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Introduction
Leaching

Soil forming processes
Soil in Europe varies tremendously
Some soil types are deep and allow roots to penetrate up to
three metres, whereas some possess strongly cemented
horizons or acid subsoil that inhibit rooting. These
differences arise from the interaction of local
environmental processes acting upon the soil fabric.
Such soil forming processes are determined by climate and
organisms (both plants and animals) acting on the local
geological surface materials over time. Additionally, the
basic influences of climate and organisms are modified by
both the slope of the land and human activities. The
interplay between all these factors creates the soil forming
processes that gradually change the geological materials
into a soil with distinct and well defined horizons.

Mor – an organic-rich, acidic layer lying on the surface.
Mull – a surface layer in which mineral and organic
matter are intimately mixed.
Moder – an intermediate phase between mull and mor
where decomposition is greater than a mor but not as
advanced as a mull.
The photograph below shows the profile of a typical well drained
soil under temperate forest and shows evidence of the main soil
processes described in the surrounding texts: humus formation,
weathering, leaching and clay translocation (EM).

Climate and vegetation are responsible for the creation of
the major soil groups. These groups are known as zonal soils
and cover large areas. Examples of these soil groups include
the Podzols of the coniferous forests of northern Europe
and the Chernozems of the grass steppes in Ukraine. Slopes
and different parent materials can modify or change the soil
type completely from what is expected from the climate
and vegetation conditions. Some soil profiles can develop
horizons that are impermeable for plant roots in landscapes
where soil conditions favour deep rooting. Histosols can
develop in depressions in an otherwise well drained
landscape. Such soil is called an intra-zonal soil and might
be erratically distributed as islands in the zonal soil.

From here

Most of Europe is characterized by a climate that provides a
precipitation surplus during some part of the year (i.e.
where rain and snowfall are greater than evaporation rates).
This surplus fills up the soil water ‘reservoir’ which might
have been depleted during a summer. The remaining
surplus of rainfall during autumn and winter percolates
down through the soil to form groundwater or feed rivers.
When passing through the soil, the water quickly dissolves
easily soluble salts such as chlorides, nitrates, sulphates and,
more slowly, the carbonates. In northern Europe there is
evidence that about 10,000 years are needed to dissolve the
calcium carbonate in the uppermost one metre of glacial
tills. The calcium carbonate is leached as calcium and
bicarbonate ions. In the drier part of Europe they can be reprecipitated further down the soil profile as calcium
carbonate to form a Calcic horizon. In more humid parts
they are leached to the groundwater. As long as calcium
carbonate is present, the pH of the soil is about 8 (see Page
12) and the soil will often be whitish or light coloured.
When all the calcium carbonate has been dissolved and
leached away, the pH will fall and calcium, magnesium,
sodium are leached from the surfaces of both clay minerals
and humus to be replaced by hydrogen, aluminium and iron.
When this process ends, the pH will be around 4 and the soil
is referred to as being acid. Under extreme conditions, soil
pH can be as low as 2.0 to 3.0 which is regarded as very acid
(e.g. acid sulphate soil). For agricultural use such soils will
often be limed in order to raise the pH to a more acceptable
level for plant production and by ploughing and liming, the
mor layer will be turned into a mull layer.

To here

Time is an important consideration since the soil forming
factors must act for a considerable period to develop the
mature soil profile with well expressed soil horizons. Some
soil forming processes, such as gleying (water-logging),
might occur within a few years while podzolization might
take centuries to develop a mature Podzol.
Finally, humans play an important role in soil formation by
manuring, irrigating, draining, liming and ploughing the
land.
The dominant soil processes in Europe are typical for
humid temperate, semi-arid and sub-tropical climates. The
major soil forming processes acting on well drained
sediments are humus formation, leaching, weathering, clay
migration, clay destruction and podzolization, while on
imperfectly draining sites they consist of gley formation,
precipitation of pyrite, peat formation and in the semi-arid
areas, salinization (high salt levels). The following texts
describe these processes.

