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ABSTRACT: Soil is one of the most diverse habitats on earth and contains the most diverse assemblages 
of living organisms. Soil is the central organizing entity in terrestrial ecosystems and possess extremely 
diverse. It is physically and chemically complex, with micro- and macro-aggregates embedded within a 
solid, liquid and gaseous matrix. Recent advances in molecular techniques in systematic have provided 
opportunities for the study of soil biodiversity. Agriculture is undoubtedly one of the main driving forces 
which influence biodiversity in the world. Soil biodiversity refers to all organisms living in the soil, and 
therefore soil environment is one of the most complex biological communities on earth, home to an even 
larger share of biodiversity than tropical forests. Functional diversity of microbial populations in soil may 
be determined by either expression of different enzymes or diversity of nucleic acids within cells, the latter 
also reflecting the specific enzymatic processes operating in the cells. The absolute number of organisms 
under a footprint will probably range between 109 and 1014 individuals. 
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INTRODUCTION 
 

      It is predicted that the human population will reach nine billion within coming decades, (Pinstrup-Andersen 
2010a, b). To keep pace with population growth, it is estimated that in the next 40 years food production must increase 
greatly with the limited availability of arable land, water, and fossil fuels, exacerbated by climate change, biodiversity 
decreasing, erosion (ISF 2011). Agriculture is the primary source of food, but modern, intensive agriculture is in 
general a burden on the environment, resulting in contamination of drinking water, soil degradation, erosion, and 
reducing biodiversity (Frison . 2011). Large modern farms specialize in livestock and a few species of crops, grown 
as monocultures of genetically uniform individuals. Therefore agricultural production practices need to change. They 
need to become increasingly sustainable at the same time as meeting societal goals of access to sufficient, safe and 
nutritious food (Baulcombe, 2009; IAASTD, 2008; World Bank, 2007; Nellemann, 2009). Damage the environment 
(biodiversity decreasing), lead to reduced function of essential ecosystem services, result in the loss of biodiversity 
(MEA, 2005) and undermine the nutritional and health value of foods (IPCC, 2007). 
 Some effects of agriculture include loss of biodiversity, nitrogen discharges into surface water, eutrophication of 
surface water, contamination of groundwater from pesticides and nitrate, and ammonia volatilization due to over-
fertilization with manure (OECD 1999). These impacts are exacerbated by infrastructure development, increasing 
urbanization, waste disposal and forestry practices (Ministry of the Environment 2000). 
 Soil organisms are important elements for preserved ecosystem biodiversity and services thus assess functional 
and structural biodiversity in arable soils is interest. Main threats to soil biodiversity occurred by mechanical impacts 
(soil compaction, soil tillage) and chemical stress (plant protection measures) in agricultural management (Médiène, 
2011). Global concern is growing how to attain a sustainable use of soils, e.g. its agricultural use. There is increasing 
consensus, that protection of the biodiversity in the soil is a major way to maintain the proper functioning of the soil. 
In agroecosystems ecological functioning of the soil can be seen as a production support function of biodiversity, 
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next to e.g. pollination and natural pest control (Breure, 2004). There have been several reports of remarkable 
microbial diversity (Torsvik . 1990; Tiedje . 1999; Torsvik . 2002). Although no-one has ever counted the microbial 
species in agricultural soils, and therefore the aim of this paper is to provide insight into the concept of soil 
agrobiodiversity, its links to agricultural and biodiversity policy and the opportunities offered for a more sustainable 
agriculture. 
 
Biodiversity 
     In the Convention on Biological Diversity (CBD) Biodiversity is defined as: “the variability among living organisms 
from all sources including, inter alia, terrestrial, marine, and other aquatic ecosystems and the ecological complexes 
of which they are part; this includes diversity within species, between species, and of ecosystems. Biological diversity 
is a function of several components (Breure, 2004): 
- The total number of species present, species richness; 
- The genetic diversity within species; 
- The diversity of ecosystems (agriculture, nature areas); 
- The distribution of individuals among those species (evenness). 
 
