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Abstract

Soil biota (the living organisms in soil) plays an important role in soil development and
soil formation. They are the most important component of soil organic matter
decomposition and behave efficiently in the development and formation of soil
structure and soil aggregate. Their biodiversity provides many functional services to
soil and soil components. They help in dissolving verities of plant and animal materials,
which could left as decayed organic matter at the surface soil. Understanding the vital
role of soil organisms would undoubtedly helps to increase food production and
reduces poverty, hunger and malnutrition. Soil biota and biodiversity research in sub-
Saharan Africa would play an important role in sustaining food security, environmental
health, water quality and forest regeneration. This paper, briefly highlighted some of
the biological functions of soil biota and suggests that proper understandings of biota
and their biodiversity in soil environment would provide ways to get better
Received : 09.12.2015 understanding of soil health, soil function, soil quality and soil fertility under
Accepted : 08.03.2016 sustainable soil management activities in agricultural production.
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Introduction

Soils and soil environmental studies require awareness about the immediate environment within the
magnitude of the biological organisms’ presence (Ritz et al., 2010). These studies may include the subject
themes relevant to soil science and its components, crop science and sustainable economic developments,
animal science and its husbandries, forestry and forest managements, fishery and its managements as well
as environmental risk assessment. Therefore, knowledge of biological organisms is needed in many aspects
of agricultural and environmental assessments (De Bello et al., 2010). Lack of access to this knowledge is a
clear determinant of limited sound knowledge on what our global ecosystem is all about, and also a scientific
challenge for new agricultural developments (Brussaard et al., 2010). These organisms or soil biota include
the bacteria, actinomycetes, fungi and algae (the micro-flora); the protozoa and nematode (the micro-fauna);
the collembolan, mites, termites, ants and other associated micro-organisms and meso-fauna and flora
(Usman, 2013). They play a vital role in the soil and represent large function of global biodiversity and global
ecosystem (FAO, 2005; Petchey and Gaston, 2006). Thus, providing a better understanding of the linkages
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between soil parent materials, plant community composition, forest regeneration, organic matter and
diverse organisms in wider contrasting environments (Eskelinen et al., 2009; Loreau, 2010).

Generally, without vital recycling processes of soil organisms, the soil would become a stockpile of dead
plant and animal materials with no facilities to reprocess essential nutrients such as carbon, nitrogen and
phosphorus in soil ecosystem (Eskelinen et al., 2009). Thus, the conditions and maintenance of soil
environment together with proper understanding of soil biota and their biodiversity are central to the role
played by various microorganisms that live in agricultural soil environment (Brussaard et al., 2007). The
role of these organisms in soil formation and development has been well documented (Jenny, 2009).
However, their activities in soil environment and soil ecosystem functions have been considered the most
important component of nutrient recycling and soil quality managements (Kramer and Gleixner, 2008;
Culman et al., 2010; Usman, 2013). This indicates that the role of soil microbial community requires a vast
understanding and an expanding study into proper appreciation of many aspects of soil environment.
Therefore, the objectives of this paper are to provide a concise elucidation of the roles of soil biota and their
biodiversity in the global soil development and soil transformation.

Soil biota and biodiversity - a way forward

From the perspective of soil scientists, soil biota is a general term refers to all soil organisms living and
communicating in soil environment. Ritz et al. (2004) considered soil biota as the 'biological engine of the
earth’, - driving and transforming physical, chemical, biological and ecological processes in global soils. Soil
biota are described as micro-, macro- and meso-biota. Bacteria and fungi are the major group of micro-biota
and exist in numerous number in agricultural soil and grassland areas (Riesenfeld et al., 2004; De Vries et al,,
2006). Their ranges were identified as the smallest in different sizes, extremely abundant and diverse, and
able to decompose almost any existing natural material in soil (Figure 1).
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Figure 1. Size classification of soil organisms according to body width (Adapted and modified after Swift et al., 1979)
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Soil macro and meso fauna are groups of biota that are also very important in soil medium. These organisms
include the earthworms, termites, arthropods, millipeds, ants, moles, protozoa and nematodes (Coleman,
2001). They play a vital role in moving soil particles, transforming soil structure and enhancing soil moisture
(Ritz et al., 2004). Earthworms are considered numerous and grouped into 23 families, 700 genera and many
species (Usman, 2013). Termites are described as grass harvester, surface litter feeders, wood feeders and
soil feeders ‘humivores’ (FAO, 2005); probably up to 10,000 species exist in soil medium (Coleman, 2001).
Arthropods are grouped into Coleoptera which believe to cover 48% of the population followed by Acari and
Formicidae species (FAO, 2005). Nematodes are considered the major consumers classified as bacteria
feeders, fungal feeders, plant feeders, predators and omnivores (Usman, 2013). These groups of nematodes
were identified to range between 0.15 to 5 mm long and 2 to 100 um wide (FAO, 2005). Also, about 40,000
species of soil protozoa have been described, with as many as 50 individuals in a single soil medium
(Coleman, 2001). Generally, the sustainable function of natural and agricultural soil ecosystems is dependent
on the contribution that these groups of biota and their biodiversity offer (Barrios, 2007). Table 1 describes
an estimated number of species of these groups of biota according there body structure and sizes.

