions for conversion to such systems and means to overcome existing obstacles

Support to identification and control including traceability

Market analysis

Strategies for higher product value

Development of technico-economic components and support to EU legislation



The health and welfare of animals used in farm livestock production also are mentioned, including:

Animal health and welfare and farming systems

Methodologies for an integrated assessment of existing husbandry systems and the development of new ones.


�


6.  SuggestionS for future research areas 



6.1 General considerations

One of the main tasks for the working group has been to find areas of research suited for Nordic collaboration. In doing this the group has searched for areas with high priority in all five countries according to the following criteria from NKJ:

Activities that would otherwise be handled on the national level but for which sustained positive effects can be achieved through joint Nordic solutions 

Activities that increase Nordic competence and competitive strength



The working group has based its recommendation on the common goals formulated for organic farming in the Nordic countries (see chap. 1.3, page 7) and a review of ongoing research (see Appendix 4).



During the process of selecting these areas the working group has emphasised: 

Major challenges for the development of organic farming towards these goals

Research with general validity for the whole region, and hence favourable for common building of competence 

The possibility of building innovative Nordic research groups of high international calibre through joint scientific efforts in priority areas where Nordic competence is superior.



The working group has selected five areas for Nordic co-operation. Each will include common Nordic areas of research, scientific networks and workshops. 



6.2 Organic Agriculture - Sustainability, Quality and Health 

The working group suggests Organic Agriculture - Sustainability, Quality and Health as a platform for the joint Nordic research efforts in organic agriculture. The main task is to evaluate and develop organic farming systems that are ecologically, socially and economically sustainable. In doing this, it is important to evaluate the effect of organic farming on major challenges for sustainable development. Within this frame the working group has suggested five areas well suited for Nordic co-operation:

Sustainable farming systems - evaluation and development

Healthy plants – regulation of pests

Animal health and welfare

Genetic resources - plant and animal breeding

Food quality and human health



6.2.1 Sustainable farming systems - evaluation and development

To analyse organic farming systems and how they fulfil the criteria of sustainability, a spectrum of different methods must be used, developed further, and integrated in order to achieve the ambitious goals for development of organic agriculture in the Nordic countries. Development of sustainable organic farming systems as a significant part of sustainable development of society can be obtained through Nordic co-operation. In doing this, the Nordic countries can be a source of inspiration for other countries. It is important to relate problem- oriented programmes, focusing on different technical, biological and economical aspects of production, to systems-oriented research. This means that in addition to disciplinary methods, the research should include both multidisciplinary and interdisciplinary approaches in which different methods are used. In this context, the present goals for organic farming should be discussed and redefined if necessary.



Examples of relevant methods for the development of sustainable agriculture systems are:



Environmental assessment methods 

The role of the natural environment and its contribution to life-support functions, so-called ecosystem services, is beginning to be recognised by the scientific community. In organic agriculture systems these services are extremely important, as they are integral parts of alternative management of nutrient supply, weed control and pest regulation. In addition to management support of the farming systems, we have begun to understand that these life-support functions also must be recognised as fundamental functions for all higher life forms. Because almost all green land on earth today is managed by humans, these functions need to be incorporated into human-managed systems. This will probably be a new function for farming systems in the future.



This means that it will be very important to have accurate assessment methods for such ecosystem services. Today, many different environmental assessment methods are in use, and organic agricultural research needs to be familiar with those methods and their advantages and disadvantages. The existing methods also must be adapted and developed to agricultural situations at the farm level.



Methods that can handle many interdependent variables

Organic agriculture operates with complex biological and ecosystem interactions. This means that management of the farming system operates with many interacting variables, many of them dependent variables. Organic farming systems also try to optimise the use of local resources. This means that valuable information on biological and systems interactions often can be found in case studies rather than in field experiments. This makes it very important for organic farming research to be able to handle multivariate data from unbalanced experimental designs or case studies. 



Participatory methods

There is an array of complementary methods that involve farmers and other rural actors and that fall under the general description of qualitative, participatory assessment, action and learning. These are based on the premise that farmers are equal partners (with researchers and extensionists) in the analysis of farming and livelihood systems, the identification and prioritisation of problems, and the development and implementation of the research agenda. The methods combine natural and social science approaches and are strongly related to Nordic traditions of research and extension groups. They are now widely used in farmer-participatory research activities in many Southern and Northern countries. The methods involve rapid methods of assessment, analysis and planning and can be used effectively for monitoring and evaluation of technical and other changes. They require interdisciplinary, hard and soft systems perspectives and are well suited to the evolution of new perspectives and methods in organic farming. Essentially, they require that one have no preconceived notions about solutions to problems, but rather accept that there may be multiple goals and therefore multiple possible outcomes in this kind of approach.



Synthesis of knowledge

The traditional dissemination of results from individual studies is not always sufficient to explain the perspectives of the new information in the wider context of organic farming systems. Consequently, there often is a need to publish a more comprehensive, overall perspective, in which new knowledge is synthesised and placed in relation to both existing information and practical experience.



The synthesis of knowledge can also be a useful tool for clarifying particular problems in organic farming, thus providing a foundation for further research and development.



6.2.2  Healthy plants - regulation of pests

For further development of sustainable organic farming systems, more knowledge is needed about regulation of pests by ecologically sound measures. Some pests are especially troublesome in the Nordic countries and represent major obstacles for crop production in horticulture and agriculture. There is a need for joint co-ordinated Nordic research and building of competence regarding these pests, with a focus on healthy plants for regulation of pests. Among other factors this implies increasing the resistance of the plants through:

use of resistant cultivars

cultivation methods

use of the landscape, cropping systems and knowledge of life cycles of pests to regulate pest invasions

use of natural enemies of pests.



Especially in horticulture, pest problems seem to retard the necessary increase in production. For more widespread pests and diseases, European research co-operation should be preferred. However, some pests do have greater impacts in the Nordic countries than elsewhere, and research efforts within the region are needed. In the present suggestions, only Nordic pests are emphasised. 



