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Summary

The International Technical Workshop on Biological Management of Soil Ecosystems for 
Sustainable Agriculture was organized as a contribution to the joint programme of the Convention 
on Biological Diversity (CBD) and FAO in accordance with FAO’s mandate on sustainable 
agriculture and food security and with Decision V/5 of the Conference of the Parties (COP) 
to the CBD.

More than 45 participants from more than 18 countries, representing a heterogeneous range of 
scientists and practitioners from each region, joined efforts to review and discuss the concept 
and practices of integrated soil management, share successful experiences and identify priorities 
for action.

PURPOSE OF THE WORKSHOP

The specifi c objectives of the workshop were:

• Share knowledge among a range of experts from all regions.

• Develop and promote guiding principles and good practices for enhancing soil biodiversity 
and its functions as part of an integrated approach for the management of land resources 
and agricultural ecosystems.

• Provide technical guidance to realize the benefi ts of biological management of soil ecosystems 
in terms of enhanced productivity and sustainability. 

• Agree on the strategy and priority actions for implementing the International Initiative on 
Conservation and Sustainable Use of Soil Biodiversity, as part of an integrated agricultural 
development process including capacity building, assessment and monitoring, adaptive 
management, and mainstreaming.

DISCUSSION AND FINDINGS

The participants reviewed and discussed the case studies presented. These case studies refl ected 
a range of production systems and socio-economic conditions. The participants focused their 
attention on the areas of indicators and assessment of soil health, adaptive management and 
innovative technologies with a view to identifying lessons learned and knowledge gaps. Based 
on working-group discussions, plenary sessions and existing knowledge, experiences and 
materials, the participants laid the foundations for the development of practical guidelines to 
promote on-farm research and technology development in integrated soil biological management 
(i.e. strategies, approaches and technologies) with a view to enhancing the productivity and 
sustainability of diverse land use systems and conserving soil and associated agricultural 
biodiversity.
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FOLLOW-UP

The participants suggested that progress could be made through focusing on the following 
strategic areas of action:

• Increasing recognition of the essential services provided by soil biodiversity across all 
production systems and its relation to land management, through information sharing and 
networking, raising public awareness, education and capacity building.

• Capacity building to promote the adoption of integrated approaches and coordinated activities 
and processes for the sustainable use of soil biodiversity and enhancement of agro-ecosystem 
functions; in particular, in the areas of assessment and monitoring, adaptive management; 
and research and development (R&D). 

• Developing partnerships and cooperative actions through mainstreaming and cooperation.

It is intended that the suggested principles, development process, strategy and priority actions 
presented in this workshop report provide a preliminary basis to further stimulate exchange of 
information and experiences among countries and relevant institutions. This should lead to a 
coordinated process for the establishment and conduct of the Soil Biodiversity Initiative (SBI), 
as established under COP Decision V/5 (Nairobi, April 2002), as a cross-cutting initiative within 
the CBD programme of work on agricultural biodiversity, and through the coordination and 
with the technical and policy support of FAO.

The fi ndings and recommendations in regard to the three main thematic areas considered at the 
Londrina workshop are presented in the form of a framework for action that outlines proposed 

FRAMEWORK FOR ACTION AS A BASIS FOR FURTHER DEVELOPMENT OF THE SOIL BIODIVERSITY INITIATIVE

Objective 1 –  Sharing of knowledge and information, and awareness raising. 

Activity 1.1 –  Compilation and dissemination of case studies for use in awareness raising and capacity 
building.

Activity 1.2 –  Creation and strengthening of networking arrangements for sharing of information, experiences 
and expertise with a focus on supporting local initiatives on the ground rather than institution 
building.

Activity 1.3 –  Enhancing public awareness, education and knowledge on integrated soil management and 
agro-ecological approaches. 

Activity 1.4 –   Development of information systems and databases.

Objective 2 –  Capacity building for the development and transfer of knowledge of soil biodiversity and 
ecosystem management into farmers’ practices. 

Activity 2.1 –  Evaluating capacity building needs of farmers and other land managers, researchers and 
development programmes for integrated soil biological and ecosystems management.

Activity 2.2 –  Development of soil bioindicators and tools for assessment and monitoring of soil health and 
ecosystem functioning.

Activity 2.3 –  Promotion of adaptive management approaches for the development and uptake of improved 
soil biological management practices, technologies and policies that enhance soil health and 
ecosystem function and contribute to sustained agricultural productivity and livelihoods.

Activity 2.4 –  Mobilization of targeted participatory R&D in order to enhance understanding of soil biodiversity 
functions and ecosystem resilience in relation to land use and sustainable agriculture.

Objective 3 –  Strengthening collaboration among actors and institutions and mainstreaming soil 
biodiversity and biological management into agricultural and land management and 
rehabilitation programmes.

Activity 3.1 –  Mainstreaming soil biodiversity and ecosystem management in agricultural and land management 
programmes and policies. 

Activity 3.2 –  Develop partnerships and collaborative activities for development and implementation of the Soil 
Biodiversity Initiative as an FAO-CBD partnership.



v

objectives and activities. It is envisaged that this framework will provide the basis for the further 
development of the strategy and action plan for implementation of the International Initiative 
on the Conservation and Sustainable use of Soil Biodiversity, further referred to as the SBI, as 
an integral part of the programme of work on agricultural biodiversity. It will be a partnership 
effort by FAO, the CBD Secretariat and Parties, and other interested partner organizations and 
bodies.

“The condition of our soils ultimately determines human health by serving as a major 
medium for food and fi bre production and a primary interface with the environment, 
infl uencing the quality of the air we breathe and water we drink. Thus, there is a clear 
linkage between soil quality and human and environmental health. As such, the health 
of our soil resources is a primary indicator of the sustainability of our land management 
practices.”

(Acton and Gregorich, 1995)
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Chapter 1
Objectives and context of the

Londrina workshop

BACKGROUND

In the work of the Food and Agriculture Organization of the United Nations (FAO) together 
with its member countries, there has been increasing recognition of the need for a holistic 
consideration of agricultural systems, livelihoods and food security. The Strategic Framework 
of FAO (2000-2015) established a set of cross-cutting programme areas for interdisciplinary 
action known as Priority Area for Interdisciplinary Action (PAIAs). In particular, the contribution 
of the Agriculture Department of FAO to the interdisciplinary programmes on biodiversity for 
food and agriculture (PAIA-BIOD) and on integrated production systems (PAIA-PRODS) is 
encouraging a more integrated approach for the sustainable management of land and water 
resources, biological resources and ecosystems with a view to promoting sustainable and 
productive agriculture. 

Substantial efforts are underway to strengthen agricultural biodiversity considerations through 
improved understanding, capacity building, including methods and tools development, as well 
as partnerships and networking. In addition to strengthening the genetic resources dimension in 
terms of in-situ conservation through sustainable use, and providing an enabling environment to 
farmers through addressing socio-economic and policy issues, there is now a greater focus on 
crop- and livestock-associated biodiversity that contributes to ecosystem functioning, including 
pollinators, benefi cial predators and integrated pest management (IPM), and soil biodiversity. 
Simultaneously, in terms of managing the land and water resource base, this includes a more 
holistic approach for addressing declining soil fertility, land degradation and drought, and other 
land-related constraints through an integrated land resources management approach. A recent 
change has been a move away from the conventional focus on overcoming soil chemical and 
physical constraints (such as nutrient defi ciencies, salinity and compaction) to a focus on soil 
health through an approach centred on soil biological management, and interactions among 
components of the system (soil, water, plant and livestock) and human management practices. 
Such an ecosystem approach requires attention to the wider socio-economic considerations 
and the farming context.

The 1992 Convention on Biological Diversity (CBD) has fuelled increasing interest in 
agricultural biodiversity. Led by environmental bodies, the initial focus was on the conservation 
and sustainable use of biological diversity and on the fair and equitable sharing of benefi ts 
in systems other than agricultural systems. However, efforts of FAO and many other human 
development organizations and delegates who recognized the importance and specifi c nature of 
biodiversity important for food and agriculture led to the development and adoption, in 1996, 
of a programme of work for the conservation and sustainable use of agricultural biodiversity 
(Decision III/11). The programme elements and priorities have developed gradually through 
subsequent efforts by concerned stakeholders, scientifi c and technical reviews, and decisions 
of the Parties to the convention. 



2 Chapter 1 – Objectives and context of the Londrina workshop

Of particular relevance to this workshop, and as a result of the information coordinated and 
provided by FAO, the Conference of the Parties (COP) of the CBD decided (COP Decision VI/5, 
April 2002): “to establish an International Initiative for the Conservation and Sustainable Use 
of Soil Biodiversity as a cross-cutting initiative within the programme of work on agricultural 
biodiversity, taking into account case studies which may cover the full range of ecosystem 
services provided by soil biodiversity and associated socio-economic factors, and inviting 
FAO, and other relevant organizations, to facilitate and co-ordinate this initiative”. (http:
//www.biodiv.org/programmes/agro/decisions.asp)

In striving for productive and sustainable agriculture, there is a need to promote a concerted 
effort among concerned disciplines to understand the complex soil-water-plant interactions, 
the role and importance of soil biological processes, and the impacts of farmers’ management 
practices. Moreover, it is necessary to achieve worldwide recognition of the need to conserve 
soil health and function as the basis for human life on the planet. In this light, the Brazilian 
Agricultural Research Corporation (EMBRAPA) and FAO joined forces to organize the 
International Technical Workshop on Biological Management of Soil Ecosystems for Sustainable 
Agriculture, hosted by EMBRAPA-Soybean in Londrina, Brazil, 24-27 June, 2002. The 
FAO-Netherlands Partnership Programme (FNPP) was the primary source of funding for the 
workshop.

This workshop is the fi rst step by FAO to consider the issue of soil biodiversity and 
sustainable agriculture comprehensively at a technical level, refl ecting the renewed interest in 
agro-ecological approaches for sustaining productive agricultural systems. The Commission on 
Genetic Resources for Food and Agriculture (CGRFA) welcomed a background paper on this 
issue at its 17th session (2002), and the CGFRA and the Committee on Agriculture (COAG), 
to which it reports, could provide guidance as to the role and cooperation of the organization 
in response to the proposed CBD initiative, in accordance with FAO’s mandate, priorities and 
programme of work and budget. 

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 can provide the basis for the 
development and promotion of land use systems and management practices that enhance soil 
quality and its ecological functions. The workshop provided a diverse and dynamic forum 
for: (i) sharing experiences among experts from each region; (ii) discussing the principles and 
practices of integrated soil biological and ecosystem management; and (iii) identifying priorities 
for cooperative action. 

SOIL BIODIVERSITY, AGRICULTURE, SUSTAINABLE MANAGEMENT AND FARMER CONTEXT

“Soil biodiversity per se may not be a soil property that is critical for the production of a given 
crop, but it may be vital for the continued capacity of the soil to support that cropping system.” 
(Doran and Parkin, 1994)

Practising agriculture means selecting a few species of plants or animals that are useful 
or edible, and modifying their environment to provide them with nutrients (food), water and 
air, so that they grow in the best conditions. The resulting agricultural ecosystems or agro-
ecosystems are those ‘ecosystems that are used for agriculture’. These are found in most areas 
and their interactions with human activities, taking into consideration socio-economic and 
policy considerations and sociocultural diversity, are determinant. The biological diversity 
of these agro-ecosystems, hereafter referred to as agricultural biodiversity, refl ects the whole 
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range of biodiversity from genetic and species level to ecosystem level, although until recent 
years the focus was more on plant and animal diversity. The development of the ecosystem 
approach as the primary framework for action under the CBD is enabling due attention to be 
paid to the interactions among components of the system, with human activity at the centre, 
to the complex food webs and functions of the system and to the less tangible attributes of 
landscape diversity. 

The  agricultural biodiversity work programme of the CBD focuses on assessing the status 
and trends of the world’s agricultural biodiversity and of their underlying causes, as well as of 
local knowledge of its management. It also works to identify and promote adaptive management 
practices, technologies, policies and incentives. The aims of the work programme as outlined 
in COP Decision III/1, paragraph 1, are: 

• to promote the positive effects and mitigate the negative impacts of agricultural practices 
on biological diversity in agro-ecosystems and their interface with other ecosystems; 

• to promote the conservation and sustainable use of genetic resources of actual or potential 
value for food and agriculture; 

• to promote the fair and equitable sharing of benefi ts arising out of the utilization of genetic 
resources. 

The expert meeting on agri-biodiversity held by the Organization for Economic Cooperation 
and Development (OECD) in Zurich (November 2001) made several recommendations 
concerning the measuring of the environmental performance of agriculture. These related 
mainly to the establishment of useful and relevant indicators within a common, fl exible and 
transparent framework that could be integrated into policy monitoring in member countries 
involving a wide range of stakeholders and contributing to other international initiatives related 
to developing indicators. It was recognized that a major challenge facing OECD member and 
non-member countries is the need to reconcile expanding agricultural production with meeting 
national and international objectives and commitments for the conservation and enhancement of 
biodiversity and sustainable land resources management, given the projected need to increase 
global food production by over 20 percent by 2020 in order to meet the growing demands of 
expanding human and animal populations. 

The most vital link between sustainable land management and productive agriculture 
is provided by the functions of diverse soil organisms in response to land use and human 
management practices. However, there is very limited recognition in the agriculture and 
environment sectors of the wide range and huge populations of soil biota that exist in most 
healthy soils, or of the multiple and essential functions they perform. Moreover, there has 
been limited and fragmented work to improve understanding of such services and to enhance 
their value in terms of economic, food security and environmental benefi ts through improved 
management. Although in-depth research has examined certain organisms and specifi c functions, 
this has tended to neglect a more holistic approach to managing soil life.

Farmers’ management practices and land use decisions infl uence ecological processes and 
soil-water-plant interactions. Indeed, through their decisions, farmers seek to manage soil 
processes in such a way as to achieve desirable effects on short- and long-term soil productivity 
and health. The processes of land utilization and agricultural intensifi cation are a signifi cant 
cause of soil biodiversity loss and related impacts on ecosystem function and resilience. A better 
understanding of the linkages between soil life and ecosystem function and the impact of human 
interventions will enable both the reduction of their negative impacts and the more effective 
capture of the benefi ts of soil biological activity for sustainable and productive agriculture. 
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Achieving sustainable agriculture and viable agricultural systems is critical to food security 
and poverty alleviation given escalating population growth, land degradation and increasing 
demands for food. Soil health and soil quality are fundamental to the sustained productivity 
and viability of agricultural systems worldwide. Sustainable agriculture involves the successful 
management of agricultural resources to satisfy human needs while maintaining or enhancing 
environmental quality and conserving natural resources for future generations. Improvement 
in agricultural sustainability requires, together with effective water and crop management, the 
optimal use and management of soil fertility and soil physical properties, which rely on soil 
biological processes and soil biodiversity. 

The soil is a complex, multifaceted environment. This complexity has prompted the evolution 
and adaptation of a highly diverse biotic community, which uses the soil as its permanent or 
temporary habitat or refuge. Many thousand species of animals and micro-organisms live in 
soils, ranging in size from the almost invisible microbiota (e.g. bacteria, fungi and protozoa) 
to the more conspicuous macrofauna and megafauna (e.g. earthworms, termites, millipedes, 
moles and rats). 

The activities of this wide range of soil biota contribute to many critical ecosystem services. 
These services include: soil formation; organic matter decomposition, and thereby nutrient 
availability and carbon (C) sequestration (and conversely greenhouse gas emissions); nitrogen 
(N) fi xation and plant nutrient uptake; suppression or induction of plant diseases and pests; and 
bioremediation of degraded and contaminated soils (through detoxifi cation of contaminants and 
restoration of soil physical, chemical and biological properties and processes). The effects of 
soil organisms also infl uence water infi ltration and runoff and moisture retention through effects 
on soil structure and composition and indirectly on plant growth and soil cover. These services 
are critical to the functioning of natural ecosystems and constitute an important resource for 
sustainable agricultural production. 

There is increasing recognition that the sustainability of agricultural systems depends on 
the optimal use of the available natural resources, including the soil biotic community. Thus, 
there is a need to acquire a proper understanding of the infl uence of agricultural practices on 
the soil communities and their functions and, in turn, of the effects of the diverse organisms on 
agricultural productivity. The adaptation of management practices can minimize the negative 
impacts on soil biological populations and diversity and can maximize the positive (synergistic) 
effects on agricultural productivity for the benefi t of humankind.

As agricultural intensifi cation occurs, regulation through chemical and mechanical inputs 
progressively replaces the regulation of functions through soil biodiversity. There is an 
accelerating loss of biological diversity both above- and below-ground. Among the causes of 
this loss are: increasing homogenization of agricultural systems and use of monocultures; the use 
of  agrochemicals; and excessive soil disturbance through repetitive tillage. In the long term, the 
erosion of genes, species and ecosystems that constitute important resources and support systems 
to human activities and well-being will undermine sustainable development opportunities 
worldwide. The challenge is to improve understanding of the benefi ts of biodiversity and to 
identify the actual and potential socio-economic causes and impacts of changes in biodiversity. 
This will permit the development of strategic means to use the components of biological diversity 
in ways that do not lead to their long-term decline while contributing to increasing the production 
functions that underpin human progress.

However, current knowledge in this area is fragmented and remains largely in the research 
domain with limited practical application by farmers. Various reasons for this situation include: 



Biological management of soil ecosystems for sustainable agriculture 5

the diffi culty of observation and limited local understanding of below-ground interactions and 
processes; a specialized research focus (on individual species or functions) and the lack of holistic 
or integrated solutions for specifi c farming systems; and insuffi cient institutional capacity and 
support services to enable a concerted resource management approach.

WORKSHOP PROCESS AND OBJECTIVES

The International Technical Workshop on Biological Management of Soil Ecosystems for 
Sustainable Agriculture was organized as a contribution to the CBD-FAO joint programme, in 
accordance with Decision V/5 of the COP and FAO’s mandate on sustainable agriculture and 
food security. Its objectives were to initiate the processes of:

• sharing knowledge among a range of experts from all regions with a view to increasing 
understanding on the importance and potential of soil biological management for sustainable 
and productive agriculture, and to review the state of the art (knowledge and application) in 
regard to the conservation and sustainable use of soil biodiversity; 

• developing and promoting guiding principles and good practices for enhancing soil 
biodiversity and its functions as part of an integrated approach for the management of land 
resources and agricultural ecosystems. This should include sustaining life processes and key 
ecosystem services as well as enhancing the productivity and sustainability of the range of 
agricultural systems;

• providing technical guidance to realize the benefi ts of biological management of soil 
ecosystems in terms of enhanced productivity and sustainability. This should build on 
available knowledge, safe technologies and experiences of farmers and researchers, through 
the application of the ecosystem approach and through multidisciplinary and multistakeholder 
participation. It should include a set of practical techniques and tools for testing and adaptation 
by farmers;

• agreeing on the strategy and priority actions for implementing the International 
Initiative on Conservation and Sustainable Use of Soil Biodiversity, as part of an 
integrated agricultural development process including capacity building, assessment and 
monitoring, adaptive management, and mainstreaming. 

The workshop was offi cially opened by Dr Caio Vidor, Director General, EMBRAPA-
Soybean. He introduced the scope of the work of EMBRAPA (9 000 employees, of whom 
2 000 Ph.D. and 1 000 M.Sc. holders) and the host centre, EMBRAPA-Soybean (75 scientists). 
He noted the focus on sustainable agriculture and the increasing attention to agro-ecological 
and integrated ecosystem approaches. Strategic considerations of the centre include: how to 
foster cooperation among scientists; how to strengthen socio-economic expertise; and how to 
enhance training capacity and technology transfer, in particular for tropical regions.

Ms Michelle Gauthier, CBD Secretariat, set the workshop in the context of the CBD, 
noting the establishment by the COP, at its 6th meeting, of the International Initiative on 
the Conservation and Sustainable Use of Soil Biodiversity under the programme of work on 
agricultural biodiversity (Decision VI/5). Opportunities for attention to this issue include: 

• during consideration by the 8th meeting of the Subsidiary Body for Scientifi c, Technical 
and Technological Advice (SBSTTA-8) of mountain biodiversity and of dry and subhumid 
lands biodiversity (March 2003, Montreal, Canada);
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• during consideration by SBSTTA-9 of protected areas, the ecosystem approach, indicators 
and assessment, sustainable use, and technology transfer (November 2003, Montreal, 
Canada);

• at COP-7 (March 2004, Kuala Lumpur); 

 and in particular: 

• as part of the 3rd national reports (to be provided by May 2005); 

• at COP-8 (2006), during the major review of agricultural biodiversity and biodiversity in 
dry and subhumid regions.

The outcome is expected to guide the development of the International Initiative for the 
Conservation and Sustainable Use of Soil Biodiversity. The results of the workshop should be 
disseminated and taken up and promoted by concerned stakeholders in such a way that they 
are ultimately refl ected in the land management practices of rural and urban communities of 
both developed and developing countries. The overall aim is to help improve the livelihoods of 
farming communities and achieve a truly sustainable agriculture that is both environmentally 
sound and economically viable.

More than 45 participants from more than 18 countries, representing a heterogeneous range of 
scientists and practitioners from each region, joined efforts to discuss the concepts and practices 
of integrated soil management, share successful experiences of soil biological management, 
and identify priorities for action. 

The workshop reviewed experiences, identifying limitations and opportunities in regard 
to methods and tools for assessing and enhancing the functions of soil organisms through 
improved management practices, with a view to their wider application and further development. 
Throughout the workshop, emphasis was placed on ways of harnessing the services and benefi ts 
of soil biological management and promoting interactions with other agricultural sectors through 
an integrated ecosystem approach. 

The workshop presentations and discussions during plenary and working-group sessions 
helped to develop a better understanding of the available knowledge of soil biological 
management within the overall context of sustainable agriculture and identifying gaps and 
needs for further work. In identifying existing and researchable tools to investigate, manage 
and protect soil biotic ecosystems, a focus was directed on two areas: (i) bioindicators and 
assessment; and (ii) adaptation of management practices and farming systems through farmer 
experimentation and stronger farmer-research linkages. 

The participants discussed a wide range of issues in depth. They agreed on a number 
of recommendations for the further development and implementation of the International 
Initiative for the Conservation and Sustainable Use for Soil Biodiversity. Attention was placed 
on building on existing initiatives and on promoting the development of a coordinated programme 
approach, through cooperation among research and academic institutes, governments, non-
governmental organizations (NGOs), civil society organizations and the private sector. The 
workshop constituted an important step in the process of identifying technical and fi nancial 
capabilities and opportunities for implementing activities and enhancing collaboration among 
relevant programmes and partners.

The workshop alternated between full group discussions and meetings of smaller groups to 
discuss specifi c themes and priorities for action. In order to focus the discussions of the working 
groups, a prepared list of questions guided participants to address specifi c topics (Annex 3). The 
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key topics identifi ed for discussion by the working groups were: assessment and monitoring of 
soil health; and farmers’ management of soil ecosystems. In addition, a third discussion group 
was included to focus on innovative technologies, research needs and risk alleviation for each 
of the proposed themes. Throughout the workshop, participants emphasized ways of employing 
the resources and strengths of local capacities to advance and to promote interactions with the 
other agronomic fi elds. The workshop closed with a discussion and compilation of specifi c 
conclusions and recommendations on how to move forward.

The following chapters of this report present an overview of the substantive discussions 
and a summary of the fi ndings and recommendations reached by the International Technical 
Workshop on Biological Management of Soil Ecosystems for Sustainable Agriculture. For more 
detail, readers may refer to the contributions themselves, available on CD-ROM and on http:
//www.fao.org/ag/agl/agll/soilbiod/default.htm, and to the annexes of this report. A full reading 
of the case studies and discussions may better convey the depth of knowledge offered and the 
important contacts and linkages made during this event. The fi ndings and recommendations 
outlined in the fi nal section of this report build on the discussions and information from each 
topic.

Annex 1 details the agenda of the workshop. Annex 2 provides a list of the participants and 
their contact details in. Annex 3 provides the list of questions prepared to help focus the work 
of the working groups.





Biological management of soil ecosystems for sustainable agriculture 9

Chapter 2
Review of knowledge and issues through 

case studies on soil biodiversity, 
ecosystem management and 

sustainable agricutlure

Several case studies from a number of countries were presented during the workshop. They 
provide a range of specifi c lessons and results in terms of adaptive management, soil health 
assessment and capacity building on soil biodiversity and its ecological functions. They 
refer to different cropping systems, climate conditions and a range of economic situations 
from low- to high-input agriculture. The ecosystem approach is highlighted as an important 
concept for improving understanding and management of biodiversity and ecosystem services. 
Annex 7 presents some background about the ecosystem approach and its links to adaptive 
management.

INDICATORS FOR ASSESSMENT AND MONITORING OF SOIL HEALTH

Dr Clive Pankhurst of the Land and Water Division of the Commonwealth Scientifi c and Industrial 
Research Organisation (CSIRO), Australia, fi rst provided a framework for consideration of the 
issue of assessment and monitoring. This addressed:

• practical approaches and indicators for site assessment of land degradation, land values and 
services, and off-site impacts; 

• the capacity to interpret soil health information and develop guidelines and recommendations, 
using soil ecosystem parameters, simple visual bioindicators and laboratory-dependent 
bioindicators; 

• the need for integrative measures that respond to change in soil management in time scales 
relevant to land users. 

He noted that the challenging question is: “What measurements should be made or what can 
be observed that will help to evaluate the effects of management on soil function now and in the 
future? There is still no universally accepted list, or minimum data set, of what soil attributes 
could or should be measured in a given situation.” 

