SOIL BIODIVERSITY AND SUSTAINABLE AGRICULTURE

Paper prepared as a background paper for the Ninth Regular Session of the Commission on Genetic Resources for Food and Agriculture (CGRFA) FAO-Rome, 14-18 October 2002 

I.
Soil Biodiversity - the Root of Sustainable Agriculture

1. Given the escalating population growth, land degradation and increasing demands for food, achieving sustainable agriculture and viable agricultural systems is critical to the issue of food security and poverty alleviation in most, if not all, developing countries. It is fundamental to the sustained productivity and viability of agricultural systems worldwide.

2. Sustainable agriculture (including forestry) involves the successful management of agricultural resources to satisfy human needs while maintaining or enhancing environmental quality and conserving natural resources for future generations. The sustained use of the earth’s land and water resources - and thereby plant, animal and human health - is dependent upon maintaining the health of the living biota that provide critical processes and ecosystem services. However, current technologies and development support for increased agricultural production have largely ignored this vital management component.

3. Improvement in agricultural sustainability requires, alongside effective water and crop management, the optimal use and management of soil fertility and soil physical properties. Both rely on soil biodiversity and soil biological processes. This calls for the widespread adoption of management practices that enhance soil biological activity and thereby build up long-term soil productivity and health.

4. FAO considers the issue of soil biodiversity and soil ecosystem management of great importance to the achievement of sustainable, resource-efficient and productive agriculture. Soil biodiversity has been identified as an area requiring particular attention under the programme of work on agricultural biodiversity of the Conference of the Parties (COP) to the Convention on Biological Diversity (CBD). 

II. Soil Biodiversity and the joint FAO/CBD Programme on Agricultural Biodiversity
5. The agricultural biodiversity work programme was established at COP-3 (decision III/11, Buenos Aires, 1996) to promote: a) the positive and mitigating the negative impacts of agricultural activities on agricultural biological diversity; b) the conservation and sustainable use of genetic resources of actual or potential value for food and agriculture; and c) the fair and equitable sharing of benefits arising out of the use of genetic resources. The programme was further elaborated, with FAO support, in collaboration with partners, and on the basis of advice and  recommendations of the Subsidiary Body for Scientific, Technical and Technological Advice (SBSTTA) as outlined in COP decision V/5 (Nairobi, 2000). It has four main objectives: assessment; management practices and policies; capacity building; and national plans and strategies and mainstreaming. FAO was invited to support development and implementation of the programme and governments, funding agencies, the private sector and NGOs were invited to join efforts.
6. Parties recognised, inter alia, the need to improve understanding of: the multiple goods and services provided by the different levels and functions of agricultural biodiversity; the relationship between diversity, resilience and production in agro-ecosystems; and the impacts of traditional and newer practices and technologies on agricultural biodiversity and on the sustainability and productivity of agricultural systems. The role of soil and other below-ground biodiversity in supporting agricultural production systems, especially in nutrient cycling was highlighted. 

7. In this light, SBSTTA, during its review of progress in implementing the agricultural bidodiversity programme, at its seventh meeting (Montreal, November 2001) considered a paper on Soil Biodiversity and Sustainable Agriculture submitted by FAO (UNEP/CBD/SBSTTA/7/INF/11). Based on SBSTTA’s recommendation, the COP, at its sixth meeting decided: 
“to establish an International Initiative for the Conservation and Sustainable Use of Soil Biodiversity (SBI) as a cross-cutting initiative within the programme of work on agricultural biodiversity, and invites FAO and other relevant organizations, to facilitate and coordinate this initiative” (para. 13, COP decision VI/5). 

8. The current paper has been prepared building on material provided to SBSTTA-7 and COP-6 (Information documents). It is provided to the CGRFA as a background document for its consideration of this critical, yet much neglected component of biological diversity and agricultural ecosystems. It is expected to assist the CGRFA in its consideration of the role FAO should play in regard to the Soil Biodiversity Initiative (SBI). It presents work in progress, emphasising the vital role and functions of soil biodiversity and its importance and value for sustainable and productive agriculture. Opportunities for the sustainable management of soil biodiversity are illustrated that contribute to both the CBD agricultural biodiversity programme and to FAOs mandate for improving agricultural production and food security, particularly in regard to integrated land management. 

9. There is  a need, worldwide, to help promote adoption of strategies that enhance the important roles and functions of soil biodiversity for sustainable and productive agriculture and to encourage integrated soil management approaches building on available information and knowledge, expertise, technologies, progress and opportunities. In this regard, this paper sets out some suggested priority areas for action for the SBI, highlighting the need to adapt and use integrated ecosystem management approaches in order to harness the economic, environmental and food security benefits from better management of soil life. 

10. Under its joint programme of work with the CBD Secretariat, and with  support of the FAO-Netherlands Partnership Programme (FNPP), FAO is working on the conservation and sustainable use of agricultural biodiversity within sustainable and productive ecosystems and its contribution to global food security. One of the four main areas of attention is on improving understanding and implementation of the ecosystem approach, including adaptive management and best practices. In this regard, the sub-component on soil biodiversity aims, firstly, to generate increased awareness of the importance of soil biodiversity for land resources management and sustainable agriculture systems. Secondly, it aims to expand cooperation among interested partners in improving soil biodiversity and ecosystem management, as invited by COP decision V/5. 

11. In collaboration with other programmes, scientific institutes and resource experts, FAO is making available knowledge on the categories and functions of soil biodiversity and on specific technologies for improved soil biological management. Through the preparation of case studies, bioindicators, training materials and participatory technology development approaches, it is piloting applied work on soil biological management in the agricultural and land sectors. The information compiled by FAO through contacts with partner organizations is available at the FAO Soil Biodiversity Portal http://www.fao.org/ag/AGL/agll/soilbiod/
12. Linkages are being identified with ongoing programmes and networks, with a view to establishing partnerships, for example with:

· Regional thematic networks, for example, on macro-fauna, rhizobia and mycorrhiza;

· Research bodies and programmes on soil biodiversity and ecosystem functioning;

· Agro-biology/ecology bodies of academic/research and development bodies;
· Soil biodiversity, land management and agricultural development programmes and projects worldwide. Including the important TSBF-BGBD Network project on the Conservation and Sustainable Management of Below-ground Biodiversity (supported by GEF/UNEP and executed by the Tropical Soil Biodiversity and Fertility Institute of CIAT).

13. Under COPs agricultural biodiversity programme, it was agreed to carry out a series of case studies, in a range of environments and production systems, and in each region (programme element 2.1). Recognising a critical gap in knowledge, Parties had previously been encouraged to conduct case studies on the issue of symbiotic soil micro-organisms in agriculture (Annex 3, COP decision III/11) and subsequently on soil biota in general (decision IV/6, Bratislava, 1998). Case studies on soil biodiversity management are being compiled and made available through websites of the CBD Secretariat http://www.biodiv.org/programmes/areas/agro/case-studies.asp and FAO http://www.fao.org/ag/agl/agll/soilbiod/default.htm. 

14. An international technical workshop on the Biological Management of Soil Ecosystems for Sustainable Agriculture was organised by FAO and EMBRAPA-Soya (the host institution) in Londrina, Brazil from 24 to 27 June 2002. It allowed over 45 participants from more than 20 countries, representing a  wide range of scientists and practitioners from each region, to share knowledge and experiences on soil biodiversity and its management, to review the state of the art in terms of assessment and adaptive management, with a focus on practical, participatory and integrated approaches, and to identify priorities for capacity building and mainstreaming and for implementing the Soil Biodiversity Initiative. (Further information is providd in paras. 87-90 on the workshop and its outcome).

Consideration by the CGRFA 

15. The extent of FAOs participation and role in the CBD Soil Biodiversity Initiative will depend on the in-house capacity, taking into account its mandate, as set by the Strategic Framework (2001-2015), Medium Term Plan (2002-2007), and the ability of FAO to work through strategic partnerships with organizations and experts in the field. To the extent that its existing programme and budget allows, FAO seeks to develop a cross-sectoral partnership, with participation at local, country and international levels, to advance on the implementation of the initiative. It can further the knowledge sharing among partners and existing networks to share experiences and good practices  and generate collaborative action to raise awareness on the importance and opportunities for integrated biological management of soil ecosystems.