Root flies in crucifers seem especially harmful. The Nordic countries have two species, the cabbage root fly (Delia radicum) and the turnip root fly (D. floralis), while most EU countries (except Scotland) only have the first. The flies do severe damage to cabbage, cauliflower, broccoli and Brussels sprouts. In the Nordic countries considerable amounts of turnips and swedes are sold for human consumption. Here, even a small invasion of root flies can be ruinous. In recent years, the Nordic focus on nonchemical control of this pest makes it a prime candidate for research. The main question will be how to utilise existing biological and ecological knowledge in organic farming systems. This effort will also be useful in the development of biological control systems for similar pests in other crops, such as the carrot fly, which is widespread in Europe. 



The carrot psyllid (Trioza apicalis) is a pest only in the Nordic countries. It is very important in organic carrot production in Norway, Sweden and Finland.



The apple fruit moth (Argyresthia conjugella) is by far the biggest problem in organic apple production. This pest is limited to the Nordic countries and can cause complete devastation in years when there are few berries on its preferred host, the mountain ash. Other pest problems in top fruit are not specific to the Nordic countries.



6.2.3  Animal health and welfare

Animal health and welfare are important issues for organic agriculture. Healthy animals do produce well. Thus, animal health is a key factor in farm economy. In organic farming the aim is to minimise all use of medication in order to avoid spreading of substances alien to the natural ecosystems. Also, many consumers expect organic food to be produced without use of medication. This makes preventive health care central to organic production. Diseases also will have greater negative economic impact on organic farms than on conventional farms, due to longer withdrawal periods or exclusion of animals from organic certification. 



Animal health is closely related to welfare and ethics in animal husbandry. The Nordic countries have good traditions and restrictive laws in these areas. The basic guidelines for organic agriculture also emphasis good animal welfare. Furthermore, healthy animals are a prerequisite for wholesome and safe food.



Animal health and welfare is a priority area in agricultural and food policy in the Nordic countries. Good livestock health is the result of complex interactions among the production system, pathogens and animals. Scientific competence in this field is high in the Nordic countries, and Nordic co-operation can also result in improvements of organic animal husbandry beyond the Nordic countries. 



The concept of organic farming is based on the idea that diversity in itself is preventive and that preventing diseases is better than curing them through medication. However, knowledge about these interactions is insufficient. In a number of areas more research is needed, based on existing knowledge and with production efficiency as a major objective. It will be important to study how health and welfare can be secured by means of optimal feeding and improved production systems. Research is especially needed in three areas:



Effects of outdoor keeping and mixing of species: More knowledge is needed regarding the effects of outdoor keeping, including infection pressure both within a herd and between species of domestic and wild animals. Parasite infestation (ecto- and endoparasites) is another important issue. More knowledge about consequences of mixing different species are needed. Methods for risk analysis must be developed.



Alternative medical treatments: More research is needed on alternative ways to prevent or cure major diseases. The scientific efforts must be relevant in relation to EU’s regulations for organic animal husbandry, which favour phytotherapeutic and homeopathic means over traditional medication, assuming that an effective cure is obtained.



Preventive health care: Preventive health care are important in organic farming. These include many measurements, like for instance natural immunisation and vaccination of livestocks. Two other aspects are also of great importance:

Varied feeding: A diversified diet, including ample quantities of coarse fodder, is regarded as useful for several reasons. It is assumed that animals kept under high production pressure on a simple diet will have a greater risk of developing metabolic diseases and infections, and of transmitting zoonoses of importance for food safety. Thus, control of the microbial activity in the metabolic system through the feeding system should improve the immunologic resistance and hence the animal’s health. Therefore, more. research is needed on the composition of feeding rations.

Design of housing systems: Animals under stress are more susceptible to diseases. The close environment should be designed to impose a minimum of stress on the livestock. The regulations for organic animal husbandry include standards for important elements in the close environment, like litter, daylight, and the possibility of natural movement and behaviour. However, many questions concerning the design of optimal outdoor and indoor production systems are still to be solved. Research in this area also must aim at reducing the risks of distributing infectious agents and losing of plant nutrients from the manure. 



6.2.4  Genetic resources - plant and animal breeding

Availability of plant cultivars adapted to sustainable organic farming systems in the Nordic countries is an increasing problem. Organic farmers largely depend on varieties developed for conventional agriculture. Although pest resistance is an important objective in modern breeding programmes, growth and yielding ability with low concentrations of plant nutrients and high level of weed competition are not. Ability to utilise symbioses with N-fixing bacteria, mycorrhiza and other micro-organisms also needs more attention. The plant breeding industry’s increased utilisation of gene technology, which is prohibited in organic agriculture, is another major challenge for organic farmers. More research is needed to develop specific breeding goals for cultivars intended for the organic seed market. Evaluation and development of methods for breeding and selection are other important areas of research.



In animal husbandry, too, organic production systems differ from conventional ones. Animals adapted to intensive and highly mechanised systems through generations of breeding are not necessarily the best choices for organic farming. More research is needed to define breeding goals for animal populations in organic agriculture and to implement these goals through existing or new breeding programmes. 



Maintenance of biodiversity and genetic resources are important goals for both organic agriculture and society as a whole. More research is needed on how locally adapted populations, old cultivars and old animal races can be used and maintained in organic production systems. 



Breeding of plants and animals is expensive and must be planned with a long-term perspective. The working group therefore suggests building of networks among research groups and institutions already involved in breeding research in the five countries, in order to develop breeding strategies for future organic agriculture.



6.2.5  Food quality and human health

Human health in relation to organic farming includes different aspects, such as safety of food products, nutritional value and health-promoting properties. There is a growing interest among consumers and in the food industry for functional foods, health foods and optimal diets in order to prevent diseases and improve the quality of life. These factors also are closely related to questions about healthy lifestyle, sustainable consumption and social sustainability. Expectations about these factors are the main motivation for consumers to buy organic products. However, scientific documentation of the assumed health effects is sparse. 



