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Note by the Executive Secretary

1 The Executive Secretary is circulating herewith, for the information of participants in the seventh
meeting of the Subsidiary Body on Scientific, Technical and Technological Advice (SBSTTA), a
background paper prepared by FAO on soil biodiversity and sustainable agriculture. This information
note supplements the progress report by the Executive Secretary on the implementation of the programme
of work on agrobiodiversity, including the development of the international pollinators initiative
(UNEP/CBD/SBSTTA/7/9). As noted in paragraph 21 of that progress report, syntheses of case-studies
and analysis of lessons learned are under preparation for various dimension of agricultural biodiversity.
As recommended by the liaison group on agricultural biodiversity, which met in January 2001, the
present information note has been prepared by FAO to provide a synthesis of case-studies and lessons
learned on the soil biodiversity.

2. The paper is being circulated in the form and language in which it was submitted to the
Secretariat of the Convention on Biological Diversity.
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SO L Bl oDl VERSI TY AND SUSTAI NABLE AGRI CULTURE

Soil organisms contribute a wde range of essential services to the sustainable
function of all ecosystenms, by acting as the primary driving agents of nutrient
cycling, regulating the dynanmics of soil organic matter, soil carbon sequestration and
greenhouse gas enmission; modifying soil physical structure and water regines,
enhancing the amount and efficiency of nutrient acquisition by the vegetation. and
enhancing plant health. These services are not only essential to the functioning of
natural ecosystens but constitute an inportant resource for the sustai nabl e nanagenent
of agricultural systens.

l. | NTRODUCTI ON
Soil Biodiversity and the Convention on Biol ogical Diversity

1. Soil biodiversity has been identified as an area requiring particular
attention under the programme of work on agricultural biodiversity of the
Conference of the Parties (COP) to the Convention on Biological Diversity
(CBD). This programme was initiated at COP-3 (decision I[11/11, Buenos
Aires, 1996) to pronmpte the positive and nitigating the negative inpacts
of agricultural activities on agricultural biological diversity; the
conservation and sustainable wuse of genetic resources of actual or
potential value for food and agriculture; and the fair and equitable
sharing of benefits arising out of the use of genetic resources. The
progranme of work was subsequently devel oped, with the support of the Food
and Agriculture Organisation of the United Nations (FAO, in collaboration
with partners, and on the basis of advice and recommendations of the
Subsidiary Body for Scientific, Technical and Technol ogi cal Advice
(SBSTTA) and was |aunched at COP-5 (decision V/5, Nairobi, 2000). It has
four min objectives: assessnent; rmanagenent practices and policies;
capacity building; and national plans and strategies and mainstreanm ng.
FAO was invited to support developnent and inplenmentation of the
programme. Moreover, governments, funding agencies, the private sector and
NGOs were invited to join efforts.

2. Parties recognised, inter alia, the need to inprove understanding: of the
nmul ti pl e goods and services provided by the different levels and functions
of agricultural biodiversity; of the relationship between diversity,
resilience and production in agro-ecosystens; and of the inpacts of
traditional and newer practices and technologies on agricultural
bi odi versity and on the sustainability and productivity of agricultural
systens. Special attention was paid to the role of soil and other bel ow
ground biodiversity in supporting agricultural production systens,
especially in nutrient cycling. It was agreed, under progranme elenent
2.1, to carry out a series of case-studies, in a range of environnments and
production systens, and in each region. Recoghising a critical gap in
know edge, Parties had previously been encouraged to conduct case studies
on the issue of synbiotic soil micro-organisns in agriculture (Annex 3,
COP decision I11/11) and subsequently on soil biota in general (decision
IV/6, Bratislava, 1998).

3. This paper has been prepared as a contribution to the item on agricultural
bi odi versity of the 7th neeting of SBSTTA to present work in progress and
especially to highlight the inportant roles and functions of soil
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bi odiversity - a critical, yet much neglected conponent of biologica
diversity and agricultural ecosystens. It enphasises the inportance and
val ue of the sustainable managenent of soil biodiversity and illustrates a

range of opportunities and ongoing work. It contributes sinultaneously to
t he above CBD decisions on agricultural biodiversity and to FAOs nandate
for inmproving agricultural (including forestry) production and food
security, particularly in regard to integrated |and resources managenent.
The material has been derived through networking wth partners and

resource persons, literature review and Internet search, and a gl obal
survey of soil biodiversity expertise and activities. In accordance wth
COP decisions I11/11, 1Vv/iI6 and V/5,  nore concrete case studies from

countries are strongly encouraged to enable FAO to supplenent this initial
overview with a useful synthesis of relevant case studies and practical
experi ences. This would further assist SBSTTA in identifying and
prioritising further work in this inportant area of bel ow gr ound
bi odi versity.

| Biodiversity - the Root of Sustainable Agriculture

Soil is a dynamic, living matrix that is an essential part of the
terrestrial ecosystem It is a critical resource not only to agricultural
production and food security but also to the mmintenance of nost life
processes.

Soils contain enornobus numbers of diverse living organisns assenbled in
conpl ex and varied comunities. Soil biodiversity reflects the variability
anong living organisms in the soil — ranging fromthe nyriad of invisible
m crobes, bacteria and fungi to the nore fanmiliar nacro-fauna such as
earthworms and termites. Plant roots can also be considered as soi
organisns in view of their synbiotic relationships and interactions with
other soil conmponents. These diverse organisns interact with one another
and with the various plants and animals in the ecosystem form ng a conpl ex
web of biological activity. Environnental factors, such as tenperature,
noi sture and acidity, as well as anthropogenic actions, in particular,
agricultural and forestry nmanagenent practices, affect to different
extents soil biological conmunities and their functions.

Soil organisnms are an integral part of agricultural and forestry

ecosystens; and they play a critical role in mintaining soil health,

ecosystem functions and production. Each organism has a specific role in

the conplex web of life in the soil

- The activities of certain organisnms affect soil structure - especially
the so-called “soil engineers” such as wornms and ternmites - through
m xi ng soil horizons and organic matter and increasing porosity. This
directly determnes vulnerability to soil erosion and availability of
the soil profile to plants;
The functions of soil biota are central to deconposition processes and
nutrient cycling. They therefore affect plant growth and productivity
as well as the release of pollutants in the environnent, for exanple
the |l eaching of nitrates into water resources;

Certain soil organisms can be detrinental to plant growh, for exanple,
the build up of nematodes under certain cropping practices. However,
they can also protect crops from pest and disease outbreaks through
bi ol ogi cal control and reduced susceptibility;
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The activities of certain organisns determ ne the carbon cycle - the
rates of carbon sequestration and gaseous em ssions and soil organic
matter transformation;

Pl ant roots, through their interactions with other soil conponents and
synmbiotic relationships, especially Rhizobium bacteria and Mcorrhiza

play a key role in the uptake of nutrients and water, and contribute to
the maintenance of soil porosity and organic matter content, through
their growth and bi onass;

Soil organisnms can also be used to reduce or elininate environnental
hazards resulting from accunulations of toxic chemcals or other
hazardous wastes. This action is known as biorenediation.

The interacting functions of soil organisms and the effects of human
activities in mnaging land for agriculture and forestry affect soi
health and quality. Soil quality is the capacity of a specific kind of
soil to function, wthin natural or managed ecosystens boundaries, to
sustain plant and animal production, maintain or enhance water and air
quality, and support human health and habitation. The concept of saoi
health includes the ecological attributes of the soil, which have
i mplications beyond its quality or capacity to produce a particular crop
These attributes are chiefly those associated with the soil biota: its
diversity, its food web structure, its activity and the range of functions
it perforns. Soil biodiversity per se may not be a soil property that is
critical for the production of a given crop, but it is a property that may
be vital for the continued capacity of the soil to support that crop

The sustained use of the earth’s land and water resources - and thereby
pl ant, animal and hunan health - is dependent upon nmaintaining the health
of the living biota that provide <critical processes and ecosystem

services. However, current technologies and developnment support for
i ncreased agricul tural production have largely ignored this wvital
management conponent. The inproved managenent of soil biota could play a
vital role in maintaining soil quality and health and in achieving the
goals of agricultural production and food security and sustainable [|and
use and | and resources managenent.

Why shoul d soil biodiversity be managed?

9.

10.

G ven escalating population growth, |and degradation and increasing
demands  for food, achieving sustainable agriculture and viable
agricultural systems is critical to the issue of food security and poverty
alleviation in nost, if not all, developing countries. It is fundanmenta

to the sustained productivity and viability of agricultural systens
wor | dwi de.

Sustainable agriculture (including forestry) involves the successfu
managenment of agricul tural resources to satisfy human needs while
mai ntai ning or enhancing environmental quality and conserving natura

resources for future generati ons. | mpr ovement in agricul tura
sustainability requires, alongside effective water and crop nmanagenent,
the optimal use and managenent of soil fertility and soil physica

properties. Both rely on soil biological processes and soil biodiversity.
This calls for the w despread adoption of nanagement practices that
enhance soil biological activity and thereby build up long-term soi

productivity and health.
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It is well known that |and managenent practices alter soil conditions and
the soil comunity of micro-, neso- and nmmcro-organi sns. However, the
rel ati onship between specific practices and soil functions is |ess clear.
In general, the structure of soil comunities is largely determ ned by
ecosystem characteristics and |and use systens. For exanple, arid systens
have few earthworns, but have ternmites, ants and other invertebrates that
serve simlar functions. On the other hand, the level of activity of
di fferent species depends on specific managenent practices as these affect
the mcro-environment condi tions, including tenperature, noi st ure,
aeration, pH, pore size, and type of food sources.

