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Soil erosion in high alpine
regions (here at 2600 m),
aggravated by high stocks
of grazing sheep and heav-
yweight cattle (Oberettes,
Matsch/Mazia, South Tyrol)

MOUNTAIN SOILS:
GENESIS, SPECIFICITIES
AND ECOSYSTEM
SERVICES

Mountain soils represent a finite,
virtually non-renewable resource
that provides essential ecosystem
services for life on Earth, not only in
the mountains but also downstream
(FAO and ITPS, 2015). Although the
average soil formation rate is not
easy to assess, due to the variability
of the soil forming factors

(Jenny, 1941; Weil & Brady, 2017), FAO
estimated that the formation of 2-3 cm
of fertile soil can require up to 1000
years. Such rates, which refer to soils
in general, suggest that unsuitable

soil management practices lead to

soil degradation and loss that cannot
be remediated in the average human
lifespan.

In many mountain regions of the
world, the landscape was strongly
shaped by glaciations (Martignier

& Verrecchia, 2013). Mountain soils
are often subject to regressive
pedogenesis due to disturbances

(e.g. profile truncation and soil
redistribution due to soil erosion &
snow avalanches), thus they may be
particularly fragile and vulnerable to
degradation (Egli, 2014). Egli (2014)
reported that mountain soils on silicate
parent material can form at variable
speeds ranging from nearly 0 (for older
soils) to 6-7 mm y' for very young, thin
soils, showing a clear decreasing trend
with time. The soil forming factors
according to Jenny (1941), i.e. climate,
living organisms (including humans),
relief, parent material, and time,
show complex, strong interactions

in mountain regions. For example,
when considering the climate effect,

a large set of variables must be taken
into account (Thornton et al,, 2021).
The occurrence of snowfall and the
snow-cover distribution across the
year strongly affect the upper soil
layers, making soil and snow act as

a continuum (Freppaz et al.,, 2018);




the snow-soil interface affects

the activity of microorganisms, the
rhizosphere, and fauna, and as such
plant phenology. The temperature
gradient along a mountain slope
simulates the effect of latitude,
determining the vegetation type.
Therefore, soils show very high
spatial variability and range from
agricultural soil in the flat river plains
to alpine tundra soil above the treeline.
Topography, i.e. the landform, can
affect soil development and properties,
such as organic matter content, soil
moisture, and soil temperature, even
at a very small scale (e.g. D’Amico et
al, 2015). The chemical and physical
weathering of the soil parent material
is strongly dependent on climate

and geomorphology, and very often,
the pedogenic substrate has been

redistributed by glacial, fluvioglacial, or
eolian transport.

An often neglected characteristic

of mountain soils is that they

are inhabited by a wide range of
organisms and form hotspots for
biodiversity (Guerra et al, 2022).
Soils generally harbor an enormous
diversity of organisms, from microbes
to invertebrates and small vertebrates.
It is estimated that a quarter of

known species live in soils (Orgiazzi

et al,, 2016). Organisms inhabiting
mountain soils have developed
particular adaptations to survive

in cold environments and shallow
habitats. Little is yet known about their
biodiversity and distribution, despite

their central role in soil formation, Field-trip of the IPROMO

nutrient cycling, and carbon storage. summer school
(Gressoney-La-Trinité,

Many of the specificities of mountain Aosta Valley)
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A topsoil removed and de-
posited in the run-out zone
by a glide-snow avalanche
in the Valle d'/Aosta Region
(NW-Italy)

soils of the world have been reviewed
by FAO (2015), in a book issued for
the International Year of Soils, which
underlined the role of mountain
peoples in developing solutions and
technigues, indigenous practices,
knowledge, and sustainable soil
management approaches that

can ensure better resilience. More
recently, a chapter of the book
‘Recarbonizing soils - A technical
manual of recommended management
practices’ (FAO, 2021) focused on
mountain soils as hotspots of
carbon sequestration, reviewing
the role of carbon sinks carried out
by soils in mountain regions, under
different covers and management
types. Additionally, Geitner et al.