Conventional agricultural practices for maintaining and increasing crop and fi bre production 
in many parts of the world are placing pressure on the soil’s capacity to maintain its function. 
They include increasingly specialized systems and even monocultures, mechanical cultivation 
and harvesting, high and sometimes excessive and indiscriminate use of mineral fertilizers 
and pesticides. In other areas, continuous nutrient mining and unsuitable land use systems and 
management practices are leading to severe soil productivity decline and land degradation. This 
situation highlights the urgent need to develop a capacity to assess both the degree of functional 
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degradation of the soil and the rate at which it is occurring, and to develop a holistic ‘biological 
systems management’ approach to soil health and agricultural production.

The introduction was followed by three case studies: on soil health assessment and monitoring 
for industrial sugar-cane production; on assessment methods using practical tools and existing 
expertise and materials - the potential use of soil macrofauna as bioindicators of soil quality; 
and on the measurement of soil respiration as an indicator of soil life. 

Case 1 – Bioindicators of soil health: their use by the sugar-cane industry in Australia

Cane yields have been declining for many years despite the development of new cane varieties 
and pesticide controls for known pests (e.g. cane grub). The yield decline was shown to be 
associated with poor soil health resulting chiefl y from the growth of cane as a monoculture and 
excessive tillage at planting required to overcome soil compaction caused by heavy harvesting 
machinery. Using soil health indicators (e.g. soil activity and presence of benefi cial or detrimental 
organisms), the extent to which the soils had become degraded physically, chemically and 
biologically could be demonstrated to cane growers. They were also advised that the only way 
to reverse this trend was to change the way they manage their soils. An essential component of 
this process was for researchers to work in close collaboration with groups of cane growers in 
order to develop a new systems approach. This new approach was based on the incorporation 
into the farming system of green manure rotation breaks (to improve the biological health of the 
soil), and reduced tillage (to keep areas traffi cked away from growing plants). Demonstration 
trials together with an economic analysis of the new system compared with the old were also 
important tools for facilitating this process. The approach was based on providing the cane 
growers with information concerning the health of their soils and the principles and benefi ts of 
maintaining good soil health. It was not designed to provide them with recipes because what 
might work successfully in one region might not in another. 

This sugar-cane experience is a good practical example on the use of bioindicators to enhance 
management practices. It also provides an important message: not to develop and use soil health 
indicators as tools to condemn land users for their inappropriate use of the soil resource, but to 
use them as tools to explain what is happening and facilitate a change towards more sustainable 
agricultural practices.

(Clive Pankhurst, CSIRO)

Case 2 – Participatory assessment of macrofaunal functional groups for rehabilitation 
and improved productivity of pastures, cropland and horticulture 

It is recognized that each organism in the soil drives soil processes in specifi c functional 
domains (e.g. rhizosphere, termitosphere) and that these organisms can be grouped into some 
30-40 functional groups. In particular, soil macrofauna are important regulators of soil function 
and they are easy to measure and identify. The invertebrate communities are sensitive indicators 
of soil quality. Among the vast diversity of species, adaptive strategies and size range represented, 
the effects on the soil of the physical activities of a specifi c group, known as the ‘soil ecosystem 
engineers’, which also includes large invertebrates, determine activities of other, smaller soil 
organisms. Human management practices, such as soil tillage, affect soil macrofauna (abundance 
and diversity) and may create a disequilibrium that can be very diffi cult to correct. In addition, 
chemical pollution affects soil fauna adversely. Thus, the composition of faunal communities 
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may be an accurate indicator of diffuse pollution (e.g. by heavy metals and pesticide residues) 
through indicator species sensu stricto or through bio-accumulators. 

Through extensive studies, the IBOY-Macrofauna Network has confi rmed that macrofauna 
is relatively easy to collect. It used participatory methods to involve farmers groups in the 
process of sampling, collection and identifi cation of soil macrofauna functional groups (Plate 1). 
The standard method of the Tropical Soil Biology and Fertility Institute (TSBF) was used to 
collect invertebrates at more than 1 000 sites, with a focus on tropical areas. Results so far have 
shown that macrofauna functional groups correlated very well with different soil chemical 
and physical situations as well as management conditions (in particular, organic matter inputs 
and mineral fertilization, e.g. N). This work has produced a database that characterizes more 
than 42 taxonomic groups of invertebrates and associated site variables (cropping system, 
management practices, season, climate region, soil type, depth, etc.). 

FAO considers this macrofauna database a useful and unique source of information to build on 
practical indicators and index on macrofauna and has committed support for the further analysis 
of the database. Further analyses of these results promise the identifi cation of groups that are 
specifi c indicators for a given type of system, including development of an index, considering 
a set of variables. Further analysis and validation is needed in order to consider the application 
limits and the standardization of such indices and potential macrofauna indicators. The aim is 
to make fi ndings available in a practical guideline for farmers and technicians showing linkages 
between specifi c organisms, management and benefi cial or detrimental effects on soil and plant 
health. This guideline will then be integrated into a manual on soil productivity improvement. 
The need to keep this database up-to-date was also raised.

(Patrick Lavelle, International Biodiversity Observation Year (IBOY) – 
Macrofauna Network)

Case 3 – Methods for assessment of soil health or quality focusing on a case in Bhutan

A simple method for farmer assessment of overall biological activity of the soil and soil health 
has been tested in Bhutan and Kenya. This method is based on soil respiration (oxygen uptake 
or carbon dioxide production). It provides information on soil life activity, and can provide 
the basis for management decisions and for raising farmer awareness about the living nature 
of soils. A laboratory or fi eld respirometer provides a measure of biological activity, nutrient 

PLATE 1
Participatory sampling of soil 
macrofauna (TSBF methodology) 
in farming systems of Tanzania 
[G. Brown]



12 Chapter 2 – Review of knowledge and issues through case studies on soil biodiversity

mineralization, toxicity of chemicals to soil organisms and management effects. In addition 
to chemical and physical measures, soil respiration as a biological measure is included in the 
soil-quality test kit. There is a need to consider temporal and spatial changes and environmental 
conditions (temperature and moisture) and to measure them at comparable points in the crop 
cycle. Various soil test kits are available for such measurements. For example, the Solvita 
soil life kit indicates soil respiration by a colour indicator (http://www.solvita.co.uk/). It 
enables estimation of annual N release based on soil biological activity, evaluation of organic 
matter suffi ciency of soils and overall judgements for ‘soil quality’ interpretation. This test 
procedure is as reliable as laboratory test methods and is currently the only alternative to more 
expensive Dräger tube procedures used in some soil investigations (US$125 excluding VAT 
for 12 test pack, US$97 for refi ll). The USDA Soil Quality Test Kit Guide (an 82-page booklet) 
contains procedures for 12 on-farm tests, interpretation, data recording sheets and details on 
how to build the kit. It can also be purchased (US$500) including initial supplies for tests of 
soil respiration using the Dräger tube, as well as salinity, aggregate stability, soil structure, 
infi ltration, pH, earthworms, soil texture, bulk density, soil nitrate, compaction, water quality 
(http://soils.usda.gov.sqi/). However, these kits focus largely on chemical analysis. 

(Martin Wood, University of Reading, The United Kingdom)

These three case studies stimulated discussion by the working group on several ideas and 
approaches regarding: sampling and measurement methodologies; interpretation (including 
defi nition of minimum threshold values for particular indicators); the frequency with which 
measurements should be made; and, above all, how to engage land users in the process of using 
soil health indicators. Special attention was given to methods and sampling procedures and 
tools. Problems in using soil organisms and their diversity as indicators of soil health include the 
inherent temporal and spatial heterogeneity of soil organism populations and the unpredictable 
interaction of soil organisms with climate factors. More comprehensive information on the 
impacts of different land management practices should be provided. Such information should 
complement information on soil organisms with other soil biological measures such as plant 
species and diversity, leaf litter, plant rooting system, and soil organic matter contents throughout 
the soil profi le. Sampling scale and frequency thus affect cost and reliability. Soil bioindicators 
need to be robust and meaningful, and easy to measure and interpret. Work is needed to confi rm 
which indicators, which types of organism and/or which soil biodiversity functions have these 
characteristics, in which environments they are reliable and how they can be monitored and 
the fi ndings interpreted.

For sustainable and productive land management, soil organic matter is a critical factor in 
most soil types and agro-ecosystems. This is because it refl ects not only soil C but also soil 
moisture retention, nutrient availability, resilience to erosion and the substrate for most soil 
biological activity. In recent years, increased attention has focused on methods of monitoring 
soil organic matter or soil C. This has been because of the recognition of the importance of C 
sequestration in soils to reducing or mitigating greenhouse gas emissions and in response to the 
Kyoto Protocol of the framework convention on climate change (including offsetting greenhouse 
gas emissions in other areas under the carbon trading mechanism).

ADAPTIVE MANAGEMENT FOR ENHANCED SOIL PRODUCTIVITY AND RESTORATION 

Dr Lijbert Brussaard introduced the issue of adaptive management of soil ecosystems, 
referring to the proposals of Mr Kofi  Annan, UN Secretary General, at the World Summit on 
Sustainable Development (WSSD, Johannesburg, 2002) and his emphasis on four issues: water 
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and sanitation, energy, agricultural productivity, and biodiversity and ecosystem management, 
and his recognition of the importance of making knowledge and expertise work in order 
to achieve the sustainable development goals. Dr Brussaard emphasized the convergence 
of science and of inclusive technology innovation processes for better integrated crop and 
soil management. He noted the need to translate science into practice through identifying 
indicators of system performance that are useful for farmers and land managers in assessing 
the economic, ecological, environmental and social impacts of their management practices and 
land use systems. Annex 7 provides further information on the ecosystem approach and its links 
to adaptive management. 

The introduction was followed by a range of case studies on adaptive management. These 
included: technology innovation for integrated soil and crop management; biodynamic 
agriculture for desert reclamation; biofertilizers for mixed agriculture in the humid tropics; 
no-till agriculture for smallholder cropping; integrated pest and nutrition management for (i) 
armyworm control and (ii) nematode control; the role of soil macrofauna in soil rehabilitation 
in drylands; interaction between fi eld and landscape levels in regard to conservation, sustainable 
use and ecosystem services; the use of vermicompost to enhance soil fertility (commercial 
tea production and horticulture) and the need for a communication and extension strategy for 
technology transfer; the importance of human dimensions of ecosystems, notably institutions 
and sociocultural processes and consideration of economic returns and valuing of ecosystem 
services. Such cases provide information that can be shared as a basis for technology transfer 
and improved management decisions. 

Case 4 – Adaptive management and technology innovation in Mindanao, Philippines

Research on technology innovation processes for more integrated crop and soil management is 
being conducted through collaboration between the North-South Interdisciplinary Research and 
Education Fund (INREF), Wageningen, the Directorate General for International Cooperation, 
The Netherlands (DGIS-NET) and the FAO IPM Facility. In Mindanao, the biodiversity research 
programme was conducted along a landscape gradient from upland through lowland to coastal 
areas. It was found that agro-ecological innovations emerge from interactions among actors 
with potentially complementary roles, especially in marginal areas, where rural people rely 
on variety and variability and are active in managing the adaptation process. The process of 
acquiring and sharing information between the private and public sectors is very important 
and depends on the incentive regime, which will tend to favour certain approaches. Change is 
stimulated by non-satisfi ed needs of farmers and identifi cation of options and experimentation 
to address these needs or problems. 

(Lijbert Brussaard, Wageningen University, The Netherlands)

Case 5 – Biodynamic agriculture for reclamation and cotton production in Egypt 

This programme has been extremely successful in reclaiming desert land for agriculture. Through 
regional cooperation among many actors, farmers and agricultural engineers receive training 
on the importance of micro-organisms for developing soil fertility. Farmers experience the 
importance of organic matter and compost (referred to as ‘black gold’) for organic farming and 
receive training in organic matter management and compost preparation (from small-scale to 
industrial systems) using agricultural waste and animal manure. Results include over 2 200 ha 
of biodynamically certifi ed desert locations at the margins of the Nile Valley and elsewhere. The 
approach is strongly market oriented for the production of organic cotton, medicinal herbs and 
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vegetables. Cotton has recently been intercropped successfully with basil and lemon grass. The 
project and connected smallholders are following international standards for organic agriculture 
(the European Community (EC), National Organic Program and Demeter). The added value 
fulfi ls standards of European Good Agricultural Practice, and Hazard Analysis and Critical 
Control Point. The project has recently received the Fair Trade Label award for some of its 
commodities.

Another network (not presented at Londrina) on organic matter management is the 
interdisciplinary group on the Management of Organic Inputs in Soils of the Tropics (MOIST), 
coordinated by Cornell University International Institute for Food, Agriculture and Development, 
The United States of America. The MOIST was set up to investigate and exchange information 
on cover crops, green manures, managed fallows and mulches in tropical farming systems. The 
aim is to optimize the management of organic inputs for harnessing the biological potential of 
legumes, manures, residues, and soil fauna in order to improve and sustain evolving agricultural 
systems in Asia, Africa and Latin America. It has developed searchable databases and encourages 
interregional exchange through seminars, electronic networking and extension materials (http:
//ppathw3.cals.cornell.edu/mba_project/moist/home2.html).

(Klaus Merckens, Vitality from the Sun (SEKEM): Egyptian Biodynamic Association 
(EBDA))

Case 6 – Biofertilizers – arbuscular mycorrhizal fungi and Rhizobium bacteria – for mixed 
agriculture in Cuba 

This work illustrates the commercial production, trials and extension and adoption of arbuscular 
mycorrhizal fungi (AMF) inoculants by farmers in Cuba. These aim to overcome problems of soil 
productivity and yield declines, economic constraints and lack of fertilizers. Practical research 
was conducted with farmers on the application of AMF, including on-farm trials with many 
crops (such as coffee, rice, vegetables and soybean) and on different soil types. Capacities are 
strengthened through agro-ecological fairs, education and extension. Improved organic matter 
management is central to the functioning of the techniques.

(Eolia Treto, Instituto Nacional de Ciencias Agrícolas) 

Case 7 – No-till agriculture for smallholder cropping in Brazil 

The exemplary case of the farmer-driven process for the development and adoption of no-till 
agriculture in Brazil was outlined. A series of damaging frosts catalysed the replacement of 
coffee systems by annuals and especially monocultures of sorghum and soybean, which led to 
serious soil and water erosion and nutrient depletion. Initially, physical solutions were sought 
in the 1970s, until pioneer farmers, such as Herbert Bratz in Londrina, initiated experimentation 
with no-tillage practices. Research and extension initially criticized the spontaneous adoption 
of no-tillage agriculture by other farmers. However, after 30 years the no-tillage practices are 
being applied to millions of hectares of soybean, cotton, maize and sorghum with a range of 
cover crops (lupin, vetch, Crotalaria, pigeon pea, sorghum, pearl millet, Mucuna, etc.). Good 
practices of no-till farming provide higher yields through improved organic matter management 
and allelopathic effects of certain cover crops. An enabling environment is required to catalyse 
adoption, alleviate risk and promote stewardship and responsibility for the land. The Friends of 
the Land (earthworm) Club helps raise awareness of environmental concerns of urban and peri-
urban consumers and community organizations. A dynamic collaborative process among farmers, 
extension (IAPAR) and research (EMBRAPA) combined with a supportive environment (farmer-
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extension-policy) has stimulated adoption by smallholders. (Care is required in interpreting 
these results as a smallholder farm in Brazil may be 40 ha, whereas a smallholder farm in Asia 
or Africa may be 0.5-1 ha). 

(Ademir Calegari, Agronomic Institute of Paraná (IAPAR), Brazil)

Case 8 – A case of the transition of a renowned coffee growing area 

The transition from coffee was initially to macadamia and sugar-cane production, and 
subsequently to degraded pasture, which was accompanied by a serious rural exodus. This case 
illustrated the critical issue of economic returns. Where a farming system becomes non-viable, 
farmers shift enterprises or even abandon farming, with resulting loss of rural economies and 
livelihoods. In addition to the primary agricultural goals of increased farm produce and sustained 
productivity, there is a growing need to better illustrate the value of ecosystem services and 
social and cultural benefi ts provided by sustainable agriculture. Thus, improved technologies, 
such as biological nitrogen fi xation (BNF) to improve productivity, need to combine with 
business and environmental management, including the adequate valuation of the ecosystem 
services provided by farmers.

(Patrick Lavelle)

Case 9 – Selection of legumes that produce benefi cial plant fl avonoids for various 
functions

This case illustrated how plant fl avonoids can suppress weeds, pathogens and pests, and promote 
nodulation and nutrient cycling. Flavonoids have been shown to promote microbial growth and 
induce nod genes in root nodule bacteria, to provide antibiotic molecules against insect pests 
and pathogens and suppress certain weeds such as the parasitic Striga. They also mobilize 
unavailable magnesium (Mg), calcium (Ca) and phosphorous (P) in alkaline soils as shown by 
the aluminium (Al) concentration in the cluster roots. These non-N-fi xing benefi ts of nodulated 
legumes are greatest in cowpea, less in soybean and still less in common bean.

(Felix Dakora, University of Cape Town, South Africa)

Case 10 –  Integrated pest management and biomass management for managing Helicoverpa 
armigera (pod borer) and enhanced productivity in Asia

Through a number of examples, this case emphasized how biomass is the engine for crop 
productivity and why balanced plant nutrition is crucial for enhanced productivity. The burning 
of rice- and wheat-straw in much of Southeast Asia (Viet Nam, Philippines, Indonesia and India) 
has been causing huge losses. Alternatives such as composting are available, depending on 
conditions. For example, a period of 35-45 days is required to compost dry straw in semi-arid 
conditions. There is a need to identify appropriate practices for use by cash-poor farmers and to 
integrate a range of low-cost practices, e.g. no-till with surface mulch, crop rotations and pest-
tolerant cultivars. In addition, it is possible to be proactive, for example, seeding the soil with 
natural allies/benefi cial micro-organisms and spraying crops with biopesticides as a prophylactic 
measure. There are important interactions between plant nutrition and pest management. For 
example, an increase in soluble N and free protein amino acids in the plant tissues, especially 
leaves, increases the risk of pest damage. 

(O.P. Rupela, International Crops Research Institute for the Semi-Arid Topics [ICRISAT]) 
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Case 11 – Plant parasitic nematodes associated with common bean: an integrated 
management approach in Kenya

his study illustrated several strategies developed to control root-knot nematode on beans 
(Phaseolus vulgaris L.). The common bean is the most important legume crop in Kenya and 
the major constraint on bean production is nematode infection, causing yield losses of up to 
60 percent. This case demonstrated the potential of organic amendments (chicken manure, 
compost, neem leaves, baobab remains and farmyard manure) to suppress root-knot nematodes 
and to increase bean yield in fi eld conditions. The amendments showed varying levels of 
nematode suppression, with chicken manure ranking as the most effective. In addition, locally 
isolated Bacillus strains showed potential for use as biocontrol agents of root-knot nematodes. 
The ability of Bacillus isolates to suppress nematodes can be attributed to reduced egg hatching 
and modifi cation of root exudates, which interferes with the host-fi nding processes of the 
nematodes or produces metabolites that are toxic to the nematodes. 

(Nancy Karanja, University of Nairobi, in absentia)

Case 12 – Role of termites in the soil rehabilitation process in Burkina Faso

The main purpose of this work was to evaluate the capacity of termites to improve the structure of 
crusted soils, including their ability to reduce soil compaction, increase soil porosity, and improve 
the water infi ltration and retention capabilities of soils in the Sahel. The stimulation of soil 
fauna, especially termites, using locally available organic resources (straw, wood materials and 
manure) is a viable option for improving soil structure in semi-arid regions. Mulch application 
should be timed to coincide optimally with termite foraging periods, and should anticipate 
seasonal rainfall events, thereby allowing nutrient release to be better synchronized with plant 
growth demand. The restoration of a bare sealed soil with very high runoff rates could be seen 
through measuring pore numbers per square metre of soil surface. This study demonstrated that 
termites restored crusted Sahelian soils successfully when their bioturbating and decomposing 
activities were managed properly by careful organic matter additions. 

(Abdoulaye Mando, Institut pour l’Environnement et la Recherche Agricole, Institut de 
Recherche pour le Developpement (IRD), France)

Case 13 – Use of vermicompost with a focus on tea plantations in India

The purpose of this study was to restore soil fertility and improve tea production on six private tea 
estates in Tamil Nadu, India, using organic matter and earthworms. Trenching prunings, organic 
material, and earthworms between tea rows (bio-organic fertilization, or FBO) increased yields 
and profi ts dramatically and determined that FBO is an affordable tool, adaptable to situational 
needs and appropriate to commercial management scales from small farms to plantations. The 
major components of this technological package include: large-scale vermiculture production; 
adaptable management practices; rearing different functional types of earthworms for inoculation; 
selecting and placing organic matter by quality and quantity criteria. The current adoption of 
FBO techniques in very large-scale applications in India can already ensure positive responses 
of up to 50 percent enhancement in production. Based on the results obtained using FBO, a 
patent was deposited to protect the technique associated with this treatment. The patent, titled 
“Fertilization Bio-Organique dans les Plantations Arborees”, was developed by Parry Agro 
Industries Ltd. in association with the IRD and Sambalpur University. The patent document 
(ref. PCT/FR97/01363) provides details of the methodology for its application.

(Bikram K. Senapati, University of Sambalpur, India)
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Case 14 – Use of vermicompost to reduce soil Al toxicity in Brazil

This was a case of technology adoption failure. To reduce Al toxicity, sawdust was inoculated 
with earthworms. This reduced Al toxicity effectively (from 85 to 45 percent exchangeable Al) 
and improved the cation exchange capacity (CEC) through the extraction of Ca and Mg cations. 
The technique was used successfully in urban horticulture for the production of tomatoes. 
However, in Brazil, the promising technology of processing sawdust through earthworm 
inoculation and use of chicken slurry, although of proven value, did not lead to adoption by 
the end user. The lack of adoption was believed to be because of an inadequate extension and 
communication strategy.

(Patrick Lavelle, IRD, France)

Case 15 – Conservation and sustainable use of soil biodiversity

This study showed the interaction between fi eld and watershed levels. The strategy to restore 
the ecosystem was based on the increase of available resident water in soil and the atmosphere, 
obtained by diversifi ed vegetation (partially deep-rooted perennial plants), its shade, its root 
activity and the energetic litter for soil biota. The application of different technologies that 
increase available moisture through diversifi ed plant management on a soil protected by 
litter and rooting network demonstrated how to improve soil biodiversity, biotic activity and 
ecosystem services.

(Odo Primavesi, Brazil)

Case 16 –  Adaptive management for redeveloping traditional ecosystems

This case emphasized the immeasurable variations of production systems and species diversity 
and managed landscapes, which comprise a range of human and natural ecosystem types. The 
relationship between biodiversity level and management level for a range of systems from 
plantations to mixed systems and unmanaged systems was considered (Figure 1). In Figure 1, 
Curve I and Curve II represent two extreme possibilities that seem to be unlikely. Curve III 
is a softer version of ecologists’ expectations. Curve IV seems to be more likely and it is the 
most interesting from the point of view of biodiversity conservation. Efforts for the sustainable 
development of these traditional agro-ecosystems should be based on conserving agricultural 
biodiversity within the system for resilience of the system with concerns for productivity.

This case highlighted the fact that there is no direct relationship between population and land 
degradation. The importance of institutions and socio-economic and sociocultural processes 
was emphasized, as well as their interaction with the ecological process.

Workshop participants considered the ongoing work and experiences presented through 
the above cases on biological management of soil ecosystems. They drew attention to the 
need to focus on farmers’ needs and on the opportunities to address soil biodiversity as a key 
element of an integrated soil productivity and land management strategy. It was noted that, 
in agricultural development, soil knowledge has been restricted largely to soil management 
for production (crops, pasture, trees) with a focus on the biophysical (structure, texture, soil 
moisture, organic matter) and chemical dimensions (soil nutrients, salinity, pH, CEC). There is 
a need to identify and facilitate understanding and the transfer of knowledge on the functioning 
of the soil ecosystem, including the management of soil biodiversity and its functions, and its 
adaptation and use for sustainable and productive agriculture. 
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In developing guidance for wider use on the basis of case studies, it was also recognized that 
there is a need to consider, inter alia: the type of farming system and level of intensifi cation, 
the agro-ecological zone and the scale of intervention in space (farm, community, watershed) 
and time (growing season to several years). There is a need to identify the range of stakeholders 
and to provide practical tools and approaches that link soil quality and health with agricultural 
productivity and socio-economic considerations (integrated ecosystem approaches). These issues 
could be refl ected in the revised format for the presentation of case studies.

An important consideration for agricultural productivity is the capacity to maintain and 
restore soil productivity, through nutrient cycling, under different land use and agro-ecological 
contexts. It is a misconception that the addition of organic matter leads automatically to improved 
soil structure. In reality, in a lifeless soil, organic matter persists unprocessed, offering little 
in the way of benefi ts until the biological components are able to thrive again. Improved soil 
structure is a consequence of the physical and chemical activity of soil organisms, including 
their processing of the organic matter through decomposition, and the delivery of available 
nutrients to the plant or crop.

Farmers may focus on soil biodiversity improvement through manipulations of organic 
inputs to improve soil fertility in their farming systems, obtain greater incomes and increase 
their livelihoods. Researchers should work together with farmers towards improvement of 
ongoing farmer initiatives for crop yield and soil productivity improvement as an immediate 
strategy for soil biodiversity improvement. Moreover, in order to achieve rapid development 
and dissemination of biodiversity conservation and management technologies, farmers must be 
empowered fully to train other farmers using their successful models, while researchers must 
work to improve existing farmer interventions (contribution from Fidelis Kaihura, Tanzania 
Coordinator, People, Land Management and Environmental Change (PLEC)). 

