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WHAT ARE SOIL 
ECOSYSTEM SERVICES? 

Soil ecosystem services are known to deliver 
economic and social returns to the global 
economy. In fact, the services provided by soils 
were valued at an estimated US$11.4 trillion 
per annum on a global scale (McBratney, et 
al., 2017). Soils provide massive economic 
incentive, but they are also home to 25% of the 
world’s total biodiversity and support 95% of 
the food that humans eat (States, 2020).

ESSENTIAL SOIL 
ECOSYSTEM SERVICES:

Ecosystem services are the processes of natural 
ecosystems that directly or indirectly benefit 
human wellbeing (Johnston, 2016). For example, 
soils directly contribute towards human health 
by providing clean drinking water and acting as 
a medium for growing our food. Soil ecosystem 
services also benefit humans indirectly by regulating 
the atmosphere and climate,  conserving nutrients, 
sequestering carbon, controlling erosion, and more 
(Kihara, et al., 2020). 

Figure 1: Some of the ecosystem services provided by soils (adapted from Baveye, et al., 2016)
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Provisioning services refer to the products obtained from the ecosystem; such 
as food, water, wood, fibre, genetic resources, and medicine. Healthy soils 
enable us to create, produce, and use certain products. For example, the farms 
where we grow food or produce plants that we use to make clothes (e.g. cotton), 
are examples of soil provisioning services (Stromberger & Comerford, 2016). 

Some forms of provisioning services that soils provide are: 

• Food supply – provides water, nutrients, and physical support for 
food production.

• Water supply – retention and purification of water.

• Fibre and fuel supply – provide necessary support for the growth of 
plants for bioenergy and fibre.

• Raw earth material supply – topsoil, aggregate, peat etc. 

• Surface stability – support infrastructure and human habitations.

1. SOIL PROVISIONING SERVICES

2. SOIL SUPPORTING SERVICES

Supporting services are ecosystem services that provide habitats (suitable 
living spaces) that house biodiversity and maintain genetic diversity of species. 
These services are necessary for the production and maintenance of all other 
ecosystem services. The impact of supporting services on people are often 
indirect or happen over a long period of time. 

Soil provides habitat for the world’s largest reservoir of biodiversity, including 
bacteria, fungi, and other microorganisms that cannot exist outside the soil (see 
Box 1). These organisms help stabilise soil, and promote carbon sequestration 
from the atmosphere and the storage of carbon in soil. Soil also holds the 
nutrients that plants need to survive, and provides the necessary structure for 
roots and stems to hold plants up (Stromberger & Comerford, 2016). 

Examples of soil supporting services: 

• Soil formation – weathering of primary minerals and nutrient 
release.

• Primary production – medium for plants to grow and supply of 
nutrients and water.

• Nutrient cycling – transformation of organic materials by soil 
organisms.

• Habitat – suitable environment for soil organisms.
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THE IMPORTANT ROLE OF SOIL BIOTA

Living within soil is an incredibly complex umbrella community, commonly known as soil 
biota. This community of biota is comprised of microorganisms (bacteria and fungi) and soil 
fauna (earthworms and mites), and interacts with the plants growing within the soil (Farooqi, 
et al., 2020). Soil biota are typically concentrated in plant litter and in the upper layers of 
soil where they form a complex soil food web and contribute towards plant and animal 
decomposition (USDA, Natural Resources Conservation Service, 2001). These biological 
processes are crucial in the overall health of both terrestrial (land) and aquatic ecosystems 
(Sandhu, et al., 2010). 

Soil organisms are incredibly diverse and contribute towards a number of soil ecosystem 
services that help regulate the function of both natural and managed landscapes. For example, 
specific soil organisms can help boost plant productivity and improve crop yield. Soil biota 
also help regulate the carbon cycle, maintain soil structure, store nutrients, store and filter 
water, and prevent soil erosion (Barrios, 2007; USDA, Natural Resources Conservation 
Service, 2001). Overall, soil biota are thought to be responsible for carrying out 90% of all soil 
processes (Sandhu, et al., 2010). 

Figure 2: Microbes in the soil play a vital role in supporting ecosystems 
(adapted from Bates, 2014) 
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Regulatory services regulate ecological systems like local climate, air 
quality, carbon cycling, pollination, soil erosion, and extreme weather 
events. A good example of a soil regulatory service is its ability to filter 
water. Water that moves into and through soil gradually undergoes 
physical, biological, and chemical processes; which all contribute towards 
filtering the water along the way. Soil also plays a role in cleaning the air 
we breathe, and the quality of our climate (Sindelar, 2015).

