Land degradation and desertification
A matter of climate and human activity
Desertification, according to the United Nations Convention to
Combat Desertification (UNCCD), is defined as ‘land degradation
in arid, semi-arid, and dry sub-humid areas, resulting from
various factors, including climate variations and human activity’.
Therefore, desertification is a natural phenomenon exacerbated
by human activities. Approximately 40 % of the world's land
surface is covered by drylands (i.e. arid, semi-arid and dry
sub-humid lands), which are home to approximately two
thousand million people. Unfortunately, a large part of these
lands are degraded, meaning that they are gradually losing
their ecosystem functioning and productivity. This can eventually
lead to desertification, which is the most severe form of land
degradation. With increasing pressure on the landscape due to
a growing population and economic development, this can have
devastating impacts on rural livelihoods. [157]

UN Convention to Combat Desertification
• The United Nations Convention to Combat Desertification (UNCCD)
is a global treaty to combat desertification and mitigate the effects
of drought through national action programmes.
• The UNCCD was adopted in Paris, France on 17 June 1994, and
entered into force in December 1996.
• The UNCCD has 195 parties, making it a truly global convention. All
member states of the UN are parties to the convention. Canada was
the only country in the world to leave the agreement in 2013.
• To help publicise the convention, 2006 was declared ‘International
Year of Deserts and Desertification’.
• The UNCCD facilitates cooperation between developed and developing
countries, particularly regarding knowledge and technology transfer for
sustainable land management, in order to reduce land degradation.

Drivers of land degradation
There are many drivers of land degradation, including overgrazing
by animals (see pages 124-125), which leaves the soil bare as
well as compacted through trampling of livestock's hooves, thus
making it difficult for water to infiltrate into the ground. Further
unsustainable human activities, including agricultural use of
steep slopes and excessive irrigation, can lead to salinisation of
the soil and erosion (see pages 128-129). Climate change (see
pages 132-133), drought, and flooding further accelerate land
degradation in these fragile systems. The more exposed the soil
as the vegetation cover disappears, the more the degradation
perpetuates; for example, through wind erosion when the ground
is left unprotected or through water erosion when it rains and the
water is not able to infiltrate into the soil, creating gullies and
rills, especially on slopes.

Desertification is defined as ‘land degradation in arid, semi-arid, and dry sub-humid areas, resulting
from various factors, including climate variations and human activity’. (UNIDO)

Through this type of erosion, the nutritionally rich top layers of the
soil are lost, the very layers that support soil biota. Increasing fire
occurrence (see pages 126-127) changes the cycling of nutrients
and biological and physical soil characteristics, including loss of
structure and soil organic matter (SOM – see pages 102-106).
These changes can also have indirect impacts, such as increased
water repellency of the soil, decreased infiltration and increased
runoff, which in turn lead to erosion and further desertification.
Most feedbacks between dryland plant communities and soil
fertility are linked to their mutual interaction.
Two different groups of feedback have been identified. Firstly,
a high allocation of carbon and nutrients to a deep, strong and
dense root system together with a notable plant cover and
investment in soil microbes and enzyme production has a positive
effect on soil fertility. Secondly, albeit by contrast, high retention
of nutrients in standing biomass and high C:N ratios (see page
106) in litter prevent the rapid release of nutrients from the SOM,
thus slowing soil microbial processes and lowering fertility.
Increased drought reduces the first group of positive properties
for soil fertility and protection, but intensifies the second group of
negative properties. In the short-term, drought can increase SOM
by increasing the total amount of litter and dead roots. Long-term
experiments suggest that SOM decreases through the reduction
of plant cover, implying a decrease in litter and an increase in soil
erosion. Microbial activity is sensitive to drought. As the thickness
of the water film around soil particles is reduced, diffusion and
access to nutrients become more limited. Decreases in soil
enzyme activity and respiration have been widely observed.