Thus, research is needed on the relationship between food quality and human health in general, and specifically the place of organic food in this question. Preliminary results show that the contents of mineral nutrients and other trace elements are influenced by farming systems. However, more systematic research is needed in order to study how nutrient content and food quality are influenced by organic farming practices and food processing. A joint Nordic effort is a good way to establish well-qualified research groups able to cope with the interdisciplinary challenges in this area.



Food quality involves a number of factors acting along the chain from production on farms, through processing, distribution, handling in the shops, and out to the consumers. Quality also includes food safety, nutritional value, and influence on human health. In organic agriculture the emphasis on each of these factors may differ from standard conventional quality assessments, aiming at a broader and more holistic view. As shown in Appendix 4, some research with relevance to organic farming already is going on. Food quality also is an important research area in conventional agriculture, involving several groups in the Nordic countries. The working group proposes a workshop with a broad participation of Nordic competence to focus on:

Definition of food quality

Quality aspects related to health, nutrition, lifestyle and sustainable consumption

Quality aspects of mineral content in organic food compared to conventional products.

Assessment of quality factors related to farming and production systems

Assessment of quality factors related to safe supplies and storage

Quality aspects related to processing of organic products



One of the main intentions of this workshop is to prepare the common Nordic research effort in food quality.
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7.  OTHER NORDIC Strategies



7.1  Nordic research centre for organic farming

The working group has discussed the possibility of establishing a virtual Nordic research centre for organic farming on the Internet. The main tasks of such a centre would be to:

co-ordinate and stimulate activity in the common research areas (networks, workshops, common Nordic initiatives for funding from international research programmes)

maintain the database of Nordic research programmes / projects

contribute to Forskningsnytt om økologisk landbruk i Norden and its translation into English.



The working group suggests that the centre should develop gradually, according to the interest in the scientific community. The practical organisation of the centre should be a matter of discussion among DARCOF in Denmark, MTT in Finland, the Research Committee for Organic Agriculture in Norway and CUL in Sweden. 



7.2  Interaction with the Nordic collaboration for higher education 

The working group recommends close contact with the Nordic Forestry, Veterinary and Agricultural University (NOVA) and the Nordic Academy for Advanced Study (NorFA) in order to integrate students (MSc-level) and post graduates (PhD-level) in research activities, networks and workshops.



7.3  Collaboration with the Baltic countries etc.

The working group has concentrated its work on the Nordic countries and co-operation with other European countries through the EU’s scientific programmes. Nevertheless, the Baltic countries should be invited to co-operate in areas of common interest.  














�Appendix 1:	members of the working group 



NKJ in November 1998 appointed one representative from each of the Nordic countries:



Denmark:  Birgitte Hansen, Danish Research Centre for Organic Farming (DARCOF), Research Centre Foulum, Box 50, DK-883O TJELE, E-mail: Birgitte.Hansen@agrsci.dk.  Claus Bo Andreasen was member of the group from January to May, when Birgitte Hansen took over.



Finland:  Helena Kahiluoto, MTT, Ecological Production, Partala, Huttulantie 1, FIN-519 00 JUVA, E-mail: helena.kahiluoto@mtt.fi



Iceland: Ríkharð Brynjólfsson, Hvanneyri Agricultural College, IS-311 BORGARNES, E-mail: rikhard@hvanneyri.is



Norway:  Sissel Hansen, Norwegian Centre for Ecological Agriculture (NORSØK), Tingvoll Gard, N-6630 TINGVOLL, E-mail: Sissel.Hansen@norsok.no



Sweden:  Karin Höök, Centre for Sustainable Agriculture, Swedish University of Agricultural Sciences (SLU), Box 7047, S-750 07 UPPSALA, E-mail: Karin.Hook@cul.slu.se



Lennart Åberg, Swedish Council For Forestry and Agricultural Research, has been NKJ-secretary for the group. Arve Skutlaberg, Forskingstenester, Norway, has been hired as a special secretary.






�

Appendix 2:  Terminology 



Organic agriculture is the English term used for agricultural practices following the basic standards issued by the International Federation of Organic Agriculture Movements (IFOAM) and national control organisations. Organic agriculture includes all agricultural systems that promote the environmentally, socially and economically sound production of food and fibres. These systems take local soil fertility as a key to successful production. By respecting the natural capacities of plants, animals and the landscape, it aims to optimise quality in all aspects of agriculture and the environment. Organic agriculture dramatically reduces external inputs by refraining from the use of chemically synthesised fertilisers, pesticides and pharmaceuticals. Instead it allows the powerful laws of nature to increase both agricultural yields and disease resistance. Organic agriculture adheres to globally accepted principles, which are implemented within local socioeconomic, geoclimatic and cultural settings. As a logical consequence, IFOAM stresses and supports the development of self-supporting systems on the local and regional level. (IFOAMs home page: http://ecoweb.dk/ifoam) 



Ecological agriculture (Økologisk landbrug [da], Økologisk landbruk [no], Ekologiskt lantbruk [sv] is the term used by the organic control organisations in Denmark (...), Norway (DEBIO) and Sweden (KRAV) for farming practices following national basic standards based on IFOAMs basic standards. In Finland (FinLUOMU) the Finnish term Luonnonmukainen, the Swedish term Ekologisk production and the English term Organic agriculture are used.



Biodynamic (biological dynamic) agriculture is the term used for organic agricultural practices following the DEMETER guidelines based on anthroposophical philosophy. 



Integrated agriculture is the term used for agricultural practices following basic standards issued by a control organisation, aiming at good product quality, maintenance of the cultural landscape and reduced pollution and discharge of unwanted material from the production.  



Sustainable agriculture / environmental friendly agriculture  (Bærekraftig landbrug [da], Kestävä.maatalous.[fi], Bærekraftig landbruk [no], Uthålligt lantbruk [sv]) is a collective term for agricultural practices with a long-term perspective aimed at maintenance of the ecological balance, optimal use and management of renewable resources, recycling, maintenance of the cultural landscape, reduced pollution and discharge of unwanted material from the production, and good product quality. The term also involves economic and social sustainability (see also chap. 1.2).