(2019) defined the most relevant soil
ecosystem services in the Alps and
reviewed their connection with soil
chemical and physical properties.
Such information can be transferred
and applied to most of the mountain
regions.

SOIL DEGRADATION IN
MOUNTAIN REGIONS:
DRIVERS, CHALLENGES
AND RESPONSES

According to FAQ, degradation has

several drivers such as:

- population growth & urban
expansion

- deforestation

- climate change

- pollution & waste disposal

- unsuitable management
practices.

Most of these drivers act, at variable
extent, also in mountain areas (FAQ,
2015; Schmeller et al,, 2022). FAO and
ITPS (2015) reported that mountain
regions will be more vulnerable to
soil-mediated natural hazards in the
future, due to a combination of factors
such as climate change, human
population expansion, agricultural
intensification, etc. However, the
magnitude of the effects will vary
greatly among geographical areas.




For example, mountain soils can

be strongly affected by climate
change, in particular by the changes
in the snow/rainfall patterns, and

the increased frequency of extreme
meteorological events. For example,
degrading permafrost can trigger
rockfall, and increasing temperatures
can contribute to glacier collapses
such as the one which occurred on
the Marmolada glacier in July 2022
(Dolomites, NE-Italy). Moreover,
negative impacts of land-use changes
such as abandonment of marginal
agricultural areas or intensification

of land use in more favorable sites
affect both local and downstream
populations. Finally, mountains still
face considerable pressure due to
infrastructure building, occurring also
at very high elevations (e.g. in the Alps
and in Central Asia).

The different forms of soil
degradation according to FAO are:
biodiversity loss, salinization &
sodification, nutrient imbalance,
compaction, sealing, pollution,
erosion, loss of organic carbon,
and acidification. At present, the
relevance of these degradation forms
in mountain areas is not always
known, but it's widely recognized that
climate change will exacerbate the
soil degradation processes through
increases in rainfall intensity, flooding,
heat stress, dry spells, and permafrost
thaw (IPCC, 2019). Soil processes

are also affected by changing snow
conditions with partitioning between
evaporation and streamflow and

between subsurface flow and surface
run-off (Barnhart et al,, 2016). The
vulnerability of mountain areas has
been underlined by FAO (2019), as
mountain communities are particularly
affected by food insecurity, due to the
fragility of mountain ecosystems, often
characterized by poor soil quality and
a high incidence of disasters.
Sustainable soil management (SSM)
can be a valuable tool to mitigate and
prevent these effects, and general
guidelines valid for all soil types were
provided in the Voluntary Guidelines
for Sustainable Soil Management by
FAO (2017).

SSM is an integral part of sustainable
land management and can contribute
to Sustainable Development Goals
promoting poverty eradication, food
security, water regulation processes,
responsible production, and others.
Through guidelines specifically
designed for mountain regions, soils
could become a key to building
resilience to threats and degradation
in mountain areas. Among the main
barriers to this process, there are the
lack of knowledge and soil literacy
among the general public, the scarce
awareness of soils as a resource, their
properties & variability. Additionally,

in view of the uniqueness of soil and
human resource management issues
of mountain environments special
attention must be given to preparation
of the most appropriate legal and
institutional systems to improve

the sustainable management of the
mountain soil environment.



RECOMMENDATIONS THE ALPINE
SOIL PARTNERSHIP



http://www.cipra.org/sl
https://www.alpine-region.eu/action-group-6
https://www.alpine-region.eu/action-group-6
http://www.alpconv.org/en/convention/default.html
http://www.alpconv.org/en/convention/default.html
https://esdac.jrc.ec.europa.eu/networkcooperations/european-soil-partnership
http://www.fao.org/global-soil-partnership/en/

THE INTERNATIONAL PROGRAMME ON RESEARCH
AND TRAINING ON SUSTAINABLE MANAGEMENT
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