Table 1. Estimated number of species of plants and of soil organisms organized according to body size (After Wall et al,,
2001)

Size Group Known species Estimated total species % Known
Vascular plants 270.000 300.000 90
Macrofauna

Ants 8.800 15.000 58.7

Termites 1.600 3.000 53.3

Earthworms 3.600 No estimate No estimate
Mesofauna

Mites 20.000-30.000 900.000 2.2-3.3

Collembola 6.500 24.000 27.1
Microfauna

Protozoa 1.500 200.000 7.5%

Nematodes 5.000 400.000 1.3
Microflora

Bacteria 13.000 1.000.000 1%

Fungi 18.000-35.000 1.500.000 1-2%

aEstimates for vascular plants (UNEP, 1995)

On the other hand, soil biodiversity is comprised of the organisms that spend all or a portion of their life
cycles within the soil or on its immediate surface (Coleman, 2008). This reflects complexity and diversity of
the species of living organisms in the soil (invisible microbes to visible macro-biota) (Wall et al., 2001). Thus,
soil biota must be selectively studied because of their high diversity and wide distribution in the composite
and heterogeneous soil medium at scales ranging from microns to meters (Barrios, 2007). This means that
the biodiversity of soil biota is an industry with diverse components that worked together to transform the
soils into lively and functional environment. And, as such make up the diversity of life that represents a large
fraction of global terrestrial biodiversity in soil (Bardgett, 2005).

Soil biota interacts and communicates with each other forming a food web within soils (FAO, 2005). This
interaction indicates how their activities are vital in providing many essential services to our global soil
ecosystem (Table 2).

Table 2. Ecosystem services provided by soil biota (adapted after modifications made by Brussaard, 2012 from the
work of Kibblewhite et al., 2008)

Ecosystem services Ecosystem functions

1. Water quality and supply Soil structure maintenance
Nutrient cycling

2. Erosion control Soil structure maintenance

3. Atmospheric composition and climate (greenhouse gas) SOM dynamics

regulation

4. Pollutant attenuation and degradation Decomposition

5. Pestand disease control Nutrient cycling

6. Biodiversity conservation Biological population regulation

Biological population regulation
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Soil biota: functional and taxonomic concept

Soil biota can be distinguished by considering their functional services and taxonomic classification. This
concept is quite very important because of the need to note that not all the groups of biota are connected
with agricultural soil functions. The 21st Century technologies related to DNA sequences revealed that some
members of soil biota have no direct or weak relationship with providing functional services to soil medium
(Riesenfeld et al., 2004; Bardgett, 2005; Barrios, 2007). This effort helps soil biologists to expand their
understanding into many aspects of soil biota, and also to determine how these organisms behave very well
in soil environment (Coleman, 2008; Ritz et al,, 2010; Castro-Huerta et al.,, 2015). Taxonomic soil biota
provides a linkage to identify some species of soil organisms that are only presence in soil without much
support to soil quality and soil management (Riesenfeld et al., 2004). These organisms could be silent when
speaking about the role of biota in soil environment, because their biodiversity and contributions are very
weak unlike with those organisms that have a very strong functional diversity (Petchey and Gaston, 2006).

Soil biota: an environmental issues of the 21stCentury

Environmental issues related to agricultural soils and food security are quite very important in determining
and understanding the role of soil biota and their biodiversity (Wall et al.,, 2001). For example, agricultural
soil management, environmental pollution, global warming, soil degradation and climate change are directly
and indirectly connected with the existence and biodiversity of many soil organisms (de Bello et al., 2010).
These environmental issues were considered the major threat to soil and its biological components including
the biota and their biodiversity (UNEP, 2006). Their physical and chemical deteriorations have put
agricultural production at stake while decline soil quality has affected many functional services of million
soil organisms as well as their presence and existence/population in agricultural soils (Bai et al., 2008). This
indicates the need of constant understanding of how these organisms behave and contribute to the global
ecosystem development particularly in the aspect of agriculture or food security (Ritz et al., 2010).