FIGURE 1
Biodiversity changes (four patterns) as related to agro-ecosystem types and intensity of 
management 
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Raised awareness and increased sharing of information and knowledge are necessary to 
strengthen farmers’ capability for the biological management of soil ecosystems. In particular, 
such knowledge should help them make decisions and evaluate the effects of their land 
management practices in regard to the effective use of soil life and sustainable management.

(P.S. Ramakrishnan, Jawaharlal Nehru University, India) 

CAPACITY BUILDING FOR INTEGRATED SOIL BIOLOGICAL AND ECOSYSTEM MANAGEMENT

A range of case studies illustrated the needs for capacity building for agricultural education 
through farmer-centred training programmes that include soil ecology and soil biological 
management. Examples of capacity building included: a farmer-centred natural resources 
management approach in Latin America; a global below-ground biodiversity research and 
networking project; an organic resources database to guide the selection and management 
of organic inputs; the piloting of farmer fi eld school (FFS) approaches for soil productivity 
improvement in Africa, and a regional network for promoting conservation agriculture in 
Africa. 

Case 17 – Capacity building tools and methods for improving knowledge and skills in 
biological management of soil fertility by farming communities

Drawing on experience in Ecuador, it was noted that soil biological considerations are not 
considered in the agricultural education process and that soil microbiology and agro-ecology 
should be integrated into university curricula. There is also a need to bring about a policy 
change in order to promote more integrated agricultural approaches and to lobby governments 
that fertilizers are not the solution for sustaining yields. Workshop participants agreed that 
these are widespread problems. CAMAREN, a consortium for natural resources management 
training and capacity building processes in Ecuador, uses a step-by-step methodology. The 
process starts with a week of fi eldwork for problem diagnosis, sharing experiences and visits 
in the fi eld, and interaction with farmers to learn of indigenous knowledge and practices. This 
is followed by the development of a theoretical framework through group work and interaction 
in the classroom and, fi nally, practical work and capacity building throughout the season. This 
methodology, based on a farmer-centred approach, has contributed effectively to the development 
of sustainable agricultural practices in several regions in Ecuador. There is an opportunity to 
improve the work of CAMAREN by enhancing training on biological management of soil 
fertility, e.g. through training trainers on soil ecology, exchange of expertise, improving regional 
and national collaboration, etc. 

(Gustavo Bernal, National Institute of Agricultural Research, and Rusvel Rios, CAMAREN)

Case 18 – The Global Environment Fund (GEF) - TSBF BGBD Network project on the 
conservation and sustainable management of below-ground biodiversity

The Below-ground Biodiversity (BGBD) project is an important contribution to assessment and 
adaptive management. It has recently been launched in Brazil, Mexico, Côte d’Ivoire, Uganda, 
Kenya, India and Indonesia. The objective is to enhance awareness, knowledge and understanding 
of below-ground biological diversity, 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-
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ground biota, optimal conservation of biodiversity for national and global benefi ts can be 
achieved in mosaics of land uses at differing intensities of management with simultaneous gains 
in sustainable agricultural production. The expected project outcomes are: 

• internationally accepted standard methods for the characterization 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 
signifi cant ecosystems and land uses;

• a global information exchange network for BGBD;

• sustainable and replicable management practices for BGBD conservation identifi ed and 
implemented in pilot demonstration sites in representative tropical forest landscapes in seven 
countries;

• recommendations on alternative land use practices, and an advisory support system for 
policies that will enhance the conservation of BGBD;

• improved capacity of all relevant institutions and stakeholders to implement conservation 
and management of BGBD in a sustainable and effi cient manner.

The BGBD project strategy recognizes that soil biota require selective study because there 
is no single method for studying soil biodiversity and it is not possible to study simultaneously 
all functional groups: macrofauna/ecosystem engineers, e.g. termites and earthworms; 
microregulators, e.g. nematodes; microsymbionts, e.g. mycorrhiza, rhizobia; soil-borne pests 
and diseases, e.g. fungi, invertebrates; C and nutrient transformers, e.g. methanogens, nitrifi ers; 
and decomposers, e.g. cellulose degraders. Benchmark sites will be established to represent a 
gradient of land use intensifi cation. The forest system will be taken as a baseline for the inventory 
and BGBD evaluation, using site selection criteria and site characterization and participatory 
assessment processes.

The BGBD partnership project provides an important basis for coordinating further 
research work in developing countries with a view to its practical application for agricultural 
development. It will address the two main pathways of soil biological management: (i) direct 
biological control by inoculation, or genetic manipulation; and (ii) indirect ecological control 
by manipulation of the cropping system, the plant, organic matter and the environment. A range 
of soil biotechnologies will be considered, including the use of: Rhizobium for N

2
 fi xation, 

mycorrhiza for nutrient uptake, biological control for plant health, rhizobacteria for plant growth, 
decomposers for nutrient use, and macrofauna for soil structure. Cropping system designs 
favouring BGBD will be identifi ed, including the link between diversity above- and below-
ground and emphasizing the central role of soil organic matter. A range of optional management 
practices for soil conservation and enhancement of soil organic matter and soil biodiversity 
will be assessed such as: intercropping, legume cover crops, agroforestry, conservation tillage, 
livestock linkages and farmyard manure. Soil-based ecosystem services will also be addressed, 
including: nutrient cycles; gas exchange and climate regulation; hydrological fl ows and water 
supply; and biological control of pests.

(George Brown, on behalf of Mike Swift, TSBF Coordinator, in coordination with Fátima 
Guimarães, BGBD Project Brazil)
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Case 19 – The organic resources database

This database, prepared by the TSBF and the University of Wye, the United Kingdom, is 
available through a Web site and on diskette. This database was recognized as a valuable tool. 
It comprises over 250 different organic materials characterized by a range of standard methods 
and parameters: N, P, potassium (K), Ca, lignin, polyphenols; soil and climate; decomposition 
and digestibility. It illustrates how N-release patterns and fertilizer equivalency values, and thus 
crop responses, are determined by organic resource type and quality as well as by climate and 
soil biodiversity. Guidelines are available for the selection and management of organic inputs 
through direct incorporation, mixing with fertilizers and other materials, or surface application 
(http://www.wye.ac.uk/sme/projects/soil/ord2.htm).

Case 20 – Use of farmer fi eld schools for soil productivity improvement (FFS-SPI)

The FFS process was developed for IPM in Asia, replicated successfully across many regions 
and expanded to include production considerations. FAO is adapting the FFS process with 
partners in Uganda, Tanzania and Zimbabwe to promote farmer experimentation on techniques 
and options for soil productivity improvement (Plate 2). A curriculum and training materials 
are being developed for soil productivity improvement (SPI) and the approach is being piloted 
through training of trainers (farmers and extensionists) and adapted to local farming systems 
and contexts. Involvement of national agricultural research, extension, university and a range 
of projects is expected to lead to its wider adoption and adaptation to other farming systems. 
The TSBF is a partner and the Rockefeller Foundation is providing funding support. The 
farmer-driven approach is based on participatory diagnosis of constraints and opportunities and 
adapted training curricula. It is expected to facilitate rapid expansion by building on experiences. 
Conservation agriculture approaches including no-till, cover crops and crop rotations are being 
introduced among the various options for soil productivity improvement. This is expected to 
include a focus on soil biological management when training materials become available. A 
joint workshop for partners (February/March 2003) is intended to build on lessons learned in the 
development of a wider programme for sub-Saharan Africa (http://www.fao.org/landandwater/
agll/farmspi/).

(Sally Bunning, Land and Water Development Division, FAO)

PLATE 2
Extensionists participating 
in a farmer field school – soil 
productivity improvement (FFS-
SPI) process in East Africa 
[S. Bunning]
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Case 21 – The African Conservation Tillage network

The African Conservation Tillage (ACT) network facilitates information exchange and the 
sharing of experiences of the introduction of conservation agriculture approaches, including 
expertise, equipment and tools adaptation, soil management and cropping systems and cover 
crop selection and adaptation (www.fao.org/act-network or e-mail: actsecre@ies.uz.ac.zw). The 
ACT is supported by FAO, the German Technical Cooperation Organization (GTZ) and other 
partners. It also benefi ts from experiences in other regions, for example, through South-South 
cooperation with experts from Brazil. In order to facilitate a multistakeholder process, several 
workshops have been organized: mechanization (Jinja, Uganda 2002), and training at extension 
and technical levels (Harare, 2000 and Zambia, 2002). 

Ademir Calegari emphasized that the success behind no-tillage in Brazil was the wise 
selection of cover crops including properties to suppress diseases. In Africa, as farmers need to 
produce food and cash crops, it may be diffi cult to convince farmers of the need for cover crops. 
One can start with crop residues as surface mulch while researching solutions that demonstrate 
clear economic, social and environmental benefi ts. This illustrates the importance of research-
farmer interaction as well as an enabling environment (germplasm, seeds, tools, etc.).

These cases illustrated the importance of using existing tools and methods and of ensuring 
participatory approaches for introducing soil biological management as a means of addressing 
low and declining productivity and soil degradation. Through close collaboration with the seven 
country teams, the TSBF BGBD Network project will provide an important base of research 
and expertise for further development of the Soil Biodiversity Initiative (SBI). The results from 
this project could be disseminated and built on in other countries through effective collaboration 
and partnerships. 

(Richard Fowler)

RESEARCH AND INNOVATION IN SOIL BIOLOGICAL UNDERSTANDING AND APPLICATION

This theme was covered by four presentations on: innovative methods for monitoring soil 
biological activity and pest-pathogen interactions; the link between soil biological activity, 
sustainable land use systems and C sequestration; the proposed research programme of the 
Consultative Group for International Agricultural Research (CGIAR) system for the promotion 
of BNF; and soil and water conservation in the Sahel through enhanced biomass production. 

Case 22 – Innovative methods for monitoring soil biological activity and pest-pathogen 
interactions

The challenges involved in the measurement and manipulation of soil biodiversity are 
considerable, but measurement is essential to managing manipulation. For some groups of 
organisms, functional characterization, such as determination of trophic groups of nematodes, 
provides good basic information on their diversity without identifi cation of individual specimens. 
For microbial taxa, modern molecular tools show considerable promise in the measurement 
and characterization of soil biodiversity. Techniques that are well established for bacteria, such 
as differential gradient gel electrophoresis (DGGE) of DNA profi les extracted from soil, are 
starting to be used for fungi and have potential for diversity measurement in other important 
organism groups as well. Molecular methods can also detect particular species such as pathogens, 
and are potentially much more reliable than traditional baiting or isolation techniques. Modern 
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and traditional tools can combine to give a more complete picture of soil biodiversity. These 
techniques can help measure differences in soil biodiversity following perturbations or changes 
in management practices, and help understand the relationship between pest or pathogen levels 
and saprobic competitors. There is evidence that agricultural practices that promote saprobic 
fungal diversity and biomass also lead to a reduction in pest and pathogen problems, especially 
in the seedling establishment stage. There is great potential for the addition of biotic supplements 
to sown seed to aid establishment, and to use fungal antagonists such as Trichoderma species 
to protect vulnerable plants.

(Paul Cannon, CAB International [CABI]) 

Case 23 –  Soil biological activity and C sequestration with a focus on no-tillage systems 
in Brazil

Climate change predictions suggest a temperature rise 
of 2–4 percent and changes in rainfall. What are the 
implications on soil carbon stocks and dynamics? Dr Lal 
illustrated the important impact of soil aggregation by 
earthworms on soil organic C and the close relationship 
between soil biodiversity and C sequestration (Plate 3). 
Hence, there is a need to enhance soil biological activity 
through improved management practices. Agriculture 
manipulates soil C through uptake (C

U
), fi xation (C

F
), 

emissions (C
E
) and transfer (C

T
), where C
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+ C

F
 = C
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+ C
T
. When decomposed, organic residues provide CO

2
 

(60-80 percent) and complex humic compounds (10-
30 percent) which are more stable at depth (a 0.1-percent 
change in soil organic C is equivalent to 1 ppm atmospheric 
C). A no-till system can optimize soil organic C through the 
return of crop residues to the soil, cover crops and precise 
use of external inputs and water. There are hidden C costs 
in conventional tillage through residue removal, erosion 
from bare fallow or poor crop cover, emissions in fertilizer 
manufacture (0.86 kg C/kg N fertilizer), and pesticides. 
Carbon sequestration requires more sustainable agriculture 
and land use systems including conservation agriculture 
approaches, grazing land management and erosion control. 
This is so that soil degradation trends are reversed, soil 
quality and resilience improved, biomass production 
increased, and the rate of enrichment of atmospheric 
concentration of greenhouse gases decreased.

(Rattan Lal, University of Ohio, The United States of America)

Case 24 – CGIAR Challenge Programme on Biological Nitrogen Fixation (CP-BNF)

This research programme was proposed in 2002 on the basis of a stakeholder workshop 
(Montpellier, 2001) (http://www.icrisat.org/bnf/Reports.htm). It was expected to involve several 
CGIAR centres, international agricultural research centres (IARCs), NGOs, national agricultural 
research organization (NARs), and international BNF networks in the development of global 

PLATE 3
Gallery of an anecic earthworm 
from the Colombian “Llanos” fi lled 
with casts, the upper part having 
been split by a smaller endogeic 
earthworm species. Root development 
is enhanced and the implications of 
this process in C sequestration 
warrant further consideration 
[P. Lavelle]
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strategies for the promotion of BNF technologies and the enhancement of soil fertility, focusing 
on the most vulnerable agro-ecosystems. One of its objectives is to enhance and sustain soil 
fertility through the development and adoption of integrated nutrient management practices and 
appropriate BNF technologies. The research programme would develop holistic strategies that 
combine appropriate technologies and policy options aimed at narrowing the soil fertility gap 
with a better understanding of the main biophysical and socio-economic factors and constraints. 
It was expected to foster scientifi c and technological cooperation between developing countries 
and leading research institutions, which are developing most of the innovative technologies. 
The development and adoption of new options of sustainable soil fertility management would 
also result in increased crop productivity and would help the resource farmers of developing 
countries to improve their livelihood. Although the programme was not retained as a CGIAR 
priority, a number of research bodies and CGIAR centres in collaboration with FAO are still 
soliciting funding support to promote BNF in Central and South America and East and West 
Africa.

(Rachid Serraj, ICRISAT)

Case 25 – Soil and water conservation research in Burkina Faso

Mention was made of the approach of a soil and water conservation research project in the 
Central Plateau, Burkina Faso, supported by the International Fund for Agricultural Development 
(IFAD) with several partners. It focuses on enhancing biomass through the use of local species, 
water harvesting with stone bunds, and raising awareness of the need to regenerate the primary 
production process. 

(Abdoulaye Mando, Institut pour l’Environnement et la Recherche Agricole [INERA])

These capacity-building case studies illustrated two important points. First, the development 
of research and training capacities to jointly address critical economic, social and environmental 
issues is essential for the transition to sustainable development. Such integrated scientifi c and 
training capacities can help countries better understand their current situation and devise effective 
responses to meet future challenges. Scientifi c research may be global in scope but its applications 
work best when tailored to national and subnational settings. Second, coordinated efforts through 
the strengthening of South-South and North-South institutional partnerships would help foster the 
mobility of scientists and technologists as part of a larger strategy for promoting the exchange 
of knowledge and experiences to advance the transition towards sustainable development. 

One aspect that was not well highlighted in the Londrina case studies was the use of improved 
understanding of soil biodiversity and soil ecosystem functioning for infl uencing policy. A good 
example is provided by BIODEPTH, a pan-European experiment investigating the impacts of 
biodiversity on ecosystem function in model grassland systems. It has yielded powerful data 
and results supporting the importance of biodiversity for providing ecosystem energy fl ow with 
implications for European environmental policy on grasslands management. Small meadow 
plots were created by exterminating existing plants and seed bank and then sowing wildfl ower 
and grass seeds (constant seed rate) in different species mixtures. The highest diversity of 
sowing was based on local species richness, with fi ve levels of diversity reducing richness 
down to single species monocultures. This mimicked the gradual extinction of plant species 
from grasslands. Energy fl ow was monitored by measuring ecosystem processes, such as plant 
growth (above-ground and rooting) and harvest yield (productivity); breakdown of dead leaves 
(decomposition); and nutrient amounts in plants and soils (recycling and retention). After the 
establishment year, over the fi rst two years of the experiment, a clear relationship was found 
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between reduced ecosystem function and reduced species diversity for a wide range of ecosystem 
processes (across all eight fi eld sites with different climate, soil and plant types). Table 1 shows 
the initial analysis of this research. 

TABLE 1 
Initial results of BIODEPTH research on the effects of biodiversity loss on ecosystem function in 
model grassland systems 

Source: Extracted from: http://www.cpb.bio.ic.ac.uk/BIODEPTH/.

Ecosystem process response to declining 
biodiversity

Environmental implications and policy relevance

Plant productivity 
Decrease in above-ground biomass production, plant 
canopy architecture and below-ground root production

Agricultural sustainability 
Reduced harvest yields of low-input agriculture
Implications on sustainable nutrient and water use

Nutrient dynamics
Decrease in N retention in plant biomass and soil 
nutrients
Increase in soil nitrate leaching and varied affect on 
soil moisture 

Ecosystem sustainability
Reduced agricultural productivity and N sequestering
Reduced groundwater quality and reduced drought 
resistance and reduction of runoff

Decomposition processes
Not clear response of plant litter, cellulose, cotton 
methods

Ecosystem sustainability
Longer term studies necessary

Plant community dynamics
Increase in community invasibility by weeds and in 
plant parasites and fungal pathogens

Agricultural sustainability
Reduced resistance to weed/alien invasion and to crop 
pests

Soil microbial dynamics
Decrease in soil respiration, soil microbial biomass, 
bacterial functional diversity/activity and mycorrhizae 
(root fungi)

Global change
Reduced C sequestering and energy fl ow, reduced 
plant-soil interactions and N sequestering

Invertebrate communities
No clear response to above- and below-ground 
invertebrate diversity
Varied response to abundance of different invertebrate 
groups and to above-ground herbivore damage

Biodiversity conservation and resilience
Possible relationship with nutrient cycling and food web 
dynamics
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Chapter 3
Workshop discussions and fi ndings on 

improving understanding and 
management of soil biodiversity 
and ecosystems for productive 

and sustainable agriculture

SOIL BIODIVERSITY UNDERSTANDING, STATUS AND TRENDS 

Biological indicators of soil health 

The workshop participants agreed on the need for technical assessments to advise farmers, 
policy-makers and planners on indicators and methods for the assessment and monitoring of soil 
health and functions. These should focus on improving knowledge: on the roles and importance 
of diverse soil organisms in providing key goods and services; and on the positive and negative 
impacts of existing and new agricultural technologies and management practices.

In order to facilitate comparison at many scales, it is important to agree on and adopt 
standardized approaches to the use of soil health indicators. Currently, standard methodology is 
used for most bioindicator measurements (e.g. microbial biomass) but sampling strategies may 
vary (e.g. depth of soil used for sample collection). Basic requirements for the development of 
specifi c bioindicators would be:

• relevance to basic attributes of soil function;

• response to management in acceptable timeframes;

• ease of assessment or measurement;

• robust methodology with standardized sampling techniques;

• cost-effectiveness;

• compatibility with physical and chemical indicators of soil health.

Soil biotic systems are extremely complex, and assessment of soil health and ecosystem 
function by direct measurement of overall biodiversity is impractical. Therefore, the need 
to develop indirect assessment methods is compelling. In order to be practical for use by 
practitioners, extension workers, scientists and policy-makers, the set of basic soil health 
indicators should be applicable over a range of ecological and socio-economic situations.

Appropriate use of soil health indicators will depend to a large extent on how well these 
indicators are understood with respect to the ecosystem of which they are part. Tools and 
methodologies to measure soil health should be adapted to end users (Table 2). Tests should 
be able to measure properties of soil health that are meaningful to the actor’s understanding of 
soil and its process, and to give results that are reliable, accurate within an acceptable range, 
and easily understood and used.
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Soil organism and biotic parameters, such as 
abundance, diversity, food web structure, and 
community stability, meet most of the criteria for 
useful indicators of soil quality. They respond 
sensitively to land management practices and climate. 
In addition, they correlate well with benefi cial soil 
functions, including water storage, decomposition 
and nutrient cycling, detoxifi cation of toxicants, and 
suppression of noxious organisms. Visible indicators 
such as earthworms (Plate 4), biogenic structures, 
e.g. termite mounds (Plate 5), insects and moulds 
are comprehensible and useful to farmers and other 
land managers, who are the ultimate stewards of soil 
quality. Several farmer-participatory programmes for 
managing soil quality have incorporated abiotic and 
simple biotic indicators.

The activities of soil organisms interact in a 
complex food web with some subsisting on living 
plants and animals (herbivores and predators), others 
on dead plant debris (detritivores), on fungi or on 
bacteria, and others living off but not consuming 
their hosts (parasites). One of the major diffi culties 
in the use of soil organisms per se, or of soil processes 
mediated by soil organisms as indicators of soil health 
has been methodological, i.e. what to measure and 
how, when to measure it, and how to interpret changes 
in terms of soil function.

Table 2, prepared by workshop participants, 
summarizes the characteristics of potential soil health 
indicators required at different levels. It presents 
examples that end users can select and use in order 
to provide a suitable set of indicators of soil health 
according to local monitoring capacities. There is also 
a need to ensure that they are relevant to the given 
region, farming system, soil type, climate, etc.

Development of an assessment and monitoring 
framework

The identifi cation of appropriate indicators of soil 
health assessment is complicated by the fact that 
they must account both for multiple dimensions of 
soil functions, such as productivity and environmental 
well-being, and the multiple physical, chemical and 
biological factors that control biogeochemical process, 
and their variation over time and space.

All of the soil parameters typically need to be measured simultaneously at a fi eld site, 
although there can be gaps in the data if some analyses are not feasible or the facilities are not 

PLATE 4
An endo-anecic earthworm from the 
Colombian savannahs, Carimagua
[J.J. Jiménez]

PLATE 5
Termite mound from Africa 
[C. Rouland]
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available. The database is most useful where the soil properties are analysed in conjunction 
with one another. Thus, it is more useful to have data on all soil properties at a single point, 
than to have separate databases of generalized properties.

Figure 2 presents the suite of soil health assessments in the form of a pyramid, with three 
sides corresponding to biological, chemical and physical indicators. The top of the pyramid 
represents the group of simple indicators that farmers would use, linked to the more complex 

TABLE 2
Practical tools for measuring soil health and their basic characteristics

Specifi c characteristic of soil health indicators for:

Farmers Extension workers Policy-makers Researchers

For use in the fi eld: 
Self-assessed, easy 
and practical, based on 
visual indicators with 
interpretative guidelines 
relevant to region, 
farming system, soil type, 
climate, etc.

Visual indicators and 
simple low-cost fi eld- and 
laboratory-based test kits 
that are easy to interpret

Minimum data set of soil 
health indicators, plus 
those associated with crop 
productivity and quality, 
environmental quality, off-
site impacts, etc.

In-depth information 
on soil health, soil 
biodiversity, etc., including 
a range of laboratory-
based indicators.

Practical examples of monitoring tools and indicators

Nature of roots (density, 
morphology, colour, 
disease, depth).
Decomposition of litter.
Macrofauna, including 
indicators such as worm 
casts and pores.
N-fi xing organisms, e.g. 
legume root nodules.
Plant population profi les 
(+ weeds).
Smell and taste.
Soil physical indicators, 
e.g. waterlogging and 
compaction.

Soil respiration 
measurement.
Presence of pathogens 
(basic keys to symptoms).
Soil pH, conductivity
Total C/N ratio
Microbial biomass.
Nutrient levels. CEC.
Physical indicators, e.g. 
bulk density, aggregate 
stability, and infi ltration 
rate.

Farm scale:
Percent of potential yield 
reached (based on water 
use effi ciency).
Farmer income, profi tability.
Catchment scale:
Soil erosion.
Depth of water table.

Enzyme activity (rapid 
techniques, e.g. BIOLOG) 
Molecular detection of 
mycorrhiza, biocontrol 
agents, etc. Molecular 
biodiversity assessments 
(e.g. DGGE of microbial 
populations).
Nematode identifi cation 
and assessment.
DNA/RNA methods for 
detection of functional 
gene diversity (N-fi xation, 
etc.)

ChemicalChemical
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measures lower in the pyramid. The more technical indicators occur in the lower part, but may 
move up as protocols are simplifi ed or surrogate indicators are developed. There is a decrease 
in spatial resolution and scale with increasing complexity of the indicators. Therefore, simple 
indicators higher up the pyramid (e.g. total C) will be more useful for stakeholders who require 
soil health information at more detailed scales.

Development of target values and thresholds 

Soil biota are among the most diverse communities in the world. Soil organisms regulate a 
number of processes in terrestrial ecosystems that are critical for productivity and essential 
for maintaining ecosystem health. The loss of any biodiversity from the natural ecosystem 
levels should be regarded as detrimental. However, food security requires some degree of 
compromise even where sustainable practices are employed. Therefore, the potential for adopting 
target and threshold levels of biodiversity needs exploration. Data and information required 
for sustainability assessment are generally unavailable, sparse or incomplete. The continued 
development of nationally and internationally agreed methods of soil quality assessment is a 
priority. The group confi rmed that, in view of the limited information currently available on 
sustainable levels of soil biodiversity, a major scientifi c and socio-economic research programme 
is justifi ed. As illustrated in Figure 3 (prepared by the working group), determination of the 
direction and rate of trends would be important, and identifi cation of those indicators that respond 
more rapidly than others (e.g. microbial or macrofaunal diversity, soil enzymes). The degree 
to which the TSBF BGBD project meets this need should be considered and complementary 
work proposed as appropriate.