16. The FAO Commission on Genetic Resources for Food and Agriculture, may wish to provide guidance in regard to work in this area, during its Ninth session and/or subsequent sessions, and for eventual consideration by FAOs Committee on Agriculture (COAG). In particular, guidance is welcomed:

· in identifying issues that require attention and priority setting;

· in mobilising attention to this issue by Members of FAO, while ensuring close collaboration between environmental and agricultural sectors in view of the opportunity for support to this area, including through the CBD Soil Biodiversity Initiative; and 

· in ensuring an integrated ecosystem approach that address the important linkages and interactions between soil management, water management, pest management, plant production, animal production and farming systems development.

Suggestions regarding priority areas for attention are provided in section VI of the current document.

III soil biodiversity and ecosystem management for SUSTAINABLE agriculture 

3.1
What is soil biodiversity and its relation to sustainable agriculture?

17. Healthy soils contain enormous numbers of diverse living organisms, and assembled in complex and varied communities. They range from the myriad of invisible microbes, bacteria and fungi to the more familiar macro-fauna such as earthworms and termites. Plant roots can also be considered as soil organisms in view of their symbiotic relationships and interactions with other soil components. These diverse organisms interact with one another and with the various plants and animals in the ecosystem, forming a complex web of biological activity. Environmental factors, such as temperature, moisture and acidity, as well as anthropogenic actions, in particular, agricultural and forestry management practices, affect to different extents soil biological communities and their functions.

18. Soil and its living organisms are an integral part of agricultural and forestry ecosystems, playing a critical role in maintaining soil health, ecosystem functions and productivity. Each organism has a specific role in the complex web of life in the soil: 

· The activities of certain organisms affect soil structure - especially the so-called “soil engineers” such as worms and termites - through mixing soil horizons and organic matter and increasing porosity. This directly determines resilience to soil erosion and availability of the soil profile to plants. 

· The functions of soil biota are central to decomposition processes and nutrient cycling. They therefore affect plant growth and productivity, as well as the release of pollutants in the environment, for example, the leaching of nitrates into water resources. 

· Certain soil organisms can be detrimental to plant growth, for example, the build up of nematodes under certain cropping practices. However, they can also protect crops from pest and disease outbreaks through biological control and reduced susceptibility.

· The activities of certain organisms determine the carbon cycle - the rates of carbon sequestration and gaseous emissions and soil organic matter transformation.

· Plant roots, through their interactions with other soil components and symbiotic relationships, especially Rhizobium bacteria and Mycorrhiza, play a key role in the uptake of nutrients and water, and contribute, through their growth and biomass, to soil quality and organic matter content.

· Certain soil organisms can also be used to reduce or eliminate environmental hazards resulting from accumulations of toxic chemicals or other hazardous wastes. This action is known as bioremediation.
19. The interacting functions of soil organisms and the effects of human activities in managing land for agriculture and forestry affect soil health and quality. Soil quality is the capacity of a specific kind of soil to function, within natural or managed ecosystems boundaries, to sustain plant and animal production, maintain or enhance water and air quality, and support human health and habitation. The concept of soil health includes the ecological attributes of the soil, which have implications beyond its quality or capacity to produce a particular crop. These attributes are chiefly those associated with the soil biota: its diversity, its food web structure, its activity and the range of functions it performs. Soil biodiversity per se may not be a soil property that is critical for the production of a given crop, but it is a property that may be vital for the continued capacity of the soil to support that crop. 

20. Of primary importance is the contribution of soil organisms to a wide range of essential services and to the sustainable function of all ecosystems: by acting as the primary driving agents of nutrient cycling, regulating the dynamics of soil organic matter, soil carbon sequestration and greenhouse gas emission, modifying soil physical structure and water regimes, enhancing the amount and efficiency of nutrient acquisition by the vegetation and enhancing plant health. These services are not only essential to the functioning of natural ecosystems but constitute an important resource for agricultural production and food security as well as the sustainable management of agricultural systems.

21. The conservation of healthy communities of soil biota and prudent use of specific soil organisms through biological soil management can be used to maintain and enhance soil fertility and ensure productive and sustainable agricultural systems
. On the other hand, the consequences of neglecting or abusing soil life will weaken soil functions and contribute to greater loss of fertile lands and an over-reliance on chemical means for maintaining agricultural production. This important relationship between soil life and agricultural productivity emphasises the need : 
· to bring together experience and ideas from farmers’ experiences and modern science on the management of agricultural biodiversity in agricultural ecosystems; and
· to enhance collaboration among soil biology specialists and agricultural practitioners, those concerned with land degradation and other stakeholders, in promoting improved soil biological management.

3.2
Soil biodiversity and land management practices of farmers

22. Through a review of literature and ongoing work, much has been reported on the loss of managed soil biodiversity and its functions in different agricultural systems under controlled-research conditions. This work has been largely driven by pure research and commercial or private sector interests rather than by poorer, smallholder farmers’ needs and by national goals. There has been relatively limited practical work on how farmers’ manage their resources to sustain and enhance their value and, in particular, to develop farming practices and systems that optimise the beneficial activities of this managed soil biota. 

23. It is well known that land management practices alter soil conditions and the soil community of micro-, meso- and macro-organisms. However, the relationship between specific practices and soil functions is less clear. In general, the structure of soil communities is largely determined by ecosystem characteristics and land use systems. For example, arid systems have few earthworms, but have termites, ants and other invertebrates that serve similar functions. On the other hand, the level of activity of different species depends on specific management practices as these affect the micro-environment conditions, including temperature, moisture, aeration, pH, pore size and type of food sources. 

24. Management strategies, including tillage, crop rotations and use of plant residues and manure, change soil habitats and the food web and alter soil quality, or the capacity of the soil to perform its functions. For example, soil compaction, poor vegetation cover and/or lack of plant litter covering the soil surface tend to reduce the number of soil arthropods. Farming practices that minimise soil disturbance (ploughing) and return plant residues to the soil, such as no-tillage farming and crop rotation, allow to slowly rebuild and restore soil organic matter. Reducing tillage tends to also result in increased growth of fungi, including mycorrhizal fungi

25. Farming communities are concerned with land management issues such as water availability to plants, access to sources of fuel and fodder, control of soil erosion and land degradation, especially avoiding soil nutrient depletion and pollution of air, soil and water resources. Nonetheless, farmers are essentially driven not by environmental concerns, but by economics, by issues of costs and returns and efficiency in terms of labour and energy and use of external inputs. A central paradigm for the farmer for the maintenance and management of soil fertility, without undue reliance on costly and often risky external inputs, is to utilise his or her management practices to influence soil biological populations and processes in such a way as to improve and sustain land productivity. 

26. Options whereby farmers can actually manage soil biodiversity to enhance agricultural production can be classified into direct and indirect interventions:

· Direct methods of intervening in the production system aim to alter the abundance or activity of specific groups of organisms through inoculation and/or direct manipulation of soil biota. Inoculation with soil beneficial organisms, such as nitrogen-fixing bacteria, Mycorrhiza and earthworms, have been shown to enhance plant nutrient uptake, increase heavy metal tolerance, improve soil structure and porosity and reduce pest damage.

· Indirect interventions are means of managing soil biotic processes by manipulating the factors that control biotic activity (habitat structure, microclimate, nutrients and energy resources) rather than the organisms themselves. Examples of indirect interventions include most agricultural practices such as the application of organic material to soil (for example through composting), tillage, irrigation, green manuring and liming, as well as cropping system design and management. These must not be conducted independently, but in a holistic fashion, because of the recurrent interactions between different management strategies, hierarchical levels of management and different soil organisms.

27. The means to create a more favourable environment within the soil and soil biological community for crop production involves site-specific decisions concerning crop selection and rotations, tillage, fertiliser and planting practices, crop residues and livestock grazing. Bringing about a change in practice requires demonstrating to farmers, technicians and policy makers the negative and beneficial effects of different agricultural practices. For example, to show how intensive cultivation coupled with mono-cropping practices may detrimentally affect the functioning of the soil biota leading to loss of plant nutrients and soil aggregate structure and resulting in soil degradation, environmental pollution and declining crop yields. On the other hand, to show how minimum tillage practices and better crop cover, coupled with a more diverse cropping regime, may promote the more effective functioning of soil biota, resulting in improved soil structure and nutrient and water management and hence crop productivity.
28. Despite recognition of the fundamental role of soil biodiversity in maintaining sustainable and efficient agricultural systems, it is still largely neglected in the majority of agricultural development initiatives. 