Agrobiodiversity 
     Agrobiodiversity (Agricultural biodiversity) is the diversity of agricultural systems from genes to varieties and 
species, from farming practices to landscape composition (FAO, 2009; Jackson ., 2007). It is a component of natural 
capital, and the flow of services it provides proxies the interest on this capital (Perrings ., 2006). It can also be seen 
as a form of natural insurance, as the portfolio of genes, species, communities and agricultural habitats can be used 
to ameliorate a wide range of environmental risks (Brush, 2004). Agricultural biodiversity is essential to the world for 
the following functions: 
• sustainable production of food and other agricultural products, including providing the building blocks for the 
evolution or deliberate breeding of useful new crop varieties; 
• biological support to production via, for example soil biota, pollinators, and predators; 
• wider ecological services provided by agro-ecosystems, such as landscape protection, soil protection and health, 
water cycle and quality, air quality. 
     The conservation and management of agrobiodiversity is a key issue in the struggle to achieve food security for 
a growing world population in the face of global change (Thrupp 2000; Cavatassi . 2011; Chappell and LaValle 2011). 
In spite of ongoing conservation efforts, in many regions, agrobiodiversity is under severe threat (Lotti 2010; Shen . 
2010; Engels . 2011). One example is the widespread disappearance of landraces, i.e., traditional, locally adapted 
crop varieties with historical origins and cultural significance, as well as high genetic diversity (Lehmann 1981; 
Camacho-Villa . 2005; Negri 2007; Angioi .  2011). Threats to landrace conservation include land use intensification, 
structural changes in the agricultural sector (including seed regulation), invasive species, climate change, and 
urbanization. In addition to reducing diversity at the genetic and varietal level, these processes and their interactions 
also reduce diversity at the species and landscape level, affecting crop communities and associated ecosystem 
services (Biesmeijer . 2006; Chambers . 2007; Flynn . 2009). Agricultural biodiversity includes all components of 
biological diversity of relevance to food and agriculture: the variety and variability of plants, animals and micro-
organisms at genetic, species and ecosystem level which are necessary to sustain key functions in the 
agroecosystems, its structures and processes.  
 
Soil biodiversity 
     Soil biodiversity refers to all organisms living in the soil. Depending on the size class organisms may be divided 
into macro, meso-fauna and micro-fauna. Beyond that, bacteria, fungi, protozoa and algae are grouped as 
microorganisms. Regarding the preferred living environment, aboveground (e.g. foraging on top of the ground, or 
inside the litter/fine woody debris layer) and belowground specialists can be distinguished (Breure, 2004). 
      Karlen . (1997) proposed the following as vital soil functions:  
- Sustaining biological activity, diversity, and productivity;  
- Regulating and partitioning water and solute flow;  
- Filtering, buffering, degrading, immobilizing, and detoxifying organic and inorganic materials, including agricultural, 
industrial and municipal by-products and atmospheric deposition; 
- Storing and cycling nutrients and other elements within the Earth’s biosphere; and  
- Providing support of socioeconomic structures and protection for archeological treasures associated with human 
habitation. 
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Microbial diversity 
 The soil environment is one of the most complex biological communities on earth, home to an even larger share 
of biodiversity than tropical forests. But, in contrast to birds, flowers or other large and eye-catching organisms, soil 
organisms are mostly small and inconspicuous, and therefore rarely enjoy public attention. There are billions and 
trillions of individuals which are linked together in complex ecological interactions. A lot of hobby ornithologists spend 
time observing birds, and in doing so compile information which is valuable to science - there is nothing similar for 
earthworms, soil mites or soil inhabiting insect larvae, and while these are less attractive than butterflies or birds they 
contribute to a wide range of ecosystem services that are essential to the sustainable function of natural and 
agriculturally managed ecosystems. The absolute number of organisms under a footprint will probably range between 
109 and 1014 individuals (Barrios 2007). 
 Microbial biodiversity has been neglected over the years but is now a topic of global attention. This is due to the 
realization that microbes contribute a wealth of gene pools that could be a source of material for transfer to plants to 
achieve traits such as stress tolerance and pest resistance, and large-scale production of plant metabolites. 
 The diversity of microbial population is important for the multiple functions of a soil. The diversity of microbial 
(table 1) communities has been found to be very sensitive to environmental changes (Kandeler . 1999; Kandeler . 
1996; Zak . 1994). However, the methods used mainly indicate the potential in vitro functionality. Functional diversity 
of microbial populations in soil may be determined by either expression of different enzymes (carbon utilization 
patterns, extra-cellular enzyme patterns) or diversity of nucleic acids (mRNA, rRNA) within cells, the latter also 
reflecting the specific enzymatic processes operating in the cells. Indicators of functional diversity are also indicators 
of microbial activity and thereby integrate diversity and function (Dick . 1996a). Soil microorganisms (fungi and 
bacteria) and other fauna (e.g., earthworms, insects, and arthropods) (table 1) influence the availability of nutrients 
for crop growth by decomposing soil organic matter and releasing or immobilizing plant nutrients. Biological activity 
improves soil aggregation through the secretion of soil binding mucilages and hyphal growth. Improved aggregation, 
in turn, increases water infiltration and the ease of plant root penetration. Soil biological activity is considered an 
integral attribute of a healthy soil. 
 