Figure 3 shows a declining yield trend over a period of time under a consistent and continuous 
land management system, i.e. crops or pastures, indicating a gradual loss of soil health. Where 
the selected indicator or suite of indicators of a particular land management option falls below 
the threshold value, it can be considered as an indication of poor soil health. This threshold 
value is the lower limit of system performance. At this point, the land management system will 
become unsustainable and a high investment will be needed in the recovery of the degraded 
land (restoration of soil properties and function). The upper line is the optimal situation or target 
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FIGURE 3
Target values and thresholds for soil health indicators
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value. It refl ects the situation under a healthy pasture (deep rooting, good soil cover, etc.). In 
reality, the inputs and outputs vary over time (weeks, seasons and years) but should generally 
balance each other, so that the system oscillates between both limits, maintaining a relatively 
constant value. 

In terms of sustainable land management, the threshold value may be considered as the level 
of a specifi c indicator beyond which the particular system of land management is no longer 
sustainable. However, the understanding of likely thresholds is not well developed except for a 
limited number of environmental indicators, such as soil acidity, nutrient status of P and K for 
a given soil type, and some biophysical indicators such as bulk density. It would be expecting 
too much for a single threshold value to represent the boundary or cutoff between sustainable 
and unsustainable. Consequently, a range of threshold values and temporal trends for particular 
indicators is required. Often, a combination of indicators may be needed.

Target values vary for different soils and for different land uses. Therefore, measurements 
of the indicators should be made over suitable time intervals using standard methodologies. 
Establishing acceptable trends requires appropriate methodologies and a common framework 
is essential to develop national and international standards for purposes of comparison. A key 
problem will be sample-to-sample variability. This will necessitate robust sampling and statistical 
analysis protocols if signifi cant trends are to be discerned from a very noisy signal. The use of 
indicators of soil health helps to defi ne the sustainability and health of the system (Pankhurst 
et al., 1997). There is a wide range of proposed soil health indicators. However, in terms of 
productivity, perhaps the best indicator relates to the yield trends under a given management 
system (Figure 3).

In developing indicators, target values and thresholds, the following projects are notable: 

• the above-mentioned TSBF BGBD Network project on the Conservation and Sustainable 
Management of Below-ground Biodiversity supported by the GEF (US$9 million; with 
cofi nancing an estimated total of US$22 million) for seven countries (Brazil, Mexico, Côte 
dʼIvoire, Uganda, Kenya, India and Indonesia) to be executed by the TSBF of the International 
Center for Tropical Agriculture (CIAT). (http://www.tsbf.org/index.htm);

• the European BIOASSESS research project (cofunded by the EC under the Global 
Change, Climate and Biodiversity Key Action of the Energy, Environment and Sustainable 
Development Programme) is developing biodiversity indicators or tools for the rapid 
assessment of biodiversity. It is also measuring the impacts on biodiversity, including that 
in the soil, of major land use change in eight European countries. (http://europa.eu.int/comm/
research/eesd.html); 

• the Land Degradation Assessment in Drylands (LADA) project, a GEF-funded project 
supported by the United Nations Environment Programme (UNEP). FAO is executing this 
project, for which the methodology development is ongoing under the project development 
phase with Argentina, China, Tunisia, Senegal and multiple partners. (http://www.fao.org/
ag/agl/agll/lada).

Both projects respond to the needs of parties to the CBD and to the Convention to Combat 
Desertifi cation (CCD). They deserve close coordination among experts and supporting efforts in 
order to ensure the prompt dissemination of research fi ndings and tools for promoting sustainable 
agricultural systems and practices and the restoration of degraded lands.

National capacities need strengthening for improved soil biological management, especially 
in agricultural research and extension, including participatory technology development and 
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adaptation, soil health monitoring and evaluation, and priority setting, with attention to 
agricultural policy and planning. South-South cooperation, allowing intercountry exchange, 
could help disseminate appropriate technologies, for example: 

• between Latin America and Africa on no-tillage approaches and technology dissemination 
processes for BNF; 

• between Australia and other countries on soil health reporting and indicator development;

• between Cuba and other countries on organic matter and nutrient cycling technologies, such 
as vermicomposting and N fi xation. 

DEVELOPMENT AND ADAPTATION OF PRODUCTIVE AND SUSTAINABLE AGRICULTURAL 
MANAGEMENT PRACTICES

Integrated ecosystem and adaptive management approaches for soil health

As a basis for the discussions on adaptive management, reference was made to the operational 
objectives for adaptive management as defi ned by the CBD (annex to Decision V/5): “To identify 
management practices, technologies and policies that promote the positive and mitigate the 
negative impacts of agriculture on biodiversity, and enhance productivity and the capacity to 
sustain livelihoods, by expanding knowledge, understanding and awareness of the multiple goods 
and services provided by the different levels and functions of agricultural biodiversity.”

Specifi c attention was drawn to the International Workshop on Soil Health as an Indicator 
of Sustainable Management, held at the GAIA Environmental Research and Education 
Centre, Kifi ssia, Greece, 25-29 June 1999 (Box 1). This provides an important basis for the 
discussions.

In addressing this theme, reference was made to the meaning of adaptive management 
(Box 2). This is a formalized process of decision-making for improving continually the 
interactive management of ecosystems by learning from the outcomes of operational plans. 
The concept was developed to address the problems of natural resource managers, who typically 
face an enormous set of variables as they make decisions affecting the environment. Gathering 
and digesting huge amounts of information to eliminate uncertainty often leads only to more 
questions, which lead to more information gathering, more questions and, ultimately, deferred 
decisions.

The Londrina workshop confi rmed that, in order to improve agro-ecosystem management, 
stakeholders need a greater appreciation and recognition of: 

• the effects of soil biota on soil physical, chemical and biological properties and processes 
and on the air and water resources with which the soil interacts;

• the benefi ts of those interactions in terms of crop and rangeland productivity and of enhanced 
C sequestration and mitigation of greenhouse gases. 

Soil biota can increase or reduce agricultural productivity depending on their composition 
and the effects of their different activities. Vice versa, farming practices modify soil conditions 
and, hence, soil life, including the total number of organisms, the diversity of species, the activity 
of the individual organisms and the aggregate functions of soil biota. These changes can be 
benefi cial or detrimental to the functions and regenerative capacity of the soil biota. Thus, the 
activity of soil organisms and land management practices requires effective management for 
maximum productivity and sustainable use of resources. 
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BOX 1: THE KIFISSIA WORKSHOP ON SOIL HEALTH AS AN INDICATOR OF SUSTAINABLE MANAGEMENT 

The workshop: 

• Emphasized the links of soil quality to society and health, environmental degradation, novel ecological 
production systems and the land manager.

• Noted that soil health and quality indicators, and the changes in those indicators, can be a major link between 
the strategies of conservation management practices and achievement of major goals of sustainable 
agriculture.

• Noted that confi rmation of the effectiveness of systems for residue management, organic matter formation, N 
and C cycling, soil structure maintenance and biological control of pests and diseases will assist in discovering 
and developing system approaches that are both profi table and environmentally friendly.

• Recognized that the challenge is to make better use of diversity and resilience of the biological community 
in soil to maintain a quality ecosystem, thus fostering sustainability. Strategies could be fi ne-tuned using 
practices, such as crop rotation for greater crop diversity and tighter cycling of nutrients; reduction of soil 
disturbance to maintain soil organic matter and reduce erosion; and development of systems that make better 
use of renewable biological resources such as legume companion crops and animal manuring.

It identifi ed the following critical issues and needs for sustainable management: 

• An ecological approach to sustainable management for multiple land uses.

• Consideration of the size of farms for which sustainable farming systems are developed.

• Communicating to a broad and diverse audience the critical importance of soil as related to the environment, 
society and economics.

• Prescriptive and descriptive assessment of the sustainability of agricultural systems for the land manager 
and for scientists.

The Kifi ssia workshop concluded that an increased understanding must be sought of the linkages between 
soil properties, soil processes and ecosystem functions in order to improve the methodology for sustainable 
productivity, biodiversity and environmental protection. Moreover, effi cient implementation of sustainable policies 
requires educational outreach to various segments of society and the translation of science into practices that 
land users can use.

The workshop proposed that soil health indicators and sustainable management strategies must be linked through 
agricultural systems that:

• reduce inputs and reliance on non-renewable resources;

• maintain productivity at acceptable levels;

• minimize impact on the environment; 

• are economically viable and socially acceptable

BOX 2: ADAPTIVE MANAGEMENT

“Adaptive management can be defi ned as an iterative approach to managing ecosystems, whereby, contrary to other 
approaches, the methods of achieving the desired objectives are unknown or uncertain” (Holling, 1978; Walters, 
1986). It is a process of testing alternative hypotheses through management action, learning from experience, 
and making appropriate change to policy and management practice. The process is useful because:

• Unexpected detrimental events may affect the site/ecosystem, requiring consideration of corrective measures, 
e.g. invasion by an exotic species.

• It may not be completely clear how to achieve one or more of the objectives. Experiments or trials using 
different methods may be needed. 

• Something benefi cial may happen unexpectedly. If so, a decision will be required on whether to capitalize on 
such events. 

Critical steps in the process include:

• acknowledgement of uncertainty about which policy or practice is ‘best’ for the particular management 
issue;

• thoughtful selection of the policies or practices to be applied;

• careful implementation of the plan of action;

• monitoring of key response indicators;

• analysis of the outcome in the light of the original objectives;

• incorporation of the results into future decisions.
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The web of life in the soil is a very complex and rich component of agricultural biodiversity 
and has important interrelationships with other components of the ecosystem. Human 
management practices infl uence its functions and activity both directly and indirectly. Thus, it 
needs to be addressed through an ecosystem approach.

Land managers need unbiased information that will enable them to develop biologically 
based management strategies to control or manipulate soil stabilization, nutrient cycling, crop 
diseases, pest infestations, and detoxifi cation of natural and human-made contaminants. Such 
improved management strategies depend on a good understanding of soil organisms and their 
ecological interactions and of the effects on soil biota of habitats, food sources, host interactions, 
and the soil physical and chemical environment. The ecology regulating both benefi cial and 
detrimental organisms is essential to harnessing and controlling their activity in agro-ecosystems. 
Such knowledge will yield great benefi ts in terms of the production of abundant, high-quality 
agricultural products with less dependence upon external inputs. 

A vast range of innovative soil management practices involving biota and biotic products 
is available. Moreover, many of these practices are sustainable, environmentally friendly, 
affordable and applicable to developing nations. Many of the tools are based on traditional 
agricultural practices, while others are novel and take advantage of recent major advances in 
biotechnology. Biotic solutions should be encouraged in order to address the wide range of 
soil-related physical, chemical and biological problems.

The goal is to understand the soil biota and to utilize this living component of the soil for 
the benefi t of agricultural systems in order to increase crop productivity and quality, reduce 
input costs, and reduce negative environmental impacts. 

The review of cases and discussions during the workshop led to the following general 
guidelines for soil management and sustainable agriculture: 

• An integrated agro-ecosystem management approach is required for the review and 
development of better soil biological and other farming practices in view of the 
interactions among plant diversity and other resources, management practices, knowledge 
and organizational capacity (resource use in space and time). Attention needs to focus on 
biophysical, socio-economic and policy aspects, as well as on cultural and knowledge 
considerations that infl uence decision-making processes. 

• The process must be interdisciplinary in order to address the interactions among plants, 
the soil, organic matter inputs, moisture, pests and diseases, soil biological activity and 
productivity. 

• Farmers  ̓needs and problems, such as labour, weed control, and water or pest management, 
should be addressed through an initial entry point. This can facilitate a process to build an 
integrated soil biological management approach. Such a process should combine biological, 
physical and chemical management issues. It should address productivity and environmental 
sustainability. 

• Adaptive management and integrated ecosystem approaches require scientifi c rigour and a 
joint learning process among different actors. This should build on farmers  ̓knowledge and 
on scientifi c knowledge and research. The farmer s̓ perspective is essential as the management 
practices and opportunities in terms of soil biological management depend on socio-economic 
conditions and local knowledge systems.

• Sustainable biological management is not simply a question of managing nutrients. 
Primarily, it entails restoring the productive potential (as many lands are already degraded) 
and enhancing the effi ciency of soil management (soil-crop-water interactions).
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• There is a need to value the ecosystem services provided and to quantify the on- and off-farm 
benefi ts provided by sustainable biological management in agriculture (reduced costs of 
water purifi cation and infrastructure maintenance; C sequestration; biodiversity conservation; 
etc.). 

• There is a need to expand the education process to: (i) build capacities at fi eld and planning 
scales for integrated agro-ecological approaches at all levels, from schools to universities; 
(ii) to educate and sensitize policy-makers on the importance of soil biological functions and 
sustainable agriculture; and (iii) to empower communities and civil society organizations for 
lobbying, decision-making, etc. This recognizes that on certain sensitive issues, e.g. access 
to and safe use of pesticides and fertilizers, international processes may be better placed to 
convince policy-makers than scientists, in view of issues of status, neutrality, etc.

• There is a need to promote participatory, grassroots-driven processes to facilitate the adoption 
of better soil biological management and sustainable agriculture. This requires attention on 
how to build on and promote community organization and networking; concepts of land 
care and stewardship; gender issues; and appropriate technology options for end users.

• Cooperatives and farmers  ̓associations that are farmer-driven, as in the case of no-tillage in 
Brazil, can help reduce initial risks for individual farmers, improve awareness and access to 
information, facilitate negotiation, and enhance farmer empowerment and lobbying capacity 
to bring about policy change.

• FFS approaches and other learning-by-doing (experiential) approaches are very useful for 
improving technology adaptation and exchange, taking into account local constraints and 
opportunities. 

• Economic considerations are the primary driving force for the adoption of unsustainable 
agricultural practices (e.g. steep-slope cabbage production in Haiti; and the shift from 
coffee to annuals in monoculture and the degradation of common property resources such 
as pastures and range in Brazil). The low benefi t-cost ratio of agriculture is a key issue. Is 
compensation for the ecosystem services provided by farmers the only option, or are there 
other ways (e.g. certifi cation for good practice, added value for farm produce through organic 
agriculture)? 

• The search for good practice also requires incentives to encourage adaptive management 
approaches, e.g. in regard to access to credit and extension, security of tenure and access 
to resources: (i) to encourage farmer investment in sustainable land use there is a need for 
security of access to resources; (ii) to promote holistic and fl exible credit systems to meet 
multiple needs and replace credit that is linked directly to cash crops, as was the case with 
the green revolution process; and (iii) to move away from package approaches to adaptive 
management approaches that take into account sustainability issues in relation to the complex 
of different types of farmers and farm households.

• There is also a need to mobilize a sense of responsibility and accountability: (i) for the 
adoption and promotion of good farming practice by farmers; (ii) for government compliance 
to fulfi l commitments to implement conventions and agreements at all levels; and (iii) for 
responsible practice by agro-industry. In the case of no-tillage, for example, the private sector 
is interested in sales of herbicides and seeds rather than in cover crops and crop rotations, 
which are essential for sustainability and help minimize the use of chemicals.

• There is a need to document the processes and methodologies for intervention, technology 
development and adaptation, as well as activities and impacts. In this regard, case studies 
should document both successes and failures.
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• Besides the agriculture sector, there is a need to consider wider development issues of rural 
exodus, the desire for modern amenities (education, television, etc.), the need for greater 
recognition of agriculture and well-being in rural areas (air quality, quality of life, etc.), and 
the provision of basic services and amenities (electricity, communication, etc).

The Londrina workshop participants suggested the preparation of a schematic diagram of 
an adaptive management framework for soil ecosystems (Figure 4). 

SHARING EXPERIENCES AND LESSONS LEARNED AND IDENTIFICATION OF GAPS AND 
PRIORITIES

The basis of all efforts to conserve biodiversity and natural ecosystems effectively while 
supporting economic development lies in the ability of scientists, resource managers, policy- 
and decision-makers, and the concerned public to have the widest possible access to the existing 
body of knowledge on biodiversity and ecosystem resources and processes. Much information 
exists on biodiversity and ecosystems (from a legacy of past research and inventories), and 
much more is being collected. However, it is still not possible for all potential benefi ciaries 
to locate, retrieve, integrate and apply this information in a consistent fashion. In many cases, 
public and private funds are spent unknowingly on re-collecting information that may already 
exist in some undocumented or unavailable fashion. Much existing biodiversity and ecosystem 
information cannot be used widely (and may be in danger of being lost) because, for example, 
it is not yet converted into an electronic format or other readily usable form. 

There was a suggestion to make a user-friendly inventory of projects and activities upon 
which to build for the development of guidance, tools, approaches and materials for different 
scales, systems, etc., for example, the TSBF, the IRD, FFS-soil productivity improvement, 
watershed management projects, promoting farmer innovation and local knowledge systems, 
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PLEC. The products and expertise of these projects and processes could provide guidance for 
specifi c systems and situations for, inter alia:

• restoration of soil productivity and degraded systems;

• reclamation of degraded and contaminated lands (salinity, toxicity, etc.);

• minimizing use and negative effects of agrochemicals;

• improvement of resource use effi ciency;

• enhancement of agricultural biodiversity (systems, habitat, landscape, above-below-ground 
links);

• enhancement of specifi c soil biological functions (nutrient cycling; C sequestration and 
reduction of greenhouse gas emissions; biological control of pests and diseases), and water 
movement and soil moisture retention;

• sustainable intensifi cation.

There was also a suggestion to develop a checklist and format for case studies in order 
to enhance their usefulness in terms of clarity and eventual replicability. There was also a 
proposal to prepare a conceptual diagram linking the different dimensions, to facilitate review 
and analysis, as initiated by the adaptive management group. The case-study format should 
specify, inter alia, the following information:

• agro-ecological zone and geographical area (e.g. dryland; subhumid; tropical, temperate; 
and soil, water and vegetation resources);

• farming system type including farm size and level of intensifi cation (e.g. smallholder low 
external input agriculture (LEIA) or commercial high external input agriculture (HEIA), 
crop and livestock focus and range of enterprises);

• spatial scale (fi eld, farm, region, country) and temporal scale (season, year, decadal growth 
cycle, e.g. of tree crops);

• actors/stakeholders and their roles and interactions;

• specifi cation of the problem and farm household type being addressed. Who identifi ed the 
problem? Who identifi ed the solution?

• socio-economic and cultural context;

• ecosystem approach: extent to which the activity fi ts within an integrated ecosystem 
approach;

• processes and methodologies for interventions, technology development and adaptation (i.e. 
extent to which they are multidisciplinary, multistakeholder and participatory, and farmer-, 
extension- or research-driven processes);

• activities and expected results: e.g. categorized in terms of assessment and monitoring, 
capacity building, adaptive management and technology development, mainstreaming 
through dissemination, policy advice, advocacy and awareness raising;

• social organization and processes for farmer experimentation and building on farmer 
innovation;

• marketing, institutional and policy considerations;

• products, impacts and lessons learned (specifi c to the site and applicable elsewhere) with a 
focus on practical outputs (approaches, tools, capacity, expertise, know-how, i.e. number of 
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farmers reached or technicians trained) and including attention to productivity, sustainability, 
biodiversity and ecosystem resilience. 

A particular strategic issue that the workshop identifi ed was the need to enhance understanding 
of the benefi ts and value of soil biological activity and soil ecosystem functioning, illustrating, 
inter alia:

• the relationship between good soil properties (physical, chemical and biological) and crop 
yield and health (e.g. synergies and interaction between integrated production and pest 
management (IPPM) and integrated soil and nutrient management (ISNM) - balanced plant 
nutrition, benefi cial organisms, etc);

• the effect of excess inorganic fertilizers, herbicides and pesticides on plant health, growth 
and production, and on agro-ecosystem function (including issues of resilience, nutrient 
uptake, food web, etc.);

• the effect of monocultures on soil biological activity compared to crop rotations and mixes 
that provide organic matter inputs; 

• the performance of organic agriculture and agro-ecological agriculture (intercropping, 
organic matter inputs, etc.) and their capacity for biological buffering and gradual release 
of nutrients to meet plant needs (major, secondary and trace elements);

• the benefi t-cost analysis of different practices, with a focus not just on market-driven 
considerations (production and income) but on assessing and valuing the range of goods and 
services provided by integrated soil biological management (food security, environmental 
and human health, etc.).

The other main strategic issue identifi ed was the need to develop an approach that focuses 
on organic matter within a systems approach including technical, socio-economic, cultural and 
policy and institutional considerations, specifi cally:

• the identifi cation of resource- and input-effi cient systems that balance internal and external 
resources (energy, fertilizers, pesticides, soil capital, etc.);

• increased attractiveness of agriculture through reduced drudgery and enhanced well-being 
of farming communities;

• building on indigenous knowledge, where appropriate, and modern scientifi c knowledge so as 
to enhance credibility of the local practices, knowledge and decision-making processes.

It was suggested that case studies be compiled for each category of soil biological solutions 
in order to demonstrate the valuable role and functions of soil biodiversity and related 
ecosystem functions in different farming contexts. Three key areas of intervention include the 
production system as a whole, organic matter management, and the cropping system or plant-
soil interface.

Sustainable production systems

Soil quality, landscape quality, soil biota, nutrient cycling and biodiversity are integral aspects 
of sustainable development. A holistic, ecological approach is required for future research on 
soil-plant-animal systems. This will enable redesign of farming systems from an overemphasis 
on production towards more quality and internal regulation. This will result in lower mineral 
fertilizer losses, lower pest and disease pressure, and reduced susceptibility to climate extremes, 
thereby contributing to sustainable land management on-farm and at regional scale.
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Organic matter management and the soil ecosystem

Primarily at a functional group level, soil biota regulate vital ecosystem processes such as 
decomposition (the breakdown of complex organic compounds into nutrients available for plant 
growth), C sequestration, and nutrient cycling. The rate of decomposition is dependent on the 
interaction of climate, biota and the quality and quantity of organic matter.

Agricultural practices that provide good soil protection and maintain high levels of soil 
organic matter favour higher biodiversity. Examples include agroforestry systems, intercropping, 
rotational farming, conservation agriculture, green-cover cropping and integrated arable-livestock 
systems (Plate 6). Actions that target the joint conservation of both above- and below-ground 
components of biological diversity directly will have environmental benefi ts at ecosystem, 
landscape and global scales.

The cropping system and the soil ecosystem

The successful functioning of most ecosystem processes requires a balance of biotic interactions 
in a complex soil biota community (detritus food web). Availability of C is one of the important 
regulating factors of biological activity in soils, which affects the composition of the microbial 
community and the food-web structure. In addition, the number of trophic levels in a terrestrial 
food-web community and its stability depend upon the amount and quality of C input and 
the level and type of disturbance (e.g. tillage, genetically modifi ed (GM) crops and use of 
agrochemicals).

Plants are the main drivers of the dynamics of soil microbial communities via their input 
of various C sources into the system. Plant residues are the primary source of C in soils, with 
the majority of biota populations concentrated near residues and in the rhizosphere of plants. 
Therefore, any changes to the quality of crop residues and rhizosphere inputs will modify the 
dynamics of soil biota. Hence, a change in vegetation as a result of changes in land use is a major 
factor affecting the diversity of the microbial community. Moreover, changes in agricultural 
practice including the intensity of the use of fertilizers and pesticides and crop cover, e.g. grass 
versus arable crops in rotation, may lead to shifts among and within groups of the microbial 
community.

Diverse habitats support complex mixes of soil organisms. Diversity can be achieved with 
crop rotations, vegetated fi eld borders, buffer strips, strip cropping, and small fi elds. Crop 

PLATE 6
A mixed arable-livestock system 
from the Eastern Plains of 
Colombia 
[ J. J. Jiménez]
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rotations provide different food sources into the soil each year and encourage a wider variety 
of organisms and prevent the buildup of a single pest species.

SOIL RESILIENCE AND RISK ALLEVIATION

Because of time constraints during the workshop, the working group on innovation and risk 
management agreed to exclude the important issue of genetically modifi ed organisms (GMOs), 
and to concentrate on other organisms, technologies and methods, including peri-urban and waste 
management issues (e.g. vermicompost). The knowledge and experience among participants was 
reviewed, taking into account the different biophysical conditions and range of functional groups: 
the producers, consumers and decomposers (N fi xers, P solubilizers, C and N mineralizers, 
predators, pests and pathogens, soil aggregation engineers, antibiotics). It was agreed to keep 
a focus on food security, environmental quality and economic sustainability goals. A holistic 
systems view is needed to address extensively managed systems, such as shifting cultivation, 
intensive diverse systems and monocultures. 

The fi rst role of biodiversity is to ensure the multiplicity of functions that soil organisms 
perform. A secondary but important role of biodiversity is to ensure the maintaining of these 
functions in the face of perturbations. Genetic variability within and between species confers 
the potential for resistance to perturbations, whether they be short or long term. Understanding 
the relationship between biodiversity and more complex functions requires the combined study 
of taxonomically distant groups of organisms that can perform specifi c functions, and thus 
belong to the same functional group. 