Managenment strategies, including tillage, crop rotations and use of plant
resi dues and manure, change soil habitats and the food web and alter soi

quality, or the capacity of the soil to perform its functions. For
exanpl e, soil conpaction, poor vegetation cover and/or lack of plant
litter covering the soil surface tend to reduce the nunber of soi
arthropods. Farming practices that mninmse soil disturbance (ploughing)
and return plant residues to the soil, such as no-tillage farm ng and crop
rotation, allow to slowy rebuild and restore soil organic nmatter

Reducing tillage tends to also result in increased growth of fungi
i ncl udi ng nycorrhizal fung

The goal of efficient agriculture is to develop agro-ecosystenms wth
m ni mal dependence on agrochem cal and energy inputs, in which ecol ogical
interactions and synergy anobng biol ogical conponents provide the
mechani sns for the systems to sponsor their own soil fertility and crop
production functions. The mx of soil organisns in the soil also partially
determines soil resilience, the desirable ability of a given soil to
recover its functions after a disturbance such as fire, conpaction and
tillage.

There is a recognised need to bring together experience and ideas on the
managenment of agricultural biodiversity in agricultural ecosystens, and

through international and national biodiversity strategies and action
plans and harnonised policies, to bring about a transformation of
unsust ai nabl e agricultural practices to sustainable practices and systens.
Nonet hel ess, the fundanmental role of soil biodiversity in nmaintaining
sustai nable and efficient agricultural systems is still largely neglected
in this process and in the mjority of related agricultural and
environnental initiatives.

. THE CHALLENGE OF MANAG NG SO L BI OTA

| biodiversity managenent and farner practices

Farming comunities are concerned with |and nanagenent issues such as
water availability to plants, access to sources of fuel and fodder

control of soil erosion and |and degradation, especially avoiding soil

nutrient depletion and pollution of air, soil and water resources. At the
gl obal scale, the aggregated effects of these issues are enbedded in the
concerns of the international conventions on desertification, climte
change and bi odiversity.

Nonet hel ess, farners are essentially driven not by environnmental concerns,
but by economics, by issues of costs and returns and efficiency in terns
of | abour and energy and use of external inputs. A central paradigm for
the farmer for the maintenance and managenment of soil fertility, w thout

/...
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17.

18.

19.

20.

21.

undue reliance on costly and often risky external inputs, is to utilise
his or her nanagenent practices to influence soil biological populations
and processes in such a way as to inmprove and sustain |and productivity.
The means to create a nore favourable environment within the soil and soil
bi ol ogi cal community for crop production involves site-specific decisions
concerning crop selection and rotations, tillage, fertiliser and planting
practices, crop residues and livestock grazing. These and nany other
factors influence ecological interactions and ecosystem functi on.

Soil biota can increase or reduce agricultural productivity depending on
its conposition and the effects of its different activities. Vice versa,
farming practices nodify soil life including the total nunber  of
organisns, the diversity of species and the activity of the individual
organi snms and the aggregate functions of soil biota. These changes can be
beneficial or detrimental to the soil biota and its functions and its
regenerative capacity.

Through a review of literature and ongoi ng work, much has been reported on
the loss of nmnaged soil biodiversity and its functions in different
agricultural systens under controlled-research conditions. This work has
been largely driven by pure research and conmercial or private sector
interests rather than by poorer, smallholder farmers’ needs and by
nati onal goals. There has been relatively linited practical work on how
farmers’ manage their resources to sustain and enhance their value and, in
particular, to develop farmng practices and gstems that optinmse the
beneficial activities of this managed soil biota.

Over the last few years, the concepts of Integrated Plant Nutrient
Managenment (I PNM and Integrated Soil Mnagenent (ISM have been gaining
acceptance, noving away from a nore sectoral and inputs-driven approach.
| PNM advocates the careful managenent of nutrient stocks and flows in a
way that leads to profitable and sustained production. |SM enphasises the
managenent of nutrient flows, but also highlights other inportant aspects
of the soil conplex, such as maintaining organic matter content, soil
structure, npoisture and biodiversity.

Capturing the benefits of soil biological activity for sustainable and
productive agriculture requires a better understanding of the |I|inkages
anong soil life and ecosystem function and the inpacts of hunman
interventions. The conplex interaction anong soil, plant and animal life,

environmental factors and human actions nust be effectively managed as an
integrated system Geater attention to the managenent of soil biol ogical
resources - a hitherto neglected area in minstream agriculture - wll
require a collaborative effort anmong scientists and farners’ and across
ecol ogi cal zones and countries building on successful experiences.

The inter-regional Tropical soil biology and fertility programme (TSBF),
is a research programme that addresses such issues. It focuses on the
managenment of the biological and organic resources of soil, including
understanding of the interactions between the soil biological system and
inorganic fertilisers and other industrial inputs. It has played a pioneer
role in networking with a wi de range of partners, including the African
Network for Soil Biology and Fertility (AfNet), South Asian Regional
Network (SARNet), and various regional and global alliances, as well as
the establishment of a Soil Biodiversity Network, the result of a workshop
in 1995, in Hyderabad, India. The TSBF process has led to a Soil Biology
Initiative anobng menmbers in sonme 10 African countries to inprove soil

...
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bi ol ogi cal managenent practices and raise productivity in African farm ng
systems, particularly of smallholders. Mreover, a 5year, nulti-country
proj ect "Conservation and sust ai nabl e managemnment of bel ow ground
bi odi versity", has, during 2001, been accepted for funding by the d oba

Envi ronnment Facility (GEF).

The benefits from better managenent of soil biota

22.

23.

As noted above, soil organisns contribute a w de range of essential
services to the sustainable functioning of all ecosystens. They act as the
primary driving agents of nutrient cycling, regulating the dynanics of
soi | organic matter, soil carbon sequestration and greenhouse gas
em ssions; nodifying soil physical structure and water regines, enhancing
the ampunt and efficiency of nutrient acquisition by the vegetation and
enhancing plant health. These services are not only essential to the
functioning of natural ecosystens but constitute an inportant resource for
sust ai nabl e agricultural systens.

Direct and indirect benefits of inmproving soil biological managenent in
agricultural systenms include econonmic, environnental and food security
benefits:

Econom ¢ benefits: Soil biological mnagenent reduces input costs by
enhanci ng resource use efficiency (especially deconposition and nutrient
cycling, nitrogen fixation and water storage and novenent). Less
fertiliser may be needed if nutrient cycling becones nore efficient and
less fertiliser is |leached from the rooting zone. Fewer pesticides are
needed where a diverse set of pest-control organisnms is active. As soi

structure inproves, the availability of water and nutrients to plants
al so inproves. It is estimated that the value of "ecosystem services"

(e.g. organic waste disposal, soil fornation, bi orermedi ati on, N,
fixation and biocontrol) ©provided each vyear by soil biota in
agricultural systems worldwi de may exceed US$ 1,542 billion.?

Envi ronnental protection: Soil organisnms filter and detoxify chemicals
and absorb the excess nutrients that would otherwi se becone pollutants
when they reach groundwater or surface water. The conservation and
managenment of soil biota help to prevent pollution and | and degradation

especial ly t hr ough m ni m si ng t he use of agro-chemi cal s and
mai nt ai ni ng/ enhanci ng soil structure and cation exchange capacity (CEC)

Excessive reduction in soil biodiversity, especially the 1loss of
keystone species or species with unique functions, for exanple, as a
result of excess chemicals, conpaction or disturbance, nmy have
catastrophic ecol ogical effects leading to loss of agricultura

productive capacity.

Food security: Soil biological nmanagenent can inprove crop yield and
quality, especially through controlling pests and di seases and enhanci ng
pl ant gr owt h. Bel ow- ground biodiversity determ nes resource use

efficiency, as well as the sustainability and resilience of |owinput
agro-ecol ogi cal systens, which ensure the food security of much of the
world’ s population, especially the poor. 1In addition, sonme soi

organi sms are consunmed as an inportant source of protein by different
cultures and others are wused for nedicinal purposes. At |east 32
Anerindian groups in the Amazon basin use terrestrial invertebrates as

1 Pimentel, D. et. ., 1997. BioScience, 47(11), 747-757.
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food, and especially, as sources of animal protein - a strategy that
takes advantage of the abundance of these highly renewable el ements of
the rainforest ecosystem?

24. The inmproved nanagenent of soil biota and its diversity contributes both
to the needs of farnmers’, especially in maintaining productivity and
increasing returns from | abour and other inputs, and to national interests
through maintaining a healthy and well functioning ecosystem in terns of
water quality (hydrological cycle) and preventing soil erosion and |and
degradation (nutrient and carbon cycles). There is a need to inprove
recognition of these nmultiple benefits and to pronpte actions that
mai nt ai n/ enhance soil biodiversity and its vital and val uable functions.

Under st andi ng and assessnment of soil biota

25. As nentioned in paragraph 2 above, Parties to the CBD were encouraged to
conduct case studies on soil biota in agriculture (COP decisions I11/11 and
I'V/6), including:

- the measurenent and nonitoring of the worldw de | oss of (synbiotic)
soil (m cro-)organisns;
the identification and pronotion of the transfer of technol ogies for
t he detection of (symbiotic) soil (micro-)organisns and their uses
in plant nutrition;
the estimation of potential and actual econom c gains associ ated
with reduced use of nitrogen and phosphorus chemical fertilisation
of crops with the enhanced use and conservation of (synbiotic) soi
(mcro-) organisns; the identification and pronotion of best
practices for nore sustainable agriculture and of conservation
nmeasures to conserve (symbiotic) soil (mcro-) organisns or to
promote their reestablishment.

26. Under COP decision 1V/6, Parties requested various organisations,
particularly FAO to, inter alia, provide inputs on nmethodol ogies for
assessnments of agricultural biodiversity and tools for identification and
monitoring (including criteria and indicators; rapid assessment techniques;
underlying causes behind the |oss of biological diversity; and incentives
to overcone constraints and enhance the conservati on and sustai nabl e use of
agricultural biodiversity and the fair and equitable sharing of benefits).
Assessnent activities to be undertaken by Parties, with the support of
bilateral and international agencies, as agreed under Programe Elenment 1
of the Programme of Wrk (decision V/5), also specified pronoting
assessnments: of different conmponents of agro-biodiversity that provide
ecol ogi cal servi ces, for instance nutrient cycling; of  know edge
i nnovations and practices of farnmers and indigenous and |ocal comunities
i n sustaining agro-biodiversity and ecosystem services for, and in support
of, food production and food security; and of interactions between
agricultural practices and the conservation and sustainable use of
bi odi versity.