3.3.
The benefits from better management of soil biota

29. Direct and indirect benefits of improving soil biological management in agricultural systems can be assessed in terms of economic, environmental and food security benefits:

· Economic benefits: Soil biological management reduces input costs by enhancing resource use efficiency (especially decomposition and nutrient cycling, nitrogen fixation and water storage and movement). Less fertiliser may be needed if nutrient cycling becomes more efficient and less fertiliser is leached from the rooting zone. Fewer pesticides are needed where a diverse set of pest-control organisms is active. As soil structure improves, the availability of water and nutrients to plants also improves. It is estimated that the value of "ecosystem services" (e.g. organic waste disposal, soil formation, bioremediation, N2 fixation and biocontrol) provided each year by soil biota in agricultural systems worldwide may exceed US$ 1,542 billion.

· Environmental protection: Soil organisms filter and detoxify chemicals and absorb the excess nutrients that would otherwise become pollutants when they reach groundwater or surface water. The conservation and management of soil biota help to prevent pollution and land degradation, especially through minimising the use of agro-chemicals and maintaining/enhancing soil structure and cation exchange capacity (CEC). Excessive reduction in soil biodiversity, especially the loss of keystone species or species with unique functions, for example, as a result of excess chemicals, compaction or disturbance, may have catastrophic ecological effects leading to loss of agricultural productive capacity. The mix of soil organisms in the soil also partially determines soil resilience, the desirable ability of a given soil to recover its functions after a disturbance such as fire, compaction and tillage. 

· Food security: Soil biological management can improve crop yield and quality, especially through controlling pests and diseases and enhancing plant growth. Soil biodiversity determines the resource use efficiency, as well as the sustainability and resilience of low-input agro-ecological systems, which ensure the food security of much of the world’s population, especially the poor. In addition, some soil organisms are consumed as an important source of protein by different cultures and others are used for medicinal purposes. At least 32 Amerindian groups in the Amazon basin use terrestrial invertebrates as food, and especially, as sources of animal protein - a strategy that takes advantage of the abundance of these highly renewable elements of the rainforest ecosystem.
 
30. The improved management of soil biota and its diversity contributes both to the needs of farmers’, especially in maintaining productivity and increasing returns from labour and other inputs, and to national interests through maintaining a healthy and well functioning ecosystem in terms of water quality (hydrological cycle) and preventing soil erosion and land degradation (nutrient and carbon cycles). There is a need to improve recognition of these multiple benefits and to promote actions that maintain/enhance soil biodiversity and its vital and valuable functions. This requires placing a value on the essential ecosystem services provided by soil organisms to agricultural systems: nutrient cycling and renewing soil fertility; decomposition of organic matter; mediating carbon sinks (and reducing greenhouse gas emissions); maintaining soil structure and water regimes; and biological control of pests and pathogens that affect plant health. 

31. Moreover, if farmers’ understand the effects of their different management practices on key categories of soil biota and their functions, and if they know how to observe and assess what is happening in the soil, then they can more successfully develop and adopt beneficial practices. However, it is not only the biophysical factors that affect farmers’ decisions but also socio-economic considerations. Common constraints to the use of different soil biological management practices include the labour and time costs, monetary cost, availability of inputs (for example, planting material, inoculants and capacities) as well as social acceptability.
32. Capturing the benefits of soil biological activity for sustainable and productive agriculture requires a better understanding of the linkages among soil life and ecosystem function and the impacts of human interventions. The complex interaction among soil, plant and animal life, environmental factors and human actions must be effectively managed as an integrated system. Greater attention to the management of soil biological resources will require a collaborative effort among scientists and farmers’ and across ecological zones and countries building on successful experiences. 
33. There is also a need to promote coordinated actions with a view to enhancing the contributions of soil biodiversity to agricultural productivity and sustainability and to combating land degradation, including, as appropriate, the biological restoration of soil fertility. A priority should be placed on fragile areas such as dryland, coastal and mountain environments and on resource-poor populations, to reduce their vulnerability and food insecurity. Through national agricultural and biodiversity strategies and action plans (NBSAPs), international support and harmonised agricultural and environmental policies, it should be possible to bring about a transformation of unsustainable agricultural practices to sustainable practices and systems. 

IV.
The Challenge of Managing Soil Biota for viable and responsible farming

4.1
Understanding and assessment of soil biota

34. As mentioned in paragraph 2 above, Parties to the CBD were encouraged to conduct case studies on soil biota in agriculture (COP decisions III/11 and IV/6), including: 

· measurement and monitoring of the worldwide loss of (symbiotic) soil micro-organisms; 

· identification and promotion of technology transfer for the detection of (symbiotic) soil micro-organisms and their uses in plant nutrition; 

· estimation of potential and actual economic gains associated with reduced use of nitrogen chemical fertilisation of crops with the enhanced use and conservation of (symbiotic) soil micro organisms; and,

· identification and promotion of best practices for more sustainable agriculture and of conservation measures to conserve (symbiotic) soil micro-organisms or to promote their reestablishment. 
35. Under COP decision IV/6, Parties requested various organisations, particularly FAO, to, inter alia, provide inputs on methodologies for assessments of agricultural biodiversity and tools for identification and monitoring (including criteria and indicators; rapid assessment techniques; underlying causes behind biodiversity loss; and incentives to overcome constraints and enhance the conservation and sustainable use of agricultural biodiversity and the fair and equitable sharing of benefits). Programme Element 1 of the work programme (decision V/5), also specified promoting assessments by Parties, with the support of bilateral and international agencies: a) of different components of agro-biodiversity that provide ecological services, for instance nutrient cycling; b) of knowledge, innovations and practices of farmers and indigenous and local communities in sustaining agro-biodiversity and ecosystem services for, and in support of, food production and food security; and c) of interactions between agricultural practices and the conservation and sustainable use of biodiversity.

36. Whilst soils generally support one of the most extensive networks of living organisms on earth, because of the interactions between physical, chemical and biological properties of soil, their investigation is complex, and understanding of the individuals, soil communities and their interactions is limited and fragmentary. This situation is reflected by the general lack of information on microbial genetic diversity in agriculture, though the lack of knowledge is particularly acute for soil biota, maybe in view of their complexity and the difficulty of observation, being underground as well as largely invisible.

37. Soil micro-organism taxonomy and ecology is a vast area of study for which comprehensive data and information is limited. Existing data and information on species characteristics and taxonomic data is largely derived from collections. Large collection of fungi and plant bacteria are held by CABI and UNESCO’s global network of Microbial Resources Centres (MIRCENS), that are hosted by various academic/research institutes and supported by UNEP, FAO, UNIDO and bilateral donors. 

38. Efforts on taxonomy research linked to better understanding of soil biota functions are also being conducted by Diversitas, which is coordinating information, and identifying priorities, on how soil and sediment species composition and community structure (species distribution and their interactions) influence ecosystem functioning. A synthesis workshop entitled Integrating concepts of biodiversity in soils and sediments: a transdisciplinary assessment of the most critical taxa, functions and habitats for sustainability, their vulnerability and management options is being organised by the SCOPE Committee on Soil and Sediment Biodiversity and Ecosystem Functioning (SSBEF), in Colorado, in October, 2002.  

39. There tends to be more widespread knowledge about detrimental soil organisms and their effects on plant growth in different farming systems, than their effects on soil processes and their interactions with other soil organisms and activities. Likewise more is known about the effects of certain beneficial organisms, than the management practices required to maintain, or enhance, populations and the activities of such organisms. The role of different soil populations is often not well understood, even though their overall importance is generally accepted. The programmes of TSBF-CIAT  and IRD are helping to improve understanding and address the lack of rapid and accurate field methods to identify single, or even groups of, organisms according to function. 