The group considered available solutions for addressing a range of soil fertility defi ciencies 
and land degradation problems that are mediated by soil organisms and their functions, 
summarized in Table 3. The analysis in Table 3 can be updated through further consultation 
and sharing of examples, e.g. in FAO’s electronic workshop on composting (http://www.fao.org/
landandwater/agll/compost/).

Soil microbial communities represent the largest source of biodiversity on earth. Given the 
extremely high species diversity in soil, it is estimated that microbial communities contain such 
high levels of redundancy as to make small changes in soil microbial diversity insignifi cant. 
Rather, shifts among groups or species within the microbial community are considered to be of 
much more relevance for the functioning of terrestrial ecosystems. Shifts that might be relevant 
for sustainable land use include those in the relative abundance of bacteria and fungi and within 
groups with specifi c functions, such as nitrifying bacteria. These shifts could affect vital functions 
of the soil ecosystems, such as nutrient retention and antagonism against plant diseases.

A greater degree of biodiversity between or within a given species or functional group should 
logically increase the inherent variability in tolerance or resistance to stress or disturbance. 
Implicit in these arguments is the assumption that a multiplicity of organisms can perform a 
particular function, and that the replication of the ability to perform a particular function implies 
a degree of functional redundancy. Whether organisms are ever truly redundant is a matter of 
debate. Though redundancy in a single function may be common among many soil biota, the 
suite of functions attributable to any one species is unlikely to be redundant. Furthermore, 
functionally similar organisms have different environmental tolerances, physiological 
requirements and microhabitat preferences. As such, they are likely to play quite different 
roles in the soil system.
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However, given the estimates for the vast numbers of species present in soils, and the 
rather limited number of functions that can be ascribed to the soil biota as a whole, a degree of 
functional redundancy seems inevitable even allowing for the fact that decomposition of plant 
material may require hundreds of enzymes. The greater the degree of functional redundancy, 
the greater will be the ability of a particular function to withstand stresses or disturbances, i.e. 
the greater the resilience.

Any novel method for manipulating and managing soil biodiversity and biotic products 
in situ requires an analysis of risk. There has been considerable interest in evaluation of risks 
associated with GM crop varieties. However, apart from these cases, little serious attention has 
been paid to environmental impact. This is the case especially where microbial treatments or 
manipulations are carried out. For example, little is known of the effect of Rhizobium inoculation 
on natural microbial populations. Similarly, the effects of herbicide-resistant plants and the 
use of herbicides on the soil ecosystem are not well known. It is not acceptable to assume 
that biosafety assessments can be made using external measurements, such as plant health or 
productivity, without doing the basic research to establish the necessary links.

TABLE 3
Soil biological solutions for soil fertility and land degradation problems

Physical problems Chemical problems Biological problems

Compaction

Low water content

Poor drainage

Erosion

Loss of silt or clay

Nutrient depletion

Excessive acidity or alkalinity

Low phosphate levels

Heavy-metal contamination

High salinity

Pesticide contamination

Low biodiversity

Low microbiological activity

Low humus content

High pest or pathogen levels

Lack of natural enemies

Low organic matter

Possible soil biological solutions:

Aggregation, porosity, regulation of soil hydrological processes – these are improved by bioturbating organisms, 
plant root, fungal hyphae, microbial secretions.

Bioremediation. 

Nutrient cycling, decomposition of organic matter, nutrient mineralization, N fi xation.

Crop diversity over space and time (intercropping, diverse rooting depths, rotations).

P solubilizing bacteria and plant nutrition and plant growth promoters.

Suppression of pests, parasites and diseases.

Problems Bioremedial N fi xing Compost Manure Rotation Extracts Inoculants

Degraded soils-    
low aggregation

- + + + -               
+

? +

Degraded soils-   
low organic 
matter

- -           + + + -               
+

- -

Low saprobes - - + + - + +

High pesticide  
levels

+ - -               
+

- + - -

High salinity + - + -              
+

+ - -

High pollutants + + -               
+

- -               
+

? -

- Unlikely to have benefi cial impact
+ Positive impact expected
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Risk analysis is more complex than the simple establishment of safety in isolation from 
the environment in which the new product or process is to be employed. The following issues 
need to be addressed:

• Toxicity: is the product safe to eat for consumers (humans or animals) or can it produce 
toxic products or by-products?

• Environmental impact: what are the effects on non-target organisms? Assessments should 
be made of effects on a range of organisms, including providers of key ecosystem services 
and prominent species such as birds and butterfl ies.

• Genetic drift: what is the risk of genes from novel crops fl owing into the environment? This 
may happen through hybridization between new varieties of traditional crops and their wild 
relatives as well as from GM varieties (i.e. the loss or fi xation of specifi c alleles due to random 
effects associated with breeding in very small populations, technically, in populations below 
the effective breeding size - D. Bennack, personal communication, 2003). Terminator gene 
technology can eliminate this risk for GM crops, but some consider it unacceptable.

• Agronomic merit: do the new varieties perform better than those currently in use; and will 
pesticide needs be smaller or greater?

• Socio-economic issues: will the crops be acceptable to farmers, and do the farmers have 
access to any specialized handling equipment needed? For example, a crop designed for 
mechanical harvesting in the American prairies may not perform well in the small plots of 
subsistence farmers in Africa.

• Financial: can farmers afford the product, and will increases in production lead to greater 
income, or a consequent fall in crop price? Will consumers buy the new product? For 
example, even if Rhizobium inoculants give proven yield increases, farmers will not adopt 
them unless their availability is accompanied by information and training on their use and 
demonstration of the potential benefi ts of investing in such a product.



Biological management of soil ecosystems for sustainable agriculture 43

Chapter 4
Strategy and actions for implementing the 

Soil Biodiversity Initiative

GUIDING PRINCIPLES AND OBJECTIVES

The workshop participants agreed that the strategy for the implementation of the International 
Initiative on Conservation and Sustainable Use of Soil Biodiversity should adhere to the 
following principles (bearing in mind that many of these principles have already been emphasized 
through other processes or forums): 

• focus, as an overriding priority, on food security and improvement of farmers  ̓livelihoods 
through support actions that will have tangible, positive and measurable effects on agro-
ecosystems and on the well-being of the communities that depend upon soil health and 
productivity;

• build on previous experience and knowledge through combining the skills and wisdom of 
farmers with modern scientifi c knowledge;

• focus on integrated holistic solutions and technical adaptation to local contexts within a 
clear framework that builds on the principles for application of the ecosystem approach 
(Annex 6);

• use participatory technology development and adaptive approaches to develop agricultural 
systems and land resource management practices for specifi c situations and farmer typologies 
that are technically and environmentally appropriate, economically viable, and socially and 
culturally acceptable;

• develop partnerships and alliances that enhance synergy and multistakeholder participation 
(from farmer and civil society to research and the private and policy sectors) and build on 
specifi c knowledge and experiences (by region, ecosystem and thematic area);

• promote cross-sectoral approaches to address different perspectives (social, economic, 
political and environmental) and to achieve a range of benefi ts at different scales (local, 
national and global);

• prioritize actions on the basis of country goals and the needs of direct benefi ciaries and 
validate such actions locally through the full participation of all actors;

• promote innovative and fl exible solutions that are adapted to local conditions and relevant 
to the continuously evolving contextual situation of the benefi ciaries.

Taking into account the above principles, and building on the opportunities and approaches 
discussed during the workshop, two main objectives were formulated for the SBI: (i) promote 
awareness, knowledge and understanding of the key roles of functional groups and of the impacts 
of diverse management practices in different farming systems and agro-ecological and socio-
economic contexts; and, more important, (ii) promote ownership and adaptation by farmers 
of integrated soil biological management practices as an integral part of their agricultural and 
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sustainable livelihood strategies. It was suggested that progress could be made by focusing on 
the following strategic areas of action:

• increasing recognition of the essential services provided by soil biodiversity across all 
production systems and its relation to land management through: information sharing and 
networking; raising public awareness; education and capacity building;

• capacity building to promote the adoption of integrated approaches and coordinated activities 
and processes for the sustainable use of soil biodiversity and enhancement of agro-ecosystem 
functions, especially in the areas of: assessment and monitoring; adaptive management; and 
R&D;

• developing partnerships and cooperative actions through mainstreaming and cooperation.

It is intended that the suggested principles, development process, strategy and priority actions 
presented in this report provide a basis for stimulating exchange of information and experience 
among countries and relevant institutions. This should lead to a coordinated process for the 
establishment and conduct of the SBI as a cross-cutting initiative within the CBD programme 
of work on agricultural biodiversity, and through FAO’s interdisciplinary programmes, with a 
focus on:

• mobilizing work at country level and within institutions concerned with agricultural 
development; 

• providing expert advice, through country programmes and at international level, through the 
SBSTTA/COP process for the assessment of ongoing activities and existing instruments;

• strengthening partnerships and cooperative action with FAO and other relevant organizations 
through the identifi cation and development of complementary and synergistic activities.

STRATEGIC FRAMEWORK ON SOIL BIODIVERSITY AND AGRO-ECOSYSTEM MANAGEMENT

Increasing recognition of the essential services of soil biodiversity across all production 
systems and its relation to land management

As soil biota can have both positive and negative effects on agricultural production, participants 
agreed that it is necessary to be able to measure or assess the impacts of individual soil 
management practices on soil biodiversity functions. In particular, if sustainable agricultural 
production systems are to be realized, there should be clarifi cation of the impact of land 
management change, including agricultural intensifi cation and other trends, on both the short- 
and long-term functioning of soil ecosystems. This requires the development of appropriate 
indicators to improve understanding of land use and soil-biodiversity interactions and to assist 
in monitoring and assessing the trends and impacts, both in terms of degradation and restoration 
of an agricultural ecosystem, and the progress in promoting conservation and sustainable use. 
Such indicators should facilitate monitoring at various spatial scales. They should also provide 
a tool for adequate management of biodiversity both locally and at national level, as well as for 
regional and global overviews of biodiversity status and trends. 

To date, there has been little progress in developing indicators of biodiversity. This is because 
of the low level of scientifi c knowledge and understanding regarding biodiversity, in particular 
of ecosystem processes and functions. Nonetheless, the recent increased attention to holistic, 
systemic approaches has widened knowledge and understanding of effects of changing land 
use and management practices on biological diversity from a focus on intra- and inter- species 
diversity to consideration of diversity at the ecosystem and landscape levels. In particular, 
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there have been advances in understanding the importance of sustaining ecosystem functions 
and life-support systems, such as the nutrient, hydrological and C cycles, climate regulation, 
and pest and disease management processes at local and watershed or landscape scales. This 
knowledge needs to be made available for use by various actors (policy-makers, technical 
support personnel and farmers and other land managers) through targeted materials and case 
studies and through capacity-building processes.

Capacity building to promote the adoption of integrated approaches and coordinated 
activities for the sustainable use of soil biodiversity and the enhancement of agro-ecosystem 
functions 

There is a need for strengthening capacities and coordinating activities in order to promote 
integrated agro-ecosystem approaches and the conservation, sustainable use and enhancement 
of soil biological functions. In particular, improved information fl ows and better cooperation 
are needed among actors, institutions and development organizations (farmers, extensionists, 
researchers, policy-makers and soil, crop, livestock, environment specialists and sectors). This 
should provide the basis for promoting improved soil biological management and thereby 
achieving more productive and sustainable agricultural systems. Such cooperation and 
multidisciplinary approaches are essential for furthering work in the areas of: (i) assessment 
and monitoring; (ii) promoting the participatory development and adaptation of technologies 
and practices, building on farmers’ knowledge and innovation as well as scientifi c advances; 
(iii) extension of successful approaches and technologies through the development of tools and 
training materials for capacity building and awareness raising; and (iv) the provision of enabling 
policy and legal frameworks. In this regard, priority was given to:

• facilitating greater sharing and exchange of information among farmers  ̓ groups and 
organizations, technicians, extensionists and policy-makers using appropriate communication 
strategies or entry points;

• stimulating collaborative actions among the range of stakeholders and benefi ciaries (e.g. 
farmers, policy-makers, research projects and commercial organizations) on enhancing soil 
health and adapting improved soil biological management of soil ecosystems;

• developing targeted tools, approaches and activities for different audiences and for a broad 
range of applications through promoting on-farm experimentation and effective dissemination 
of lessons learned;

• promoting multidisciplinary activities that allow participants to work innovatively and 
cooperatively on tool and technology development by linking complementary development 
efforts, sharing resources and leveraging resources and investments; 

• strengthening efforts to remove any signifi cant barriers (policy, regulatory and institutional) 
to the pursuit of these innovative, cooperative opportunities.

Partnership development and cooperation

Partnership development is envisaged in order to establish close cooperation between FAO 
and partners for the development and implementation of the SBI and, in particular, for the 
development and promotion of improved practices for soil biological and ecosystem management 
for sustainable and productive agriculture. This requires cooperation at two levels. First, a process 
is required that ensures the participation of and feedback among a broad range of stakeholders, 
including policy-makers and local leaders, throughout the different stages of the development 
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process. Second, it requires the development among relevant institutions and organizations 
(governmental, civil society and private sector) of complementary programmes and actions and 
effective collaborative mechanisms. In this regard, participants agreed that the development of 
partnerships, strategic alliances and collaborative actions could focus on: 

• building on available case studies and information on the range of activities that address soil 
biodiversity and soil biological management in specifi c agricultural systems and support 
programmes worldwide; 

• the identifi cation and selection of specifi c agricultural systems and support programmes where 
farmers could test and adapt improved practices for soil biological management, through 
participatory technology development, experiential learning processes and cooperation 
among stakeholders (farmers, extension, research, NGOs and the private sector);  

• promoting the widespread adoption of proven practices for the biological management of soil 
ecosystems, which contribute to productive and sustainable agriculture and the restoration 
of degraded lands. 

Annex 5 presents suggestions for cooperative activities proposed by workshop participants 
in the form of a matrix table. These suggestions should be further developed together with 
other potential partners as a basis for implementing the priority activities identifi ed at local 
and national levels.

The fi ndings and recommendations in regard to the three main thematic areas considered 
at the Londrina workshop are presented in the form of a framework for action that outlines 
proposed objectives and activities. It is envisaged that this will provide the basis for the further 
development of the strategy and action plan for implementation of the International Initiative 
on the Conservation and Sustainable Use of Soil Biodiversity, further referred to as the SBI, as 
an integral part of the programme of work on agricultural biodiversity. It will be a partnership 
effort among FAO, the CBD Secretariat and parties, and other interested partner organizations 
and bodies.

Operational mechanisms

The workshop discussed the following operational issues and made suggestions regarding the 
development process for implementation of the SBI, focusing on the biological management 
of soil ecosystems for sustainable agriculture:

• Key partner institutions and types of resource users should be identifi ed in each benefi ciary 
country and region and among stakeholders (government, civil society and private sector) 
with a view to the development of clear common objectives and strategies. This will facilitate 
the targeting of required support to farmers and other users of land resources to help them 
in sustaining agricultural biodiversity and ecosystem functions while meeting livelihood 
goals.

• Efforts are needed to improve understanding of the relevance of soil biodiversity issues 
in regard to other national and international initiatives, and to promote partnerships and 
coordinated approaches. In particular, the SBI should be developed and implemented in 
synergy with and as an integral part of: (i) the ongoing CBD-FAO collaboration towards the 
agricultural biodiversity programme of work, taking into account other programmes of work 
(drylands and forest biodiversity) and cross-cutting issues (indigenous knowledge, benefi t 
sharing, etc.); and (ii) national agriculture sector strategies and environmental action plans, 
in particular, with regard to national biodiversity strategies and action plans (NBSAPs), 
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implementation of the CCD and activities towards the Framework Convention on Climate 
Change (FCCC).

• A support system is needed to enable FAO and other partners (to be identifi ed) to coordinate 
the process of developing and monitoring the SBI. This could include support for secretariat 
functions and the identifi cation of regional and national focal points and support from 
members of FAO and parties to the CBD. The support mechanism should have, inter alia, the 
following functions: (i) promotion of multidisciplinary activities and integrated approaches 
as well as synergy and complementarity among relevant programmes and processes; (ii) 
coordination of the programme among all actors and assistance in leveraging and channelling 
of existing resources, with a focus on soil biodiversity conservation and sustainable use for 
sustainable and productive agriculture and food security, in accordance with FAOʼs mandate 
and the programme of work on agricultural biodiversity; and (iii) sharing experiences, 
lessons learned and resulting proposals for action among partners and preparing progress 
reports on a regular basis for consideration by FAO governing bodies and by SBSTTA for 
consideration in the further development and implementation of the SBI and its integration 
with the programme of work on agricultural biodiversity.

FRAMEWORK FOR ACTION AS A BASIS FOR THE FURTHER DEVELOPMENT OF THE SOIL 
BIODIVERSITY INITIATIVE 

Objective 1 – Sharing of knowledge and information and awareness raising

There is a need to combine and make better use of existing information and knowledge from 
relevant disciplines (biology, ecology, soil science, agronomy, etc.) in order to guide practical 
action for conserving and sustaining the functions and value of soil biodiversity in agricultural 
systems (including forestry). Compiling existing information and targeting it to specifi c 
clients (e.g. different types of farmers and other land users, technicians and policy-makers) is 
a top priority. In particular, and in response to the invitation by the COP, case studies on soil 
biodiversity and ecosystem management and sustainable agriculture are required as a means 
to promote local and national initiatives for integrating improved soil biological management 
in mainstream agricultural R&D programmes. 

Activity 1.1 – Compilation and dissemination of case studies for use in awareness raising 
and capacity building

a. Case studies that are being compiled and made available through the CBD and FAO Web 
sites should also be made available on CD-ROM, for downloading and dissemination by 
partners for use at local and national level. The case studies will be analysed according to 
the extent that they refl ect the ecosystem approach and with a view to identifying: gaps 
in knowledge; opportunities for synergies amongst activities; and options for promoting 
improved soil management.

b. Further contributions of relevant activities, achievements and lessons learned are to be 
invited through national processes. Case studies could emanate from pilot activities, farmer 
innovation, agricultural projects, and research programmes. They should include monitoring 
and assessment and adaptive management activities in specifi c agro-ecosystems and farming 
systems. A wide range of experiences from all concerned actors in the agriculture and 
environment sectors will facilitate the review and prioritization process for further work. 
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c. A standard format will be prepared for the presentation of case studies, with reference to the 
indicative outline for case studies on agricultural biodiversity (Annex 6), including, inter 
alia: the type of problem addressed; proposed solutions; specifi c techniques and management 
practices; tools and approaches for improved management and assessment; analysis of the 
principles and lessons learned from such experiences; and possibilities of replication and 
adaptation. 

d. A matrix will be developed to record and classify case-study information on soil biological 
management according to: type of farming system, climate conditions, socio-economic 
context, spatial and temporal scales, and application of the ecosystem approach. This can 
be built up from the case studies provided for or presented at the Londrina workshop, 
summarized in Chapter 2 and in matrix form in Annex 4. 

e. The resulting matrix of cases and lessons learned will be analysed with a view to providing 
a framework and strategy to guide wider adaptation of soil biological and ecosystems 
management in different regions and farming systems as well as tools for the assessment 
and monitoring of soil health and sustainable productivity and for participatory on-farm 
research and the adaptation of techniques.

Activity 1.2 – Creation and strengthening of networking arrangements for sharing of 
information, experiences and expertise with a focus on supporting local 
initiatives on the ground rather than institution building

a. Networking activities will be initiated or strengthened in order to mobilize interested 
stakeholders and to facilitate regional and thematic coordination and cooperation among 
partners, especially in the areas of assessment and monitoring and adaptive management. They 
will build on ongoing networking activities, for example through the TSBF BGBD project, 
the IRD-TSBF macrofauna network, and the United Nations Development Programme 
(UNDP) - GEF Alternatives to Slash and Burn (ASB) network, and networks on integrated 
production and pest management (IPPM). The activities will also catalyse new networks on 
areas requiring more attention such as soil biodiversity and soil biological management in 
dryland areas facing degradation and drought as well as on mountain areas in view of the 
species gradient with altitude and management implications. They will encourage South-
South sharing of information and know-how, for example among regional networks on BNF 
and among conservation agriculture and organic agriculture networks.

b. Interdisciplinary processes will be promoted and ongoing actions extended to targeted 
production systems and geographical areas, such as agricultural systems in drylands and in 
mountain regions.

c. FAOʼs RooTalk newsletter and other relevant newsletters should be used for information 
coordination and dissemination and knowledge generation among interested groups of actors. 
This could catalyse a knowledge-sharing process on specifi c themes in response to demand 
from the fi eld and invited contributions on relevant experiences and expertise. This should 
focus on sharing of practical experiences and good practices across sectors, partners and 
existing networks, demonstrating an integrated soil biodiversity and ecosystem management 
approach where possible.
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Activity 1.3 – Enhancing public awareness, education and knowledge on integrated soil 
management and agro-ecological approaches 

a. Develop materials and methods for integrating soil biodiversity and soil biological 
management into agricultural and rural development programmes and training processes for 
farmers and technicians. This could include, inter alia: (i) policy briefs for decision-makers 
on the importance of soil life for a range of ecosystems services: agricultural productivity, 
C sequestration, water quality, etc.; and (ii) the production of manuals and methods for 
farmers  ̓training and training of technicians and development workers on soil ecology and 
participatory approaches that allow the integration of indigenous and scientifi c knowledge 
and technologies.

b. Strengthen interdisciplinary teaching processes within universities and colleges in order to 
train researchers, technicians and extension staff on how to address soil management from 
a more comprehensive and systemic perspective. This should include the development of 
technical college and university curricula and training materials for extensionists on agro-
ecological principles and practices for sustainable and productive agriculture. 

Activity 1.4 – Development of information systems and databases

a. Integration of soil biodiversity and soil biological management in existing information systems 
and databases including wider ecological tools such as ECOPORT (http://www.ecoport.org). 
This will require coordination among the various concerned partners and institutions. For 
example, the TSBF BGBD project intends to construct an international information system 
on patterns of land use change, below-ground biodiversity and its management. This will 
take into account ongoing work on database development and use, for example, the IRD-
TSBF macrofauna database and the UNDP-GEF ASB database.

Objective 2 – Capacity building for the development and transfer of knowledge of soil 
biodiversity and ecosystem management into farmers’ practices 

Activity 2.1 – Evaluating capacity building needs of farmers and other land managers, 
researchers and development programmes for integrated soil biological and 
ecosystems management 

a. Evaluation of relevant on-farm skills and educational and professional training needs for the 
adaptation and development of improved soil biological management in different farming 
systems and by farmers with different socio-economic contexts (small and large; commercial 
and subsistence). This should include the determination of capacity building needs with 
respect to farmers and other land users, researchers and development programmes for: (i) 
the monitoring and assessment of different farming systems, technologies and management 
practices in regard to their effects on soil biodiversity and its functions; (ii) integrating soil 
biodiversity issues into agricultural and land management processes, including training 
materials and relevant programmes and policies (guidelines, compendia of best practices, 
etc.); and (iii) facilitating participatory research and technology development on soil 
biodiversity and biological management, with a view to promoting sustainable and productive 
agriculture and improved land management.
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Activity 2.2 – Development of soil bioindicators and tools for assessment and monitoring of 
soil health and ecosystem functioning 

a. Bioindicators of soil health and assessment tools are needed in order to identify, guide and 
realize the benefi ts of improved biological management of soil ecosystems in terms of 
enhanced productivity and sustainability. The challenge in identifying land use management 
practices that are sustainable is the lack of data on the impact of agricultural practices on soil 
biodiversity, and on the effect of reported declines in soil biodiversity on agricultural systems. 
Holistic approaches for assessing soil health and simple reliable bioindicators at different 
scales are needed for use by farmers, technicians, scientists and policy-makers. Activities 
should include: (i) development of a clear conceptual framework that provides the criteria 
and tools to help guide land users, technicians and policy-makers to develop a soil health 
indicator plan; (ii) creation and strengthening of existing country-based groups working on 
soil bioindicators, and coordinating their contributions towards the establishment of global 
monitoring plans and networks building from existing data in selected well-documented 
areas; and (iii) establishment of an ad-hoc expert group to assist in the development of a 
set of soil biological indicators for integration with existing indicators and processes, in the 
assessment and monitoring of soil and agro-ecosystem health at local and national scales, as 
well as in understanding the causes and consequences of changes in soil health, agricultural 
productivity and sustainability. The monitoring process should contribute to the identifi cation 
of remedial action to restore soil biological functioning. The ad-hoc group should build upon 
ongoing projects, regional groups and processes and will contribute to development of a 
framework facilitating adaptation and interpretation of existing methodology.

The above activities should be further developed in consultation with relevant projects and 
activities such as TSBF BGBD and BIOASSESS (above) to avoid duplication and to ensure 
complementarity and, in particular, to facilitate the application and use of various products. 