27. Soils generally support one of the npst extensive networks of [|iving
organisms on earth, but because of the interactions between physical,
chemical and biol ogical properties of soil, their investigation is conplex,
and understanding of the individuals, soi | communities and their
interactions is limted and fragmentary. This situation reflects the

2 Papletti, M G. et. al., 2000. Proc. R. Soc. Lond. B. 267, 2247-2252.
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general lack of information on mcrobial genetic diversity in agriculture,
t hough the | ack of know edge is particularly acute for soil biota, maybe in
view of their conplexity and the difficulty of observation, being
underground as well as largely invisible.

28. Soil mnicro-organi smtaxonony and ecology is a vast area of study for which
conprehensive data and information is linited. Existing data and
information on species characteristics and taxononmc data is largely
derived from collections. Large collection of fungi and plant bacteria are
held by CABI and by UNESCO s gl obal network of M crobial Resources Centres
(M RCENS), that are hosted by various acadenic and/or research institutes
and supported by UNEP, FAO, UNIDO and bilateral donors. International
cooperation in the managenent of this global resource ensures an effective
triangle of research, education and developnment. Efforts on taxonony
research linked to better understanding of soil biota functions are also
being conducted by DIVERSITAS, which is coordinating information, and
identifying priorities, on how soil and sedinent species conposition and
community structure (species distribution and their interactions) influence
ecosystem functi oni ng.

29. There tends to be nore w despread know edge about detrinmental soi
organi sns and their effects on plant growh in different farm ng systens,
than their effects on soil processes and their interactions with other soi
organisns and activities. Likewise nmore is known about the effects of
certain beneficial organisns, than the nmnagenent practices required to
mai ntai n, or enhance, populations and the activities of such organisnms. The
role of different soil populations is often not well wunderstood, even
though their overall inportance is generally accepted. Rapid and accurate
field nethods to identify single, or even groups of, organisns according to
function in the soil are also | acking and need nore attention

30. To inprove agro-ecosystem managenent, a greater appreciation is needed of
the effects of this |living conponent of the soil on soil physical, chemni cal
and biol ogical properties and processes and on the air and water resources
with which the soil interacts. Likewise, regarding the effects of
agricultural practices on soil biota and their functions. Recognition is
al so needed of the effect of those interactions on soil degradation, food
production and mtigation of environmental problenms, including the
greenhouse gas effect and water pollution. Inproved understanding of the
organi sns and related processes and of effects of farm practices, can
benefit agricultural systens through increasing crop productivity and
quality, reducing inpacts of pathogens and input costs and reducing
negati ve environnental inpacts.

The Ecol ogi cal Principles behind Soil Biological Managenent

31. As noted above, soil biota may be beneficial, neutral or detrinental to
plant growth. Thus soil biota and their ecological interactions nust be
effectively managed for maxi mum productivity. Land managers need unbi ased
information that will enable them to devel op biol ogically-based managenent
strategies to control or manipulate soil stabilisation, nutrient cycling,
crop diseases, pest infestations and detoxification of natural and nannade

contam nants. These strategies will require inproved understanding of the
effects on soil biota of habitats, food sources, host interactions, and the
soi | physi cal and chemi cal envi ronment . Understanding the ecol ogy

regul ating both beneficial and detrimental organisms is essential to
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harnessing and controlling their activity in agro-ecosystens with a viewto
promoti ng viable, productive and sustai nabl e systens.

32. Soil biota eat, grow and reproduce within the soil environment. They need
food, a conducive soil habitat and, in the cases of synbionts, a host
organism to survive. The ecological principles behind soil biological
management, that need to be understood and respected, include:

The supply of organic matter for food: Each type of soil organism
occupies a different niche in the web of |life and favours a different
substrate and nutrient source. Thus a rich supply and varied source of
organic matter wll generally support a wi der variety of organisns.
Organic matter may come fromcrop residues at the soil surface, root and
cover crops, animal nmanure, green manure, conpost and ot her sources.

Increased plant diversity: Crops should be nixed and their spatial-
tenmporal distribution varied to create a greater diversity of niches and

resources that stimulate soil biodiversity. Each crop contributes a
uni que root structure and type of residue to the soil. A diversity of
soil organism can help wntrol pest populations, and a diversity of

cultural practices can reduce weed and disease pressures. Several
strategies could indirectly or directly contribute to creating different
habitats to support conplex mxes of soil organisns, for exanple: i)
| andscape diversity, over space and tinme, can be increased by using
buffer strips, small fields, contour strip cropping, crop rotation, and

by wvarying tillage practices; ii) a changing vegetation cover and
sequence increases plant diversity and the types of insects, mcro-
organisnms and wildlife that live on the farm and iii) crop rotations
encourage the presence of a wder variety of organisnms, inproves
nutrient cycling and natural processes of pest and di sease control.

Protecting the habitat of soil organisns: Soil biodiversity can be
stimulated by inproving soil |living conditions such as aeration,
tenperature, nmoisture and nutrient quantity and quality, for exanple
t hr ough: reducing tillage and nmeximsing soil cover, m ni m si ng

conpaction, mninmsing the use of pesticides, herbicides and fertilisers
and i nprovi ng drai nage.

33. If farmers understand the effects of their different nmanagenent practices
on key categories of soil biota and their functions, and if they know how
to observe and assess what is happening in the soil, then they can nore
successfully develop and adopt beneficial practices. However, it is not
only the biophysical factors that affect farmer’s decisions but also socio-
econom ¢ consi derations. Comopn constraints to the use of different soil
bi ol ogi cal managenent practices include the |abour and tinme costs, nonetary
cost, availability of inputs (for exanple, planting material, inoculants
and capacities) as well as social acceptability.

International Expertise in Soil Biodiversity: Findings of a G obal Survey

34. An informal global survey of soil biodiversity expertise® with special
rel evance to agro-ecosystens was conducted by FAO, in md 2001, to
ascertain expertise in respect to soil fertility and sustainable
agriculture and to identify how soil biology experts mght assist in

3 Conducted in September 2000 by FAO-consultants and soil biodiversity researchers Dan E. Bennack (University
of Xalapa, Mexico) and George G. Brown (now with EMBRAPA Brazil)
/...
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delineating conplex issues related to the biological managenment of soil
fertility and contributing to the identification of better farmng
practices and agricultural systens. The resulting survey and database is
expected to assist State Menbers of FAO and the CBD, and various partners,
in catal ysing work of experts on priority issues, extending expertise into
non-traditional areas, and facilitating new nodes of action to effectively
conserve and manage soil biological diversity.

Some 123 of the 600 invited investigators, project nmenbers, extension
prof essi onal s and post-graduate students fromaround the world responded to
the survey. Four mamin themes were addressed: the professional backgrounds
that characterise soil biodiversity experts; the |ocation and conditions of
field investigations that are being conducted; the soil organisnms and soi
properties and processes under investigation; and the agricultura
managenent practices and their effects that are under study. Infornmation
was al so gathered to ascertain the state of know edge of the relationships
between soil biodiversity, plant diversity and agricultural productivity
and to identify case studies, projects, literature and contact points.

Awar eness of the work programme on agricultural biodiversity adopted by
the Conference of the Parties to the CBD, and of FAOs support to assist
countries to inplenment this programme, was relatively |low However, the
vast mjority of soil biodiversity experts expressed their interest to
assist in initiatives in the area of soil biodiversity and sustainable
agriculture. The nmain findings emanating from the prelimnary survey
based on responses, are presented bel ow

Soi | biodiversity experts often have nmultidisciplinary expertise however
there was notable lack of sol biota specialists with expertise in
natural resource nmnagenent, rural/conmunity developnent and plant
pat hol ogy. A broad ecological approach is reflected by intersecting
expertise in ecology, soil science and zool ogy, conmpared to the often
narrower scope of mcrobiology, entonology, agronomy and botany
speci alists. Ecologists tended to have either a bias towards a systemns-
sci ence approach or a popul ati on-comrunity approach

Soil biodiversity experts are working in a variety of field sites, in
both agricul tural |ands and natural undisturbed areas, and under a range
of climatic and |land use conditions. However, subtropical climte zones
and arid regions are strongly under-represented. Forests (other than
rai nforests) and grasslands were the npbst conmpn native vegetation types
reported anmong field sites, foll owed by rainforest and savannah sites.

Experts are studying a wde variety of soil organisnms and soi
processes, though specialists on earthworns, soil and litter arthropods,
roots, nematodes and nycorrhizal fungi are nore conmon. Many experts are
working nmainly in the area of organic matter inputs including
deconposition rates, enhanced bio-availability, nutrient pools and
transformations, soil physical properties. However, relatively |less work
was reported on soil and litter fungi, rhizobial bacteria (i.e.
ni trogen-fixers) and fungal root pathogens. Wirk on soil processes such
as nitrogen fixation, biogenic structures, soil physical processes and
bi o-accunul ati on/ degradati on was rarely reported.

From the findings there is a clear need to identify and facilitate the
transfer of such research and its application in the agricultura
devel opnent context. In addition the foll owi ng suggestions are made:
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The notable lack of soil biodiversity specialists with expertise in
natural resource nmanagenent, rural/conmunity developnment and plant
pat hol ogy suggests a need for soil biodiversity experts to receive sone
formal training in these areas and social sciences in general. This
would facilitate their interactions with farnmer groups nanagi ng | ocal
| and, water and biol ogi cal resources.

Sout h-south co-operation and work could be encouraged in subtropical
climates and arid regions, including desert and steppes, in order to
strengthen the knowl edge base and facilitate delivery of soil
bi odi versity expertise to these inportant, but often narginalised,
agricul tural production zones. This could for exanpl e address
agricultural practices related to open range and pastoral systens in
regions less suitable for cropping, as well as for dryland and irrigated
croppi ng occur along maj or watercourses, deltas and floodplains in these
regi ons.