Role of soil biota in soil environment - a brief guide

The science of soil biology has functionally linked the populations of soil organisms of all kinds, sizes and
shapes through their roles in the decomposition of various forms of plants and animal materials (FAO,
2005). Thus, the roles played by soil biota were considered vital in transforming and improving soil
properties and soil quality (Lupswayi et al., 1998; Miyazawa et al., 2000). These functions of soil biota were
reported to create vital activities, which are considered to be part of biological indicators of soil health
(Pankhurst et al., 1997; Kibblewhite et al., 2008). Coleman (2001) noted that the soil biota is responsible to a
varying degree for performing vital functions in the soil. They contribute with a wide range of essential
services to the sustainable function of all ecosystems, by acting as the primary driving agents of nutrient
cycling, regulating the dynamics of soil organic matter, soil carbon sequestration and greenhouse gas
emission; modifying soil physical structure and water regimes, enhancing the amount and efficiency of
nutrient acquisition by the vegetation, enhancing plant health and maintain soil quality (Denef et al., 2001;
FAO, 2005; Wang et al., 2008; Dominguez et al,, 2014; Castro-Huerta et al., 2015). FAO (2007) provides a
notable digest of the essential functions performed by soil biota in our global soil environment (Table 3).

Table 3. Summarized key roles of soil biota in soil environment (After FAO, 2007)

Role of soil biota Key organisms involved (examples)

1. Maintenance of soil structure Earthworms, arthropods, soil born fungi, mycorrihizas, plant

roots

2. Regulation of soil hydrological processes Mostly micro-organisms and plant roots

3. Gas exchange and carbon sequestration Mostly micro-organisms

4. Soil detoxification Various saparophytic, bacteria, fungi etc

5. Decomposition of organic matter Mycorrhizas and other fungi, nematodes, bacteria, earthworms,
termites

6. Suppression of pests and diseases Varieties of fungi and bacteria

7. Sources of food and medicine Plant roots, stems and leaves; various insects, earthworms

8. Symbiotic and asymbiotic relationship with Rhizobia, mycorrhizae, actinomycetes

plants and their roots
9. Plant growth control (positive + negative) Direct effects e.g. plant roots, actinomycetes, rhizobia,

mycorizas; indirect: most soil biota
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Physical and biological component of soil medium

Soil organisms provide many supports in the trasformation and development of soil physical and biological
properties. They are exclusively part of soil formation and decomposition processes of diverse plant and
animal materials (Janney, 1994). Bacteria contribute to the carbon cycle by fixation (photosynthesis) and
decomposition of organic materials and hence might improve soil colour and soil quality (Darbyshire, 1994;
FAO, 2005). Their activities might also help to improve the strength of soil particles and soil resilience
against soil runoff and soil erosion. Fungi also help in binding soil particles and an increase water infiltration
and soil water holding capacity (Alfred, 2001; Ritz et al., 2004). Generally, a ton of microscopic bacteria may
be active in each acre of soil as typically indicated in Figure 2 (NRCS: www.nrcs.usda.gov720 x 475 Search by
image). These active organisms fall into four functional groups - decomposers, mutualists (form partnership
with plants - nitrogen-fixing bacteria), pathogens and lithotrophs or chemoautotrophs; both played a vital
role in soil nutrient cycling (Coleman et al.,, 1983; Ingham, 2000).
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Figure 2. Microscopic representation of bacteria biodiversity in soil environment: (a) a ton of microscopic bacteria may
be active in each acre of soil and (b) Bacteria dot the surface of strands of fungal hyphae [The images were used by the
authors with the copyright permission of Soil and Water Conservation Society]

Earthworms play a significant role in regulating soil physical and chemical properties and soil processes
(Lubbers et al., 2011). Earthworms are the major decomposers of dead organic matter and transformed soil
structure, aggregate particles, soil colour and surface soil layers (Edward, 2000).Earthworms are very
mobile organisms, which substantially create, inhabit, and burrow the soil particles for quite advance soil
developments (Smith et al.,, 2008). Jongmans et al. (2003) noted that earthworms essentially change soil
structure by casting and burrowing and as such improve soil aggregate stability, cohesion and adhesion in
soil and pore-size division.