Conventional agriculture is a collective term for the agricultural practises used by a majority of farmers in a country or a region, in order to distinguish it from organic, ecological, integrated or sustainable alternatives.



Agroecology is an academic subject that studies agricultural ecosystems and their relations with the surrounding world. It is interdisciplinary, with elements of agronomy, ecology, economics and sociology.






APPENDIX 3: MAIN ABBREVIATONS IN THE TEXT





CAP:  The Common Agricultural Policy of EU



CUL:  Centre for Sustainable Agriculture, SLU (Centrum för uthålligt lantbruk)



DARCOF:  Danish Research Centre for Organic Farming (Forskningscenter for Økologisk Jordbrug FØJO)



EU:  The European Union



Hushållningssällskapen:  Swedish Regional Extension Service 



IFOAM:  International Federation of Organic Agriculture Movements 



KVL:  Royal Veterinary and Agricultural University (Den Kgl. Veterinær- og Landbohøjskole)



MTT:  Agricultural Research Centre of Finland (Maatalouden tutkimuskeskus)



NILF: Norwegian Institute of Agricultural Economics (Norsk institutt for landbruksøkonomisk forskning



NJF:  Nordic Association of Agricultural Scientists (Nordiska Jordbruksforskares Förening)



NKJ: Nordic Joint Committee for Agricultural Research (Nordisk kontaktorgan for jordbruksforskning)



NLH:  Agricultural University of Norway (Norges landbrukshøgskole)



NorFA:  The Nordic Academy for Advanced Study



NORSØK:  Norwegian Centre for Ecological Agriculture (Norsk senter for økologisk landbruk)



NOVA:  Nordic Forestry, Veterinary and Agricultural University 



NVH: Norwegian School of Veterinary Science (Norges veterinærhøgskole)



PLANTEFORSK: Norwegian Crop Research Institute (Norsk institutt for planteforsking)



SJFR:  Swedish Council for Forestry and Agricultural Research (Skogs- och jordbrukets forskningsråd)



SJV:  Swedish Board of Agriculture (Statens Jordbruksverk)



SLU:  Swedish University of Agricultural Sciences (Sveriges lantbruksuniversitet)
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The working group has collected 401 research projects dealing with organic agriculture from the Nordic countries. The project data is collected in a database that is suggested to be accessed at the home page of NKJ on the Internet.. 



Table 2 shows the number of projects distributed by countries and main scientific areas. It has not been possible to obtain sufficient data on project funding to make a similar table showing the distribution of resources.



Sometimes it is difficult to make a clear classification between «organic» projects and «conventional» ones. Many projects are of great interest both for organic and conventional farming. It is also difficult to distinguish between genuine research projects and developmental work. These definitions might vary among countries, making it difficult to compare figures. 



The size of individual projects may vary considerably. The number of projects must therefore not be taken as an indication of investment or activity in the research in each country.

�

A. Development of competence at the national level

In Sweden CUL is responsible for the Research school in ecological land use. In Denmark DARCOF is running the project Improving the education of research. The management board of DARCOF is working to establish an international school for education of scientists in organic farming. The school is planned under the auspices of the Centre for Ecology and the Environment (CENVIR) at KVL.



Thus Sweden and Denmark have co-ordinated training of scientists in organic agriculture. In Finland, Iceland and Norway this important field is still following the traditional paths at the university departments. 



The Nordic postgraduate courses co-ordinated through NorFA are an important part of the training of scientists in the Nordic countries. So far, 3-4 courses have been arranged.



B. Philosophical and ideological foundation for organic agriculture 

One Swedish project concerning Environmental ethics in resource-preserving agriculture belongs to this group 



The philosophical and ideological foundation is an important sounding board in many projects in organic agriculture for the priority of issues, the holistic view, and the choice of methods. This is more or less obvious in projects concerning farming systems, sustainability, agriculture and society, quality and health, animal health and welfare, etc. Still, rather few scientists have the philosophical and ideological foundation as the major object of their research. On the other hand these issues are very important for farmers, consumers and organisations involved in organic agriculture, and in the internal and external discussion on organic agriculture. 



C. Research methods

A Danish project concerns Synthesis of knowledge and systems research methodology. A PhD-project deals with the Overall perspectives in agricultural research - background and methodology. A Swedish project focuses on EMERGI-analyses as a tool for evaluation of resource management in agriculture. 



Research methods are of importance to the many projects in organic agriculture as well as in environmental and quality research using system approaches. One example is the Finnish Participatory research in organic vegetable production and Organic vegetable farming and its zone of proximal development (listed under area Plant production in agriculture and horticulture). Scientists involved in system analyses are working quite hard to find appropriate research methods and to gain acceptance for them. Many projects listed under Farming systems, Economy and Quality of products thus include important elements of method development. Although choice and development of methods is a continuing challenge even in more traditional areas of agricultural research, the methodological foundation is more developed. The needed infrastructure and special competence also are often more easily available. 



D. Farming systems in the Nordic countries 

Innovative farmers have played an important part in the development of organic agriculture, often in opposition to the conventional agricultural science establishment. This has meant a shift of focus for the «organic» scientist, from few-factor hypotheses created at the research stations, to the complex and holistic situation on farms. This was a difficult process, especially for traditionally trained crop and soil scientists, involving adaptation of new methodology and interdisciplinary co-operation among biologists, economists, specialists in different humanistic disciplines and agricultural advisors.



During the late 80’s and early 90’s different farming systems became the most potent approaches for research, innovation and dissemination of results in organic and / or sustainable agriculture. Three main approaches to the system research have been used:



D1 Cropping system approach

The cropping system approach is basically a study of systems for crop production under more or less controlled conditions, often situated at research stations. Many of the projects are planned as long-term field trials, sometimes with a comparison between two or more systems or variants of the same systems. Another important objective is to test organic plant production under different climatic and/or edaphic conditions. Cropping systems may also include components of development or serve as a workshop area for field trials in order to study nutrient balances, methods of crop protection or performance of plant varieties.