Table 1. Dimensions of biodiversity under a footprint (Stahr, 2008) 
Taxonomic group Number of individuals Biomass (g/m2) 

Bacteria  1012 - 1014 100 - 700 
Funghi  109 - 1012 100 - 500 
Algae  106 - 109 20 - 150 
Protozoa  107 - 109 6 - 30 
Nematodes  104 - 106 5 - 50 
Mites  2.102 - 4.103 0.2 - 4 
Springtails  2.102 - 4.103 0.2 – 4 
Insect larvae  up to 50 < 4.5 
Diplopoda  up to 70 0.5 - 12.5 
Earthworms  up to 50 30 - 200 

     
 Plants are primary producers; their photosynthesis is a basic process supporting human and all kinds of animal 
life. This ‘primary production’ is also the basis of microbial and animal life in soil - and herewith the basis of soil 
fertility. The roots of plants penetrate soil and are thus not only one of the main soil ecosystem engineers9, but they 
also transport organic matter into deeper soil layers. Decaying roots also contribute to the formation of the soil pore 
system. The major functions of roots are to anchor the plant body and to absorb water and inorganic nutrients. The 
soil region immediately surrounding the roots is called rhizosphere. The rhizosphere is characterized by an 
enrichment of soil organisms which can be up to 500 times higher compared with other parts of the soil (Turbé . 
2010). 
 Animals and humans depend on plant photosynthesis which transforms carbon dioxide and water into high-
molecular materials, the plant biomass, using the energy of sunlight. This process also supports the existence of soil 
animals. In addition, plant roots stabilize soils, support the absorption of water and provide food to soil organisms. 
The green parts of plants above the soil’s surface die off and become litter. This organic matter is metabolized by 
animals and microorganisms and is the basis to the production of humus and soil organic carbon content. 
 
Soil agrobiodiversity Measurement 
     Measurements of the level of soil biodiversity in a given area are important as a high level of species diversity is 
thought to indicate a healthy environment. No specific indices exist, or need to be developed for the soil system as 
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biodiversity indices are applicable across the entire range of ecosystems without the need for modification. However, 
each has its own strengths and weaknesses. The simplest measures of biodiversity are: 
5.1. Species richness 
     Normally denoted “S”, which is the total number of species found in an ecosystem or sample. 
5.2. Species evenness 
      Normally denoted “E”, which is a measure of how similar the abundances of different species are in a community. 
Species evenness ranges from zero to one. When evenness is close to zero, it indicates that distribution of organisms 
within the community is not even, i.e. most of the individuals belong to one, or a few, species or taxa. When evenness 
is close to one, it indicates that the distribution of organisms within the community is even, i.e. each species or taxa 
consist of a similar number of individuals. Clearly, these two measures of biodiversity are much more informative 
when combined than when used alone. Other methods which are of the used to quantify biodiversity in an ecosystem 
are: 
5.2.1. Simpson’s index (D) 
Gives the probability that two randomly selected individuals belong to two different species/categories. It is often 
used to quantify the biodiversity of a given habitat and takes into account both the number of species and the relative 
abundance of each species present: 
 
 
 Where S is the number of species, N is the total percentage cover or total number of organisms, n is the 
percentage cover of a species or number of organisms of a species. It has been noted that the Simpson Index can, 
in some situations, provide misleading results with some areas which clearly have low levels of biodiversity having a 
disproportionately higher index. This situation is uncommon, however, and the Simpson Index normally provides a 
realistic measure of biodiversity with a low index equating to a relatively high level of biodiversity and a high index 
relating to a relatively lot level of biodiversity. 
 