Activity 2.3 – Promote adaptive management approaches for the development and uptake 
of improved soil biological management practices, technologies and policies 
that enhance soil health and ecosystem function and contribute to sustained 
agricultural productivity and livelihoods 

a. Promote integrated soil management approaches for farmers and agricultural or rural 
development workers through participatory technology development and adaptive 
management processes. These should build on the participatory diagnosis of constraints 
and opportunities and on problem-based learning approaches that address interactions 
among soil, water, plants, livestock and human management. They should focus on good 
practices and innovative solutions for soil biological management and build, in particular, 
on progress and achievements in promoting conservation agriculture, organic agriculture 
and IPPM approaches.

b. Strengthen local capacity through farmer fi eld training, short courses and mainstreaming of 
soil health and soil biological management in agricultural programmes and activities. This 
should facilitate improved decision-making and selection by farmers, with the support of 
extension and research, of best options and technologies. The FFS approach is already in 
use in parts of Asia and its methods and tools are being piloted in East Africa in FFS-SPI 
(www.fao.org/ag/agl/agll/farm-spi).

c. Develop tools and strategies for sustainable management of soil biodiversity and ecosystems 
using farmers  ̓experience and lessons learned from case studies. Emphasis should be placed 
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on: agro-ecological principles that enhance soil-ecosystem functioning and the multiple 
services of well functioning systems; and participatory processes and capacity building for 
successful expansion of agricultural R&D programmes that integrate soil biodiversity and 
ecosystems management. 

d. Identify opportunities for direct and indirect management of soil ecosystems with a focus on: 
organic matter management (type, timing, associated technologies, etc.); cropping system 
design (crop selection, spatial and temporal arrangements, etc.); and tillage methods. These 
practices have a major infl uence on soil biodiversity and its functions and provide the most 
important and fl exible options for widespread adoption by farmers. The most attractive entry 
points, highlighted during the workshop, for increasing farm productivity while sustaining 
rural development and protecting the environment are: conservation agriculture, organic 
agriculture and IPM. BNF, through the symbiotic relationship between plant roots and 
mycorrhizal fungi or Rhizobium bacteria, is also considered an attractive option, in view of 
the positive international and national experiences and the renewed interest by the CGIAR, 
FAO and other partners.

e. Develop a set of principles and good practices for improved soil biological management 
as an integral part of land resources management and sustainable agricultural ecosystems, 
with reference to specifi c systems. 

Activity 2.4 – Mobilize targeted participatory R&D in order to enhance understanding of 
soil biodiversity functions and ecosystem resilience in relation to land use and 
sustainable agriculture

There is a need to target further applied research on soil biodiversity and soil biological 
management in order to provide clarifi cations and enhance understanding on the functions of 
soil biodiversity and ecosystem resilience in relation to land use and sustainable agriculture. It 
is well known that soil biota provide key ecosystem services that are responsible for naturally 
renewable soil fertility. However, there are important gaps in understanding and opportunities 
for further R&D. Activities should include efforts to:

a. Mobilize targeted on-farm participatory research in order to further clarify the most effective 
methods of organic matter management and their impact on soil life and plant-pest control 
for specifi c production systems (human and biophysical considerations). 

b. Study and compile comprehensive data on specifi c dryland systems and mountain ecosystems, 
with a view to identifying opportunities and promoting concerted efforts in such areas for the 
biological restoration of soil health and fertility. This recognizes that these areas are fragile and 
require careful management, but have been relatively less studied and documented than other 
agricultural ecosystems in regard to soil biodiversity and soil biological management. 

c. Encourage the conduct of case studies on the range of goods and services provided by soil 
biodiversity and well-functioning soil ecosystems, including nutrient cycling, C sequestration, 
soil and water conservation, pest and disease control and bioremediation, and, where 
possible, highlight costs and benefi ts. The case studies could focus initially on enhanced 
soil functioning under conservation agriculture, organic agriculture and IPM approaches 
compared to conventional practices. 

d. Conduct economic benefi t-cost analyses of changes in soil biodiversity, community 
composition and their relationship to soil ecosystem function and soil health and productivity, 
highlighting the externalities at farm and country scales. Priority is given to the identifi cation 
of case studies or pilot activities that provide data on and demonstrate: (i) the impact of 



52 Chapter 4 – Strategy and actions for implementing the Soil Biodiversity Initiative

biological management of soil ecosystems, with emphasis on the economic and environmental 
benefi ts of soil biodiversity and its management; and (ii) the economic importance of soil 
biota and biological activity through the review and assessment of the direct and indirect 
values of soil biodiversity and its functions.

e. Analyse the application of the ecosystem approach across a range of case studies, and provide 
further technical guidance for implementing the ecosystem approach in agriculture and land 
management.

These activities will complement the research-based work of the TSBF BGBD project. 

Objective 3 – Strengthening collaboration among actors and institutions and mainstreaming 
soil biodiversity and biological management into agricultural and land 
management and rehabilitation programmes

Collaboration and mainstreaming activities should focus on promoting widespread adoption of 
practices for enhancing soil biodiversity functions with a view to improving the productivity 
and sustainability of agriculture, and thereby generating socio-economic and environmental 
benefi ts. Such benefi ts should be achieved at farm, ecosystem and national scales. Efforts should 
build on existing programmes, networks, and relevant work of research institutes and national 
and international bodies. In this regard, several areas for collaboration have been identifi ed and 
could be further developed through partnerships as outlined in Annex 5. These activities are 
more development-oriented compared with the complementary, more research-oriented work 
of the TSBF BGBD project and the IRD, which will strengthen the knowledge base.

Activity 3.1 – Mainstreaming soil biodiversity and ecosystem management in agricultural 
and land management programmes and policies 

a. Promote the wider application in agricultural and land management programmes of soil 
bioindicators and practical methods for monitoring and assessing soil biodiversity and its 
functions, and of adaptive management processes for the participatory development of 
improved soil biological management and land use practices for maintaining soil quality 
and health under different agro-ecological and socio-economic conditions; 

b. Harmonize and strengthen national policy and planning mechanisms through integrating soil 
biology management in land use planning, agricultural development, environmental impact 
assessment, programmes and projects addressing soil fertility, soil and water conservation 
practices, rehabilitation and reforestation. 

This work should build on the work of the TSBF BGBD project and be developed in 
consultation with it. That project will develop recommendations of alternative land use practices 
with a focus on tropical forests, and will establish an advisory support system for policy-makers 
at different levels. 

Activity 3.2 – Develop partnerships and collaborative activities for the development and 
implementation of the SBI as an FAO-CBD partnership

a. Develop cross-sectoral partnerships with participation at local, country and international 
levels to advance the implementation of the initiative. The extent of FAOʼs participation 
and its role in the SBI will depend on strategic partnerships with organizations and experts 
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in the fi eld and on its in-house capacity and the support of member governments through 
the Regular and Field Programmes, in accordance with its mandate, as set by the Strategic 
Framework (2001-2015) and Medium Term Plan (2002-07). 

b. Select and initiate collaborative activities, through FAO collaboration with the EMBRAPA, 
workshop participants and other partners and projects, with emphasis on those with direct 
benefi ts on the ground, and on those providing a logical starting point for the further 
development of activities and setting of priorities for new work with farmers and R&D 
partners. 

c. Organize and conduct a second technical workshop at the end of 2003, at an interesting soil 
biological management project site, to discuss progress and lessons learned and to develop 
a more concrete programme for the SBI for consideration by the SBSTTA. 

d. Invite and compile further information from all actors on potential partnerships and ongoing 
and planned activities that contribute to the SBI. This should enable FAO and partners to 
facilitate a more comprehensive assessment of ongoing activities, expected outputs and 
the priority setting process. Further work should build on local knowledge systems and 
experiences including aspects that were not considered in the Londrina discussions, such as 
the use of soil organisms as an important part of the diet of certain indigenous people, e.g. 
Amerindians (case study by Paoletti and collaborators). 
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Annex 1
Workshop agenda

 DAY 1, MONDAY, 24 JUNE 2002

8:30-9:00 Bus from hotel to EMBRAPA Soybean

9:00-9:30 Registration and orientation

9:30-9:45  Opening session and general welcome from Brazilian host (Caio Vidor, 
Director EMBRAPA Soybean)

9:45-10:05 Introductory presentation by FAO and CBD representatives. Context and scope 
of the workshop, FAO role and International Initiative on Soil Biodiversity, 
need for integrated approaches and expected results, including questions from 
the fl oor (Sally Bunning, FAO) 

10:05-10:25 The experience and process for an International Initiative: building on the 
Pollinators experience (Michele Gauthier, CBD Secretariat)

10:25-10:45 Coffee break

PRESENTATIONS OF EXPERIENCES ON BIOLOGICAL MANAGEMENT OF SOIL 
ECOSYSTEMS

10:45-11:00 Overview of workshop process and sessions (Adriana Montañez, FAO)

1. Assessment and monitoring

11:10-11:30: Bioindicators of soil health: assessment and monitoring for sustainable 
agriculture (Clive Pankhurst, CSIRO)

2. Adaptive management

11:30-11:50: Adaptive management of soil ecosystems and soil biodiversity: an overview 
and examples (Lijbert Brussaard, Wageningen Agricultural University)

3. The role of innovative technologies

11:50-12:10 Organic farming management with biological agriculture in drylands (Klaus 
Merckens, Egyptian Biodynamic Association/GTZ)

12:10-12:30  Research and innovation in biological management of soil ecosystems (Paul 
Cannon, CABI, UK)

12:45-13:45 Lunch break
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13:45-14:30 PLENARY: PRESENTATION AND AGREEMENT ON SCOPE AND AIMS OF WORKING 
GROUP SESSIONS 

14:30-16:30 WORKING GROUPS (SESSION 1) 

 OVERVIEW OF KNOWLEDGE AND ISSUES AND IDENTIFICATION OF AVAILABLE 
PRACTICAL APPROACHES AND TOOLS, BASED ON WHAT IS KNOWN AND WHAT CAN 
BE USED AND HOW.

 Group 1: Assessment and monitoring

 Group 2: Adaptive management 

 Group 3: Innovative technologies and risk alleviation

16:00-16:30 Coffee break

  WIDER IMPLICATIONS OF SOIL BIOLOGICAL MANAGEMENT 

16:30-17:00 Soil carbon sequestration for sustaining agricultural production and 
improving the environment (Rattan Lal, Ohio State University) 

17:00 Discussion

 DAY 2 – TUESDAY, 25 JUNE 2002

8:30-9:10 Plenary: Report back from working groups and discussion. Reformulate 
questions and step forwards based on results and experience of day 1.

PRESENTATION OF CASE STUDIES

9:10-9.30  Practical tools to measure soil health and their use by farmers (Martin 
Wood, Reading University, UK)

9:30-9:50 Mycorrhizae in Cuban agricultural systems (Eolia Treto, INCA, Cuba)

9:50-10:10 No-till agriculture for smallholder cropping in Brazil (Ademir Calegari, 
IAPAR, Brazil)

10:10-10:30  Use of vermicompost to reduce soil Al toxicity in Brazil (Patrick Lavelle, 
IRD, France)

10:30-10.50 Coffee break

10:50-11:10 The role of innovative technologies (Felix Dakora, University of Cape 
Town, South Africa)

11:10-11:30  The role of ecosystem engineers in soil rehabilitation process (Abdoulaye 
Mando, INERA, Burkina Faso)

11:30-11:50  Insect pest in biologically managed soil and crops (Om Rupela, ICRISAT, 
India)

11.50-12.30 Discussion

12:30-13:45 Lunch break
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13:45-14.45 WORKING GROUPS: SESSION II

14:45-15.40 Report back from working groups and plenary discussion

15:40-16:00 Coffee break

16:00-17:30 WORKING GROUPS (SESSION II CONT.)

 Plenary discussion and feedback from working groups (2nd session)

19:30-22:00 Workshop dinner 

 DAY 3 – WEDNESDAY, 26 JUNE 2002

8:30-9:30 Plenary: Report back from working groups and discussion based on 
presentations of day 2.

 CAPACITY BUILDING AND MAINSTREAMING IN ASSESSMENT, MANAGEMENT AND 
RESEARCH

9:30-10:10  Introduction of theme on capacity building and mainstreaming (George 
Brown and Mariangela Hungria, EMBRAPA, Brazil) 

10:10-10:30 Adaptive management for redeveloping traditional agro-ecosystems (P.S. 
Ramakrishnan, Nehru University, India)

10:30-10.50 Coffee break

10:50-11:10 Capacity building tools and methods used to improve knowledge and skills 
in biological management of soil fertility by farming communities (Rusvel 
Rios, CAMAREN, Ecuador)

11:10-11:30 The GEF TSBF BGBD network project on the conservation and sustainable 
management of below-ground biodiversity (George Brown, EMBRAPA, 
Brazil)

11:30-11:50 Transition from traditional to monocropping and more recently to weed-free 
mixed cropping and no-tillage systems (Richard Fowler, ACT Network, 
South Africa)

11:50-12:10 Management of macrofauna in traditional and conventional agroforestry 
systems from India with special reference to termite and earthworms. 
(Bikram Senapati, Sambalpur University, India)

10:00-10:20 Coffee break

10:20-12:00 WORKING GROUPS: SESSION III

STRENGTHENING CAPACITIES AND PARTNERSHIPS AND MAINSTREAMING: 
DEVELOPING A PROPOSED STRATEGY AND CONCRETE ACTIONS (specifying 
partnerships, responsibilities, timing and funds)
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Local level and policy and research level with a regional or national 
focus

• Monitoring and assessment

• Adaptive management

• Research, participatory technology development and risk management 
(local level)

• Research and technology development and risk management (policy and 
research level)

• Information management, awareness raising, exchange and networking, 
public education

• Agricultural training, extension and research strategies and farming 
systems approaches (e.g. FFS and participatory technology development) 
(local level)

• Agricultural policy, regulatory issues and agro-ecosystems approaches 
(policy level)

• International initiatives (actions, responsibilities, timing, funds)

12:00-19.30 Day fi eld trip: Humanitas Project, São Jerônimo (100 km)

 DAY 4 – THURSDAY, 27 JUNE 2002

8:30-9:30 PLENARY SESSION: STRENGTHENING CAPACITIES AND PARTNERSHIPS AND 
MAINSTREAMING 

Report back from working groups on proposed strategy and concrete actions 
(specifying partnerships, responsibilities, timing and funds)

10:30-10:45 Coffee break

10:45-12:15 Steering committee pulls together results with reporter and chairperson of 
each group

10:50-12:15 Tour of EMBRAPA station (laboratories, greenhouses, fi eld projects) for 
other participants

12:25-13:50 Lunch break

14:00-16:00 FINAL PLENARY SESSION. WORKSHOP CONCLUSIONS 

16:30-17:30 Workshop evaluation. Reports. Commitments for follow-up activities, timing.

17:30 Close
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Annex 2
Workshop  participants and 

contact details

Participants Contact Details Specialization

AFRICA

Dr. Felix Dakora University of Cape Town, Botany Department
P/B Rondebosch 7700
Cape Town, South Africa
Tel: (+27) 021 6502964 Fax: (+27) 021 6503726/3918
E-mail: dakora@botany.uct.ac.za

BNF

Richard Fowler African Conservation Tillage Network
5 Musson Mews, Hayfi elds, Pietermaritzburg 3201, South 
Africa
Tel: (+27) 33 3559410 Fax: (+27) 33 3434281
E-mail: rmfowler@iafrica.com

Conservation Tillage 
Network

Dr. Abdoulaye Mando TSBF/IFDC project on integrated soil fertility management, 
IFDC-Division Afrique.
01 BP 4483, Lomé, Togo
Tel: (+228) 221 7971 Fax:(+228) 221 7817
E-mail: amando@ifdc.org
(ex Institut pour l’Environnement et la Recherche Agricole 
INERA),Ouagadougou, Burkina Faso

Termites, macrofauna

Klaus Merckens Egyptian Biodynamic Association 
3 Belbes Desert Road
POB 1535 Alf Maskan 11777 Cairo, Egypt
Tel.: (+20) 2 6564154 Fax: (+20) 2 6567828
E-mail: Klaus.Merckens@sekem.com
http://www.sekem.com/achievements/research.htm

Organic cotton in Egypt 
Biodynamic farming 
Inspection and certifi cation 
Composting

EUROPE

Sally Bunning Land and Water Development Division (AGLL), FAO,
Viale de la Terme Caracalla, Rome, Italy
Tel: (+39) 06 570544442 Fax: (+39) 06 57056275
E-mail: sally.Bunning@fao.org
www.fao.org/landandwater 

Land resources 
management

Dr. Adriana Montañez Land and Water Development Division (AGLL), FAO, 
Viale de la Terme Caracalla, Rome, Italy
Tel: (+39) 06 570544442 Fax: (+39) 06 57056275
E-mail: adriana.Montanez@fao.org
www.fao.org/landandwater

Soil microbiology

Dr. Martin Wood Department of Soil Science, University of Reading, 
Whiteknights, PO Box 202, Reading, RG6 6DW, United 
Kingdom 
Tel: (+44) 0118 9316557. Fax. (+44) 0118 9316660
E-mail: m.wood@reading.ac.uk

Soil microbiology

Dr. Patrick Lavelle Professor, Laboratoire d’Ecologie des Sols Tropicaux. 
Université de Paris VI (IRD) [ex.ORSTOM]
32, Avenue Henri Varagnat, 
93143 Bondy Cedex, France
Tel: (+33) 0148025960 Fax: (+33) 0148025970
E-mail: lavelle@bondy.ird.fr
http://www.nrel.colostate.edu/IBOY/index2.html

Sol macrofauna
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Participants Contact Details Specialization

Nuria Ruiz Camacho Laboratoire d’Ecologie des Sols Tropicaux. Université de 
Paris VI / IRD (ex.ORSTOM)
32, Avenue Henri Varagnat
93143 Bondy Cedex, France
Tel: (+33) 0148025960 Fax: (+33) 0148025970
E-mail: Nuria.Ruiz-Camacho@bondy.ird.fr
http://www.nrel.colostate.edu/IBOY/index2.html

Soil macrofauna

Dr. Lijbert Brussaard Professor, Wageningen University 
Soil Quality, Dept. Environmental Sciences
Dreijenplein 10 P.O. Box 8005 
6700 EC Wageningen, Netherlands
Tel: (+31) 317 483325 Off: (+31) 317 482354
Mobile: (+31) 6 10466910 Fax: (+31) 317 483766
E-mail: lijbert.brussaard@bb.benp.wau.nl
www.dow.wau.nl/soil_quality

Soil fauna and arbuscular 
mycorrhizal fungi

Dr. Paul Cannon CABI Bioscience, Bakeham
Lane, Egham, Surrey, TW 20 9TY, United Kingdom
Tel. (+44) 1491 829035 Fax (+44) 1491 829100
E-mail: p.cannon@cabi.org

Fungal systematics 
and ecology, especially 
decomposers and disease-
causing species

ASIA + OCEANIA

Dr. Clive Pankhurst CSIRO Land and Water Davies Laboratory PMB
PO Aitkenvale, Townsville, Queensland, 4814, Australia
Tel: (+61) 7 47538519 Fax: (+61) 7 47538600
E-mail: Clive.Pankhurst@csiro.au

Biological indicators and 
soil microbiology

Dr. Om P. Rupela Senior Scientist, ICRISAT,
Patancheru, 502324, Andhra Pradesh, India
Tel: (+91) 84558-610 (offi ce); (+91) 845582134 (home) Fax: 
(+91) 41 3241239/ 3296182
E-mail: o.rupela@cgiar.org

BNF, low-cost alternatives 
for managing insect 
pests, and crop-residue 
management through 
microbiological interventions

Dr. Bikram Senapati Professor, Ecology Section, School of Life Sciences, 
Sambalpur University
Jyotivihar-768019, Orissa State, India
Tel: (+91) 663430309 ®, 431328 (laboratory), 431879 (offi ce) 
Fax: (+91) 663430158
E-mail: bikramsenapati@hotmail.com, bikramsenapati@redi
ffmail.com 

Earthworm ecology

Dr. P. S. Ramakrishnan Professor, Jawaharlal Nehru University,
School of Environmental Sciences
New Delhi, 110 067, India
Tel: (+91) 011 6439129 (home); 6107676; 6167557 Ext.: 2326 
(offi ce) Fax: 6172438; 6169962
E-mail: psr@mail.jnu.ac.in, psrama2001@yahoo.com,
psrama2001@hotmail.com

Ecosystem and landscape 
ecological approach 
towards farming system 
analysis, socio-ecological 
issues

Tsewang Dorji National Soil Service Center, Simtokha,
PO Box 907, Thimphu, Bhutan
Tel: (+975) 335 1037
E-mail: tsewangd2001@yahoo.com

Soil microbiology
(Rhizobium)

Yosef Steinberger Bar-Ilan University, Faculty of life Sciences,
Ramat-Gan, 52900, Israel
Tel: (+972) 35318571 Fax: (+972) 5351824
E-mail: steinby@mail.biu.ac.il

Terrestrial ecology, drylands 
bioremediation (microfl ora, 
micro- and mesofauna, 
diversity, nutrient cycling, 
desertifi cation)
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Participants Contact Details Specialization

NORTH AMERICA

Dr. Rattan Lal Professor and Director of Carbon Management and 
Sequestration Program, School of Natural Resources
2021 Coffey Road, Columbus, Ohio 43210, United States of 
America
Tel: (+1) 614 2929069 Fax: (+1) 614 2927432
E-mail: Lal.1@osu.edu

Carbon sequestration

Michelle Gauthier CBD Secretariat
World Trade Centre 393, Saint-Jacques St., Suite 300, 
Montreal, Canada
Tel: (+1) 514 2877045 Fax: (+1) 514 2886588
E-mail: Michelle.gauthier@biodiv.org
www.biodiv.org

Forest management, 
agricultural biodiversity 

LATIN AMERICA

Stella Zerbino INIA-La Estanzuela
Colonia, Uruguay
Tel: (+598) 0574 8000
E-mail: Stella@inia.org.uy

Macrofauna 

Dr. Dan Bennack Instituto de Ecologia, A.C.
A.P. 63, Ant. Carr. Coatepec, 
Xalapa, Ver. 91000, Mexico
Tel: (+52) 2288 171013 Fax: (+52) 2288 187809
E-mail: bennack@ecologia.edu.mx

Agro-ecology

Eolia Treto Hernandez. Instituto Nacional de Ciencias Agrícolas (INCA),
Carr. San José Tapaste, Km 3.5, Cuba
Tel: (+53) 64 63867 
E-mail: perez.cardero@hotpop.com

Agro-ecosystems

Gustavo Bernal Leader, Plant Protection Department of INIAP, (National 
Institute of Agricultural Research),
Santa Catalina Station, Quito, Ecuador
Tel/fax. (+593) 2 690693 Home: (+593) 2 347689
E-mail: g.bernal@andinanet.net

Rusvel Ríos Villafuerte CAMAREN – Ecuador,
Pasaje Arcos, Calle Arcos, Ciudadela Floresta, Ambato, 
Ecuador
Tel: (+593) 03847397 or 099808577 / 099812603
E-mail: rusveltrios@yahoo.com

Agro-ecology and 
capacitation for adults

BRAZIL

Dr. George G. Brown EMBRAPA Soja
C.P. 231, CEP 86001-970, Londrina, PR, Brazil
Tel: (+55) 43 3716231 Fax: (+55) 43 3716100
E-mail: browng@cnpso.embrapa.br

Agro-ecology, soil ecology, 
earthworms, soil fertility

Lenita Jacob Oliveira EMBRAPA Soja
C.P. 231, CEP 86001-970, Londrina, PR, Brazil
Tel: (+55) 43 3716208 Fax: (+55) 43 3716100
E-mail: lenita@cnpso.embrapa.br

Dr. Mariangela Hungria EMBRAPA Soja
C.P. 231, CEP 86001-970, Londrina, PR, Brazil
Tel: (+55) 43 3716206 Fax: (+55) 43 3716100
E-mail: hungria@cnpso.embrapa.br

Clara Beatriz 
Hoffmann-Campo

EMBRAPA Soja
C.P. 231, CEP 86001-970, Londrina, PR, Brazil
Tel: (+55) 43 3716214 Fax: (+55) 43 3716100 
E-mail: hoffmann@cnpso.embrapa.br
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Participants Contact Details Specialization

Ademir Calegari Soil Scientist IAPAR – Agronomic Institute of Paraná
Rod. Celso Garcia Cid, Km 375, P.O. box 481; CEP 86001-
970 Londrina, PR, Brazil
Tel: (+55) 43 3762000 Fax: (+55) 43 3762101
E-mail: calegari@pr.gov.br

Cover crops, crop rotations,
no-tillage system, farming 
systems, soil management

Gabriel Bianconi 
Fernandes

AS-PTA Assessoria e serviço à Projetos em Agricultura 
Alternativa, Candelaria, 9 –6º andar
20091-020, Rio de Janeiro, Brazil
Tel. (+55) 21 22538317
E-mail: aspta@alternex.com.br

Agro-ecology and household 
farming

Avílio A. Franco EMBRAPA Agrobiologia
KM 47, Seropedica, CEP 23890-000, RS, Brazil
Tel: (+55) 21 26821500 Fax (+55) 21 26821230
E-mail: avilio@cnpab.embrapa.br

Soil microbiology, plant 
nutrition, land reclamation

Dr. Odo Primavesi Embrapa Pecuaria Sudeste
Rodovia Washington Luiz, km 234 – Fazenda Canchim, C.P. 
339 CEP 13560-970, São Carlos, SP, Brazil
Tel: (+55) 16 2615611 Fax: (+55) 16 2615754 
E-mail: odo@cppse.embrapa.br

Environmental education, 
environmental quality 
indicators, soil conservation 
and plant inoculation, agro-
ecological concepts

Márcio Lambais Universidade de São Paulo - ESALQ
Departamento de Solos e Nutrição de Plantas,
Av. Pádua Dias, 11, CP 9, CEP 13418 900, Piracicaba, SP, 
Brazil 
E-mail: mlambais@carpa.ciagri.usp.br

Fátima Moreira Universidade Federal de Lavras
Departamento de Agronomia, C.P. 37, CEP 37200-000 
Lavras, MG, Brazil 
Tel: (+55) 35 38291254 Fax: (+55) 35 38291251
E-mail: fmoreira@ufl a.br

Soil microbiology and 
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Annex 3
Working group composition 

and guiding questions

A series of questions were designed to help guide the discussions in each working group towards 
practical solutions and approaches on how to use the existing knowledge.