The working group has defined 24 projects from Denmark, Finland, Norway and Sweden as cropping systems, covering the most important arable crops, fodder crops and fruits (apples). In addition, many projects in crop production, crop protection and soil science are using data from such systems, for instance in relation to development of data models. For most of these projects the results are well documented in the literature. There may be potential for better Nordic utilisation of data and results from the many cropping systems, using climatic and edaphic factors as selection criteria. 



D2 Farming system approach

The farming system approach represents an extension of the cropping system to full scale and professional agricultural production. This is a step away from the controlled but rigid field trial methodology apparent in many cropping system projects. Still, comparison of different systems or variants may be important, either by running two or more systems on one farm or by involving two or more model farms. Several of these projects address analysis of milk production systems with both crop production and animal husbandry involved. Data from model farms or ordinary enterprises are also used to analyse product, value or energy chains in agriculture and food production / consumption. Farming systems are also used to evaluate environmental effects of changes in agronomic practise.



The working group has defined 17 projects from Denmark, Norway and Sweden as farming systems. The method is especially well developed in Sweden, where both SLU (Ekhaga and Öjebyn) and Hushållningssällskapen (Tingvall and Logården) are running long-term farming systems. DARCOF in Denmark has one at Rugballegård and in Norway one is situated at NLH. Several of these projects are well documented in the literature. In addition, data are collected from several more farms used for education, demonstration and extension purposes. For such extension and dissemination purposes the farming system approach has proved to be very useful. There is potential for better Nordic utilisation of data and results, but differences among the countries with respect to policy, property structure and farming traditions may limit the value of such exchange on fields like agricultural management, economics and sociology.  



D3 On-farm research

The on-farm approach has four dimensions:

Documentation of production, economy, use of resources and / or social life on one or more farms

Case-studies on one or more farms in order to «understand» the system and study how it reacts to changes and / or manipulation

Analyses, development (prototyping) and evaluation of production systems on farms as an aid to farmers (and governments) in the process of decision making.

Participatory research (interaction among scientists, advisors, farmers etc.)



Five projects from Denmark, Norway and Sweden are defined as on-farm research. Most of them involve elements of documentation and case studies. The Danish project Organic plant production at existing farms in addition has elements of prototyping. In the Norwegian project Developing ecological and sustainable agriculture in typical field crop areas in Norway and in the Swedish project Farmers’ role in developing sustainable food production systems both documentation techniques, case studies, prototyping and participatory research are utilised. NORSØK carried out two major on-farm research programmes in Norway during 1989-1996 (The 30-farm project and The farm study project) with documentation and case studies as the most important methodologies.



The on-farm approach has proved very useful in creating background data for planning at the governmental level and as a tool for planning and innovation at the farm level. In some cases it has been more difficult to get broad academic acceptance for such work. This is about to change with the introduction of well-founded scientific methods and a growing interest in system analyses. 



E. Economics of organic agriculture 

This heading contains three sub-areas:



E1 Production economics 

NILF in Norway is running three projects in production economics. Organic farms are included in the long-term monitoring programme of the institute. In addition they have projects on the economics of milk and herb production. In Finland, MTT has one project on The costs of ecological cereal farming.



Economic studies are often a part of farming system projects.



E2 Economics and sustainability

Three Swedish, three Danish and one Finnish project focus on economics and sustainability. They are in the border area between agronomy, production economics, agricultural politics, life cycles of products, social economics and environmental protection. There are also strong connections to analysis and development of farming systems (see chap. D2). Two Danish projects study the effects of changes in the EU’s agricultural policy on organic farming. In one of the Swedish projects, co-operation with developing countries (Namibia, Tanzania, Zimbabwe) has been introduced. The projects in this category are also of importance in studies of sustainable development outside organic agriculture.



E3 Organic farming and human life

In one Finnish and six Swedish projects the interactions between organic agriculture and local communities are studied. Models for better integration of food production in local communities or on a regional level are discussed, involving recycling of plant nutrition, use and maintenance of landscapes, less transport of food, rural development, etc.  



The work environments of organic farmers are studied in two projects from Sweden and Finland. Differences in working methods and technology between organic and conventional agriculture may influence the quality of the work. environment. One Finnish project deals with diffusion of innovation in the social networks of small-scale entrepreneurs.



F. Quality of products 

Better product quality is an important argument for the consumer to buy organic products. However, little has been done to document or improve quality factors. Some work may be carried out under other research programmes or in the food industry.



F1 Methods for quality assessment 

In this area there is one Swedish biodynamic project on development of sensorial and morphological (crystallisation) analyses of food quality. In Denmark there also has been some interest in the biocrystallisation method. One projects deals with dissemination of results from this work.



F2 Nutritional quality / health

Three projects have been reported in this area. The first deals with the influence of cropping system on the nutritional quality of cereals (wheat, barley and oat) (Swedish). Another is studying antioxidants and lipids in oat (Swedish). The third focuses on trace elements in agricultural products (Danish). There are no projects on macro-elements and quality, but the macro-element content has been analysed in many field trials and cropping systems. Apparently there are no studies on the relationship among health effects, the basic standards for certification and labelling of organic products and the consumption of such products. 



F3 Hygienic quality / toxins

Three projects have been reported in this area. One deals with methods for suppression of sporulating bacteria in cheese (Danish). Another studies systems to prevent transmission of Clostridia from manure via fodder crops to food products. The theme of the third is biological control of flour moths.



Occurrence of mycotoxins in organically grown cereals is included in some of the cereal production projects (see chap. J1).



F4 Quality and farming systems or production methods

Quality is often a side issue in projects related to improvement of production or analyses of systems. In two Danish and one Finnish project these relations are the main topic. The Danish projects concentrate on the interactions among plant health and diseases, quality of soil, secondary metabolites, genetic variability, cropping systems and product quality in cereals, potatoes and berries. The Finnish project deals with the influence of cropping system on baking quality in wheat and food quality in potato. 