Shannon-Wiener index (H1) (also often referred to as the Shannon Index) 
 Is a measure of the order or disorder in a particular system which can be used and applied to ecological systems. 
When applied in ecology, in order to quantify levels of biodiversity, the Shannon index takes into account both species 
richness and the proportion of each species within a zone. A higher index is an indication that either there are a 
relatively high number of unique species or that there is relatively high species evenness. The Shannon index is 
calculated as follows: 
 

 
 
 pi is the relative abundance of each species. This is calculated as the proportion of individuals in a species 
compared to the total number of individuals in the community: 
ni/N 
 ni is the number of individuals in species i. N is the total number of all individuals S is the number of species 
(Tomasz 2006; Gardi and Jeffery 2010). 
 
Microorganisms and soil health 
 Soil is part of the terrestrial environment and supports all terrestrial life forms. Soil health is the result of 
continuous conservation and degradation processes and represents the continued capacity of soil to function as a 
vital living ecosystem. A unique balance of chemical, physical and biological (including microbial) components 
contribute to maintaining soil health. Evaluation of soil health therefore requires indicators of all these components 
(Neiendam and Winding, 2002). This section specifically emphasizes the important contribution by soil 
microorganisms to soil health and the pros and cons of using microorganisms as early warning indicators of 
environmental changes. Microorganisms are involved in many soil processes, they may also give an integrated 
measure of soil health (Neiendam and Winding, 2002). 
 Healthy soils are essential for the integrity of terrestrial ecosystems to remain intact or to recover from 
disturbances, such as drought, climate change, pest infestation, pollution, and human exploitation including 
agriculture (Ellert . 1997). Protection of soil is therefore of high priority and a thorough understanding of ecosystem 
processes is a critical factor in assuring that soil remains healthy (Wilhjelm committee 2001). 
 Several definitions of soil health have been proposed during the last decades. Historically, the term soil quality 
described the status of soil as related to agricultural productivity or fertility (Singer . 2000). In the mid-1990s, the term 
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soil health was introduced. For example, a program to assess and monitor soil health in Canada used the terms 
quality and health synonymously to describe the ability of soil to support crop growth without becoming degraded or 
otherwise harming the environment (Acton . 1995). 
 Soil health thus focuses on the continued capacity of a soil to sustain plant growth and maintain its functions 
regardless of the fitness for any certain purposes (Pankhurst . 1997). Examples of dynamic soil properties could be 
organic matter content, the number or diversity of organisms, and microbial constituents or products (Singer . 2000). 
The biological activity in soil is largely concentrated in the topsoil, the depth of which may vary from a few to 30 cm. 
In topsoil, the biological components occupy a tiny fraction (<0.5%) of the total soil volume and make up less than 
10% of the total organic matter in soil. These biological components consist mainly of soil organisms, especially 
microorganisms. Despite their small volume in soil, microorganisms are key players in the cycling of nitrogen, sulphur, 
and phosphorus, and the decomposition of organic residues. Thereby they affect nutrient and carbon cycling on a 
global scale (Pankhurst . 1997). Microorganisms are further associated with the transformation and degradation of 
waste materials and synthetic organic compounds (Torstensson . 1998). Microorganisms possess the ability to give 
an integrated measure of soil health, an aspect that cannot be obtained with physical/chemical measures and/or 
analyses of diversity of higher organisms (bacteria, fungi and protozoa). Microorganisms respond quickly to changes, 
hence they rapidly adapt to environmental conditions. The microorganisms that are best adapted will be the ones 
that flourish. This adaptation potentially allows microbial analyses to be discriminating in soil health assessment, and 
changes in microbial populations and activities may therefore function as an excellent indicator of change in soil 
health (Kennedy . 1995; Pankhurst . 1995). 
 