40. Soil organisms have been shown to be potentially useful indicators of soil health because they respond to soil management in time scales (months/years) that are relevant to land management
. For example, changes in microbial biomass, or abundance of selected functional groups of organisms (e.g. Mychorrizal fungi), may be detected well in advance of changes in soil organic matter content or other soil physical or chemical properties
. One of the major difficulties in the use of soil organisms or of soil processes, as indicators of soil health has been methodological - What to measure and how and when to measure it? and How to interpret changes in term of soil function?8. The focus of recent work has been on the use of functional groups of soil organisms rather than specific species. 
41. The assessment of the health of soils, through the identification of key soil properties, which can serve as indicators of soil health, has become a major issue for land managers and the food and agricultural sector through the world. For example, FAO is the executing agency for conducting, in close cooperation with multiple partners, the GEF/UNEP Land Degradation Assessment in Drylands (LADA). Soil biota and its functions, through the use of selected key indicators, should be a key component of such assessments, in particular, to determine short- and long-term effects of land management practices on populations of organisms, biodiversity, functioning and resilience. Relating soil quality/ health to productivity, in terms of crop yield and profitability, and environmental effects from drainage, leaching, runoff and erosion is essential in order to evaluate the sustainability, or otherwise, of various land management strategies. The challenge is to develop approaches for assessing soil quality and health that are useful to producers, specialists and policy makers. 
42. To improve agro-ecosystem management, a greater appreciation is needed of the effects of soil life on soil physical, chemical and biological properties and processes and on the air and water resources with which the soil interacts. Likewise, regarding the effects of agricultural practices on soil biota and their functions. Recognition is also needed of the effect of those interactions on soil degradation, food production and mitigation of environmental problems, including the greenhouse gas effect and water pollution. Improved understanding of the organisms and related processes and their interactions within the agricultural system, in regard to climate, soil type, plant species and diversity, and farm practices can help land managers’ decisions. For example, to increase crop productivity and quality, reduce impacts of pathogens and input costs and reduce negative environmental impacts. 
43. It is suggested that soil health indicators should be used, not to condemn land-users for their inappropriate use of soils, but as tools to facilitate a change in direction towards more sustainable agricultural practices.
4.2

Ecological Approaches and Opportunities to Promote Integrated Soil Management

44. As noted above, soil biota may be beneficial, neutral or detrimental to plant growth. Thus soil biota and their ecological interactions must be effectively managed for maximum productivity. Land managers need unbiased information that will enable them to develop biologically-based management strategies to control or manipulate soil stabilisation, nutrient cycling, crop diseases, pest infestations and detoxification of natural and manmade contaminants. These strategies will require improved understanding of the effects on soil biota of habitats, food sources, host interactions, and the soil physical and chemical environment. Understanding the ecology regulating both beneficial and detrimental organisms is essential to harnessing and controlling their activity in agro-ecosystems with a view to promoting viable, productive and sustainable systems. 
45. Capturing the benefits of soil biological activity for agricultural production requires adhering to the following ecological principles:
· Supply organic matter: Each type of soil organism occupies a specific niche in the web of life and favours a different substrate and nutrient source. A rich and varied source of organic matter will tend to support a wide variety of soil organisms.
· Increase plant varieties: Crops should be mixed and their spatial-temporal distribution varied to create a greater diversity of niches and resources that stimulate soil biodiversity. Through crop rotation and intercropping it is possible to encourage a wider variety of organisms, improve nutrient cycling and natural processes of pest and disease control.
· Protect the habitat of soil organisms: The activity of soil biodiversity can be stimulated by improving soil living conditions such as aeration, temperature, moisture, nutrient quantity and quality. Reduced soil tillage and minimised compaction are of particular note.

46. The ecosystem approach: Adaptation and further development of integrated soil biodiversity management into sustainable land management practices requires solutions that pay adequate consideration to the synergies between the soil ecosystem and its productive capacity and agroecosystem health. The ecosystem approach is a strategy for the integrated management of land, water and living resources that promotes conservation and sustainable use in an equitable way. It addresses the essential processes, functions and interactions among organisms and their environment. It recognises that humans, with their cultural diversity, are an integral component of ecosystems. There are several practical examples of holistic agricultural management systems that promote and enhance agroecosystem health, including biodiversity, biological cycles and soil biological activity. 

47. FAO, with many partners, has been promoting greater recognition of the importance of integrated soil productivity management strategies and technologies for enhanced and sustainable agricultural production systems. Over the last few years, the concepts of Integrated Plant Nutrient Management (IPNM) and Integrated Soil Management (ISM) have been gaining acceptance, moving away from a more sectoral and inputs-driven approach. IPNM advocates the careful management of nutrient stocks and flows in a way that leads to profitable and sustained production. ISM emphasises the management of nutrient flows, but also highlights other important aspects of the soil complex, such as maintaining organic matter content, soil structure, moisture and biodiversity. Still more attention is needed to integrate soil biological management as a crucial aspect of soil fertility.

48. In recent decades, substantial work has been conducted on certain aspects of soil fertility improvement such as biological nitrogen fixation (BNF). In certain regions, farmers are widely using improved inoculants and selected legume varieties that enhance N2 fixation capacity. However, in other areas, the dissemination and adoption by farmers has been severely constrained by a range of technical, socio-economic, institutional and policy considerations. Opportunities to enhance BNF inputs are available across different agro-ecosystems and socio-economic conditions, inter alia: through altering the number of effective symbiotic or associated organisms in the system (inoculation); screening and selection of the appropriate legume crop (high BNF species well-adapted to environmental conditions); and management practices that enhance N2 fixation and recycling of net N2 inputs into the cropping system (rotation, green manure application, no-tillage, strategic use of legumes, etc.)
. 
49. The further development and extension of appropriate BNF technologies as an integral part of sustainable agro-ecosystems is important. It provides a major alternative to the use of commercial nitrogen fertiliser. It is estimated that 40-48 million tons N per year is biologically fixed in agricultural crops and fields
 (where total global terrestrial BNF ranges from 100 to 290 million tons N per year) compared to 83 million tons N per year fixed industrially for the production of fertiliser
. 

50. The development of such integrated processes require a participatory approach that involves the range of stakeholders in a flexible and iterative process of creating, sharing and improving experiences of integrated soil biological management. 
51. The following paragraphs illustrate a number of selected approaches and opportunities for integrated soil biological management. 

Integrated Pest Management (IPM)

52. Integrated Pest Management (IPM) is the recognised alternative to non-sustainable crop protection practices, in particular, the mis- and over-use of pesticides. Ecological concepts were initially developed in cotton, oil palm, cocoa and rice systems in Asia and more recently being applied in other regions and in a range of cropping systems, including vegetables, legumes and maize. IPM conserves essential ecological functions through the use of pest resistant varieties, the actions of natural enemies and cultural control. It is a farmer-driven process that is institutionalised at the level of the farming community and local government and reduces farmers' dependence on procured inputs. It offers an entry point, through the Farmers' Field School approach and expanded scope to Integrated Production and Pest Management (IPPM), for better understanding and management of soil biota interactions and associated biodiversity in a range of farming situations. 

53. Soil-borne pathogens and other soil organisms are key elements of crop health and yield constraints along with soil health and fertility. The rate and extent of build-up or maintenance of indigenous or introduced pathogens or pests depend on many environmental and cultural factors, (residues, organic matter and cover crop issues, plant stress, soil tillage, poor irrigation management and fertilisation practices and crop genetics, etc.). Intensive cropping, monocropping and the over-use of agro-chemicals often increases the build up of soil-borne pathogens (disease-carrying organisms), pests and weeds. This is also reflected following conversion to reduced or no-tillage practices, when carefully controlled herbicide use and prudent pest management practices may be required in the initial years until an ecological balance is restored and the natural biocontrol mechanisms become re-established. Under no-tillage it has been reported that pathogens, pests and weeds are not necessarily greater but may differ from those prevalent under tilled systems; with appropriate management under no-tillage the equilibrium tends to favour beneficial organisms. 
54. Cropping practices, soil and water management and livestock interactions directly or indirectly influence the ecological processes, including predator-prey interactions within the soil ecosystems and wider agricultural system. Soil organic matter content, for example, interacts strongly with soil micro-biota, as the population of saprobes and antagonists is determined by the nutrient sources available. These inter-relations illustrates the importance of agro-ecosystems approaches for integrated soil, crop and pest management. Management of the edaphic (soil-based) phase of the life cycle needs to be explored to develop additional biological pest management options. Use of soil biota in pest management could increase crop efficiency, decrease the need for tillage and decrease the use of synthetic chemical pesticides. 