There may be sone bias in the survey that led to relatively little work

reported on rhizobial bacteria and fungi, including fungal root
pat hogens, and on soil processes such as nitrogen fixation, soi

physi cal processes and bio-accumul ation/degradation as well as soil
biota interactions in regard to inoculants, tillage, i nor gani c

fertilisers, pesticides and pH adjustnments. However, these perceived
gaps do raise inportant concerns that deserve followup. Firstly, it
concerns the crucial and unique synbiotic relationships (plant-soil
organi sns) that either facilitate nutrient uptake (nycorrhizal fungi) or
convert atnospheric nitrogen to readily utilisable forns - a vital area
for agricultural productivity. Secondly, it may reflect a real gap in
understandi ng of effects of certain agricultural practices, especially
the wuse of certain agrochenmical and biological i nputs, on soil
bi ol ogi cal functioning and heal th.

BUI LDI NG ON TODAY' S SO L BI ODI VERSI TY KNOALEDGE FOR A SUSTAI NABLE FUTURE

Ongoing Work and Case Studies for the Developnent and Transfer of Know how
and Pronotion of Best Practices:

38.

39.

The survey commi ssioned by FAO also inventoried projects and initiatives
concerning soil biodiversity, its assessnent, identification, as well as
its status and role in agricultural and other ecosystems (managed and
natural). Over 100 projects were reported worldw de, either ongoing or
bei ng devel oped by private and public agencies, universities, research

organi sations and consortia. These address various soil biodiversity
themes, including: (i) the significance of ecosystem conplexity in
mai ntai ning soil organism diversity, (ii) the effects of agricultura

management on soil organisms, and (iii) the role of soil biodiversity and
specific soil taxa on various ecosystem functions.

Qut of 140 cited case studies and literature references, sone 20 case
studies were considered of particular interest for pronotion through FAO
and CBD processes. These equally reflect soil-dwelling invertebrates (such
as earthworns, mites, spiders, and termtes) and cases dealing with mcro-
organi sns (i ncluding nematodes, bacteria, fungi, and especially rhizobial
bacteria and mycorrhizal fungi). Few case studies and reports considered
soil biodiversity from nulti-taxa, multi-functional or nmulti-disciplinary
perspectives. Mreover, the state of know edge of the relationship between
soil biodiversity, plant diversity, and agro-ecosystem productivity is not

...
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clear from the review of case studies and citations, which are nostly
narrow i n scope and highly taxon-specific.

Surprisingly there is no unifying theme considering that soi |
“bi odiversity” mght affect agricultural productivity in ways that differ
from the effects of individual species. Some studies, for exanple, refer
to the effects of individual soil taxa on agricultural productivity, but
do not consider the effects of overall taxonomc diversity (including
inter-specific or higher |evel conparisons). Oher studies refer to the
effects of |landscape or <crop (patch) heterogeneity on the presence,
abundance or biomass of soil organisns, yet these studies often fail to
consider sinple measures of organismal dversity (such as species and/or
hi gher taxon richness, or other diversity neasures based upon relative
abundance, popul ation size, biomass, recapture, etc.). Sonme investigations
consider the influence of agricultural practices on certain types of soil
organi sns, yet ignore the inpact of these practices on taxonom c and/or
functional diversity per se.

The inmportance of soil biodiversity to plant diversity and agricultural
productivity has been the subject of anecdotal and enpirical investigation
for some time* but only recently has research in this area really
bl ossoned. Pioneering investigations have been established through
detail ed experimental designs® and some integrative research programs are
ongoi ng. Gven the conplex nature of rel ati onships between soil
bi odi versity, plant diversity and agricultural productivity, it is
expected that the nunmber of projects, results and publications wll
continue to grow. There may be a need to encourage strategic alliances
anong i ndi vi dual i nvestigators and basi c and applied research
institutions. There is a clear need for FAO and partners in the food and
agricultural sectors to pay special attention to research and devel opnent

in the area of soil biological diversity. In this way, the theoretical
advances as well as practical applications of basic research m ght be nore
effectively i ncor por at ed into field activities and progr ames.

Partnershi ps anbng academic and other institutions wundertaking soil
bi odi versity research and developnent progranmes would accelerate the
transfer of newy devel oped soil biodiversity managenent technol ogies into
the field at appropriate scal es of inplenentation.

In furthering SBSTTA's consideration of soil biodiversity under the
programme of work on agricultural biodiversity, it is intended by FAO to
assist, in collaboration with partners and upon the basis of subni ssions

by countries, in the preparation of a further paper to present a review
and synthesis of avail able case studies.

Reporting on Soil Biodiversity: National Reports on CBD | nplenentation

43.

As mentioned in paragraphs 2 and 3 above, Parties to the CBD have agreed
to the inplenentation of the progranmme of work on agricultural
bi odi versity, i ncl udi ng, i nter alia, specific attention to soil
bi odi versity, (decision V/5). National reports to the COP and reports by
i nternational agencies supporting the convention provide a neans to assess
progress nmade. In this regard, from an overview of national reports it is

4 Kevan, D.K. McE. 1985. Soil zoology, then and now — mostly then. Quaest. Entomol. 21, 371.7-472.
® Naem, S., JH. Lawton, L.J. Thompson, S.P. Lawler and R.M. Woodfin. 1995. Biotic diversity and ecosystem
processes. Using the Ecotron to study a complex relationship. Endeavour 19, 58-63.
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observed that, in general, countries report nore on natural ecosystens

than on agricultural ecosystens. Mreover, within agricultural systens the

enphasis is on plant and animal genetic resources and often little or
information is given on soil biological diversity. Some reports stress

research and nonitoring, while others place nore enphasis on conservation
actions, but the overriding nessage is that alnost everywhere there are

initiatives upon which to build.

44, Some countries are preparing specific reports on soil bi ol ogi cal

diversity, for exanple the CBD focal point in Ujanda, provided an exanple

of its draft report on the conservation and sustainable use of soil
bi odi versity. However, such cases are few and far between. It is inportant

for countries to review and report on the state of know edge regarding

soi|l biodiversity and also to link this information with other conmponents
of a given agricultural system through an ecosystem approach (I ooking at

the status and trends of the overall ecosystem its conponents and
interactions, and the actual/potential inpacts of past and current
managenent practices). Wthout such a country-wide analysis, it wll not

be possible to identify priority areas requiring attention.

Opportunities for Integrating Soil Biological Mnagenent into Farners’
Practices
45. At ground level, options whereby farmers can actually manage soil

bi odi versity to enhance crop production include indirect processes, such

as conposting or the control of pathogens, and direct interventions, such

as mcrobial inocul ation.

Direct nmethods of intervening in the production systemaimto alter the
abundance or activity of specific groups of organisms through
i nocul ati on and/or direct nanipulation of soil biota. Inoculation with
soi |l beneficial organisnms, such as nitrogen-fixing bacteria, Mcorrhiza

and earthworns, have been shown to enhance plant nutrient uptake,
i ncrease heavy netal tolerance, inprove soil structure and porosity and
reduce pest dammge.

Indirect interventions are neans of nanaging soil biotic processes hy
mani pul ating the factors that control biotic activity (habitat

structure, mnmicroclimte, nutrients and energy resources) rather than
the organisns thenselves. Exanples of indirect interventions include

nost agricultural practices such as the application of organic materi al
to soil, tillage, irrigation, green manuring and linmng, as well

cropping system design and managenent. These nust not be conducted

i ndependently, but in a holistic fashion, because of the recurrent
interactions between different nmnagenent strategies, hierarchical

| evel s of managenent and different soil organi sns. 6

46. A few key areas of attention and a nunber of opportunities that are

avail abl e and being utilised for managi ng soil biota are outlined bel ow.

a) Soil biota assessnent and sustai nable | and nmanagenent

6 Swift, MJ. 1999. Towards the second paradigm: Integrated biological management of soil. In: JO. Siqueira, FMS.
Moreira, AS. Lopes, LRG. Guiherme, V. Faquin, AE. Furtani Neto and JG. Cavalho (eds.) Inter-relacao fertilidade,
biologia do solo e nutricao de plantas. UFLA, Brasil. pp. 11.24.

...
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47. What is known. Soil biota can have both positive and negative effects on

agricultural production. Negative inpacts often occur when soil managenent

systens are not well balanced with their environment. For exanple,
i nherent soil processes such as mnineralization can no |onger supply
adequate amounts of nutrients for crop production because of |ong-term
(continuous) renoval, |eaching, erosion or volatilisation. Consequently,

such biol ogical processes have in many systens been supplemented by the
use of commercially available inorganic nutrient sources. However with

decreasing organic nmatter content, and associated properties such as water
retention and cation exchange capacity (CEC), the capacity of the soil
retain and nake available the nutrients, as and when required,

significantly reduced. Thus soil quality or soil health evaluations need
to focus not only on chemical (fertility) considerations, but on the
dynamic soil <condition - a conbination of physical, biological and
chem cal characteristics - which is directly affected by recent and
current land use decisions and practices. Land namnagers can only bal ance
potential positive and negative inpacts of their decisions on soil biota
through understanding the effects of individual conponents and their
interactions within the agricultural system This includes understanding
the nunerous and intricate interactions anong climte, soil type, plant

species and diversity, soil biological comunity and soil managenent
practices.