Working groups addressed three main themes during two sessions: 

Theme 1. Assessment and monitoring;

Theme 2. Adaptive management;

Theme 3. Innovative technologies and risk alleviation. 

The fi rst session concentrated on identifying and characterizing the available practical 
approaches and tools, based on what is known and what can be used, and how. It focused on 
building and describing the available knowledge base in each of the themes.

The second session focused on identifying and characterizing the various gaps (knowledge, 
resources, policy environment, etc.) in each theme, and how these can be overcome. 

The gap identifi cation helped create a common understanding and background for the third 
session, when the working groups discussed capacity building and mainstreaming under each 
of the three themes. 

A. WORKING GROUP ON ASSESSMENT AND MONITORING

Session 1 – Objective 

Overview of knowledge base and issues to help land users, technicians and policy-makers 
understand soil health and the value and use of soil bioindicators to measure or observe and 
evaluate soil health now and in the future.
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Stella Zerbino, Uruguay
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Issues for discussion

1.  Which indicators

• What to measure and how. Bioindicators and observation and measurement techniques.

• What are the basic requirements for effective bioindicators of soil health?

• What is a suitable framework for developing a soil health indicator programme?

• Identify which indicators are universal (for most systems and conditions) and which are 
site or condition specifi c.

• Which bioindicators should be used by different stakeholders (list) and what are their 
specifi c constraints (e.g. which indicators would be most suitable for farmers in different 
agro-ecological conditions and socio-economic contexts)?

• Which soil health indicators could be used as appropriate indicators or measurements for 
different purposes, e.g. monitoring, early warning and management or maintenance?

• Which indicators shoe or control key ecosystem functions (functional groups), without 
which systems may collapse or go into chaotic disequilibrium?

• Which indicators reveal particular environmental constraints that must be overcome?

• Can clear baseline data be defi ned and established to create reference databases for healthy 
soils (defi ne)?

• Which bioindicators show consistency (usefulness is maintained) at different temporal 
and spatial scales?

2. How to identify indicators of value to farmers and how to establish a soil health monitoring 
process with them. 

• How to make farmers aware of the importance of soil health and how to get them involved 
in soil health monitoring.

• What are the minimum resources that must be available for monitoring or assessment?

• How to identify the locally available resources (human, technical, equipment, laboratories, 
and other support) for bioindicator work.

• How to use and develop local indicators of soil health, based on the farmers  ̓degree of 
experience.

• How to integrate soil health concepts into current and future farm management 
practices.

• How to interpret and present results (what do they indicate).

Session 2 – Objective

What are the gaps in terms of knowledge and technical constraints, and how can they be addressed 
through projects, guidelines, capacity building etc.? 

Provide clear principles and practical approaches, materials and means to guide land users, 
policy-makers and planners in the selection and use of bioindicators to improve land management 
practices and understand the linkages between soil biodiversity and the maintenance of soil 
functions. 
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Issues for discussion

1.  How to develop and provide a framework or guide for soil health.

• Need for using soil health indicators for different systems and users. 

• Needs for standardization in the use of indicators (across soil types, climate conditions 
and land uses). 

• Development of standardized sampling methods, data collection and interpretation, etc. 
(timing, number, spacing, features, measures, tools, etc) and how to make adaptations 
according to specifi c needs.

• How to develop target values or thresholds for soil health indicators (i.e. what is good and 
what is bad). Approaches for this may include use of agronomic data, expert knowledge, 
databases. etc.

• Need to couple the use of soil health indicators with demonstration of best farming or 
land management practices, i.e. recommended solutions to soil health problems.

• Need for multidisciplinary monitoring processes and techniques and actions on the 
ground.

• Need for integrated indicators or sets of multiple indicators (holistic approaches).

• What developments in indicator research can be expected in the near future? Working 
around taxonomic barriers.

2. Identify resource persons, institutions and partnerships to be in charge of training and 
capacity building on different topics for different stakeholders (technicians, students, and 
especially farmers and other land managers), and identify current programmes where various 
representative pilot sites are well characterized and documented to obtain baseline data on 
healthy soils under different conditions.

3. Identify ongoing or recent research, fi eld experiences and expertise on soil health indicators 
that can be built on. How to capacitate or train the farmer in the use of bioindicators 
(participatory approaches). Collation of available materials and creation of new materials 
(e.g. interpretive guidelines for the use of soil health indicators). How to develop networking 
and materials development and dissemination capacity.

4. Mainstreaming.

• Need for involvement of the private sector without creating dependency for farmers.

• How to promote use of bioindicators for comparisons of agricultural systems; degradation 
assessment; environmentally sound agricultural policies; C sequestration and other 
ecosystem services.

• Mechanisms for infl uencing policy-makers and planners locally, nationally and regionally; 
lessons learned from cooperatives, FFSs and other lessons still to be learned.

• How to calculate or predict economic benefi ts, losses and thresholds, and infl uence 
policies.

• Expected results: Establish clear and concrete approaches and methods to overcome the 
specifi c gaps, needs and constraints identifi ed during the discussion. Present a draft plan 
of action with short- and long-term goals.
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B. WORKING GROUP ON ADAPTIVE MANAGEMENT

Session 1 – Objective

 Provide the basis for the development of practical guidelines on the basis of existing know-
how, experiences and materials to promote on-farm research and technology development in 
integrated soil biological management (i.e. strategies, approaches and technologies) with a view 
to enhancing the productivity and sustainability of diverse land use systems and conserving soil 
and associated agricultural biodiversity. 

Issues for discussion

1.  Brief overview and agreement on adaptive management and integrated biological management 
concepts for soil and agro-ecosystems.

• Adaptive management techniques and practices: essential components (social, biological, 
ecological, physical, cultural, economic, technical; approaches; lessons learned, etc.).

• Essential components of integrated (biological) management of soil ecosystems (crop, 
animal, soil, water, human resources and agricultural systems); linkages and synergy 
between soil biological, chemical and physical management schemes.

• The ecosystem concept (defi nitions and principles).

2. Discussion on opportunities for integrated biological management of soils in different farming 
contexts (basic principles, techniques, practices and approaches; contributions to agricultural 
sustainability).

• How to move away from a focus on mechanical soil conservation to a focus on soil health 
and life.

• How to maintain or enhance soil organic matter quality and quantity (roots, mixed crops, 
systems).

• How to minimize the use of chemicals and develop alternatives (cost, safety, etc.).

• How to enhance resource use effi ciency (i.e. diversity at different scales; balance use of 
external inputs with recycling of locally available resources; reduce losses; effi cient use 
of energy).

• How to restore degraded soils and manage problem soils and fragile soils.
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• How to intensify soil management (over time and space) without degrading the resource 
base (sustained productivity and income for subsistence and commercial farmers).

• What techniques are available for managing the living soil components (biota) to enhance 
agricultural production and what is their potential in certain systems (BNF, plant genetic 
resources, earthworms, etc.; build on traditional and modern techniques; link above- and 
below-ground biodiversity)?

• What lessons and successes can be built upon from each region in terms of useful 
approaches (i.e. promoting participatory on-farm research technology development; 
ecosystem or agro-ecological approach; participatory monitoring; networking)?

3. Identify major approaches with wider potential such as organic agriculture, conservation 
agriculture, diversifi ed systems and other promising approaches and techniques, and suggest 
how to build on them, for example building on the following examples for representative 
farming systems.

• Increase plant diversity at various scales (fi eld to landscape). 

• Field margins, windbreaks, forest refugia and other landscape-scale preserved areas to 
increase landscape biodiversity and associated ecosystem services.

• Linking above-ground with below-ground diversity; management implications; protect 
the habitat, key functions and biodiversity of soil organisms. 

• Minimize negative effects of various agricultural inputs; use of integrated plant nutrition 
and IPPM approaches. 

Session 2 – Objective

Evaluate farmers’ needs and constraints for adoption of biological management of soil ecosystems 
and adaptation of current practices in a range of different managed systems

Issues for discussion

1. What is known and where are the gaps? With a focus on solutions on how to overcome 
constraints and lack of knowledge in different agro-ecosystems and socio-economic context, 
in particular opportunities to strengthen collaboration and capacity building in the different 
regions, themes, etc.

• How to move from technology transfer to adaptive management or participatory 
technology development approaches.

• Review and identify good and bad traditional and modern techniques, and ways to move 
from bad practice to good practice. Suggest clear examples to build on. 

• How to enhance cooperation and shared understanding among farmers, extensionists, 
technicians and scientists on integrated biological management of soil ecosystems 
(institutional mechanisms; examples of dynamic processes): (i) identify any specifi c 
requirements or problems for specifi c farming systems - contexts or target groups 
(examples) and major technical gaps in terms of management practices and their impact 
on soil biological functions and on ecosystem productivity and resilience; (ii) needs for 
dynamic iterative learning process (not wide application of standard techniques) and for 
multidisciplinary activities and techniques; (iii) how to stimulate the capacity of local or 
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regional farmers to adapt, improve and share experiences (capacity building and training 
of the farmer, researcher and technician for integrated and adaptive management and 
participatory approaches); and (iv) what is known in terms of determining economic 
benefi ts, losses and thresholds (tools; know-how).

2. Identifi cation of major technical gaps and farmer needs and potential solutions. 

• Plant breeding needs; inoculants. 

• Microbial and fauna management. 

• Organic matter management and soil conservation.

• Landscape and agro-ecosystem biodiversity for pest and disease control, economic gains, 
nutrient management, etc.

3. Concrete suggestions for addressing major gaps and implementation of potential 
solutions.

• Proposals for capacity building and training in integrated soil management (where, when, 
by whom).

• Collation of available materials and creation of new materials on farmers  ̓integrated soil 
management techniques. Who takes the lead?

• Use of current networks and training courses to incorporate various stakeholders (farmers, 
technicians, students, researchers and agribusiness) in disseminating these techniques.

• How to link agribusiness, NGOs and public institutions in the process of adopting 
integrated biological management of soil ecosystems.

• Problems of scale: integrated management at the local scale must be scaled up to the 
landscape level (with wider adoption of practices) for true benefi ts of integration of soil 
use and management to be realized at the regional level.

• Establish network of projects and experiences for incorporating integrated soil management 
(global, national).

• How to obtain support at the various levels (from farmer to international governments) 
for integrated soil biological management (policy level, technical collaboration, fi nancial 
resources).

• International agendas and conventions on soil management and conservation (IUSS; 
Agenda 21; UN-CCD; UN-FCCC; UN-CBD; FAO-CGRFA; etc.).

Expected results

Identify solutions in terms of capacity building, partnerships and mainstreaming to overcome 
constraints (technical, human, socio-economic, cultural and organizational) in different agro-
ecosystems and socio-economic contexts and regions.
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C. WORKING GROUP ON INNOVATION AND RISK MANAGEMENT

Session 1 – Objective

Overview of available innovative and promising new technologies and opportunities for their 
wider use and adaptation with a focus on risk alleviation (human and environmental) and 
systems approaches. 

Issues for discussion 

Promising techniques and their potential and evaluation of risks and application of ecosystem 
approach.

• The techniques: bioremediation, inoculation, genetic engineering, molecular marking, 
organic agriculture, integrated approaches (IPNM, etc.). 

• The organisms: BNF, genetic manipulation or engineering of micro-organisms and plants, 
GMOs, arbuscular mycorrhizal fungi and other symbionts, natural antagonists, phosphate 
solubilizers, earthworms, biofertilizers, plant growth promoters. Understanding their 
role and ecological interactions in soils, and the means of promoting their wider use and 
adaptation (when possible). Improving their effi ciency in agricultural systems. 

• Urban and peri-urban agriculture - using industrial, domestic and agricultural wastes.

• GMOs and their implications and international property rights. 

• Remediation - using microbes for decontamination.

• Industrial use of soil organisms and bioprospecting.

• Interactions between above- and below-ground biodiversity (e.g. fl avonoids and other 
rhizospheric exudates).

Session 2 – Objective

Identify strategies and approaches for the well-informed and safe use and adaptation of 
techniques or biological methods including policy, institutional and organizational strategies 
and actions.
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Issues for discussion

• Alleviation of risks and constraints. How to promote the precautionary approach.

• Needs for further research (fi eld testing and assessment) with a focus on systems 
approaches, e.g. crop-soil interactions.

• Need for balanced and unbiased private and public sector research and government 
policy. What role for partnerships (e.g. to commercialize, publicize or promote sound 
innovations; collaborative research)?

• Need for community awareness and lobbying capacity of smallholder farmers, associations 
and support groups.

• Need for balanced information for all stakeholders (impact assessment, equal access).

• The importance of policy and regulatory frameworks; role of global conventions and 
standards.

• Identify initiatives/networks that can be built upon for cooperation and partnerships; 
roles and responsibilities; representatives and programme/project interactions.

• IRD-Biofonctionnement du Sol.

• TSBF Programme.

• ASB Programme and African Highlands Initiatives of CGIAR. 

• CYTED Network and MIRCEN Network.

• Mycorrhizal and BNF networks, e.g. ALAR, CGIAR Challenge Programme on BNF.

• Piloting participatory technology development (building on private and public sector 
collaboration as appropriate) for wider use of soil biodiversity related technologies and 
products.

Expected results

Promote the wider use and local adaptation of safe and promising technologies to enhance the 
use of soil biodiversity and effi ciency of soil biological activity through the identifi cation of 
concrete opportunities for collaboration, training, networking and piloting activities within a 
conducive and supportive policy environment. 



Biological management of soil ecosystems for sustainable agriculture 75

Annex 4
Matrix of case studies on soil biodiversity 

and ecosystem management
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84 Annex 5 – Ongoing activities and potential collaborative actions
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88 Annex 5 – Ongoing activities and potential collaborative actions
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90 Annex 5 – Ongoing activities and potential collaborative actions

A
ct

iv
it

y,
 a

im
 a

n
d

 o
p

p
o

rt
u

n
it

y 
fo

r 
co

lla
b

o
ra

ti
o

n
; 

re
fe

re
n

ce
 a

n
d

 c
o

n
ta

ct
A

g
ro

-e
co

lo
g

ic
al

 z
o

n
e;

fa
rm

in
g

 s
ys

te
m

P
ro

b
le

m
 t

o
 b

e 
ad

d
re

ss
ed

; 
ac

to
rs

A
va

ila
b

le
 t

o
o

ls
; 

ap
p

lic
ab

ili
ty

E
xp

ec
te

d
 p

ro
d

u
ct

s 
an

d
 

to
o

ls
; 

ti
m

in
g

R
es

u
lt

s:
 c

ap
ac

it
y 

b
u

ild
in

g
, m

ai
n

st
re

am
in

g

S
O

U
T

H
E

R
N

 A
N

D
 E

A
S

T
E

R
N

 A
F

R
IC

A
 

1.
 S

E
A

R
C

A
 R

es
ea

rc
h,

 N
at

al
 A

gr
ic

ul
tu

ra
l  

   
D

ep
ar

tm
en

t 
   

 Z
IM

B
A

B
W

E
   

  A
C

T
 N

et
w

or
k,

 R
ic

ha
rd

 F
ow

le
r 

   
  r

m
fo

w
le

r@
ia

fr
ic

a.
co

m
   

  C
om

m
un

al
 L

an
d 

P
ro

je
ct

 –
 D

en
m

ar
k-

su
pp

or
te

d 
  

pr
oj

ec
t o

n 
su

st
ai

na
bl

e 
la

nd
 u

se
.

S
. &

 E
. A

fr
ic

a.
S

m
al

l c
om

m
un

al
 a

ra
bl

e 
fa

rm
er

s.

P
ro

du
ct

io
n 

an
d 

pr
es

er
va

tio
n 

of
 s

ur
fa

ce
 

m
ul

ch
es

.
R

es
ea

rc
he

rs
, e

xt
en

si
on

is
ts

 
an

d 
fa

rm
er

s.

S
ys

te
m

 to
 r

ed
uc

e 
so

il 
w

at
er

 lo
ss

.
In

 3
-5

 y
ea

rs
 (

20
05

-0
7)

E
nh

an
ce

d 
ad

op
tio

n 
by

 
fa

rm
er

s 
of

 c
on

se
rv

at
io

n 
til

la
ge

.

2.
 A

fr
ic

an
 C

on
se

rv
at

io
n 

T
ill

ag
e 

N
et

w
or

k 
(A

C
T

) 
   

 Z
IM

B
A

B
W

E
, T

A
N

Z
A

N
IA

, S
O

U
T

H
 A

F
R

IC
A

 
   

 A
C

T
 N

et
w

or
k,

 R
ic

ha
rd

 F
ow

le
r 

   
 r

m
fo

w
le

r@
ia

fr
ic

a.
co

m
   

 P
ilo

t p
ro

je
ct

s 
on

 c
on

se
rv

at
io

n 
ag

ric
ul

tu
re

.

S
. &

 E
. A

fr
ic

a.
S

m
al

l-s
ca

le
 a

gr
ic

ul
tu

re
 a

nd
 

liv
es

to
ck

.

D
is

se
m

in
at

io
n 

of
 

co
ns

er
va

tio
n 

ag
ric

ul
tu

ra
l 

te
ch

no
lo

gi
es

.
R

es
ea

rc
he

rs
, e

xt
en

si
on

is
ts

 
an

d 
fa

rm
er

s.

A
do

pt
io

n 
of

 c
on

se
rv

at
io

n 
til

la
ge

 s
ys

te
m

s.
In

 2
-3

 y
ea

rs
 (

20
04

-0
5)

.

E
nh

an
ce

d 
ad

op
tio

n 
by

 
fa

rm
er

s 
of

 c
on

se
rv

at
io

n 
til

la
ge

.

3.
 F

A
O

/C
O

S
P

E
/A

R
C

   
 S

W
A

Z
IL

A
N

D
, M

O
Z

A
M

B
IQ

U
E

, S
O

U
T

H
 A

F
R

IC
A

 
   

 A
C

T
 N

et
w

or
k,

 R
ic

ha
rd

 F
ow

le
r 

   
 r

m
fo

w
le

r@
ia

fr
ic

a.
co

m
   

 Id
en

tifi
 c

at
io

n 
an

d 
ut

ili
za

tio
n 

of
 in

di
ge

no
us

 
pl

an
ts

 in
 c

on
se

rv
at

io
n 

ag
ric

ul
tu

re
 s

ys
te

m
s

   
 C

O
S

P
E

 -
 C

oo
pe

ra
zi

on
e 

pe
r 

lo
 S

vi
lu

pp
o 

de
i 

P
ae

si
 E

m
er

ge
nt

i, 
Ita

ly
. 

   
 A

R
C

 -
 A

gr
ic

ul
tu

ra
l R

es
ea

rc
h 

C
ou

nc
il,

 S
. A

fr
ic

a.

S
m

al
l-s

ca
le

 c
om

m
un

al
 s

ys
te

m
.

C
on

se
rv

at
io

n 
of

 n
at

ur
al

 
re

so
ur

ce
s.

R
es

ea
rc

he
rs

, e
xt

en
si

on
is

ts
 

an
d 

fa
rm

er
s.

In
 5

 y
ea

rs
 (

20
07

).
E

xt
en

si
on

is
ts

 e
m

po
w

er
ed

.
U

nd
er

st
an

di
ng

 o
f s

oi
l 

bi
ol

og
ic

al
 p

ro
ce

ss
es

 
en

ha
nc

ed
.

U
ni

ve
rs

ity
 o

f C
ap

e 
To

w
n,

 
F

el
ix

 D
. D

ak
or

a 
da

ko
ra

@
bo

ta
ny

.u
ct

.a
c.

za
 

B
N

F
 a

nd
 r

oo
t a

ct
iv

ity
 in

 s
oi

ls
, n

ut
rie

nt
 

m
an

ag
em

en
t i

n 
cr

op
pi

ng
 s

ys
te

m
s.

V
is

ua
liz

at
io

n 
of

 r
oo

t c
lu

st
er

s 
as

 e
vi

de
nc

e 
of

 p
la

nt
’s

 
se

ar
ch

 fo
r 

P.

S
m

al
l- 

an
d 

la
rg

e-
sc

al
e 

fa
rm

in
g 

sy
st

em
s 

as
 w

el
l a

s 
na

tu
ra

l 
ec

os
ys

te
m

s.

N
 a

nd
 P

 n
ut

rit
io

n 
in

 
cr

op
pi

ng
 s

ys
te

m
s.

B
us

in
es

s 
an

d 
re

se
ar

ch
er

s,
 

fa
rm

er
s 

an
d 

te
ch

ni
ca

l 
ex

te
ns

io
n 

st
af

f.

R
ou

tin
e 

m
et

ho
ds

 u
se

d 
in

 U
ni

ve
rs

ity
 o

f C
ap

e 
To

w
n 

an
d 

co
lle

ag
ue

s’
 

la
bo

ra
to

rie
s.

In
di

ge
no

us
 fa

rm
er

s’
 

an
d 

bu
si

ne
ss

 
kn

ow
le

dg
e 

(R
oo

ib
os

 
Te

a 
C

o.
)

Id
en

tifi
 c

at
io

n 
of

 h
ig

h-
N

2-
fi x

in
g 

gr
ai

n 
le

gu
m

es
 

re
si

st
an

t t
o 

in
se

ct
 p

es
ts

.
Te

ch
no

lo
gi

es
 fo

r 
im

pr
ov

in
g 

P
 a

nd
 N

 n
ut

rit
io

n 
in

 
R

oo
ib

os
 te

a 
le

gu
m

es
.

R
es

ul
t: 

20
04

-0
6)

S
ha

re
d 

ex
pe

rie
nc

e 
be

tw
ee

n 
U

ni
ve

rs
ity

 o
f C

ap
e 

To
w

n 
an

d 
fa

rm
er

s.
T

ra
in

in
g 

of
 y

ou
ng

 s
ci

en
tis

ts
 

in
 s

oi
l b

io
lo

gy
.

E
A

S
T

 A
F

R
IC

A
 

M
IR

C
E

N
, N

ai
ro

bi
N

an
cy

 K
ar

an
ja

bi
ofi

 x
@

ar
cc

.o
r.k

e
1.

 B
io

fe
rt

ili
ze

rs
 (

R
hi

zo
bi

a 
in

oc
ul

an
ts

) 
us

ed
 le

ad
in

g 
to

 im
pr

ov
ed

 s
oi

l f
er

til
ity

 u
nd

er
 s

m
al

lh
ol

de
r 

fa
rm

in
g 

sy
st

em
s,

 c
ro

p 
pr

od
uc

tio
n.

 
2.

 R
ed

uc
ed

 u
rb

an
 p

ol
lu

tio
n 

th
ro

ug
h 

so
lid

/li
qu

id
 

w
as

te
 r

ec
yc

lin
g.

1.
 O

rg
an

ic
 fa

rm
in

g 
sy

st
em

s 
(s

ub
si

st
en

ce
).

 
2.

 In
du

st
ria

l c
ro

ps
, e

g.
 c

of
fe

e,
 

pi
ne

ap
pl

e 
an

d 
fr

ui
t t

re
es

.

1.
 In

fe
rt

ile
 a

nd
 h

ig
hl

y 
de

gr
ad

ed
 s

oi
ls

 (
lo

w
 c

ro
p 

pr
od

uc
tiv

ity
).

 
2.

 E
nv

iro
nm

en
ta

l p
ol

lu
tio

n 
in

 u
rb

an
 a

re
as

.
   

  F
ar

m
er

s,
 e

xt
en

si
on

is
ts

, 
re

se
ar

ch
er

s 
an

d 
po

lic
y-

m
ak

er
s.

1.
 R

hi
zo

bi
a 

in
oc

ul
an

ts
’ 

te
ch

no
lo

gy
. 

   
  A

va
ila

bi
lit

y 
of

 
bi

op
ro

du
ct

s.
 

2.
 C

om
po

st
in

g 
by

 
ea

rt
hw

or
m

s.

A
pp

ro
pr

ia
te

 e
du

ca
tio

n 
m

at
er

ia
ls

 fo
r 

va
rio

us
 

gr
ou

ps
. 

T
ra

in
in

g 
fa

rm
er

s,
 

ex
te

ns
io

ni
st

s 
an

d 
sc

ie
nt

is
ts

 
on

 b
en

efi
 ts

 o
f s

oi
l m

ic
ro

-
or

ga
ni

sm
s,

 e
.g

. r
hi

zo
bi

a 
in

oc
ul

an
ts

, m
yc

or
rh

iz
a 

an
d 

ve
rm

ic
om

po
st

in
g.

S
tr

on
g 

co
lla

bo
ra

tiv
e 

lin
ks

 e
st

ab
lis

he
d 

am
on

g 
st

ak
eh

ol
de

rs
.

In
st

itu
tio

na
l s

tr
en

gt
he

ni
ng

.



Biological management of soil ecosystems for sustainable agriculture 91

Annex 6
Indicative outline for case studies on 

agricultural biological diversity 
and checklist for their analysis

BACKGROUND

The programme of work on agricultural biodiversity adopted by the COP in Decision V/5 makes 
provision for case studies on various topics to identify management practices, technologies and 
policies that promote the positive and mitigate the negative impacts of agriculture on biodiversity, 
and enhance productivity and the capacity to sustain livelihoods. 