F5 Product development

Four projects are primarily concerned with product development. One Danish project involves development of products from einkorn. Another focuses on frozen baby food from organic vegetables. In a Swedish project, storage ability of apples is improved. A Finnish project deals with local production in the South Savolax region. In Norway local projects of that kind are funded as part of research programmes for rural development or food technology. In all Nordic countries, dairies and the meat processing industry are running their own programmes for development of organic products.



G. Certification, trade and consumers 

Product identity, certification and optimising of markets and product chains are very important in organic agriculture. In Norway the Ministry of Agriculture regards problems in this area as the main obstacles to further expansion. 



G1 Certification systems / basic standards

A Swedish project under the MAT-21 programme studies labels as promoters of sustainable consumption. There also has been close contact between the certification organisations and research groups working with farming systems. Still, there seems to be some lack of independent research about the certification systems, the basic standards and the effects of different labels in the Nordic countries.



G2 Markets / availability of products from organic agriculture

Denmark, Sweden and Norway have one project each in this area. Danske Slagterier studies the market for organic pork. The University of Göteborg is looking at the environmental effects of introducing organic products in ordinary shops. The Western Norway Research Institute evaluates the results of the Norwegian plan of action for organic agriculture with respect to availability of organic products under label.



G3 Consumers’ attitudes

There are three Norwegian and three Swedish projects in this area. Consumers’ attitudes to organic food as such and to its quality are studied. Consequences for local and national distribution are also evaluated. 



G4 Sustainable consumption

There are two Norwegian and one Swedish project in this area. Sustainable consumption is studied in relation to local production, import / export and «green» menus.



H. Organic agriculture and the environment 

Most research on the interactions between agriculture and environment is covered by other programmes, in for instance cultural landscape, pollution control, approaches for integrated agriculture, biodiversity, nature and area management, etc. Eight projects have been reported to concentrate specifically on the relations between organic farming and the environment. Biological diversity, maintenance of the landscape and management of natural resources are important factors for development of organic farming systems.



H1 Biological diversity

One project from Sweden and one from Finland (representing a cluster for sub projects) studies biodiversity on organic farms in the broad sense. One Danish project concentrates on crop diversity through intercropping and mixture of genotypes. 



H2 Landscape

The ECOMÅL-project from Sweden deals with development of multifunctional landscapes on organic farms, their interaction with the society outside agriculture and their effects on flora and fauna. Similar projects in other Nordic countries are funded by research programmes for cultural landscapes or management of areas / natural resources. 



H3 Management of natural resources included energy

A Danish project study models for management of the environment and natural resources on organic farms. In an Icelandic project, methods are being developed for monitoring pastures at outlying fields. One project from Sweden and one from Norway deal with methods or systems for cleaning of wastewater in relation to organic agriculture. The project at SLU studies utilisation of wastewater for production of biogas. The NILF project is directed towards decision-making in planning processes. In a Finnish project, the environmental effects of organic and conventional food production are studied. Another studies agro-environmental support in the future.



J. Plant production in agriculture and horticulture 

Plant production is one of the major areas of research in all the Nordic countries. About 70 projects have been reported. This area is also an important part of the cropping system programmes (see chap. D1).  



J1 Cereals and pulses

Fourteen projects have been reported in this area (2 Danish, 1 Finnish, 4 Norwegian and 7 Swedish). Six to eight of them concern evaluation of varieties or species adapted to organic production systems, especially with respect to disease resistance, quality (proteins and mycotoxins) and yield. The rest of the projects aim at optimisation of the production process. All the usual cereals (barley, oat, wheat [spring and winter], rye, triticale, spelt) and pulses (pea, field bean, blue lupine, etc.) are included. Improved production of cereals and pulses is a key question in organic agriculture. There is an unmet market for organic cereals both for food and feed. There also is a great deal of research into cereal production with low levels of plant nutrients, in order to cope with the situation at many farms with mainly arable cropping systems (see also chap. M).



J2 Oilseed crops

Two Swedish variety trials in oil seed crops and mustard have been reported.



J3 Potatoes

One Danish project studies the quality of potatoes, with emphasis on nutrient management and control of the potato blight disease. A Norwegian institute programme is working with many of the same elements (see chap. K2). From Finland a variety trial project has been reported. In other countries such trials have been included in cropping system research.



J4 Vegetables and sugar beets

Nineteen projects have been reported in this area, nine on field grown vegetables, two on lettuce, five on greenhouse grown tomatoes. Three Finish projects focus on participatory development of organic vegetable production and its zone of proximal development, with emphasis on research methods (see chap. C). In the Swedish Öjebyn project, vegetables have been included in a farming system with milk production. A Finnish project addresses the future need for development of organic production of vegetable. Denmark has collected most of their research efforts in one major project for vegetables. In Norway one cropping system project focuses on production of vegetables (see chap. D1). Iceland has some minor projects on vegetables. The other projects focus on nutrient management, green manuring and sowing, transplanting and establishment of vegetable crops. Important vegetable projects are also listed under chap. K, Crop protection. For the greenhouse-grown vegetables, production systems and management of nutrients and quality are studied. A Swedish project deals with organic production of sugar beets. 



J5 Fodder crops

Twenty-five projects have been reported in this area (20 from Sweden, 3 from Norway and 2 from Iceland). The main objectives are to study growth, persistence and N-fixation of perennial legumes (red and white clover [Trifolium sp.], and birdsfoot-trefoil [Lotus corniculatus]) in mixtures with grasses. The nutrient dynamics of legumes are also an important part of many projects listed under chap. M, Soil fertility and nutrient dynamics.



Three Swedish projects use a participatory approach. Sweden is also running a major research on birdsfoot-trefoil. One Norwegian project focuses on persistence of clover under harsh climatic conditions. Another deals with the optimum age of leys in organic agriculture. In Iceland lupines and white clover are examined. 