55. Under the 1991 Montreal Protocol, methyl bromide was defined as a chemical that contributes to depletion of the Earth’s ozone layer; and it was internationally agreed to freeze consumption of this product in developing countries in 2002. Farmers who were dependent on methyl bromide for suppressing soil-borne pests and diseases have to shift towards more environmentally sustainable agricultural practices. Alternatives to methyl bromide have been investigated and biofumigation is one such example that uses the Brassica family for producing toxic compounds. Preliminary results have shown that biofumigation, also combined with polarisation, could be a successful biological alternative for producing fumigant-like chemicals in the soil for suppressing soil-borne pests and diseases and promoting soil health
. 

Organic Agriculture
56. Organic Agriculture manages locally available resources to optimise competition for food and space between different plant and animal species. The manipulation of the temporal and spatial distribution of biodiversity is the main productive “input” of organic farmers. By refraining from using mineral fertilisers and synthetic pesticides, pharmaceuticals and genetically-modified seeds and breeds, biodiversity is relied upon to maintain soil fertility and to prevent pests and diseases. Twenty years of scientific research has demonstrated that Organic Agriculture significantly increases the density and species richness of indigenous invertebrates, specialised endangered soil species, beneficial arthropods, earthworms, symbionts and microbes
. Suitable conditions for soil fauna and flora, as well as soil forming and conditioning and nutrient cycling are encouraged by organic practices such as: manipulation of crop rotations and strip-cropping; green manuring and organic fertilisation (animal manure, compost, crop residues); minimum tillage; and of course, avoidance of synthetic pesticide and herbicide use. 

57. FAO recognises that Organic Agriculture is an increasingly important part of the agriculture sector, in view of its potential environmental and economic benefits. Decreased Government support to agricultural inputs offers an opportunity for the conversion of low-input agricultural systems into more productive organic agricultural systems. Bio-diversification that is brought by organic systems increases agro-ecosystem stability and protects against environmental stress, which in turn improves resilience of farm economies. Consumer demand for organically produced food and fibre products and society's demand for more sustainable development, provide new opportunities for farmers and businesses around the world. FAO provides  information, networking, technical decision support tools and advice for use in decision making on the potential of OA to contribute to environmental quality, income generation and food security within the range of sustainable agriculture options.
Conservation Agriculture

58. Conservation Agriculture aims to maintain and improve crop yields and resilience against drought and other hazards, while at the same time protecting and stimulating the biological functioning of the soil. Essential principles of Conservation Agriculture are no-tillage (and direct seeding) or reduced tillage, the maintenance of a cover of live or dead vegetal material on the soil surface and the use of crop rotations. Crop sequences are planned over several seasons to minimise the build-up of pests or diseases and to optimise plant nutrient use by synergy between different crop types. Management practices that affect the placement and incorporation of residues influence the capacity of soil organisms to recycle nutrients. Tillage, for example, affects soil porosity and the placement of residues, by collapsing the pores and tunnels constructed by soil animals, affecting the water holding, gas and nutrient exchange capacities of the soil. The placement of residues influences soil surface temperature, rate of evaporation and water content and nutrient loading and rate of decay. Conservation tillage, and particularly no tillage, reduce soil disturbance, increase organic matter content, improve soil structure, buffer soil temperatures and allow soils to trap retain more rainwater. These soils are more biologically active and biologically diverse, have higher nutrient loading capacities and release nutrients more continuously
.

59. FAO is providing support through providing technical assistance through an inter-disciplinary process, networking, organising of international technical workshops with partners, and the production of training  materials. This programme is raising awareness of countries to the enormous potential of CA technologies in transforming unsustainable to sustainable and viable agricultural systems.

60. The above cases illustrate, among others, the need for development approaches to integrate the biotic and abiotic aspects of soils, nutrients, water, crops, pastures, livestock and other living organisms, tailored to a particular cropping or farming system. The Farming System Approach, which advocates the need to better understand the agro-ecological, physical, economic and cultural environment within which farming households live, has been given greater recognition through the joint FAO-World Bank publication in 2001 on Farming systems and Poverty: Improving Farmers’ Livelihoods in a Changing World, see http://www.fao.org/farmingsystems/. 

61. In regard to soil management, the benefits towards which such alternative management practices aim, beyond conventional systems, include, inter alia: abundance and activity of beneficial arthropods and earthworms, including predators; high occurrence of root symbionts and of fungi, bacteria and other microorganisms; high levels of microbial activity and high-energy efficiency, as well as erosion control. Energy efficiency is enhanced through a closed (or semi-closed) nutrient cycle and more effective turnover of organic matter, including faster mineralization and delivery of plant nutrients and build-up stable soil humus. Reduction of soil erosion and nutrient leaching (some of the most serious environmental problems of agriculture) in such systems is a consequence of better aggregate stability, a greater soil cover (mulch or cover crops), higher total available carbon and microbial biomass in the topsoil and increased activity of soil engineers. An additional benefit of such biodiverse systems may be the greater occurrence and diversity of wild flora, including endangered varieties, for example in field margins and organic grasslands. Effective management of weed species has also been reported, to reduce incidence of aphids and to influence the diversity and abundance of arthropods, pollinators and parasitoids. 
62. There are many opportunities for managing soil biodiversity and ecosystems to enhance agricultural productivity and sustainability. However, each has socio-economic as well as technical and environmental implications, and only those options that are economically viable and socially and culturally acceptable will be of interest to farming communities. A focus should be placed on building on existing opportunities through the identification and refinement of direct and indirect management interventions for different biophysical and socio-economic conditions, and their integration with other management strategies (soil and water, crop and livestock, integrated pest management, etc.) The challenge will be to identify and promote integrated systems that are economically viable, environmentally sustainable and appropriate both socially and culturally. This could be initiated through pilot-level experimentation and technology development projects on with subsequent scaling-up processes through global and regional programmes and in collaboration with partners (CGIAR, TSBF, NGOs and others). 
V  BUILDING ON TODAY’S SOIL BIODIVERSITY KNOWLEDGE AND ACTIONS FOR A SUSTAINABLE FUTURE
5.1

International Expertise in Soil Biodiversity

63. An informal global survey of soil biodiversity expertise
 with special relevance to agro-ecosystems was conducted by FAO, in mid 2001, to ascertain expertise in respect to soil fertility and sustainable agriculture and to identify how soil biology experts might assist in addressing issues related to the biological management of soil fertility and the identification of improved farming practices and agro-ecosystems. Awareness of the work programme on agricultural biodiversity adopted by the COP, and of FAOs support to assist countries to implement this programme, was found to be relatively low. However, the vast majority of soil biodiversity experts expressed their interest to assist in initiatives in the area of soil biodiversity and sustainable agriculture.
64. Responses from 123 of the 600 invited soil biodiversity experts, from research, extension and projects around the world, provided information on professional backgrounds, the location and conditions of field investigations, as well as the soil organisms, soil properties and processes and the agricultural management practices and their effects that are under study. A broad ecological approach was reflected by those with intersecting expertise in ecology, soil science and zoology, compared to the often narrower scope of microbiology, entomology, agronomy and botany specialists. There was, however, a notable lack of soil biota specialists with expertise in natural resource management, rural/ community development and plant pathology, which could hinder their interactions with local farming populations. 

65. Work is ongoing in a variety of field sites, in both agricultural lands and natural undisturbed areas and under a range of climatic and land use conditions. However, subtropical and arid regions are strongly under-represented and relatively more work is ongoing in forests and grasslands than other vegetation types. South-south cooperation and work could be encouraged in subtropical climates and semi-arid regions, and in range and pastoral systems, in order to strengthen the knowledge base and facilitate knowledge and technology transfer to these often marginalised agricultural production zones. 