Soil processes in well drained sediments
Humus formation
Plant cover plays an important role in soil formation and
nutrient turn over. Plants extract nutrients from the soil
water solution to build up organic material. After death the
plant material will decompose in the soil through the
actions of micro-organisms like bacteria, fungi and animals
such as earthworms and ants. Through decomposition,
water and carbon dioxide are released and humus is formed.
If the soil is slightly acid to slightly basic then the
decomposition of the organic matter is relatively rapid and
earthworms mix up the humus with the mineral soil and a
type of organic matter called mull is formed. A thick mull
layer is found in the mid-latitude continental part of Europe
where low annual precipitation, cold winters with little
snowfall, hot summers and a precipitation maximum in
spring guarantee the development of deep humus and
nutrient rich mull horizons, sometimes more than one metre
thick. Chernozems, some of the most fertile soil in Europe,
are formed under such conditions.
In acid soil, fungi dominate the conversion of plant
remnants to humus. The decomposition rate is slow and the
worms that should mix up the sediment and the humus are
scarcer. The organic matter remains on top of the mineral
soil forming a mor layer. This can be divided into three parts.
At the top a litter layer consisting of newly fallen leaves.
Below that is found the fermentation layer with partly
decomposed litter from previous years and at the base is the
humus layer with fully decomposed plant remnants without
any macroscopic evidence of its origin.

14

Weathering
Below the sediments on which soil has developed we usually
find solid rock. In fact all sediments are derived from solid
rock by a process known as weathering. There are in
principle two types of weathering, physical and chemical.
By physical weathering, rocks disintegrate without
changing their chemical composition. Typical examples of
these processes are the splitting of rocks by freezing and
thawing or the daily warming by the sun and cooling during
the night.
In chemical weathering, the minerals in the rocks
decompose and new minerals are formed. Minerals such as
feldspar, mica, augite, hornblende and olivine (known as the
primary silicates) which are stable at higher temperature
and pressure than found at the Earth’s surface will slowly
disintegrate to form secondary silicates such as clay
minerals (e.g. kaolinite, illite, vermiculite and smectite), iron
and aluminium hydroxides, carbonates and readily available
nutrients such as calcium and potassium. As described
earlier, the clay minerals are very important for plants as
they retain nutrients and favour root growth.
The various forms of iron oxides are often responsible for
the colour of the soil. In central and northern Europe,
goethite is the dominant mineral giving the soil a brown or
yellowish-brown colour. In the warmer Mediterranean
region, hematite coatings are formed (a process known as
rubefaction) giving the soil a characteristic red colour.
The weathering intensity is highest at the surface and
decreases with depth. Thus, the amount of iron oxides
formed will decrease with depth meaning that the colour of
the subsoil will be lighter at the base of the profile.

A leached soil profile. Calcium carbonate is being leached from
the upper part of the profile and redeposited as a whitish horizon
lower down the soil (ED).

Soil across Europe!
While this atlas is written in English, the maps show the rich
variety of soils across Europe. This box lists the translation of the
word “soil” in the languages of Europe and shows the cultural
and linguistic diversity in our people.
Albanian: Dhé
Bulgarian: Pochva
Croatian: Tlo
Czech: Pùda
Danish: Jôrd
Dutch: Bodem
Estonian: Muld
Finnish: Maaperä
French: Sol
German: Boden
Greek: Edafos (Xµα)
Hungarian: Talaj
Irish Gallic: Talamh
Italian: Suolo
Latvian: Augsne
Lithuanian: Dirvo¬emis

Luxembourgish: Boudem
Maltese: Hamrija
Norwegian: Jord
Polish: Gleba
Portuguese: Solo
Romanian: Sol
Romany: Phuv
Russian: Pochva (пoчва)
Serbian: Zemlja
Slovakian: Pôda
Slovenian: Zemlja
Spanish: Suelo
Swedish: Jord
Turkish: Toprak
Welsh: Pridd

Humus formation and weathering are common phenomena
that affect all soil types. All other processes described in
this section are particular and form different kinds of soil
against the background of humus formation and
weathering.
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Podzolization

Soil processes in imperfect drained areas

The movement of clay particles

Sandy sediments are rather common in the northern part of
Europe and especially in Scandinavia. In these areas, huge
coniferous forests dominate the landscape and
podzolization is the normal pedological process in the sandy
glacial deposits. The continuous leaching of the soil in
combination with a slow and incomplete decomposition of
the organic matter fallen on the ground form a distinct mor
layer.