J6 Fruits

There is increasing interest in organic production of fruits and berries. Five projects concern fruit growing (2 from Sweden, 3 from Norway). Two of them involve variety trials. The other three focus on accumulation and dissemination of knowledge about organic fruit growing. In addition, two Swedish projects on apple diseases are listed under chap. K.2, Plant pathology, and three on insect pests are listed in chap. K3. Production systems for fruits / apples are studied in Norway and Sweden (see chap. D1)



J7 Berries

Seven projects have been reported in this area (1 from Denmark, 2 from Sweden, 2 from Norway and 2 from Finland). Most of the research is concentrated on strawberries, but one project also includes black currants. Ecological production systems, mulching techniques, varieties and control of weeds, pests and diseases are studied. In strawberries, product quality is another area of great interest.



K. Crop protection 

Crop protection is a key factor for both the quantity and quality of organic plant products, and hence also for stable supplies to the market. Prediction / forecasting in combination with physical or biological control of pest organisms are the main approaches. The research programmes in this area are usually of interest for organic, integrated and conventional agriculture, but organic farmers have a special need for knowledge since they unilaterally rely on these approaches with no chemicals available as backup. The projects presented below have been selected by the members of the working group as especially relevant for organic agriculture. 



In Norway NORSØK is running a strategic institute programme on plant health in organic agriculture in co-operation with Planteforsk.



K1 Herbology (weed control)

Eleven projects have been reported in this area (3 from Denmark, 7 from Sweden and 1 from Norway). The most successful method for weed control so far has been harrowing or use of brushes or other mechanical means to kill or hamper the weeds. This technique has been reintroduced into organic, integrated and conventional agriculture. In addition, control by means of heat, electricity and undersown crops are being tested. In a Swedish project, the effects of light on weed seed germination are studied. In another, a strategy guide for weed control in organic agriculture is being developed. A Danish project concerns allelopathy in rice.



K2 Plant pathology

Seventeen projects have been reported in this area (1 from Denmark and 16 from Sweden). Three Swedish projects deal with control of seedborne diseases by means of heat. Three others study use of mycorrhizae. Other projects involve control of diseases on cereals, legumes, oil seeds, potatoes, vegetables and fruits, including root diseases, storage diseases and potato blight. As part of a Norwegian institute programme, the theory and methodology of organic plant pathology are studied with potato blight as an important model (see chap. K).



K3 Entomology

Twenty-five projects have been reported in this area (10 from Denmark, 1 from Norway and 14 from Sweden). A programme from Sweden concerns the effects of biological diversity and natural enemies. Control of insects by means of natural enemies (animals or fungi) is studied in both Sweden and Denmark. Two projects involve the use of pheromones. In addition there are projects on control of pest insects in cereals, rape, peas, fodder legumes, apples and ornamental flowers. In a Danish project, the influence of organic farming systems on springtails is being studied.



L. Plant breeding and seed production

Until now, organic agriculture has used untreated seeds from plant varieties available on the conventional market. Separate projects for plant breeding are discussed because organic farmers want specially adapted varieties with a safe and natural genetic background. In the future, the basic standards of certification may demand separate production lines for seeds.



L1 Breeding of cultivars adapted to organic cropping systems

Six projects have been reported in this area (1 from Denmark and 5 from Sweden). The Danish project addresses the genetic background for P-use efficiency in barley. A Swedish project for breeding of barley for organic agriculture deals with the same question. SLU is also doing research into breeding for better quality and disease resistance (e.g., mildew) in wheat. 



L2 Seed production

Three projects have been reported in this area (1 from Norway and 2 from Sweden). The Norwegian project deals with organic production of red clover, timothy and meadow fescue seed. The Swedish projects address organic production of seed potatoes and methods for reducing the contamination of seed corn with seedborne fungi.



M. Soil fertility and nutrient dynamics 

Soil fertility and nutrient dynamics are major areas for research in organic agriculture. On most farms, the availability of plant nutrients is a limiting factor for increased yields. The results depend very much on the natural fertility of the soil and the use of manure and other organic amendments. The nutrient balance of the farm and the nutrient dynamics of the soil have to be carefully planned, with maintenance of soil fertility, crop rotation and recycling of nutrients as key factors. This is also regulated through the basic standards of the certification organisations. The area is also an important part of the farming system approaches (see chap. D). 



M1 Soil fertility and soil conservation

Five projects have been reported in this area (4 from Denmark, including 2 PhD projects, and 1 from Sweden). The Danish projects focus on soil fertility in relation to crop rotation, methods for tillage and manuring, soil biology and structure. These questions have also been studied in some of the cropping systems (see chap. D1). The Swedish project aims to develop an index for the physical condition of the soil as a tool for planning of sustainable agricultural production.



M2 Soil biology and N-fixation

Nine projects have been reported in this area (4 from Denmark, including 2 PhD projects, 2 from Norway and 3 from Sweden). Seven of the projects deal with biological N-fixation and how this is influenced by climate, crop rotation, nutrient balances, soil organisms and soil structure. This subject is also an important part of many cropping system projects (see chap. D1) and in the study of fodder legumes (see chap. J5). Modelling of N-fixation is a great challenge. One project focuses on the ability of Bacillus polymyxa to increase plant growth and to stimulate tolerance towards stress factors. A PhD project from Denmark is an investigation of spider spatial dynamics.



In some of the cropping system projects, populations of earthworms have been carefully studied, especially during the transition period from conventional to organic farming. These organisms are very important for soil structure decomposition of organic material, and they represent the visual image of soil life. 



Mycorrhizae are another important part of soil biology and soil-plant interactions. Two projects on this theme are listed under chap. K2 Plant pathology. Influence of mycorrhizae on nutrient dynamics is studied in basic soil research programmes.



M3 Manure and other organic amendments

Twenty-seven projects have been reported in this area (1 from Denmark, 1 from Finland, 1 from Iceland, 2 from Norway and 22 from Sweden). Thirteen of these concern different types of manure (from cattle, poultry and sheep), including time of application, effects and technology of spreading. Use of human urine is being studied in three projects. Use of sludge also is evaluated. Two projects focus on compost. Use of compost also is an important part of one of the Norwegian cropping system studies. Four projects evaluate the use of other sources for plant nutrition in organic agriculture (organic fertilisers).



In addition there are extensive research programmes on manure, sludge and compost for conventional or integrated agriculture in the Nordic countries. 