66. A wide variety of soil organisms and soil processes are being studied, though specialists on earthworms, soil and litter arthropods, roots, nematodes and mycorrhizal fungi are more common. Much work is ongoing in the area of organic matter inputs, including decomposition rates, enhanced bio-availability, nutrient pools and transformations and soil physical properties. On the other hand, relatively less work was reported on soil and litter fungi, rhizobial bacteria and nitrogen fixation, on fungal root pathogens and soil physical processes, as well as on soil biota interactions in regard to inoculants, tillage, inorganic fertilisers, pesticides and pH adjustments. 

67. From the findings, there is a clear need to identify and facilitate the transfer and application of the results of soil biodiversity research in the agricultural development context. The following suggestions are made:

· Wider training of soil biodiversity experts in natural resource management, rural/community development, plant pathology and social sciences in general. This would facilitate their interactions with farmer groups managing local land, water and biological resources. 

· Encourage south-south co-operation and work in subtropical and arid regions, including desert and steppes, in order to strengthen the knowledge base and facilitate delivery of soil biodiversity expertise to these important, but often marginalised, agricultural production zones. This could address agricultural practices for range and pastoral systems in regions less suitable for cropping, and dryland and irrigated cropping along major watercourses, deltas and floodplains. 

68. There appears to be some bias in the survey that led to perceived gaps on soil processes such as nitrogen fixation, biogenic structures, soil physical processes and bio-accumulation/ degradation. This deserves  follow-up, since it concerns the crucial and unique plant-soil symbiotic relationships that facilitate nutrient uptake and of effects of certain agricultural practices, especially the use of certain agrochemical and biological inputs, on soil biological functioning and health. 
69. Some areas that could benefit from further concerted attention through interdisciplinary approaches include: 
· Assessment of soil biodiversity and soil health for sustainable land management;

· Managing interactions among land management, soil biodiversity and agricultural productivity, e.g. the case of biological nitrogen fixation;

· Soil biodiversity and biological management of pests;

· Bioremediation: the use of soil biota in environmentally-friendly treatments for the decontamination of soils; and

· The ecological impact of agricultural biotechnology.
5.2

Development and Transfer of Know-how and Promotion of Best Practices

70. The survey also inventoried projects and initiatives concerning soil biodiversity, its assessment, identification, as well as its status and role in agricultural and other ecosystems (managed and natural). Over 100 projects were reported worldwide, either ongoing or being developed by private and public agencies, universities, research organisations and consortia. These address various soil biodiversity themes, including: (i) the significance of ecosystem complexity in maintaining soil organism diversity, (ii) the effects of agricultural management on soil organisms, and (iii) the role of soil biodiversity and specific soil taxa on various ecosystem functions. 

71. Out of 140 cited case studies and literature references, some 20 case studies were considered of particular interest for promotion through FAO and CBD processes. These deal equally with soil-dwelling invertebrates (such as earthworms, mites, spiders, and termites) and with micro-organisms (including nematodes, bacteria, fungi, and especially rhizobial bacteria and mycorrhizal fungi). Few case studies and reports considered soil biodiversity from multi-taxa, multi-functional or multi-disciplinary perspectives. Moreover, the state of knowledge of the relationship between soil biodiversity, plant diversity, and agro-ecosystem productivity is not clear from the review of case studies and citations, which are mostly narrow in scope and highly taxon-specific. 

72. Reported studies tend to consider: either, a)effects of individual soil species on agricultural productivity, without considering the effects of overall diversity, inter-species and ecosystems dimensions; or b) effects of landscape or crop heterogeneity or agricultural practices on the presence, abundance or biomass of soil organisms, without considering relative measures of richness or functional diversity. Nonetheless, with increasing attention to agricultural biodiversity, it is expected that wider and more practical research on the importance of soil biodiversity to plant diversity and agricultural productivity
, which has recently blossomed, will continue to grow. Given the complexity, FAO and partners in the food and agricultural sectors could encourage strategic alliances among basic and applied researchers, and accelerate the transfer and application of soil biodiversity management technologies in field activities at appropriate scales of implementation. 

73. In response to the call for case studies (COP decisions III/11, IV/6 and V/5), work is ongoing by FAO and partners in reviewing and compiling case studies, including experiences of the above-mentioned integrated management strategies, for consideration by SBSTTA and by international and national fora. Case studies could be further developed into training materials and management guidelines and, through applied research, these could be targeted for particular agro-ecological zones and for farmers, extension agents and technicians at various levels and of various economic means (i.e. low and high-input farmers). Further case studies of experiences in the conservation and sustainable use of soil biodiversity for sustainable agriculture from all concerned actors in the agriculture and environment sectors are strongly encouraged to enable FAO and partners to provide a useful synthesis of relevant case studies and practical experiences and to facilitate the review and prioritisation process for further work. 

74. In furthering SBSTTA’s consideration of soil biodiversity under the programme of work on agricultural biodiversity, it is intended by FAO, in collaboration with partners and upon the basis of submissions, to assist in the preparation of a further paper for SBSTTA-9 to present a review and synthesis of available case studies on this area. 

5.3

Reporting on Soil Biodiversity: National Reports on CBD Implementation 

75. National reports to the COP and reports by international agencies provide a means to assess progress made in  implementing the thematic programmes of work of the Convention. In regard to agricultural biodiversity, an overview of national reports indicates that countries have tended to report more on natural ecosystems than on agricultural ecosystems. Moreover, within agricultural systems the emphasis is on plant and animal genetic resources and often little or no information is given on soil biological diversity. Nonetheless, as part of programmes and actions on research and monitoring and on conservation and development, almost everywhere there are initiatives upon which to build. Some countries are preparing specific reports on soil biological diversity, for example, Canada and Uganda. However, such cases are few and far between.

76. Nonetheless, there has been over the last few years increasing recognition of the importance of the conservation and sustainable use of agricultural biodiversity and agricultural ecosystems. As confirmed by the recent establishment of Operational Programme (OP) 13 of the Global Environment Facility (GEF) on the Conservation and Sustainable Use of Agricultural Biodiversity, and the increasing number of projects being approved under OP13 with co-funding support of multiple donors. In addition, OP12 on Integrated Ecosystem Management, also applies to agricultural ecosystems by encompassing cross-sectoral projects that address ecosystem management in a way that optimises ecosystem services—ecological, social, and economic. These services encompass biodiversity, carbon sequestration, land and water conservation, food production, sustainable livelihoods, and the production of marketable goods and services.  

77. It is important for countries in their country reports to review and report on the state of knowledge regarding soil biodiversity and also to link this information with other components of a given agricultural system through an ecosystem approach (looking at the status and trends of the overall ecosystem, its components and interactions, and the actual/potential impacts of past and current management practices). The absence of country-wide analysis, will render difficult the identification of priority areas requiring attention.  

5.4

Soil Biodiversity and the International Conventions and Initiatives

78. In the dialogue between research institutes, international organisations, private and public sectors and recipient governments with the aim of effectively integrating soil biological management into environmental and sustainable development policies and initiatives, a number of international agreements and conventions serve as important signposts. In addition to the Convention on Biological Diversity, whose consideration of soil biodiversity is presented in the preceding sections of this paper, the following agreements and processes are of relevance. These also highlight the importance of fostering participation and partnership with the broad range of stakeholders concerned.
79. UNCED-Agenda 21 and WSSD Plan of Implementation: The national strategies for sustainable development provide a useful framework for addressing issues of soil biodiversity management and conservation as part of an integrated approach. These strategies are intended to incorporate environmental considerations into development plans and to result from extensive consultation among stakeholders. They are closely linked to the set of international environmental conventions that were developed on the basis of the global policy statement - Agenda 21 Plan of Action (adopted at the UN Conference on Environment and Development, Rio 1992). At the UN General Assembly's special session in 1997 – “Rio plus five”, and with donor support, countries agreed to have their national strategies in place by 2002. Progress achieved over the ten-years since Rio was reviewed at the World Summit on Sustainable Development (Johannesburg, August 2002). However, agriculture and food security receive relatively little attention in the resulting Plan of Implementation, although, it does, inter alia: 
· state that to reverse the current trend in natural resource degradation, it is necessary to implement strategies that include targets adopted at the national “and, where appropriate,” regional levels to protect ecosystems and to achieve integrated management of land, water and living resources; 
· call on the GEF to designate land degradation as a focal area of GEF and to consider making GEF a financial mechanism for the CCD. In relation to biodiversity; and
· specify as a key commitment, to achieve by 2010 a significant reduction in the current rate of biodiversity loss. 