48. The case of soil bi oi ndi cators: The potential of wusing different
conponents of soil biota and its activity as biological indicators has
been cited by different authors. Such indicators include soil microbial
bi omass, soil enzyme activity, soil mcro-fauna, including bacteria
(eubacteria and archachacteria), fungi, algae and plant root pathogens,
soi | nm cro-fauna (protozoa, nemat odes), macr o- f auna, t ot al soi |

bi odi versity, etc. Soil organisms have been shown to be potentially useful

i ndi cators of soil health because they respond to soil managerment in tine

scales (months/years) that are relevant to |and management ’. For exanpl e,

changes in mcrobial biomss, or abundance of selected functional groups

of mcro-organisns (e.g. Mchorrizal fungi), muy be detected well
advance of changes in soil organic matter content or other soil physical
or chemical properties®. One of the major difficulties in the use of soil
organi sns per se, or of soil processes nediated by soil organisns,

as

i ndicators of soil health has been nethodological - what to neasure and

how and when to neasure it and how to interpret changes in term of soil

function® Despite those difficulties there have been major advances in our

under st andi ng of the soil biota and its functioning at the community |evel
in recent yearsg.

49. Gaps and needs. Mdre process-level information is needed to understand the
role of soil biota in critical soil processes such as nutrient cycling and
nutrient novenment throughout the soil profile and in the soil surrounding
plant roots. For exanple, soil nutrient use efficiency can only be

" Pankhurst, C.E., 1994. Biological indicators of soil health and sustainable productivity. In: Greenland, D.J. and
Szabolcs, I. (eds.) Soil Resilience and Sustainable Land Use. CAB International, Wallingford, UK, pp. 331-351

8 Sparling, G.P., 1997. Soil microbial biomass, activity and nutrient cycling as indicators of soil health. In:
Pankhurst, C.E; Doube, B.M. & Gupta, V.V.S.R. (eds) Biological indicators of soil health. CAB International,
Wallingford, UK, pp. 97-119.

% Synthesis from Pankhurst, C.E., Doube, B.M. and Gupta VV SR, 1997. Biological indicators of soil health, CAB
International, Wallingford, UK, pp. 419-435.

/...



UNEP/CBD/SBSTTA/7/INF/11
Page 16

maxi mi sed when the interaction of soil biota with environnental factors,
including tenperature, water content, and energy source is understood.
There is currently a fundamental know edge gap in the interpretation and
linking of various proposed biological, chenmical and physical indicators.
Measurenent protocols and indexing techniques are needed for easy
identification of the soil properties, processes and the effects of human
management practices over tine. Soil quality assessnent and interpretation
tools nmust be sensitive and responsive to the various soil properties and
processes that respond to changes in soil and crop managenent practices
and land use decisions. They also need to account for differences in
i nherent soil conditions anbng various physiographic regions and their
response, both positive and negative, to nanagenent practices. They shoul d
hel p determ ne appropriate |l and uses and input needs and help | and owners
and operators to select or develop nore environnentally-sound nanagenment
practices, while providing the food, feed and fibre needed to satisfy
i ncreasi ng human needs.

50. Opportunities/Areas for action. The assessnent of the health of soils,
through the identification of key soil properties, which can serve as
i ndicators of soil health, has becone a mjor issue for |and nmanagers and
the food and agricultural sector through the world. For exanple, FAO has
recently been identified as the executing agency for conducting, in close
cooperation with nmltiple partners, the GEF/UNEP Land Degradation
Assessnent in Drylands (LADA). Soil biota and its functions should be a

key conmponent of such assessnents. In particular, there is a need to
determ ne short- and long-term effects of agri cul tural managenment
practices on soil bi ol ogi cal comunity popul ati ons, bi odi versity,

functioning and resilience. Relating soil quality/ health to productivity,
in terns of crop yield and profitability, and environnental effects from
drai nage, |eaching, runoff and erosion is essential in order to evaluate
the sustainability of various |and nanagement strategies.

51. There is recent progress in realising that soil health, by its broadest
definition, is inseparable from issues of sustainability. The chall enge
ahead is to develop holistic approaches for assessing soil quality and
health that are wuseful to producers, specialists and policy makers in
identifying agricultural and land use manhagenent systens that are
profitable and will sustain finite soil resources for future generations.
Benefits of paying nore attention to soil health and its assessnent
include its potential use in: the evaluation of |and-use policy and of
practices that degrade or inprove the soil resource; and in the
identification of critical |andscapes or managenment systens and of gaps in
our know edge base and understandi ng of sustainabl e managenent.

b) Managing Interactions ampng Land Managenent, Soil Biodiversity and
Agricul tural Production

52. What is known. Land use and the type of farming system inpacts upon soi
life, while soil nmanagenent controls and rmanipulates the organisns
responsible for nutrient cycling, crop diseases and pest danmage through
its effects on soil physical and chenical conditions, biological habitat,
food sources and plant-host interactions. Biotic processes inpact on |ong-
term productivity, soil fertility, soil aggregation, erosion and other
i ndicators of soil quality. In turn, the soil biota and their interactions
play a part in the success of any managenent decision. For exanple,
i ntensive cultivation coupl ed with nono- cr oppi ng practices may

...
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detrimentally affect the functioning of the soil biota leading to |oss of
plant nutrients and soil aggregate structure and resulting in soil
degradation, environnental pollution and declining crop yields. On the
other hand, mininum tillage practices and better crop cover, coupled with
a nore diverse cropping regine, my pronote the nore effective functioning
of soil biota, resulting in inmproved soil structure and nutrient and water
managenment and hence crop productivity.

53. Case study of Biological nitrogen fixation: The natural process of
bi ol ogical nitrogen fixation (BNF) constitutes an inportant source of
nitrogen for «crop growh and protein production in mny soils and

ecosystens. It therefore provides a nmmjor alternative to the use of
commercial nitrogen fertiliser in agriculture. It has recently been
estimted that global terrestrial BNF ranges between 100 and 290 million
tons of nitrogen per year of which 40-48 mllion tons N per year is
estimated to be biologically fixed in agricultural crops and fields. |In
conparison, 83 mllion tons per year are currently fixed industrially for

the production of fertiliser?.

54. Biologically fixed N, either asynbiotic, associative or synbiotic, is
considered a renewable resource, which should constitute an integral part
of sustainable agro-ecosystens globally. The contribution of Ilegume N
fixation to the N-econony of any ecosystemis nediated by: the efficiency
of the N fixing system the contribution of BNF to the soil N pool; and
the total anmount of N fixed that actually is recycled by human practices
and animal manure into the system Several opportunities to enhance BNF
i nputs are available across different agro-ecosystens and soci 0o-econom c
conditions, inter alia: through altering the nunber of effective synbiotic
or associated organisns in the system (inoculation); screening and
selection of the appropriate |egune crop (selecting high BNF species well
adapted to environnental conditions); and managenent practices that enhance

N, fixation and recycling of net N, inputs into the cropping system

(rotation, green manure application, no-tillage, strategic use of |egunes,
12
etc.) ™.

55. Gaps and needs. The conplex relationships between soil biota, ecosystem
functioning and | and nanagenent practices nust be well understood in order
to develop guidelines for agriculture that will optimse resilience and
sustainability of the ecosystem A better understanding of the ecol ogy of
beneficial and harnful organisns is needed to utilise and control their
expression in agricultural systens. An understanding of soil biota and
their ecology nust be developed, so that the ecological and biological
effects of resident soil populations can be used to reduce inputs of non-
renewabl e resources while still increasing productivity needed to neet
food, feed and fibre denmand.

56. Opportunities/Areas for action. There is a need to enhance scientific and
farm know edge of soil biota-manipulation and ecosystem interactions to

1% Cleveland, C.C.; Towsend, A.R; Schimel, D.S.; Fisher, H.; Howarth, R.W.; Hedein, L.O.; Perakis, S.S.; Latty,
E.F.; Von Fischer, J.C.; Elseroad, A. and Watson, M.F.; 1999. Global patterns of terrestrial biological nitrogen
fixation in natural ecosystems. Global Biogeochem. Cycles 13, 623-645

1 Jenkinson, D.A., 2001. Theimpact of humans on the nitrogen cycle, with focus on temperate arable agriculture.
Plant and Soil 228, 3-15

12 FAO/AGLL Soil Biodiversity Portal (http://www.fao.ora/ag/AGL /agll/soilbiod/default.htm). Montanez, 2000. ()
Overview and case studies on BNF: perspectives and limitations.

/...
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c)

57.

58.

59.

obtain better understanding of the processes they control and, thereby, to
i nfluence plant growh, soil biotic functions and soil productivity. This
i ncl udes:

devel opnent of f undanent al under st andi ng of t he ecol ogi ca
characteristics and processes of the soil and root biology to predict
accurately root, seed, soil and soil biota interactions;

identification of fertility, cultural, spatial and tenporal factors
affecting these interactions;
devel opnent of effective strategies to nmnage soil biota as an

i ntegrated aspect of soil and | and resources managenent;

devel opnent of inproved nethods to identify and characterise soil biota
popul ations and their activities for farnmer level in order to help in
the interpretation of interactions between farners’ practices, soi
function and agricultural production.

Soi | biodiversity and bi ol ogi cal managenent of pests

What is known: The rate and extent of build-up or naintenance of
i ndi genous or introduced pathogens or pests depend on nmany environmental
and cultural factors, including residues, organic matter and cover crop
i ssues, plant stress, soil tillage, poor irrigation managenent and
fertilisation practices and crop geneti cs. I ntensi ve croppi ng,
nonocroppi ng and the over-use of agro-chemicals often increases the build
up of soil-borne pathogens (disease-carrying organisns), pests and weeds

This is also reflected following conversion to reduced or no-tillage
practices, when carefully controlled herbicide use and prudent pest
managenent practices nmay be required in the initial years wuntil an
ecol ogical balance is restored and the natural biocontrol nechanisns
beconme reestablished. Under no-tillage it has been reported that
pat hogens, pests and weeds are not necessarily greater but may differ from
those prevalent under tilled systens; wth appropriate mnagenment under
no-tillage the equilibriumtends to favour beneficial organisns.