Drought occurs when a region's water supply is insufficient for an
extended period of time. Intense drought can cause significant damage to
ecosystems and promote degradation and desertification processes. (AQU)
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Desertification vulnerability map. The vulnerability was assessed through biophysical properties (i.e. soil
type and climate – derived from USDA Natural Resources Conservation Service). (LJ, JRC) [133]
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Effects on soil biodiversity
Soil bacteria and fungi (see pages 33-35, 38-41) have developed
strategies to survive desiccation and rewetting, including:
a. accumulation of osmoregulatory substances that block
water losses
b. slime production that slows down desiccation processes
c. production of dormant life forms, such as spores (see box
on page 34)
Drought tolerance may also result from morphological life forms.
With hyphal networks (see box on page 39) that can cross airfilled soil pores to access nutrients and water from different
locations, fungi are generally considered to be more resistant
to desiccation than bacteria. Some studies reported that fungi
became more abundant than bacteria when soils were drier. Both
are capable of rapid activation upon rewetting, and play a role in
the mineralisation burst that causes the soil carbon dioxide (CO2)
efflux pulse following rewetting.
In Californian grasslands, the present and potentially active
soil bacterial and fungal communities were tracked over a
season. The potentially active bacterial community changed
significantly as summer drying progressed, then returned to
pre-drying composition within several hours of rewetting,
displaying spectacular resilience (see page 97). By contrast, the
fungal community was not detectably different among sites and
was largely unaffected by dry-down, showing marked resistance
to desiccation.

Satellite images of the Taklimakan Desert in northwest China. This is a vast region of sand desert sitting in a depression between two
high mountain ranges (the snow-covered Tien Shan Mountain in the north and the Kunlun Mountains in the south). Desertification and
shifting sand dunes are a major concern for the farmers and grazers who live at the desert's edge. (BIG/NASA)

By reducing primary production (e.g. plant growth), drought limits
food resources in the soil food web, influencing soil animals and
the services to which they contribute. Soil fauna (see Chapter II)
are also directly influenced as they are adapted to a high-humidity
interstitial environment. Earthworms and enchytraeids (see pages
48, 58) are not active in dry soil. Protists and nematodes (see pages
36-37, 46-47) are only active in the water films surrounding soil
particles. Short-lived and smaller species were found to be better
adapted to drought, as they can access smaller pores where water
is held and can recover quickly after drought. Microarthropods
(mites and collembolans) inhabit the air-filled spaces between
soil particles but their life histories are still affected by drought,
with shorter-lived opportunistic microarthropods dominating
drought-affected areas.
In conclusion, changes in soil moisture availability may alter
trophic patterns within soil communities. Drought ultimately
reduces root-mediated energy pathways through herbivores and
predators. Some studies indicated changes in ratios between
fungal and bacterial channels of the food web. This can have
important implications on how tightly nutrients, such as nitrogen,
are cycled, as bacterial-mediated decomposition pathways are
‘leakier’ than fungal-mediated pathways. Decreases in the role of
fungal pathways in decomposition and nutrient-cycling dynamics
may also influence soil structure and the storage of organic C
and N within soils.

a

The structure of soil fauna communities, such as collembolans, is affected
by the reduction in food resources in degraded and dry soils. (AM)

b

Hyphal network of mycorrhizal fungus covering plant roots. These fungi are
sensitive to land degradation, and their reduction in drylands can affect the
whole food web as they influence the growth of plants, which produce the
main inputs to the food web. (APP)

Of particular interest is the behaviour of a specific group of soil fungi, the
mycorrhizal fungi (see page 40), in degraded areas. Mycorrhiza are
symbiotic associations between the roots of most plant species
and fungi. In dry and nutrient-poor ecosystems, mycorrhiza are
critical for the improvement of drought resistance and prevention
of desertification. However, mycorrhizal fungal communities are
also sensitive to soil degradation and summer drought. Both
reduce mycorrhizal density but usually the communities do
not disappear, thus suggesting a certain degree of adaptation
to stress. Mycorrhizal fungi may be the keystone microbe in
dryland ecosystems. In fact, if plant carbon inputs are the major
control of the soil food web (see page 96), then mycorrhiza could
indirectly alter bacterial and fungal abundance and functionality
by influencing plant growth. This shows the risks associated with
the loss of such a group of soil organisms because of the land
degradation and desertification.

Impoverishment of soils due to (a) depletion of soil organic matter (resulting in soils with pale brown colour) is a
leading cause of long-term soil degradation in drylands. In this condition (b) the scarce vegetation cover, one of
the first signs of ongoing desertification, is incapable of restoring the soil organic matter pool. (RHA/NPS, MBD)
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