Examples of regulatory services:

• Climate regulation – regulating CO2 and other greenhouse 
emissions

• Air quality regulation – cleans the air we breathe

• Water quality regulation – filters and buffers substances in 
soil and transforms contaminants

3. SOIL REGULATORY SERVICES

4. SOIL CULTURAL AND   
     SPIRITUAL SERVICES

Soil cultural services are non-material benefits that people obtain from 
ecosystems through spiritual enrichment, heritage preservation, and 
recreation (see box 2). Indigenous peoples and communities that live 
close to nature view soil as much more than a medium for growing food. 
To these communities, soil is viewed as a ‘sacred resource, an integral 
part of life which is linked to their cultural, social, and spiritual identity’ 
(FAO, 2015). Many indigenous communities have a sophisticated 
understanding of nature and the properties of soils, and recognise 
that healthy soil forms the foundation of productivity, cultivation, and 
diversification of crops for food and medicine, as well as raising livestock 
(FAO, 2015). Recent research shows how 80% of the global biodiversity 
exists within indigenous peoples’ lands, and yet they manage only 
25% of the world’s land and make up 5% of the world’s population 
(Raygorodetsky, 2018).

Other ways cultures associate with soil is through art and crafts, such 
as the use of paint and dyes, with some of these methods going back 
millennia. Drawings discovered near Cape Town in South Africa, for 
example, were made over 73,000 years ago using a piece of ochre (iron 
oxide)(Blakemore, 2018). Traditional body painting and art serves as 
another example, which is an art that is an ancient tradition still used by 
many different African cultures as a way to celebrate, protect, or mourn. 
Body paint is traditionally mixed using natural ingredients, including 
clay (Encyclopedia.com, n.d.). 
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Soil ecosystem services are linked to the wellbeing of humans all over the world in that they 
directly enable access to basic materials and good health, and link indirectly to good social and 
cultural relations and security.
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The below information is adapted from the FAO’s 
Status of the World’s Soil Resources (FAO & ITPS, 
2015).

Soils are recognised as being on the ‘front line’ of 
environmental change around the world and play 
a vital role in regulating the flow and transfer of 
energy between the earth and the atmosphere. 
However, human interventions are compromising 
soil ecosystems services around the world. 
More than 38% of the earth’s surface has been 
converted to agriculture, crops, and pasture, 
which has had a massive negative impact on soil 
resources and services (FAO & ITPS, 2015, p. 169). 

Africa’s soils face a number of unique challenges, 
although soil degradation contributes significantly 
towards the declining agricultural productivity on 
the continent. Land degradation is characterised 
by soil erosion and nutrient loss, a reduction of 
biodiversity, and a decreased quality of water in 

THREATS TO AFRICA’S SOIL 
ECOSYSTEM SERVICES

SOIL EROSION
It is estimated that soil erosion is responsible for more than 80% of land degradation on the African 
continent and impacts 22% of agricultural land across Africa. Soil erosion is a natural process, but it is 
accelerated by poor land management. The removal of topsoil – usually rich in soil organic matter – can 
impact the physical and chemical properties of soil, such as the soil’s capacity to provide rooting space, 
store water, and house soil biota. 

DIRECT CAUSES OF SOIL EROSION SOCIO-ECONOMIC CAUSES OF SOIL EROSION

Expansion of land for agriculture  Population expansion

Overgrazing     Poverty

Deforestation    Climate Change

Water Erosion
Water erosion constitutes around 46% of the land degradation in sub-Saharan Africa, of which 
22% occurs on agricultural land. This erosion is thought to be driven largely by overgrazing and 
inappropriate cultivation techniques that leave the soil surface bare. Of these, overgrazing is 
considered the main cause for soil erosion, particularly as the number of cattle in Africa almost 
doubled between 1961 and 1994, while area of grazing lands barely increased (FAO & ITPS, 2015, 
p. 256). 

the soil (Kihara, et al., 2020). Around 65% 
of soils on agricultural lands in Africa are 
thought to have become degraded since the 
middle of the twentieth century (FAO & ITPS, 
2015, p. 243). This degradation has reduced 
the annual agricultural productivity in sub-
Saharan Africa by nearly 3%, which costs the 
region around US$68 billion per year (Kihara, 
et al., 2020). 

According to the FAO and ITPS (2015), the 
“consequences of allowing the productivity 
of Africa’s soil resources to continue on its 
present downward spiral will be severe”. 
These consequences will not only extend to 
the economies of individual countries, but to 
the welfare of millions of households whose 
livelihoods depend on agriculture as well. 
Below, we take a look at the major threats to 
Africa’s soils.
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Loss of Soil Organic Matter 
The loss of natural vegetation and the reduction of soil organic matter are considered the main 
causes of most soil degradation. This is largely due to the fact that physical, chemical, and 
biological problems within soil systems occur following a loss of soil organic matter content. 
Decreasing the soil organic matter in topsoil can negatively impact the water-holding capacity of 
soil, soil structure stability, nutrient storage and supply, and soil microorganisms. Inappropriate 
land practices contribute directly to the loss of soil organic matter. 

Soil nutrient depletion
Most soils in sub-Saharan Africa are naturally low in organic matter, although the low-nutrient 
status of these soils is further exacerbated by the insufficient use of fertiliser. The majority of 
countries in sub-Saharan Africa are unable to meet the fertiliser target of 50 kilograms per 
hectare and more than 65% of smallholder farmers have been recorded as not being able to use 
fertiliser at all. Nutrients in the soil are often removed via erosion and leaching faster than what 
they can be replaced. As such, poor agricultural practices have resulted in an average annual 
nutrient loss of 50 kilograms per hectare, leaving 75% of agricultural soils in sub-Saharan 
Africa nutrient deficit (Masso, et al., 2017). 