Another soil biota in this consideration is protozoa. These organisms move soil particles and help in the
decomposition processes of soil organic matter (Corliss and Esser, 1974; Darbyshire, 1994; Song et al,,
2004). Yeates and Coleman (1982) recognized nematodes in soils environment. These flexible organisms
play an important role in soil health, soil function, and soil organic matter decomposition processes
(Coleman et al., 1984; Bardgett, 2005; Kramer and Gleixner, 2008). Termites played an important role in
modifying the soil particles into fine and stable aggregate. Termites sustain other components of soil biota in
soil, and increase soil water infiltration rate (Allen, 1990). Termites are divided into three groups according
to the structure of their nests (those that build mounds) (FAO, 2005): (a) above ground, (b) on the soil
surface, and (c) below ground. The most notable role of these termites in soil environment is depicted in
Figure 3.

Chemical and management component of soil medium

Soil organisms were considered the most important component of soil that help in the proper cyclation of
nutrients availability in soil (Coleman et al,, 1984; Ritz et al, 2010). Soil biota such as plants are also
considered the major producers, which used solar energy to fix carbon from carbon dioxide through
photosynthesis, and help to produce roots, tubers and other underground organs within soil body (Fageria
et al., 2002). These plant organs have a great influence on soil properties and soil formations (Fageria et al.,
2002; Dominguez et al., 2014). The root plays an important function in binding soil particles and resilience
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against soil erosion and unacceptable environmental changes (Castro-Huerta et al., 2015). The leaves and
litter materials from the trees also add organic matter to the soils (Li et al, 2014). Overall (FAO:
www.fao.org/biodiversity): soil biota and their biodiversity play a role in soil fertility, soil rehabilitation and
nutrient uptake by plants, biodegradation processes, reducing hazardous waste and control of pests through
natural biocontrol; enhance crop productivity through recycling the basic nutrients required for all
ecosystems (nitrogen, phosphorus, potassium and calcium), breaking down organic matter into humus,
increasing soil porosity and water infiltration.

Figure 3. Typical example of physiological function of soil biota (termites) in soil environment within 6 consecutive
days: (a) cow dung dropped by a cow under cattle rearing, (b) decomposition process begins after one day, (c)
transformation of organic compound from complex to simple form in day 3, (d) simple organic particles are trying to
become part of soil body in day 4, (e) stable aggregate soil particles in plate-like structure are produced in day 5 and (f)
organic compounds completely become part of soil body produced well-granules particles in day 6. Photos by Suleiman
Usman
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Physiological interactions with soil aggregates

As clearly observed by Tisdall and Oades (1982), our understanding of soil biota and their role in soil
environment could be transiting from analogue stage to digital level. Soil organic matter which is the vital
component of soil quality development in soil environment undergoes some important decomposition
processes (mineralization and humification). Mineralization is a biochemical breakdown of organic
materials by soil biota whereas humification is the change of simple organic substances into larger
molecules, which finally become humus (FAO, 2005). However, in the model of aggregate organization as
depicted in Figure 4, it is very clear that soil biota participate fully in aggregate formation and developments.
They bind soil particle together, improve the stability and cohesion of aggregate development and help in
nutrients cycling within the pores of different sizes (Six et al., 2004).
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Figure 4. Model of aggregate organization with major binding agents indicated (a) Solid pore (b) Roots and hyphae
(medium-term organic), (c) Plant and fungal debris encrusted with inorganics (persistent organic) and (d) Microbial
and fungal debris encrusted with inorganics (persistent organic) (After Tisdall and Oades 1982)

FAO (2005) noted that numerous microbes exist in soil particles and or within the surface areas of soil
micro-aggregates. Thus, soil micro-aggregates could be considered as zoological houses where millions of
bacteria and fungi occupied. Riesenfeld and co-workers noted that one gram of soil may contain thousands
of species and billions of individual soil microorganisms (Riesenfeld et al., 2004). Their presence provides
many essential ecosystem services to soil aggregates and soil structures (Table 4).