80. The UN Convention to Combat Desertification (CCD) aims to address land degradation and drought in dryland areas, with the aim of improving living conditions. It binds signatory governments to promote long-term integrated strategies to improve the productivity of land, rehabilitate degraded areas, and conserve and manage land and water resources in a sustainable fashion, in particular at community level. National Action Programmes (NAPs)to address land degradation are being drawn up by a large number of countries through a consultative process, for which donor support is being sought. Soil biological management, including the conservation and sustainable use of soil biodiversity and its functions (as well as being part of the NBSAPs) should be an integral part of the NAPs.

81. The UN Framework Convention on Climate Change (FCCC) aims to achieve stabilisation of greenhouse gas concentrations in the atmosphere at a level that will prevent dangerous interference with the climate system. Such a level should be achieved within a time frame sufficient to allow ecosystems to adapt naturally to climate change, to ensure that food production is not threatened and to enable economic development to proceed in a sustainable manner. The Kyoto Protocol, which aims at a reduction of carbon dioxide emissions, was drafted in 1997, and awaits ratification.  

82. There are important links between climate change and soil management especially in regard to carbon sequestration (the storage or fixation of Carbon in soil organic matter and in plant biomass) and conversely greenhouse gas emissions (GHG)(The most important GHGs are carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O)).  Photosynthesis in plants leads to carbon fixation. Decomposition and burning of biomass, however, releases CO2 back to the atmosphere. Methane is produced in wetlands and rice fields, and by ruminant animals. Soils also emit N2O as a result of microbial processes. At a global level, the mining, manufacture and transport of mineral fertilisers contribute to CO2 and N2O emissions. Thus, changes to soil fertility management by incorporating or enhancing  soil biological management could have significant implications for climate change. FAO is contributing to work on carbon sequestration in agricultural and forestry systems in collaboration with partners.

83. Agriculture sector strategies: Agriculture provides a major share of national income and export earnings in many developing countries, while ensuring food security, income and employment to a large proportion of the population. Farmers, governments and scientists are increasingly aware that declining soil fertility and land degradation are becoming a major concern worldwide with social, food security and environmental implications. As a result, controlling degradation and improving the management of soil fertility have become major issues on the development policy agenda. 

84. In this regard, the Soil Fertility Initiative (SFI) in Sub-Saharan Africa was launched as part of the Rome Declaration on World Food Security in 1996, spearheaded by the World Bank and FAO and supported by a consortium of collaborating organisations, including ICRAF, IFDC, IFA, IFPRI and USAID, in close consultation with several Governments. This interactive process aimed at addressing the widespread decline in soil productivity through catalysing comprehensive strategies and actions at country level to enhance soil fertility restoration and management and prevent further nutrient mining. The focus was placed on practical solutions, including better use of organic and mineral fertilisers, integrated land husbandry approaches, as well as overcoming institutional and policy constraints, such as land tenure and marketing. The development of Soil Management Action Plans has been promoted in some 25 countries through targeted studies, participatory diagnostic and prioritisation processes and information exchange. In Burkina Faso, Eritrea and Guinea, for example, such plans have been developed and approved by the government. In other countries, certain priority actions are being addressed through investment and technical assistance programmes and with donor support. These plans and actions provide an ideal entry point for serious consideration and integration of soil biodiversity management issues.

85. As a specific follow-up activity FAO, together with the CGIAR and national partner institutes, is piloting Farmer Field School (FFS) approaches for soil productivity improvement, including conservation agriculture techniques, (for example in Eritrea, Tanzania, Uganda, Zimbabwe and Kenya). On the basis of farmers’ identification of constraints and opportunities, curricula, training programmes and materials are developed for the training of facilitators (farmers and extensionists) to support farmer  experimentation and development of successful management approaches. The capacity building process is backed-up by multiple stakeholders including, NGOs, academic and research bodies and institutes (mechanisation, marketing, etc) with a view to the scaling out of such integrated and farmer-driven approaches. South-south cooperation and pilot projects on conservation agriculture are being instrumental in helping many countries in Africa and Eastern Europe and other areas to develop appropriate approaches for their wider dissemination and adoption. 

86. The Tropical Soil Biology and Fertility Institute of CIAT (TSBF-CIAT), is an inter-regional research programme that has, to date, focused on the management of the biological and organic resources of soil, including understanding of the interactions between the soil biological system and inorganic fertilisers and other industrial inputs. It has played a pioneer role in networking with a wide range of partners, including the African Network for Soil Biology and Fertility (AfNet), South Asian Regional Network (SARNet), and various regional and global alliances, as well as the establishment of a Soil Biodiversity Network, the result of a workshop in 1995, in Hyderabad, India. The TSBF process has led to a Soil Biology Initiative among members in some 10 African countries to improve soil biological management practices and raise productivity in African farming systems, particularly of smallholders. The recent affiliation of TSBF with CIAT provides a substantially increased capacity and partnership process.

87. TSBF was responsible for the development a 5-year, TSBF-BGBD Network project on the Conservation and Sustainable Management of Below-ground Biodiversity supported by GEF (US$9 million; with co-financing an estimated total of $22 million) for seven countries (Brazil, Mexico, Côte d’Ivoire, Uganda, Kenya, India and Indonesia). The project, to be executed by TSBF-CIAT, has just been launched through an initial partner workshop in August 2002. The objective is to enhance awareness, knowledge and understanding of below-ground biological diversity (BGBD) important to sustainable agricultural production in tropical landscapes by the demonstration of methods for conservation and sustainable management.  The project will explore the hypothesis that, by appropriate management of above- and below-ground biota, optimal conservation of biodiversity for national and global benefits can be achieved in mosaics of land-uses at differing intensities of management and, furthermore, result in simultaneous gains in sustainable agricultural production. The expected project outcomes are: 

· Internationally accepted standard methods for characterisation and evaluation of BGBD, including a set of indicators for BGBD loss; 

· Inventory and evaluation of BGBD in benchmark sites representing a range of globally significant ecosystems and land-uses; 

· A global information exchange network for BGBD; 

· Sustainable and replicable management practices for BGBD conservation identified and implemented in pilot demonstration sites in representative tropical forest landscapes in seven countries; 

· Recommendations of alternative land use practices, and an advisory support system, for policies that will enhance the conservation of BGBD; and finally, 

· Improved capacity of all relevant institutions and stakeholders to implement conservation and management of BGBD in a sustainable and efficient manner.
88. There are a multitude of programmes in the agricultural and land sectors that support improved soil/land resources management and provide great scope for integrating soil biodiversity /ecosystem management approaches. FAOs support to Member countries could be further mobilised through projects: to improve capacities, tools and farmer-led learning approaches for soil productivity improvement and conservation agriculture; to mitigate land degradation and promote integrated watershed management and production systems; and to promote agricultural biodiversity and sustainable agriculture. Such projects and actions could be supported,  for example, through the CBD/FAO joint Programme of Work on Agricultural Biodiversity, and projects initiated through FAOs Technical Cooperation Programme and Special Programme on Food Security, backed up by Trust Funds for wider and longer term programmes.

5.5

FAOs Programme on Soil Biodiversity and Sustainable Agriculture 

Ongoing Activities

89. More specifically, the FAO-Netherlands Partnership Programme (FNPP) is a two-year programme that is supporting work by FAO towards the conservation and use of agricultural biodiversity within sustainable ecosystems and its contribution to global food security. One of the four main areas of attention is on improving understanding and implementation of the ecosystem approach, including adaptive management and best practices. In this regard, the sub-component on soil biodiversity aims to help catalyse more applied work in the agricultural and land sectors with the support of scientific institutes that have in some cases, hitherto, focused their research on certain categories and functions of soil biodiversity and on specific technologies. There are three main aims and axes of cooperation: 

· Sharing of knowledge and information on the roles of diverse soil organisms in providing key goods and services and the impacts of existing and new agricultural technologies and management practices, with a view to developing guidance for agricultural and environmental-CBD fora;

· Collaboration among relevant programmes, networks and national and inter-national bodies to identify and promote improved soil biological management practices for different conditions and their integration into ongoing land management and soil productivity efforts; and,

· Establishing partnerships among farmers/land resource users and researchers/ development programmes to monitor and assess different practices and prepare case studies and training materials.