Loss of soil biodiversity
Soil biodiversity loss is a considerable problem as it reduces the multi-functionality of the soil 
ecosystem. In other words, it reduces the soil’s ability to produce a number of different ecosystem 
services effectively (see Box 1). Reducing the abundance of organisms in the soil thus reduces the 
overall function and service ability of the entire soil system (E.Birgé, et al., 2016) and can have 
serious implications for the ecosystem, agricultural productivity, and human wellbeing.

Some of the major drivers of soil biodiversity loss in Africa include (FAO & ITPS, 2015): 

Wind Erosion
Wind erosion removes lighter soil constituents like soil organic matter, clay, and silt, which 
ultimately lowers the fertility of the soil and associated productivity. Wind erosion accounts for 
38% of land degradation in sub-Saharan Africa (FAO & ITPS, 2015, p. 247) and is more prevalent 
in arid and semi-arid regions, particularly countries like Botswana, Namibia, Zimbabwe, 
Tanzania, and South Africa (FAO & ITPS, 2015, p. 257). 

Habitat destruction and fragmentation are considered primary threats to 
soil biodiversity in Africa, and are driven by high rates of land use change, 
deforestation, and forest degradation. 

Harvesting soil organisms like termite alates and queens, and earthworms 
are thought to threaten soil biodiversity as they contribute towards a long-
term loss of soil fauna. 

Harsh climatic conditions associated with the climate crisis may also 
contribute towards changes in soil biodiversity by creating unfavourable 
living conditions for soil organisms. 

Intensive land management practices such as frequent cultivation and 
excessive use of pesticide can impact the community composition of soil 
microorganisms. 
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Soil acidification
Soil acidification can be defined as the build-up of hydrogen ions (H+) in the soil, which causes the 
soil to become acidic. This process often occurs naturally in high-rainfall zones where nutrients 
are leached from the soil over long periods of time. However, soil acidification can be accelerated 
by intensive agriculture. Ammonium-based fertilisers in particular have a large impact on the 
acidity of soil, especially where the fertiliser is leached from the soil instead of taken up by the 
plant. 

Waterlogging
Soils become waterlogged when water is unable to drain away. It occurs when water is unable 
to filter into the subsoil (beneath the topsoil), which blocks the airspaces in saturated soil and 
drowns plant roots. Waterlogging is known to increase soil salinity, which reduces soil health 
and has a negative effect on soil productivity. Waterlogging also leads to the loss of nitrogen from 
soil through leaching, which impacts soil structure. As plants are often unable to grow or develop 
effectively in waterlogged soils, the process can reduce or stunt crop productivity. 

Compaction
Compaction occurs when heavy machinery exerts high levels of pressure on the surface of the 
soil. In particular, the intensive use of farm machinery like tillage implements contribute towards 
the compaction of soil.

Soil compaction impacts soil health as it: 

Impairs the function of the subsoil by hampering root penetration, 
and water and gas exchange

Decreases soil fertility by impacting water and nutrient storage

Increases soil erosion by removing nutrients from the farming system

Increases the greenhouse gas emissions released from the soil into 
the atmosphere

Reduces root growth which lowers crop yields

pH

CO2
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Soil sealing impacts the following soil ecosystem services: 

Total loss of food and fibre production

Decrease or total loss of water penetration and retention

Loss of ability to purify water

Loss of soil’s ability to sequester carbon and cycle nutrients

Loss of habitat to support soil biodiversity

Soil pollution
Soil pollution, or soil contamination, occurs when soil is exposed to intensive industrial activities, 
inadequate waste disposal, mining, military activities, or accidents that could introduce pollutants 
to the ecosystem. In Africa, soil contamination is largely driven by mining, chemical and oil spills, 
the improper handling of waste, and use of pesticides. In 2010, for example, more than 10,000 
tonnes of pesticide leaked from damaged containers in Botswana and Mali, which led to severe 
soil contamination (FAO & ITPS, 2015). Despite being banned in the ‘developed world’, the use 
of toxic organochlorine pesticides for the control of insects and cultivation of food crops is still 
widespread in Africa (Olisah, et al., 2020). The improper handling of these types of chemicals has 
led to high levels of pesticides in the atmosphere, water bodies and soils, and pose a threat to both 
human health and the ecosystem at large (Olisah, et al., 2020)

Soil sealing
Soil sealing occurs when soils become permanently covered due to the construction of infra-
structure, like buildings and strips of concrete and tar. Soil sealing has become a more prevalent 
issue with the development and expansion of urban zones – 66% of the world’s population is 
expected to live in urban areas by 2050 (Romzaykina, et al., 2020). The impact of sealing soils is 
equivalent to losing soil completely as it eliminates any ecosystem function or service of the soil 
other than its ability to support infrastructure. 

CO2
N
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