Soil biota can influence the growh of sone organisns including |arger
life forms such as certain insects, crop plants and weeds, both positively
and negatively. In some cases, deterioration of soil productivity stens
from changes in soil biotic comunities, reducing their capacity to
suppress root pathogens and pests by biol ogical nmeans. Pathogens and pests
unchecked by ecological conpetition can achieve populations that are
devastating to agriculture and pose serious threats to economc
sustainability. The nature of the pest outbreak, whether bacterial
fungal, viral, nematode, insect or weed, indicates the kind of nanagenent
strategies needed to restrict or elimnate its activities. The strategies
available to farners are cultural (cropping practice), chemcal and
bi ol ogi cal; however, not all strategies are feasible for every cropping
system Ecologically-oriented pest nmanagement within a viable, integrated
systems’ approach is gaining popularity. Management of the edaphic (soil-
based) phase of the life cycle needs to be explored to devel op additional
bi ol ogi cal pest managenent options.

Case study of alternatives to nethyl bronmide in managi ng pests: Under the
Montreal Protocol of 1991, nethyl brom de was defined as a chenical that
contributes to depletion of the Earth’s ozone layer; and it was
internationally agreed that consunption of this product will be frozen in
devel opi ng countries in 2002. Farners who are dependent on nethyl bromde
for suppressing soil-borne pests and di seases are having to shift towards

...
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nore environmentally sustainable agricultural practices. Alternatives to
the use of methyl bronide have been investigated and bi ofum gation is one
such exanple, that wuses the Brassica fanmly (i.e. broccoli, cabbage,
cauliflower and rape) for producing toxic compounds. Prelimnary results
have shown that biofumigation, also conbined with solarization, could be a
successful biological alternative for producing fum gant-like chemcals in
the soil for suppressing soil-borne pests and di seases and hel ping pronote
soi |l heal t h13

60. Gaps and needs. Use of soil biota in pest managenent could increase crop
efficiency, decrease the need for tillage and decrease the wuse of
synthetic chem cal pesticides. Oten individual pathogens have been
studied in isolation, which Iimts know edge of activities in situ with
the whole biotic conmunity. A greater awareness of the full range of the
soil biota community and its inmpact on its own soil comrunity dynamcs,
plant growth and chenical-plant interactions are critical. |Integrative
approaches have the potential to be used to manage the production system
and natural soil organismplant interactions for pest suppression, either
from addi ng beneficial organisnms that can suppress the pests or nmnagi ng
or increasing such organisns that are resident in the soil. Further study
is required, so that the ecol ogical and biological effects of the resident
soil organi sm popul ation on pest growh can be used effectively in pest
managenment strategies. Moreover, the use of soil biotic dynamcs and
i ntegrated approaches to managi ng soil-borne pathogens or pests may also
requi re additional soil managenment practices.

61. Opportunities/Areas for action. Soil mcro-fauna play an inmportant role in
suppression of plant pathogens and represent a significant biol ogical
control potential. There are opportunities to develop effective and
econonically feasible disease and pest control strategies that reduce
pat hogens and pests through the introduction of antagonists or by nanagi ng
resident soil biota to increase their activity. Efforts to manipulate and
exploit the friendly fauna popul ations for crop benefit nust be conpatible
with mcrobial synmbionts, and other plant-growth pronoting rhizosphere
organisnms, and wth fungi and bacteria that are being promoted for
bi ol ogi cal control of diseases. This is clearly an area wth great
opportunities for further research.

d) Biorenediation: The Use of Soil Biota in Environmentally-friendly
Treatnments for the Decontamination of Soils

62. What is known. The goal of biorenediation efforts is to reduce the
potential toxicity of chemi cal contam nants in the field by using mncro-
or gani sns, plants and animals to transform met abol i se, renove or
i mobilise toxicants. There is already a significant know edge-base about
many pat hways for organic degradation, and several inportant contan nant
degradati on nechanisns are under detailed investigation®. Different types
of organisns can be biorenediation agents, for exanple, mcro-organisns
(primarily bacteria and fungi) are nature's original recyclers. Their
capability to transform natural and synthetic chemicals into sources of
energy and raw materials for their own growth highlights their value as
cheaper and nore environnentally-benign alternatives to chemical or
physi cal renedi ation processes. Plant roots can also indirectly stinulate
m crobi al degradation of contaminants in the rhizosphere. The intrinsic

13 http://www.fao.org/WAICENT/FAOINFO/AGRICUL T/AGP/AGPP/IPM/Web_Brom/Default.htm
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63.

64.

65.

e)

ability of certain plants for wuptake, translocation, transfornmation and
detoxification of contamnants also offers a newy recognised resource
that can be exploited. Research continues to discover and verify the
bi orenedi ati on potential and uni que properties of many organi sns.

Case study of Biorenediation: These techniques are used to renove
environmental pollutants from sites where they have been released or nore
often to reduce their concentrations to |levels considered acceptable to
site owners and/or regulatory agencies. Many biorenediation techniques

exist to treat in situ soil contaninants and a nunber of organisns have
been i nvol ved, particularly bacteria - such as Achr onobact er,
Aci netobacter, Alcaligenes, Bacillus, Nocardia, Pseudonobnas - and fungi

such as Trichodernma, Rhodotorula, Mrtirella, Aspergill us*, The rate at
which mcrobial comunities adapt their nmetabolism to toxic conpounds is
crucial in biorenmediation. A recent addition to the growing list of
bacteria that can sequester or reduce netals is Ceobacter netallireducens,
whi ch renoves uranium a radioactive waste, from drainage waters in nining

operations and from contam nated gr oundwat er *°. The concept of
phytorenedi ation - the use of plants for abatenent and containment of
pollution - is developing as an acceptable managenent technique. This

concept is also being applied in other environments, such as riparian
zones and filter strips.

Gaps and needs. A tiny fraction of the soil mcrobial diversity of the
Earth has been identified, and an even smaller fraction has been exan ned

for its biodegradation potential. Understanding of biochem cal and
transformati ons of contanminants in soil has advanced in recent years.
However, know edge of t he specific pat hways for degradati on/

detoxification and of the role of specific organisms and comunities is
limted. Biological approaches on the nolecular level can clarify the
expression and regul ation of xenobiotic (contam nant) degradation and help
provide nethods to develop plants and mnmicro-organisns wth enhanced
detoxification ability. This know edge is essential for understanding the
ability of soil to maintain a biological buffering barrier for pollution
and in the design of systens to decontam nate soil and water.

Opportunities/Areas for action. Despite the successful contributions of

exi sting know edge, t he under st andi ng of bi ot ransformati on and
bi odegradati on pathways and nmechanisns in the field is inconplete.

Opportunities are wide for further research (for exanple of mnicrobial

physi ol ogy and ecol ogy, enzynology, biochenm stry and plant-m cro-organism
interactions) and technology applications. Opportunities exist for the
devel opnment of knowl edge and techniques that will mninse the inpact of

agrochem cals and other xenobiotics in the environment and of approaches
to pronmote the degradation of xenobiotics in soils. Inproved methods and
deci si on-maki ng tool are needed for soils that require renmediation with a

view to inproving soil productivity, protecting human health and
preventing environnmental degradation.

The ecol ogi cal inpact of agricultural biotechnol ogy.

14 Microbial transformation and degradation of toxic organic chemicals. 1995. Young LY, and Cerniglia CE eds.,
Wiley-Liss, New York.

15 US-EC Task Force on Biotechnology Research. Biotechnology and Genetic Resources. Proceedings of a
workshop; 1992 October 21-22; Airlie, Va. Available fromthe NSF Biological Sciences Directorate, Arlington, Va
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What is known: Agricultural biotechnology, if appropriately integrated
with other technol ogies, offers opportunities for developing nore

productive and sustainable systens, for exanple the devel opnent of plant
varieties and animl races for overcom ng specific constraints such as

soi | and climtic Jlimtations and specific ©pests and diseases.
Bi ot echnol ogy includes a wide array of techniques and applications, from
natural fernentation processes and cell culture to genetic engineering,

protein engineering and DNA anplification. Transgenic naterials provide
greatly increased opportunities but also potentially significant risks of

affecting soil biodiversity and the ecosystem at all levels, for exanple,

t hrough upsetting the delicately bal anced and conpl ex food web.

There is a need to assist national and Ilocal governnents in the
formul ati on and application of policies that ensure the proper ownership
and receiving of benefits deriving from the use of soil biodiversity, in
particul ar the technol ogi es and products that derive from the manipul ation
and extraction of particular conponents of the soil biota (especially
mcro-organisns and their products). Taking into account issues of
bi oprospecting, traditional knowl edge and farnmers’ rights, this raises the
i mportant consideration of finding ways in which soil biodiversity and
associ ated know edge systenms, can be nmanaged for the benefit of farners
and rural conmunities and to ensure that |egal and international property
rights regimes support this aim

An example of the beneficial use of biotechnology in the managenent of
soil biodiversity is in the devel opnent of inproved mcrobial inoculants.
Effective wild-type strains are isolated from the environnment for use as
m crobial inoculants in agriculture and reconbi nant DNA technol ogy (i.e.
genetic engineering) may be used to further inprove nicrobial strains.
M crobial characteristics that are being targeted for inproved inocul ant
performance include: the survival ability of the inoculated strain, as in
the case of strains that are better adjusted to soil constraints such as
salinity, acidity or aridity; conpetitive nodulation of |egune roots, as
in the <case of synbiotic nitrogen-fixing Rhizobium bacteria); and
interactions with beneficial mnicro-organisns, for exanple conpatibility
with mycorrhizal fungi, and interactions with detrinental nicro-organisns,
for exanple for the inhibition of plant pathogens in the rhizosphere.