Specifi cally, Activity 2.1 of the Programme of Work calls for a series of case studies in a 
range of environments and production systems, and in each region: 

• to identify key goods and services provided by agricultural biodiversity, needs for the 
conservation and sustainable use of components of this biological diversity in agricultural 
ecosystems, and threats to such diversity; 

• to identify best management practices;  

• to monitor and assess the actual and potential impacts of existing and new agricultural 
technologies. 

Such case studies should address the multiple goods and services provided by the different 
levels and functions of agricultural biodiversity and the interaction between its various 
components with a focus on certain specifi c and cross-cutting issues, such as:

• the role and potential of wild, underutilized or neglected species, varieties, breeds and 
products; 

• the role of genetic diversity in providing resilience, reducing vulnerability, and enhancing 
adaptability of production systems to changing environments and needs;

• the synergies and interactions between different components of agricultural biodiversity; 

• the role of pollinators, with particular reference to their economic benefi ts, and the effects 
of introduced species on indigenous pollinators and other aspects of biological diversity;

• the role of soil and other below-ground biodiversity in supporting agricultural production 
systems, especially in nutrient cycling; 

• pest- and disease-control mechanisms, including the role of natural enemies and other 
organisms at fi eld and landscape scales, host plant resistance, and implications for agro-
ecosystem management;

• the wider ecosystem services provided by agricultural biodiversity; 

• the role of different temporal and spatial patterns in mosaics of land use, including complexes 
of different habitats;
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• possibilities of integrated landscape management as a means for the conservation and 
sustainable use of biodiversity. 

In addition, COP Decisions V/6 and V/24 call for case studies on the application of the 
ecosystem approach and on best practices for the sustainable use of biological diversity, including 
studies within the context of the thematic areas of the CBD.

The use of a common framework can facilitate synthesis of lessons learned from the case 
studies and integration of the ecosystem approach and considerations of sustainable use. The 
following indicative outline for case studies was originally made available to the COP in 
document UNEP/CBD/COP/5/INF/10. It has been revised in the light of COP decisions.

INDICATIVE OUTLINE

Overview

In one page, please provide a summary of the case study using bullet points to highlight: 
the context/problem to be solved; the objectives; the approach; application of the ecosystem 
approach; and lessons learned.

i. Background and problem statement

Please describe the context or situation of the case study, and identify problem that is addressed 
by the activities of the case. Consideration of threats to biological diversity, the goods and 
services derived from it, and the distribution of benefi ts among stakeholders may be included, 
and, where known, the underlying causes of such threats may be described.

ii. Objectives and purpose of the activities

 Please provide, in one or few sentences the main objective (or main objectives) of the 
activities proposed and/or carried out.

iii. Details of the case study and the approach taken

 Please describe the activities, the approach taken, and the main actors involved.

iv. Analysis of the case study

 Please analyse the case study in the framework of the various programmes of the Convention, 
using, as appropriate the checklist in Appendix 1. (Note, this should be used as an aide-
mémoire, i.e. it is not necessarily appropriate to address each and every part in the appendix). 
This section might be presented in tabular form, and should complement section III.

v. Conclusions

 Outcome of the activities. Please provide a brief note of the results achieved or expected of 
the case study, and the extent to which the objectives were met.

Lessons learned. Please highlight any critical factors that led to the success or failure of any 
of the activities carried out. It will be useful to note any practical conclusions that would assist 
others in carrying out similar activities, as well any policy-relevant lessons.
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CHECKLIST FOR THE ANALYSIS OF THE CASE STUDY

Application of the ecosystem approach

1. Describe how the case study illustrates any of the 12 principles of the ecosystem approach 
under the Convention (COP Decision V/6), and identify any constraints in applying these 
principles.

2. For the case study:

a. Identify goods and services provided by biodiversity in the area of case study (and 
additional ones that could be provided with improved management), and identify the 
components of biodiversity and the functional relationships between these components 
which give rise to such goods and services.

b. Identify the benefi ciaries of these goods and services as well as additional groups who 
could become benefi ciaries, and identify any barriers to their access to the benefi ts. 

c. Describe approaches to adaptive management noting what is most effective and what is 
least effective.

d. Describe the scale (or scales) of management used, additional scale (or scales) of 
management that may be needed to address the problem, and any barriers to exercising 
management at the appropriate scales.

e. Identify sectors involved, those that should be involved, and identify any changes required 
to provide an enabling policy environment. 

Relevance to the operational objectives of the Programme of Work on Agricultural 
Biological Diversity 

3. Indicate whether and how the case study contributes to: 

a. An assessment of the status and trends of the worldʼs agricultural biodiversity and of 
their underlying causes.

b. The identifi cation of management practices, technologies and policies that promote the 
positive and mitigate the negative impacts of agriculture on biodiversity, and enhance 
productivity and the capacity to sustain livelihoods. 

c. A strengthening of the capacities of farmers, their communities and organizations, and 
other stakeholders, including agro-enterprises, to manage agricultural biodiversity, and 
the promotion of increased awareness and responsible action.

d. The development of national plans or strategies for the conservation and sustainable 
use of agricultural biodiversity and their mainstreaming and integration in sectoral and 
cross-sectoral plans and programmes. 

Relevance to the thematic work programmes of the Convention 

4. Indicate whether or not the case study is relevant to the biological diversity of the following 
environments, and describe the nature of its relevance:

a. forests;

b. marine and coastal areas;
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c. inland waters;

d. dry and subhumid lands (including Mediterranean, savannah and grasslands);

e. mountain areas.

Relevance to the cross-cutting work programmes of the Convention 

5. Indicate whether or not the case study is relevant to the identifi cation of invasive alien 
species, their control, or the mitigation of their effects. 

6. Indicate whether or not the case study employs indicators of biological diversity, or of 
impacts on biological diversity. 

7. Indicate whether the case study employs impact assessments (environmental, socio-
economic) or indicates the need for impact assessments. 

8. Indicate whether or not the case study furthers the taxonomic understanding of the organisms 
concerned, or elucidates the need for further taxonomic work. 

9.  Indicate whether the case study employs the use of incentive measures for the conservation 
and sustainable use of agricultural biodiversity, or identifi es negative incentives. 

10. Indicate whether the case study employs the use of benefi t-sharing measures. 

11.  Indicate whether the case study draws upon the knowledge, innovations and practices of 
indigenous and local communities and whether it contributes to the protection and wider 
application of such knowledge, innovations and practices. 

12. Indicate any other measures taken to promote the sustainable use of biological diversity. 

13.  Indicate if the case study is part of, or contributes to, a national biodiversity strategy and 
action plan. 
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Annex 7
The ecosystem approach and 

adaptive management

As described by the COP, the ecosystem approach is the primary framework for action under the 
Convention. The COP, at its 5th Meeting, endorsed the description of the ecosystem approach 
and operational guidance and recommended the application of the principles and other guidance 
on the ecosystem approach (Decision V/6).

CBD DECISION V/6: THE ECOSYSTEM APPROACH

The Conference of the Parties

1.  Endorses the description of the ecosystem approach and operational guidance contained in 
sections A and C of the annex to the present decision, recommends the application of the 
principles contained in section B of the annex, as refl ecting the present level of common 
understanding, and encourages further conceptual elaboration, and practical verifi cation; 

2.  Calls upon Parties, other Governments, and international organizations to apply, as 
appropriate, the ecosystem approach, giving consideration to the principles and guidance 
contained in the annex to the present decision, and to develop practical expressions of the 
approach for national policies and legislation and for appropriate implementation activities, 
with adaptation to local, national, and, as appropriate, regional conditions, in particular in 
the context of activities developed within the thematic areas of the Convention; 

3.  Invites Parties, other Governments and relevant bodies to identify case studies and implement 
pilot projects, and to organize, as appropriate, regional, national and local workshops, and 
consultations aiming to enhance awareness, share experiences, including through the clearing-
house mechanism, and strengthen regional, national and local capacities on the ecosystem 
approach; 

4.  Requests the Executive Secretary to collect, analyse and compare the case studies referred 
to in paragraph 3 above, and prepare a synthesis of case studies and lessons learned for 
presentation to the Subsidiary Body on Scientifi c, Technical and Technological Advice prior 
to the seventh meeting of the Conference of the Parties; 

5.  Requests the Subsidiary Body on Scientifi c, Technical and Technological Advice, at a meeting 
prior to the seventh meeting of the Conference of the Parties, to review the principles and 
guidelines of the ecosystem approach, to prepare guidelines for its implementation, on the 
basis of case studies and lessons learned, and to review the incorporation of the ecosystem 
approach into various programmes of work of the Convention; 

6.  Recognizes the need for support for capacity building to implement the ecosystem approach, 
and invites Parties, Governments and relevant organizations to provide technical and fi nancial 
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support for this purpose; 

7.  Encourages Parties and Governments to promote regional cooperation, for example through 
the establishment of joint declarations or memoranda of understanding in applying the 
ecosystem approach across national borders. 

A. Description of the ecosystem approach 

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. Thus, the 
application of the ecosystem approach will help to reach a balance of the three objectives of 
the Convention: conservation; sustainable use; and the fair and equitable sharing of the benefi ts 
arising out of the utilization of genetic resources. 

An ecosystem approach is based on the application of appropriate scientifi c methodologies 
focused on levels of biological organization, which encompass the essential structure, processes, 
functions and interactions among organisms and their environment. It recognizes that humans, 
with their cultural diversity, are an integral component of many ecosystems. 

This focus on structure, processes, functions and interactions is consistent with the defi nition 
of ecosystem provided in Article 2 of the CBD: “‘Ecosystem’ means a dynamic complex of 
plant, animal and micro-organism communities and their non-living environment interacting as 
a functional unit.” This defi nition does not specify any particular spatial unit or scale, in contrast 
to the Convention defi nition of habitat. Thus, the term ecosystem does not necessarily correspond 
to the terms biome or ecological zone, but can refer to any functioning unit at any scale. Indeed, 
the scale of analysis and action should be determined by the problem being addressed. It could, 
for example, be a grain of soil, a pond, a forest, a biome or the entire biosphere. 

The ecosystem approach requires adaptive management to deal with the complex and 
dynamic nature of ecosystems and the absence of complete knowledge or understanding of their 
functioning. Ecosystem processes are often non-linear, and the outcome of such processes often 
shows time lags. The result is discontinuities, leading to surprise and uncertainty. Management 
must be adaptive in order to be able to respond to such uncertainties and contain elements of 
‘learning by doing’ or research feedback. Measures may need to be taken even when some 
cause-and-effect relationships are not yet fully established scientifi cally. 

The ecosystem approach does not preclude other management and conservation approaches, 
such as biosphere reserves, protected areas, and single-species conservation programmes, as 
well as other approaches carried out under existing national policy and legislative frameworks, 
but could, rather, integrate all these approaches and other methodologies to deal with complex 
situations. There is no single way to implement the ecosystem approach, as it depends on 
local, provincial, national, regional or global conditions. Indeed, there are many ways in 
which ecosystem approaches may be used as the framework for delivering the objectives of 
the Convention in practice. 
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B. Principles of the ecosystem approach 

The following 12 principles are complementary and interlinked: 

Principle 1: The objectives of management of land, water and living resources are a matter 
of societal choice. 

Rationale: Different sectors of society view ecosystems in terms of their own economic, cultural 
and societal needs. Indigenous peoples and other local communities living on the land are 
important stakeholders and their rights and interests should be recognized. Both cultural and 
biological diversity are central components of the ecosystem approach, and management should 
take this into account. Societal choices should be expressed as clearly as possible. Ecosystems 
should be managed for their intrinsic values and for the tangible or intangible benefi ts for 
humans in a fair and equitable way. 

Principle 2: Management should be decentralized to the lowest appropriate level. 

Rationale: Decentralized systems may lead to greater effi ciency, effectiveness and equity. 
Management should involve all stakeholders and balance local interests with the wider public 
interest. The closer management is to the ecosystem, the greater the responsibility, ownership, 
accountability, participation, and use of local knowledge. 

Principle 3: Ecosystem managers should consider the effects (actual or potential) of their 
activities on adjacent and other ecosystems. 

Rationale: Management interventions in ecosystems often have unknown or unpredictable effects 
on other ecosystems; therefore, possible impacts need careful consideration and analysis. This 
may require new arrangements or ways of organization for institutions involved in decision-
making to make, if necessary, appropriate compromises. 

Principle 4: Recognizing potential gains from management, there is usually a need to 
understand and manage the ecosystem in an economic context. Any such ecosystem-
management programme should: 

a. reduce those market distortions that adversely affect biological diversity; 

b. align incentives to promote biodiversity conservation and sustainable use; 

c. internalize costs and benefi ts in the given ecosystem to the extent feasible. 

Rationale: The greatest threat to biological diversity lies in its replacement by alternative 
systems of land use. This often arises through market distortions, which undervalue natural 
systems and populations and provide perverse incentives and subsidies to favour the conversion 
of land to less diverse systems. 

Often those who benefi t from conservation do not pay the costs associated with conservation 
and, similarly, those who generate environmental costs (e.g. pollution) escape responsibility. 
Alignment of incentives allows those who control the resource to benefi t and ensures that those 
who generate environmental costs will pay. 
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Principle 5: Conservation of ecosystem structure and functioning, in order to maintain 
ecosystem services, should be a priority target of the ecosystem approach. 

Rationale: Ecosystem functioning and resilience depends on a dynamic relationship within 
species, among species and between species and their abiotic environment, as well as the physical 
and chemical interactions within the environment. The conservation and, where appropriate, 
restoration of these interactions and processes is of greater signifi cance for the long-term 
maintenance of biological diversity than simply protection of species. 

Principle 6: Ecosystems must be managed within the limits of their functioning. 

Rationale: In considering the likelihood or ease of attaining the management objectives, 
attention should be given to the environmental conditions that limit natural productivity, 
ecosystem structure, functioning and diversity. The limits to ecosystem functioning may be 
affected to different degrees by temporary, unpredictable or artifi cially maintained conditions 
and, accordingly, management should be appropriately cautious. 

Principle 7: The ecosystem approach should be undertaken at the appropriate spatial and 
temporal scales. 

Rationale: The approach should be bounded by spatial and temporal scales that are appropriate 
to the objectives. Boundaries for management will be defi ned operationally by users, managers, 
scientists and indigenous and local peoples. Connectivity between areas should be promoted 
where necessary. The ecosystem approach is based upon the hierarchical nature of biological 
diversity characterized by the interaction and integration of genes, species and ecosystems. 

Principle 8: Recognizing the varying temporal scales and lag effects that characterize 
ecosystem processes, objectives for ecosystem management should be set for the long term. 

Rationale: Ecosystem processes are characterized by varying temporal scales and lag effects. 
This inherently confl icts with the tendency of humans to favour short-term gains and immediate 
benefi ts over future ones. 

Principle 9: Management must recognize that change is inevitable. 

Rationale: Ecosystems change, including species composition and population abundance. 
Hence, management should adapt to the changes. Apart from their inherent dynamics of change, 
ecosystems are beset by a complex of uncertainties and potential ‘surprises’ in the human, 
biological and environmental realms. Traditional disturbance regimes may be important for 
ecosystem structure and functioning, and may need to be maintained or restored. The ecosystem 
approach must utilize adaptive management in order to anticipate and cater for such changes 
and events and should be cautious in making any decision that may foreclose options, but, at 
the same time, consider mitigating actions to cope with long-term changes such as climate 
change. 
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Principle 10: The ecosystem approach should seek the appropriate balance between, and 
integration of, conservation and use of biological diversity. 

Rationale: Biological diversity is critical both for its intrinsic value and because of the key role it 
plays in providing the ecosystem and other services upon which we all ultimately depend. There 
has been a tendency in the past to manage components of biological diversity either as protected 
or non-protected. There is a need for a shift to more fl exible situations, where conservation and 
use are seen in context and the full range of measures is applied in a continuum from strictly 
protected to human-made ecosystems. 

Principle 11: The ecosystem approach should consider all forms of relevant information, 
including scientifi c and indigenous and local knowledge, innovations and practices. 

Rationale: Information from all sources is critical to arriving at effective ecosystem management 
strategies. A much better knowledge of ecosystem functions and the impact of human use 
is desirable. All relevant information from any concerned area should be shared with all 
stakeholders and actors, taking into account, inter alia, any decision to be taken under Article 
8(j) of the CBD. Assumptions behind proposed management decisions should be made explicit 
and checked against available knowledge and views of stakeholders. 

Principle 12: The ecosystem approach should involve all relevant sectors of society and 
scientifi c disciplines. 

Rationale: Most problems of biological-diversity management are complex, with many 
interactions, side-effects and implications, and therefore should involve the necessary expertise 
and stakeholders at the local, national, regional and international level, as appropriate. 

C. Operational guidance for application of the ecosystem approach 

In applying the 12 principles of the ecosystem approach, the following fi ve points are proposed 
as operational guidance. 

Focus on the functional relationships and processes within ecosystems 

The many components of biodiversity control the stores and fl ows of energy, water and nutrients 
within ecosystems, and provide resistance to major perturbations. A much better knowledge 
of ecosystem functions and structure, and the roles of the components of biological diversity 
in ecosystems, is required, especially to understand: (i) ecosystem resilience and the effects of 
biodiversity loss (species and genetic levels) and habitat fragmentation; (ii) underlying causes of 
biodiversity loss; and (iii) determinants of local biological diversity in management decisions. 
Functional biodiversity in ecosystems provides many goods and services of economic and 
social importance. While there is a need to accelerate efforts to gain new knowledge about 
functional biodiversity, ecosystem management has to be carried out even in the absence of 
such knowledge. The ecosystem approach can facilitate practical management by ecosystem 
managers (whether local communities or national policy-makers). 
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Enhance benefi t-sharing 

Benefi ts that fl ow from the array of functions provided by biological diversity at the ecosystem 
level provide the basis of human environmental security and sustainability. The ecosystem 
approach seeks that the benefi ts derived from these functions are maintained or restored. In 
particular, these functions should benefi t the stakeholders responsible for their production 
and management. This requires, inter alia: capacity building, especially at the level of local 
communities managing biological diversity in ecosystems; the proper valuation of ecosystem 
goods and services; the removal of perverse incentives that devalue ecosystem goods and 
services; and, consistent with the provisions of the CBD, where appropriate, their replacement 
with local incentives for good management practices. 

Use adaptive management practices 

Ecosystem processes and functions are complex and variable. Their level of uncertainty is 
increased by the interaction with social constructs, which need to be better understood. Therefore, 
ecosystem management must involve a learning process, which helps to adapt methodologies and 
practices to the ways in which these systems are being managed and monitored. Implementation 
programmes should be designed to adjust to the unexpected, rather than to act on the basis of 
a belief in certainties. Ecosystem management needs to recognize the diversity of social and 
cultural factors affecting natural-resource use. Similarly, there is a need for fl exibility in policy-
making and implementation. Long-term, infl exible decisions are likely to be inadequate or even 
destructive. Ecosystem management should be envisaged as a long-term experiment that builds 
on its results as it progresses. This ‘learning-by-doing’ will also serve as an important source of 
information to gain knowledge of how best to monitor the results of management and evaluate 
whether established goals are being attained. In this respect, it would be desirable to establish 
or strengthen capacities of Parties for monitoring. 

Carry out management actions at the scale appropriate for the issue being addressed, with 
decentralization to lowest level, as appropriate 

As noted in Section A above, an ecosystem is a functioning unit that can operate at any 
scale, depending upon the problem or issue being addressed. This understanding should 
defi ne the appropriate level for management decisions and actions. Often, this approach will 
imply decentralization to the level of local communities. Effective decentralization requires 
proper empowerment, which implies that the stakeholder both has the opportunity to assume 
responsibility and the capacity to carry out the appropriate action, and needs to be supported by 
enabling policy and legislative frameworks. Where common property resources are involved, 
the most appropriate scale for management decisions and actions would necessarily be large 
enough to encompass the effects of practices by all the relevant stakeholders. Appropriate 
institutions would be required for such decision-making and, where necessary, for confl ict 
resolution. Some problems and issues may require action at still higher levels, through, for 
example, transboundary cooperation, or even cooperation at global levels. 

Ensure intersectoral cooperation 

As the primary framework of action to be taken under the Convention, the ecosystem approach 
should be fully taken into account in developing and reviewing national biodiversity strategies and 
action plans. There is also a need to integrate the ecosystem approach into agriculture, fi sheries, 
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forestry and other production systems that have an effect on biodiversity. Management of natural 
resources, according to the ecosystem approach, calls for increased intersectoral communication 
and cooperation at a range of levels (government ministries, management agencies, etc.). This 
might be promoted through, for example, the formation of interministerial bodies within the 
Government or the creation of networks for sharing information and experience.

The adaptive management process and its characteristics

Adaptive management has been defi ned in various ways by different individuals and organizations 
since its development in the early 1970s: 

“....a systematic process for continually improving management policies and practices by 
learning from the outcomes of operational programs. Its most effective form – ‘active’ adaptive 
management – employs management programs that are designed to experimentally compare 
selected policies or practices, by evaluating alternative hypotheses about the system being 
managed. (USDA, 1993)

“... ‘learning to manage by managing to learn’...” (USDA, 1993)

“...an innovative technique that uses scientifi c information to help formulate management 
strategies in order to ‘learn’ from programs so that subsequent improvements can be made in 
formulating both successful policy and improved management programs.” (Halbert, 1993)

“...embodies a simple imperative: policies are experiments; learn from them.” (Lee, 1993) 

“...is a policy framework that recognizes biological uncertainty, while accepting the 
congressional mandate to proceed on the basis of the ‘best available scientifi c knowledge’. 
An adaptive policy treats the program as a set of experiments designed to test and extend the 
scientifi c basis of fi sh and wildlife management.” (Lee and Lawrence, 1986)

“The rigorous combination of management, research, and monitoring so that credible 
information is gained and management activities can be modifi ed by experience. Adaptive 
policy acknowledges institutional barriers to change and designs means to overcome them.” 
(Scientifi c Panel for Sustainable Forest Practices in Clayoquot Sound, 1995)

The adaptive management process is often presented as a cycle with a number of essential 
steps: assess problem -> design -> implement -> monitor -> evaluate -> adjust and so forth. 

Some of the differentiating characteristics of adaptive management are:

• acknowledgement of uncertainty about what policy or practice is ‘best  ̓for the particular 
management issue;

• thoughtful selection of the policies or practices to be applied (the assessment and design 
stages of the cycle);

• careful implementation of a plan of action designed to reveal the critical knowledge that is 
currently lacking;

• monitoring of key response indicators;

• analysis of the management outcomes in consideration of the original objectives; 

• incorporation of the results into future decisions.



102 Annex 7 – The ecosystem approach and adaptive management

LINKING THE ECOSYSTEM APPROACH WITH ADAPTIVE MANAGEMENT 

The need to link the ecosystem approach with adaptive management is most obvious at spatial 
and temporal scales where biodiversity loss and ecosystem malfunctioning become evident to 
local stakeholders, i.e. at spatial scales beyond parcels of land or water and beyond temporal 
scales of years. Irrespective of scale, it is important that people are considered as part of, rather 
than actors external to, the ecosystem. However, human populations are not straightforward 
players in the ecosystem. Although it is possible to make useful distinctions between primary 
producers (food, raw materials), processors, retailers/merchandisers, public servants and 
consumers in terms of resource use, one person or household will fulfi l more than one role and 
these roles may be associated with a plethora of cultural and social activities with different 
effects on biodiversity, other natural resources and ecosystem functioning. 

As the scale of observation becomes larger than the ‘home range’ of the individual, the 
possible interference of that person’s activities with those of others will increase, as will the 
possible impacts on biodiversity and other natural resources. At every level of observation, the 
stakeholders will be most receptive to changes in resource use that have a negative effect on 
biodiversity and associated ecosystem functioning if the disadvantages of current resource use 
are clearly visible and felt (e.g. erosion, fi sh stock depletion, fuelwood depletion, decreasing 
soil productivity, declining mineral resources, disappearance of medicinal plants and other non-
timber forest products, etc.). Under such circumstances, cooperation among stakeholders in 
designing and adopting more sustainable ways of natural resource use, in rehabilitating degraded 
ecosystems, and in providing adequate legal and policy measures is imperative. 

Moreover, there is often a lack of sound knowledge of viable alternatives for current use of 
natural resources. Adaptive management is a strategy that allows stakeholders to operate in the 
face of uncertainty, learning from the effects of their resource management practices on resource 
quality and quantity (sustainability), including biodiversity, at certain scales, and its links with 
ecosystem functioning at the same or larger scales. Only through expanding the knowledge 
base on the relationships between human activities and natural resources, biodiversity and 
ecosystem functioning, and through continuous experimentation and adaptation to cope with 
change, will a more sustainable use of natural resources come within reach. To the extent that 
successes are achieved under certain circumstances, adaptive management experiences can then 
be extrapolated to other regions with similar problems, and with a view to avoiding irreversible 
resource depletion and loss of biodiversity and ecosystem services.
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This publication contains the proceedings of the Brazilian Agricultural Research 
Corporation (EMBRAPA)/FAO International Technical Workshop on Biological Management 

of Soil Ecosystems for Sustainable Agriculture, which was held at EMBRAPA-Soybean
 headquarters in Londrina, Brazil, from 24 to 27 June 2002. The report includes a review of current 
understanding and knowledge of the biological management of soil ecosystems through a set of 
case studies from different production systems and socio-economic conditions, in the areas of 
indicators and assessment of soil health, adaptive management and innovative technologies. 
A general discussion and review of lessons learned leading to the main recommendations and 

further steps for the implementation of an International Soil Biodiversity Initiative are also
 presented. The financial support was provided through the agricultural biodiversity component 

of the FAO-Netherlands Partnership Programme.
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