Human practices that threaten soil biodiversity 
 There are opportunities for using agricultural biodiversity to reduce poverty. There is also a need to raise the 
profile of the conservation and sustainable use of agricultural biodiversity. Opportunities at the global level for 
supporting the use of agricultural biodiversity for poverty reduction fall into two categories: firstly, those that promote 
the activities described above at national and local levels; and, secondly, some actions that can most effectively be 
carried out only at supra-national level. These include long-term conservation; genetic enhancement of major crop 
gene pools; international frameworks for conservation, sustainable use and benefit sharing. In an increasing number 
of countries targeted agrobiodiversity schemes are used as a functional tool for achieving the sustained delivery of 
ecosystem services such as natural pest control, pollination, nutrient cycling, water retention and improving yield 
potential.  
 The high species and functional diversity in soils is well appreciated (e.g., Anderson, 1975, 2000), but its root 
causes remain unknown. As noted by Wardle (2002), the belowground environment provides numerous niche axes 
in the Hutchinson (1957) hyperspace, concerning numerous microhabitats, microclimatic properties, soil chemical 
properties, and phenologies of the organisms themselves. When one adds in the fact that many of the organisms 
may exist in quiescent or dormant stages (Coleman, 2001), there is considerable niche space for the impressive 
belowground species diversity. 
 Soil biota, especially microbes such as bacteria and fungi play an important role in the metabolization and total 
decomposition of synthetic compounds such as those contained in plant protection products (pesticides) and 
chemicals in general. These microorganisms ingest compounds as food and a source of energy, and in varying time 
frames are able to decompose them into simpler compounds of water, carbon dioxide and individual elements. This 
important transformation activity ensures that these compounds break down in the soil and do not accumulate. 
 
The economic value of soil biodiversity 
 Soil biodiversity takes care of the management of soil health, structure and composition. This in turn provides 
the needed base for successful plant life and therefore the food source for most human and animal life. One can 
conclude that it is therefore economically ‘priceless’. However, various studies have been made to estimate the 
economic value of the different services soil biodiversity provides. Recycling of organic wastes is considered to be 
one of the most important uses of soil biodiversity. Mankind produces more than 38 billion metric tons of organic 
waste on a global scale annually. Were it not for the decomposing/recycling activity of soil organisms, much of the 
globes land surface would be literally covered with organic debris. The economic value of this service represents 
approximately 50% of the total benefits of soil biotic activity worldwide (>US$ 760 billion) (Gardi and Jefferey  2009). 
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Conclusions 
 

 A basic challenge in describing the contributions that agricultural biodiversity can make to improving food security 
over the next few decades is one of relevance and realism. While there are many possible ways in which agricultural 
biodiversity can improve food security, they may not all be feasible in production systems or they may prove 
uneconomic or too labor intensive for adoption by farmers. New approaches based on increased use of biodiversity 
may fit uneasily with production practices based on continuing simplification of agro-ecosystems. Identifying what 
works in practice, taking into account regional differences and different scales of farming, as well as supporting 
change, will therefore also be essential if diversity is to be used to improve sustainability and food security in the face 
of change. Successful approaches are likely to bring together positive aspects of sustainable intensification and 
multifunctionality in agriculture, to reflect the realities of small-scale farmers and to be supported by appropriate policy 
and economic frameworks. The opportunities for supporting the wider use of agricultural biodiversity to reduce 
poverty  promote development and improve food security, imply that a new approach to agricultural research and 
development is needed. Soil biodiversity, which is the multitude of organisms living under our feet, has many 
important characteristics and functions. Soil organisms show a fascinating diversity of body shapes, ways of living, 
and ecological interactions. Soil biodiversity is a key parameter for maintaining the fertility and productivity of the 
soils thereby safeguarding food production. The need for increased agricultural production, or the requirements to 
manage climate change, present challenges to mankind. Soil is a limited and increasingly finite resource, which is 
likely to come under increasing pressure from human activities, including agriculture. This acknowledgment of the 
importance of ecosystem services from agriculture constitutes a clear entry point for recognizing the specific 
contribution of biodiversity for food and agriculture to ecosystem function and to the ensuring the continued capacity 
of agricultural systems to providing food security in the face of global changes. 
     Soil is one of the most diverse habitats on earth and contains the most diverse assemblages of living organisms. 
Biological activity in soils is largely concentrated in the topsoil. The biological components occupy a tiny fraction 
(<0.5%) of the total soil volume and make less than 10% of the total soil organic matter. This living component 
consists of plant roots and soil organisms. Soil microorganisms are responsible for a large part of biological activity 
(60-80%) which is associated with processes regulating nutrient cycles and decomposition of organic residues. 
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