On the other hand, the area under transgenic crops is rapidly expandi ng
and yet it is not well known what might be the long term effects on the
ecosystem of potentially higher herbicide applications or the indirect
effects of transgenic plant root exudates (secretions). The deconposition
of nodified genetic material fromplant remains in the soil could seriously
affect the balance of soil micro-organisnms and be an ideal nedium for
hori zontal gene transfer. Incorporation into plants of genes from Bacillus
thuringiensis (Bt) toxins that code for the production of insecticidal
toxins can be incorporated into the soil through leaf materials, when
farmers incorporate crop residues after harvest. Toxins may persist for 2-3
nmonths, resisting degradation by binding to clay and humic acid soil
particles while maintaining toxin activity!®. Such active Bt toxins that
end up and accunulate in the soil and water fromtransgenic leaf litter may
have negative inpacts on soil and aquatic invertebrates and nutrient

16 Palm et al. 1996. Persistance in soil of transgenic plant produced Bacillus thuringiensis var. Kurstaki endotoxin.
Canadian J. Microbiology
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cycling processes?’. I ncreased and frequent use of gl yphosphat e
applications has produced changes in the mcrobial conposition of soil in

70.

71.

72.

the field associated with “Roundup Ready” soybean production®®. The use of
gl yphosphat e-resi stant soybean changes the dom nance of fungi versus

bacteria in the soil, altering nutrient «cycling processes, nutrient
retention ability and the ability of the soil to suppress disease. There
has been little attention to nonitor and inprove understanding of the

effects of transgenic crop plants, such as herbicide resistant soya beans
or cereals, on soil biodiversity and their functions.

Perturbations have been recorded by several authors with the introduction
in the soil of genetically nodified mcro-organisms (such as Pseudononas
fluorescens), including displacenent of indigenous popul ations, suppression
of fungal popul ations, reduced protozoa popul ations, altered soil enzymatic
activity, and increased carbon turnover®. Circunstantial evidence that
geneti c exchanges between strains of Rhizobia occur in a field environnent
has been provided by popul ation studies. However, information on the tine
scale and on the conditions in which these exchanges take place, is stil
m ssing. Mire research on the consequences of the release of nove
organisms in the rhizosphere before they can be safely wutilised is
necessary.

Opportunities/Areas for action: Cenetically nodified organisns (GV3s) need
to be adequately assessed for their environmental or human health effects
before they are released into the environment. However, it is very
difficult to predict how GMOs wll behave once in the agricultura
ecosystem Today, results show that soil organisns are extremely sensitive
to the use of engineered plants, and the effects are unpredictable. The
i mpact of nodern biotechnology on the environnent and on human and ani mal
health needs careful assessment on a case by case basis and through
applying, in each situation, the precautionary approach, as adopted by the
CBD. Attention is drawmm to the need to consider how to inplenent the
precautionary approach effectively and thereby address the concerns over
risks and potential benefits of GMOs. International bodies such as FAQ
UNEP, UNESCO and the CBD process, in particular the Biosafety Protocol, may
provi de gui dance and assi stance to countries on this matter. However, fina
deci sions on the use of biotechnology remain a national responsibility.

This section has attenpted to provide an overview of a range of
opportunities that are available whereby farmers can actually nanage soil
bi odi versity to enhance agricultural productivity. Nonetheless, as already
noted, the adaptation and adoption of such technol ogies and sustainable
systenms requires an integrated natural resources managenent and agro-
ecosystens approach in view of the conplexity of soil biodiversity and the
nmul ti pl e bi ophysical —human interactions. In particular, it is inmportant to
stress that each opportunity has socio-econonmic as well as technical and
environnental inplications, and only those options that are economcally
viable and socially and culturally acceptable wll be of interest to
farm ng communities.

" Donegan, KK et al. 1995. Changes in levels, species, and DNA fingerprints of soil microorganisms associated
with cotton expressing the Bacillus thuringiensis var. Kurstaki endotoxin. Applied Soil Ecology 2, 111-124.

18 Kremer RJ et al. Herbicide impact on Fusarium spp and soybean cyst nematodes in glyphosphate lerant
soybean. American Society of Agronomy.

19 Naseby DC, Lynch JM (1998). Soil enzymes and microbial population structure to determine the impact of wild
type and genetically modified Pseudomonas fluorescensin the rhizosphere of pea. Mol. Ecal., 7, 367—376.
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IV THE | NTERNATI ONAL FRAMEWORK REGARDI NG SO L BI ODI VERSI TY CONSERVATI ON AND
MANAGEMENT

I nternational conventions and initiatives

73.

74.

75.

76.

In the dial ogue between research institutes, international organisations,
private and public sectors and recipient governments with the aim of
effectively integrating soil biological nanagenent into environnental and
sust ai nabl e devel opnent policies and initiatives, a numnber of
i nternational agreenents and conventions serve as inportant signposts. In
addition to the Convention on Biological Diversity (CBD), whose
consideration of soil biodiversity is presented in paragraphs 1 and 2 of
this paper, the follow ng agreenents and processes are of relevance. These
al so highlight the inmportance of fostering participation and partnership
with the broad range of stakeholders concerned as a neans to address nore
effectively the problenms encountered.

UNCED- Agenda  21: The current set of i nt ernational envi ronnment al
conventions have been developed on the basis of the global policy
statement - Agenda 21 Plan of Action - that was adopted at the UN
Conference on Environnent and Developnent in R o [992. This “Earth

Sumit” called for countries to incorporate environnmental considerations
into their devel opment plans and build national strategies for sustainable
devel opment. At the United Nations GCeneral Assenbly's special session in
1997 — “Rio plus five” - countries agreed to have such national strategies
in place by 2002, which should be the product of extensive consultation
with the stakehol ders concerned. Countries are being assisted by donors
to develop and inplenent these national strategies. A “Rio plus ten”
sumit will take place in Johannesburg in 2002 to assess progress achieved
since 1992. The national strategies for sustainable devel opnment provide a
useful framework for addressing issues of soil biodiversity nanagenent and
conservation as part of an integrated approach

The UN Convention to Conbat Desertification (CCD) ains to address |and
degradati on and drought in dryland areas, with the aimof inproving living
condi tions. The text of this Convention binds signatory governnments to
promote long-term integrated strategies to inprove the productivity of
I and, rehabilitate degraded areas, and conserve and nanage |and and water
resources in a sustainable fashion, in particular at comunity |evel
National Action Programmes to address |and degradation are being drawn up
by a large nunber of countries through a consultative process, for which
donor support is being sought. Soil biological managenent, including the
conservation and sustainable use of soil biodiversity and its functions,
shoul d be an integral part of such plans.

The UN Framework Convention on Clinmate Change (FCCC) ains to achieve
stabilisation of greenhouse gas concentrations in the atnosphere at a
level that will prevent dangerous interference with the clinmte system
Such a level should be achieved within a tinme frame sufficient to allow
ecosystens to adapt naturally to climte change, to ensure that food
production is not threatened and to enable econom ¢ devel opnent to proceed
in a sustainable manner. The Kyoto protocol, which ains at a reduction of
carbon dioxide em ssions, was drafted in 1997, and awaits ratification.

There are various links between climte change and soil rmanagenent
especially in regard to carbon sequestration (the storage or fixation of
Carbon in soil organic matter and in plant biomass) and greenhouse gas
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em ssions (GHG. The npbst inportant greenhouse gases are carbon dioxide
(CO), nethane (CH;) and nitrous oxide (NO. Phot osynthesis in plants
leads to carbon fixation and CO,. Deconposition and burning of bionmass,
however, releases CO, back to the atnosphere. Methane is produced in
wet | ands and rice fields, and by ruminant animals. Soils also emit N,O as a
result of mcrobial processes. At a global level, the mning, manufacture
and transport of mineral fertilisers contribute to CO, and NO em ssions".
Thus, changes to soil fertility management by incorporating or enhancing
bi ol ogi cal managenent of soi | fertility coul d have significant
implications for climte change.

Agriculture provides a major share of national income and export earnings
in many developing countries, while ensuring food security, income and
enpl oyment to a large proportion of the population. Farmers, governnents
and scientists are increasingly aware that declining soil fertility is

becoming a mmjor concern worldwide wth social, food security and
environnmental inplications. As a result, controlling erosion and inproving
the nmanagenent of soil fertility have beconme a nmjor issue on the

devel opnent policy agenda. In this regard, the Soil Fertility Initiative
(SFI) for Sub-Saharan Africa was |aunched as part of the Rome Declaration
on World Food Security in 1996, anong key collaborating organisations,
including the Wrld Bank, FAO |ICRAF, IFDC, IFA |IFPRI and USAID. This
interactive process ained at increasing synergies and catalysing
conprehensive strategies and actions at country level to enhance soil
fertility restoration and managenent and prevent further nutrient mning.

The focus was placed on practical solutions, including better use of
organic and nmineral fertilisers, integrated |and husbandry approaches as
well as overcoming institutional and policy constraints, such as |and

tenure and marketing. The devel opment of Soil Mnagenment Action Plans has
been pronoted in over 20 countries through participatory review and
prioritisation processes. In Burkina Faso and Ghana, for exanmple, such
pl ans have been developed and approved by the governnment. |In other
countries, certain priority actions are being addressed through investnent
and techni cal assistance progranmes and with donor support.

A multitude of programmes in the agricultural and |and sectors are
supporting inproved soil and |and resources managenent and provide great
scope for expanding attention to the conservation and sustainable use of

soil biodiversity and the inportant functions of soil organisnms. FAGCs
support to Menber countries could be further nmobilised to integrate soil
bi odi versity managenent t hr ough, inter alia: projects to inprove

capacities and tools and farner-led |earning approaches for soil
productivity inmprovenent and conservation agriculture, initiated through
its Technical Cooperation Programe, the Special Program on Food Security
and work on sustainable livelihoods; projects to mtigate |and degradation
and pronote integrated watershed managenent and production systens; and,
the CBD/FAO joint Programme of Wrk on Biodiversity for Food and
Agricul ture.