90. The FNPP soil biodiversity component is helping to establish linkages and information exchange among a wide range of ongoing programmes and networks, including:  
· Major projects such as the TSBF-BGBD Network project on the Conservation and Sustainable Management of Below-ground Biodiversity. 

· Thematic networks: such as the CYTED Macro-fauna network), the Asociación Latino Americana de Rhizobiología (ALAR), the African BNF Association and the Caribbean Mycorrhizal Network (CARIVAM).

· Research bodies and programmes on soil biodiversity and ecosystem functioning (such as the macro-fauna research network of the Institut de Recherche et Developpement, France; and relevant work on agro-ecology and ecosystems by EMBRAPA, Brazil; ICIPE and CGIAR centres; NERC and CABI and the Universities of Reading and Essex, UK; CLUE and Wageningen, Holland, etc.).

· Agro-biology/ecology bodies (such as the University of Padova Agroecology Laboratory; the Department of Environmental Science, Policy and Management of Berkeley University, USA; the Center for Agroecology & Sustainable Food Systems of the University of California, Santa Cruz, and the University of Xalapa, Mexico;
· Soil biodiversity projects (such as CYTED, Latin America, and SHIFT, GTZ-EMBRAPA, Manaus, Brazil; the EU Soil Biodiversity and Ecosystem Functioning Program; the UNU People Land Management and Environmental Change Project (PLEC); 

· Agricultural development programmes (such as CAMAREN in Ecuador and a range of various activities in Bhutan, India, Kenya, Egypt, South Africa, Cuba, Ecuador, Uruguay and others).
91. The FNPP programme also funded the International Technical Workshop on Biological Management of Soil Ecosystems for Sustainable Agriculture organised by FAO and EMBRAPA-Soya (Londrina, Brazil; June 2002). The overall aim of this technical workshop was to review current understanding and knowledge of the biological management of soil ecosystems and assessment of soil health, and to identify useful methods, tools and lessons learned that provide the basis for the development and promotion of management practices that enhance soil quality and its ecological functions.  
92. The workshop provided a diverse and dynamic forum for sharing experiences, discussing the principles and practices of integrated soil biological and ecosystem management and identifying priorities for cooperative action. The workshop presentations and resulting discussions during plenary and workgroup sessions, were helpful in: a) developing a better understanding of the available knowledge of soil biological management; b) identifying gaps and needs for further work, including indicators and assessment and adaptation of management practices and farmer experimentation; c) identifying technical and financial capabilities for implementing activities; and, d) promoting the development of a coordinated programme approach.
93. This workshop is the first step by FAO to consider Soil Biodiversity and Sustainable Agriculture in a comprehensive way and with a view to identifying its role and cooperation in response to the proposed CBD Initiative and in accordance with FAOs mandate and programme of work and budget. FAO recognises that there is a need for ensuring holistic consideration of soil health and integrated soil management approaches through integrating biophysical, socio-economic and human management considerations. Attention was paid to the crucial role of soil biodiversity in agricultural production and in providing wider ecosystem services, and the need for appropriate management technologies, building on local knowledge systems and ensuring integrated approaches. Working sessions focused on assessment and monitoring of soil health and on adaptive management of soil ecosystems, including in each case attention to innovative technologies, research needs and risk alleviation, as well as capacity building and mainstreaming.
94. The workshop report is in preparation and will be made widely available, together with the background documents and case studies, through a CD Rom as part of the Digital media series of FAOs Land and Water Development Division. The outcome should be built on as part of the process for furthering the Soil Biodiversity Initiative.
VI

Priority Areas for Attention under the Soil Biodiversity Initiative 

95. The Soil Biodiversity Initiative was established by COP, as part of the agricultural biodiversity programme of work, with a view to encouraging country Parties to the CBD and FAO Member Nations to make progress, especially in the areas of technical assessments, adaptive management of soil biota, capacity-building and mainstreaming of relevant soil biodiversity issues into various institutions and processes. 

96. On the basis of the findings of initial consultations among experts, FAO considers that the Soil Biodiversity Initiative could mobilise a process to make substantive progress in terms of awareness raising, knowledge and understanding of key roles and functions of soil biodiversity and impacts of diverse management practices in different farming systems and agro-ecological and socio-economic contexts. More importantly, it could generate ownership and adaptation by farmers of integrated soil biological management practices as an integral part of their agricultural and sustainable livelihood strategies. The development of integrated soil biological management as a means to maintain and restore soil fertility and ecosystem services should contribute substantively to agricultural production, sustainable and resource efficient agro-ecosystems, and combating land degradation, including, for example, in fragile areas such as dryland, coastal and mountain environments and following natural disasters such as droughts, floods or excessive rains. 

97. Priority could be accorded to the following areas: 

i) Sharing of knowledge, information and awareness raising on monitoring, assessment and adaptive management activities in specific agro-ecosystems and farming systems. Further contributions are to be encouraged in response to the COPs call for case studies illustrating experiences in the conservation and sustainable use of soil biodiversity, and the implications and benefits, from all concerned actors in the agriculture and environment sectors. In particular, efforts are needed to determine the economic importance of soil biodiversity management through the review and assessment of the direct and indirect values of functional groups of soil organisms and their functions.

ii) Strengthening capacities and partnerships among farmers/land resource users, researchers and development programmes: 

a) for the monitoring and assessment of different farming systems, technologies and management practices in regard to their effects on soil biodiversity and its functions;

b) for integrating soil biodiversity issues into agricultural and land management training materials and relevant programmes and policies (guidelines, compendia of “best practices”, etc.); and, 

c) for facilitating participatory research and technology development on soil biodiversity/biological management, with a view to promoting sustainable and productive agriculture and improved land management. 

In this regard, there is a need to evaluate relevant on-farm skills and educational and professional training needs for the adaptation and development of improved soil biological management for different farming systems and farmers at various socio-economic levels.

Case studies of intervention approaches and soil management practices could be developed into training materials and management guidelines, and then applied research could be sponsored to generalise these guidelines into management practices relevant to particular agro-ecological zones and for farmers, extension agents and technicians at various levels and of various economic means (i.e. low and high-input farmers). 

iii) Mainstreaming and collaboration: There is a need for mainstreaming soil biodiversity/biological management into agricultural/land management and rehabilitation programmes and strengthening collaboration among relevant programmes, networks, research institutes and national and international bodies on integrated soil biological management.  This could include, inter alia: 

a) promoting the application of soil bio-indicators and field methodologies for monitoring and assessing soil biodiversity and its functions; 

b) promoting best soil biological management/land use practices for maintaining soil quality and health under different agro-ecological and socio-economic conditions; and 

c) harmonising and strengthening national policy and planning mechanisms through integrating soil biology management into relevant programmes, for example: land-use planning, agricultural production, environmental impact assessment, soil fertility, soil and water conservation practices and rehabilitation and reforestation. 

98. The suggested approach should be a participatory and Integrated Soil Biological Management (ISBM) process that involves the range of stakeholders in a flexible and iterative process of creating, sharing, and improving experiences of integrated soil biological management. A focus is suggested on the following user groups: i) Resource-poor farmers, small-scale producers (men and women) and rural communities (especially those living on marginal and/or degraded lands as these are particularly amenable to soil biological management practices); and ii) Policy makers and promoters of sustainable agriculture in Low Income Food-Deficit Countries (LIFDCs), including research institutes, extension programmes, NGOs and international funding partners. 

99. A focus should be placed on developing and refining existing soil biodiversity and ecosystem management opportunities (direct and indirect management interventions) for different biophysical and socio-economic conditions, and their integration with other management strategies (soil and water, crop and livestock, integrated pest management, etc.) The challenge will be to identify and promote integrated systems that are economically viable, environmentally sustainable and appropriate both socially and culturally. This could be initiated, for example, through pilot-level demonstration projects, with subsequent scaling-up processes through global and regional programmes and in collaboration with concerned networks and partners (CGIAR, TSBF-CIAT, IRD, NGOs and others). 
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