M4 Green manure and catch crops

Three projects have been reported in this area (1 from Norway and 2 from Sweden). Two deal with undersown clover in winter wheat. The last studies undersown clover as a source of nutrients in row crops. This question is also part of two projects listed under chap. K1 Herbology (Weed control). Research on green manures and catch crops are closely related to studies of N-fixation (see M2) and nutrient balances and turnover (chap. M5).



M5 Nutrient balances and turnover

Twenty-five projects have been reported in this area (2 from Denmark, 3 from Finland, 4 from Norway and 16 from Sweden). Most of these projects deal with balances of N, P and K in different soils and under different cropping systems. Uncontrolled losses of nitrogen are a major concern. Calculation and modelling of nutrient balances under different farming conditions are also important areas of research.  



In one Swedish project, the use of biodynamic amendments is evaluated.



M6 Soil tillage 

Four projects have been reported in this area (1 from Denmark and 3 from Sweden). The Danish project evaluates total systems for soil tillage in organic agriculture. This question also has been discussed in some of the cropping system projects (see chap. D1). The other three projects deal with more specific methods for tillage in vegetables and fruits and in the transition from conventional to organic farming. 



N. Animal husbandry

Animal husbandry is responsible for the major economic income on most organic farms. Animal production also is responsible for recycling of plant nutrients and utilisation of outlying fields. Milk, meat and eggs are major products for «organic» consumers. Optimal utilisation of homegrown fodder, improved animal welfare and reduced medication are major questions in the research programmes for organic husbandry.



In Norway most of the research efforts in this area are concentrated on milk production. In Sweden, Denmark and Finland pigs and / or poultry also are important species for research. Iceland and Norway have some minor projects on sheep and/or goats. 



Animal husbandry is a major factor in most of the farming system approaches listed in chap. D2. 



N1 Cattle for milk production

Fifteen projects have been reported in this area (4 from Finland, 1 from Norway and 10 from Sweden). Eight of the projects concern utilisation of fodder (grass / clover) in extensive production systems. Three projects deal with production systems for cattle. Three others deal with development of milk production in selected regions. The last project aims to document organic milk production.



N2 Cattle for beef production

One project from Sweden has been reported in this area, concerning sustainable organic beef production. A Danish project involves a combination of cattle and pigs in organic meat production. A Ph.D. project concerns production of organic beef and the utilisation of grass/ clover.



N3 Pigs

Twelve projects have been reported in this area (3 from Denmark, 2 from Finland and 7 from Sweden). Six of the projects concern development of organic production systems for pigs. In addition three others focus on systems for keeping the animals outdoors. Three projects study self-sufficient feeding systems. 



N4 Poultry and egg

Eleven projects have been reported in this area (2 from Denmark and 9 from Sweden). Eight of these concern systems for organic production of eggs while two deal with chicken production. One project studies feeds for hens. A Finnish project mentioned under chap. N3 also includes optimising of self-sufficient feeding of poultry.



N5 Bees

A Swedish project on breeding of bees for better and sustainable pollination in nature and in agriculture has been reported.



P. Animal health and welfare 

There are growing concerns about the health and welfare of production animals in agriculture. The basic standards of certification demand high quality in this field, but they also are intended to reduce medication. Thus there is need for better and more reliable preventive methods for the improvement of animal health and welfare in organic agriculture.



P1 Animal health and diseases

Eleven projects have been reported in this area (6 from Denmark, 1 from Norway and 4 from Sweden). Three projects concern animal health and treatment of diseases in organic agriculture. One is a network project under the EU. Three projects study parasites in cattle and sheep and two projects focus on the control of flies. Two projects concern alternative or homeopathic treatment of animal diseases 



P2 Production systems and animal welfare

Twelve projects have been reported in this area (4 from Denmark (included 1 PhD project), 1 from Finland, 2 from Norway and 5 from Sweden). Nine of them concern improvements in production systems to promote animal health and welfare, such as better fittings in the barns, more suitable feeding systems and improved environmental factors. Three projects focus on systems for health control. 



P3 Ethics in animal husbandry

One Swedish project examines the ethical standards of animal husbandry in organic agriculture.



R. Technology for organic agriculture 

Technology for organic agriculture is being studied in three Finnish projects. The first focuses on technology for mechanical control of weeds and spreading of organic mulch. Projects in this area have also been conducted in other Nordic countries. The other two are broader studies of efficiency in organic agriculture (use of energy, natural resources, labour and land) and of farmers’ choices between organic and standard farming technologies.



S. Extension / advisory service


Eleven projects have been reported in this area (2 from Denmark, 1 from Finland and 8 from Norway). Most of them involve dissemination of results and building of local competence in organic farming. There certainly are many more such projects, but the working group has no intention of making a complete survey of this
 area
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NUMBER OF REPORTED PROJECTS IN ORGANIC AGRICULTURE,


             
	BY COUNTRIES AND MAIN SCIENTIFIC AREAS
 
	
	





Chap.�Main scientific areas�Denmark�Finland�Iceland �Norway �Sweden  �Sum��A�Development of competence at the national level�1�0��0�1�2��B�Philosophical and ideological foundation for organic agriculture �0�0��0�1�1��C�Research methods�2�0��0�1�3��D�Farming systems in the Nordic countries �14�4��7�21�46��E�Economics and social life in organic agriculture �3�5��3�10�21��F�Quality of products �8�2��0�5�15��G�Certification, trade and consumers �1�0��6�6�13��H�Organic agriculture and the environment �2�3�1�1�3�10��J�Plant production in agriculture and horticulture �5�10�3�12�44�74��K�Crop protection �14�0��3�37�54��L�Plant breeding and seed production�1�0��1�7�9��M�Soil fertility and nutrient dynamics �12�4�1�9�47�73��N�Animal husbandry �7�6��1�28�42��P�Animal health and welfare �10�1��3�10�24��R�Technology for organic agriculture �0�3��0�0�3��S�Extension / advisory service�2�1��8�0�11���Total:�82�39�5�54�221�401��
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