More specifically, the FAO Netherlands Partnership Progranme (FNPP) is a
t wo-year programre that is supporting work by FAO towards the conservation
and use of agricultural biodiversity within sustainable ecosystens and its
contribution to global food security. One of the four min areas of
attention is on inproving understanding and inplenentation of the
ecosystem approach, including adaptive nmanagement and best practices. In
this regard, the sub-conponent on soil biodiversity ains to help catalyse
nore applied work in the agricultural and |and sectors with the support of
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scientific institutes that are currently focusing their research on

certain categories and functions of soil biodiversity and on specific

technol ogi es. There are three main ainms and axes of cooperation:

- Sharing of know edge and information on the roles of diverse soil

organisnms in providing key goods and services and the inpacts of
existing and new agricultural technologies and managenment practices,
with a view to devel oping guidance for agricultural and environnmental -
CBD for a;
Col | aboration anmobng relevant programmes, networks and national and
inter-national bodies to identify and pronote inmproved soil biological
managenent practices for different conditions and their integration
i nto ongoi ng | and managenent and soil productivity efforts; and,

Establishing partnerships anong farmers/land resource users and
researchers/ devel opnent progranmes to monitor and assess different
practices and prepare case studies and to integrate soil biodiversity
i ssues into docunentation and training nmaterials.

80. This FNPP soil biodiversity project is identifying and establishing

Il i nkages as appropriate with ongoi ng programmes and networks, for exanple:
the GEF/UNEP project and network on the Conservation and Sustainable
Managenment of Below Ground Biodiversity hosted by the Tropical Soil
Bi odi versity and Fertility program (TSBF) of UNESCO Diversitas: ;

Net works including the CYTED Macro-fauna network, for which EMBRAPA-
Brazil is planning to host a nmeeting in February 2002), and various
nycorrhiza and rhizobia networks such as the “Asociacién Latino
Anericana de Rhizobiologia” (ALAR), the “Caribbean Mycorrhizal Network”
(CARIVAM) in Latin Anmerica, as well as gender/indigenous know edge
networks, such as the FAO LINKS gender, biodiversity and indigenous

know edge network and the soil and gender network of University of
Ber ne;

Research bodi es such as Institut de Recherche et Devel oppenment (I RD-UR),
in France, on Biodiversity and Soil Functioning which is holding a

macro-fauna neeting (Paris, Decenber 2001); the NERC Soil biodiversity
Program and CABlI in UK, the CLUE project and the \Wageni ngen sinulation
project on biodiversity, which is assessing the inpact of soil
bi odi versity on ecosystem functioning, in Holland;

Agr o- bi ol ogy/ ecol ogy bodi es such as Centro de Pesqui sa em Agrobi ol ogi a
of EMBRAPA, Brazil and University of Padova Agroecol ogy Laboratory;

Soil biodiversity projects such as CYTED Project (Latin Anerica) and
SHI FT Project (GIZ- EMBRAPA), Manaus, Amazonas, Brazil; EU Soi l
bi odi versity and ecosystem functioning program and the UNU People Land
Management and Environmental Change Project (PLEC), which is concerned
wi t h indi genous approaches to above-ground agrobiodiversity.

8l. An international technical workshop on “Integrated Soil Biological

Managenent and Sustainable Agriculture” is scheduled for md 2002, wth
support of the FNPP programme, and in collaboration wth technical
partners, to further review the state of the art, wth a focus on
practical experiences, and to help identify priorities for action.

Consultation has been initiated with Enbrapa, Brazil, as a possible host
institution. This review process should take into account the crucial role
of soil biodiversity in agricultural production and in providing wder

ecosystem services, and the need for appropriate nanagenent technol ogies,
bui I ding on | ocal know edge systens and ensuring integrated approaches.
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V. CONCLUS ONS AND AREAS FOR CONSI DERATI ON

Concl usi ons

82.

83.

84.

Soil biologists and agriculturalists are challenged to address a mgjor
gl obal concern: “How to provide greater food security for all nations on
earth in a sustainable way?”. In addressing soil biodiversity and rel evant

soci etal concerns it is necessary to take an ecosystem approach and a
mul ti-disciplinary approach in order to better understand biophysical and
human interactions and the conplexity of the living systens. However, as
noted by E.O WIlson and Wake?, as underground biodiversity is incredibly
conplex, it may require to initially focus, for exanple to assess specific
functions of soil biota in productive agro-ecosystens and inpacts of
specific farming systens, technologies and practices. Nonetheless, this
shoul d subsequently lead to the devel opnent of integrated soil biol ogical

managenent as a means to mmintain renewable soil fertility and ecosystem
servi ces.

Soil biota provide key ecosystem services that are responsible for
naturally renewable soil fertility, for nmediating carbon sinks in the soil

and nmany other functions. The conservation of healthy conmunities of soil

bi ota and prudent use of specific soil organisns through biological soil

managenent can be used to mmintain and enhance soil fertility and ensure
productive and sust ai nabl e agricul tural syst ens?L. Mor eover, t he
consequences of neglecting or abusing soil life wll weaken soil
functions, and contribute to greater loss of fertile lands and an over-
reliance on chenical means for nmintaining agricultural production. This
enphasises the need to enhance collaboration anong soil bi ol ogy
specialists and agricultural practitioners, those concerned with |and
degradati on and other stakeholders in pronoting inproved soil biological

management .

In view of the conmplex nature and linited knowl edge of soil biodiversity
there is a need to identify and assess the feasibility of potential soil
bi odi versity activities and applications in order identify priorities and
to evaluate costs and benefits to different user groups. In particular, in
view of the follow ng notable gaps in know edge:

Soil biota are highly diverse and nunerically staggering, yet only
maj or taxonom ¢ and functional groups are well known;
Critical ecosystem services provided by soil biota (e.g., organic

matter deconposition, nutrient cycling and pest control) are still
under intense investigation,;

Little is known of the colonisation-extinction dynanics of soil biota
or how the additions and deletions of keystone taxa or functional

groups will influence sustainable agricultural productivity;
Not all strategic objectives and programmatic activities will benefit
equally (i.e. imrediate gains will be realised in some areas, md- to

long-term gains in others, and little or no benefits may be seen in
ot her areas).

Areas for Consideration

201 Wake, M.H. 2001. Integrative biology: its promise and its perils. In: Biological Science: Challenges for the 21st
Century. G. Bernardi, J.C. Mounolou and T. Y ounés, eds. Biology International 41, 71-74.

21 Matson, P.A., W.J. Parton, A.G. Power, and M.J. Swift. 1997. Agricultural intensification and ecosystem
properties. Science, 277, 504-509.
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In accordance with the programre of work on agricultural biodiversity and
taking into account the above findings, there is a need for pronoting
coordinated actions and concerted attention on soil biodiversity with a
view to enhancing its contributions to agricultural productivity and
sustainability and to conbat i ng | and degr adati on, i ncl udi ng, as
appropriate, the biological restoration of soil fertility (i.e. in fragile
areas such as dryland, coastal and mountain environnments and follow ng
natural disasters such as droughts, floods or excessive rains). In this
regard, an International Soil Biodiversity Initiative is proposed to
encourage country Parties to the CBD and FAO Menber Nations to nmake
progress, especially in the areas of: Technical assessnments; Adaptive
management of soil biota; Capacity-building; and Minstreamnm ng of relevant
soi | biology issues into various institutions and processes.

The main objectives of such an initiative could, inter alia:

1). Pronpting the assessnment, sharing of know edge, information and case
studi es and awareness raising (i.e. on the roles and inportance of diverse
soil organisns in providing key goods and services and on the positive and
negative inmpacts of existing and new agricultural technologies and
management practices), wth a view to developing guidance for field
wor ker s/ techni cians and for national and international priority setting and
pol i ci es.

2). Enhancing collaboration anong relevant progranmes, networks, research
institutes and national and international bodies to, firstly, develop
indicators and field nethodologies for nonitoring and assessing soi
bi odi versity and its functions and the effects of |and use/managenent
practices on soil quality and health, and thereby, to identify and pronote
i mproved soil biological managenent practices for different conditions and
their integration into ongoing agriculture/land managenent efforts.

3). Strengthening capacities and partnerships anmong farnmers/land resource
users, researchers and developnment programes: to nonitor and assess

di fferent practices and prepare case studies; to integrate soi

bi odi versity issues into docunentation, training materials and policies
(guidelines, conpendia of “best practices”, etc.); and to facilitate
parti ci patory research and t echnol ogy transfer on soi |

bi odi versity/ bi ol ogi cal managenent, with a view to pronoting sustainable
agriculture and inproved | and managemnent.

The suggested approach should be a participatory and Integrated Soi
Bi ol ogi cal Managenent (1 SBM process that involves the range of
stakeholders in a flexible and iterative process of creating, sharing, and
i mprovi ng experiences of integrated soil biological management. A focus is
suggested on the followi ng user groups: i) Resource-poor farnmers, snall-
scal e producers (men and woren) and rural comunities (especially those
living on marginal and/or degraded |ands as these are particularly
amenable to soil biological managenment practices); and ii) Policy nakers
and promoters of sustainable agriculture in Low Incone Food-Deficit
Countries (LIFDCs), including research institutes, extension pogranmes,
NGOs and international funding partners.

A focus should be placed on devel opi ng and refining existing opportunities
(direct and indirect managenent interventions) for different biophysical
and soci o-econonic conditions, and their integration with other nmanagenent
strategies (soil and water, crop and livestock, i ntegrated pest
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managenent, etc.) The challenge will be to identify and pronote integrated
systens that are econonically viable, environnentally sustainable and
appropriate both socially and culturally. This could be initiated through
pilot-level denmobnstration projects, wth subsequent scaling-up processes
t hrough gl obal and regional programres and in collaboration with partners
(CE AR, TSBF, NGOs and others). Case studies of intervention practices
could be developed into training materials and nmanagenent guidelines, and
then applied research could be sponsored to generalise these guidelines
i nto managenment practices relevant to particul ar agro-ecol ogi cal zones and
for farmers, extension agents and technicians at various levels and of
vari ous econom ¢ neans (i.e. low and high-input farners).

In accordance with the call for case studies under the CBD programe of
work on agricultural biodiversity, contributions illustrating experiences
in the conservation and sustainable use of soil biodiversity are solicited
from all concerned actors in the agriculture and environnent sectors, in
order to facilitate the review and prioritisation process for further
wor k.