Soil biota also makes soil to become added lively for great diversity of numerous bacteria and fungi in soil
environment (Rillig and Mummey, 2006). Similarly, the arrangement of soil particles into different shapes,
sizes and forms are vital to the soil formation and soil development (Jenney, 2009). Indeed, soil biota played
a vital role in this process. Ritz et al. (2010) noted that soil biota produce soil structure by a number of direct
and indirect processes. These processes are (Ritz et al., 2010):

a. Moving and aligning primary particles along cell or hyphal surfaces;

b. Adhering particles together by the action of adhesives involved in colony cohesion, and other exudates,
such as extra-cellular polysaccharides (EPS);

c. Enmeshment and binding of aggregates by fungal hyphae and actinomycete filaments, and associated
myecelia;

d. Coating pore walls with hydrophobic compounds, particularly by fungi which produce such polymers to
insulate their mycelia, which have a relatively large surface area: volume ratio.
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Table 4. Functional services of soil biota to soil aggregate particles (adapted after modifications made by Brussaard,
2012 from the work of Kibblewhite et al. 2008)

Aggregate ecosystem functions Soil biota
1.  Carbon transformations Microfoodweb:
a) Microflora - fungi, bacteria,
b) Microfauna - prorozoa, nematodes
Litter transformers:
a) Mesofauna - enchytraeids, microarthropods,
b) Macrofauna- earthworms, macroarthropods
2. Nutrient cycling Microfoodweb
Litter transformers
Root/rhizosphere biota
a) N-fixers
b) Mycorhizae
c) Free-living
rhizosphere
Microbes
a) Microbial pathogens
b) Root herbivores

3 Soil structure maintenance Ecosystem engineers
a) Roots
b) Macrofauna
c) Earthworms
d) Macroarthropods
e) Fungi

4.  Biological population regulation = Microfoodweb

Biocontrollers

a) Predators
b) (Hyper)parasites
c) Microbial pathogens
d) Rootherbivores

Gaps and challenges: - sub-Saharan African context

There have been many researches carried out regarding the soil microbial communities, globally. To date,
majority of these researches were based in Europe, US, UK and in China (e.g. Colleman et al., 1983; De Vries
et al., 2006; Brussaard et al., 2007; Wang et al., 2008; Eskelinen et al., 2009; Ritz et al., 2010; Li et al., 2014;
Castro-Huerta et al,, 2015). Similarly, there are also some important researches carried out in Africa on biota
and biodiversity of which Jiirgens et al. (2012) provided important information on their patterns at different
spatial scales, which fill gaps of critical baseline information that are missing in the region. Nonetheless,
researches on soil biota and biodiversity in sub-Saharan Africa are still need to be expanded into many
aspects of soil and agricultural production, environmental conservation, climate change and land
degradation; because soil biota and biodiversity were considered the root of sustainable agriculture in the
21stcentury (FAO, 2007). Therefore, achieving sustainable agriculture in sub-Saharan Africa must focus on
food security within its boundaries, and as such, we do believe that there must be an engagement into aspect
of soil research relevant to biota and biodiversity in the region. Although, this may be a challenge due to poor
research and development, findings and government contributions; however, we are of the opinion that -
academic environments in the region may have the role to play in future. They need to develop and create an
environment that would provide opportunity for undergraduate and post-graduate students to fully involve
into different components of soil microbial studies to fill the gaps that are missing.

Conclusion

Soil biota or soil organisms are important component of soil environment and play important roles in
transforming soil in varying forms. The role of soil biota is vital to soil properties and soil components. They
breakdown soil particles for soil quality and soil function. Their leaves, stems and other surface organs play
an important role in maintaining soil properties and improving soil organic matter. Plant debris and organic
compounds in soil are largely decomposed and transformed by soil biota. They influence the stabilization
and destabilization of soil organic materials for soil quality and soil fertility development. Proper
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understandings of soil biota and their biodiversity in soil environment would provide ways to improve soil
health, soil function, soil quality, soil fertility and sustainable soil management activities in agricultural
production.

The campaign to engage into the research on soil biota and biodiversity in sub-Saharan Africa will require
long-term effort, and the benefits will be seen in the development of soil quality and soil fertility within a
short-term course. From our mini-review of the role of soil biota here we do not have much confidence that
many countries in the region are in a better commitments to fully support researches in the subject matter.
However, it is significant to emphasise the needs to further expand our understanding into many aspects of
soil organisms and their roles in relation to sustainable agriculture, environmental pollution, global
warming, and climate change and food security. And, to target a specific research area particularly in the
aspect of taxonomic soil biota, one must first understand the soil organisms’ involved and the way in which
they are distributed/behaved in soil medium. Also, while both the field and laboratory data requirements
are quite important, we have shown that assessments and analyses are possible in the aspects of physical,
chemical and biological relationships between soil biota and the role they played in soil medium. Thus,
establishing a very useful approach to achieve the outline objectives could be possible under any given
research subject related to the work on soil biota and biodiversity.
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