Gleying

One of the most common soil forming processes is the
movement of clay particles from one soil horizon to
another. This process is known to soil scientists as
translocation and involves the mechanical transfer
(eluviation) of clay particles from the topsoil by percolating
water and the re-deposition of the clay particles below
(illuviation) on the surfaces of soil particles or in wormholes.
There are some physical and chemical conditions that should
be fulfilled before the process starts. The pH of the soil
should be between 5 and 7 where it is believed that the soils
structure is so weak that aggregates easily break down and
release single clay particles to the soil water. The percolating
water can then transport the clay particles downwards if a
continuous coarse pore system has developed. Such a system
will develop if dry seasons alternate with wet seasons. In that
way the soil will shrink during the dry season and develop
cracks which form pathways for the movement of the clay
particles during the wet season. The clay will accumulate
where the cracks end and the water movement almost stops
or where the water penetrates into the dry aggregates and
the clay particles are filtered at the ped surfaces forming
clay layers called cutans. Clay particles are very small,
normally less than 2 micrometres.

Organic acids from this layer destabilize the iron and
aluminium oxides in the soil, which are then leached by the
percolating water, leaving behind sand grains with whitish
colours as the colouring caused by the mineral goethite has
gone. Below a depth of about of about 50cm, an illuvial B
horizon forms. The uppermost part of this horizon consists of
a black humus rich layer that sits on a reddish-brown horizon
with enhanced iron content. These two horizons can be
strongly cemented by the iron, aluminium and carbon
coatings on the grains and is then referred to as an ‘ortstein’.

Below, a classic Podzol soil profile on arable land clearly showing the
white leached horizon, followed by dark humus rich and iron rich
zones. The uppermost greyish layer is caused by the mixing as the
result of ploughing of humus material and white sand grains (HBM).

When it rains, water percolates through the soil. In many
cases, this water drains away. However in some cases, due
to a slowly permeable subsoil or the presence of a barrier to
drainage, the water has no escape route and forms a
‘perched watertable within the soil.’
In some soil types, temporary or permanent groundwater
can be found at relatively shallow depths (< 2 m). This
groundwater is mainly due to restrictions on drainage
outfalls, the location of the soil in depressions in the
landscape that collect water or in marshy areas near to the
coast.
A shallow groundwater strongly decreases the movement of
gases in the soil because oxygen and carbon dioxide
diffusion in waterlogged pores is very slow compared to air
filled pores. If organic matter is present in the waterlogged
soil horizon the metabolic activity of the micro-organisms
will create an oxygen deficit and a state known as reducing
develops. In these conditions, ferric iron (Fe3+) is converted
to the more soluble, and therefore mobile, ferrous iron (Fe2+).
Since the ferric oxides are responsible for giving subsoils
their characteristic yellowish-brown or reddish-brown
colours, their disintegration into ferrous oxides will give the
soil a distinctive greyish or bluish colour. However, in some
of the larger pores where some oxygen may remain, mottles
of rust-coloured material indicate the presence of oxidizing
conditions.

The above profile shows a soil with clay illuviation. At the top of
the profile, we can see the darker plough layer overlying a light
brown horizon. Clay minerals have been leached from both these
horizons to the ones below (HBM).

Clay destruction
As described above, the movement of clay within a profile
leads to a soil with less clay in the topsoil than below.
Similar clay distribution can be found in soil where the clay
in the topsoil has been destroyed rather than removed. This
process is believed to happen in soil with an acid topsoil (pH
< 5). It is not clear how common this phenomenon is in
Europe but it is believed to be very active in tropical regions.
On the other hand, the destruction of clay particles in former
clay rich Bt-horizons is common in many parts of Europe. In
this case, the clay on the ped surfaces is redistributed or
disintegrated leaving behind tongues of silt and sand that
cut into the former clay enriched horizon. At the end of such
a process, the Bt-horizon can totally disappear.

The profile on the right illustrates the result of the processes of
clay translocation and destruction. Most of the clay minerals will
have been illuviated or degraded in the pale coloured horizon. The
horizon below is enriched with clay but even there in parts the
clays are still being broken down leaving a variegated appearance.
A small podzol is forming in the clay depleted upper horizon
(HBM).

Above, a well developed pseudogley profile (see text below for
explanation) (JH).

In soil science, two basic types of gley are widely recognised,
pseudogley and groundwater gley.
Where water is held temporally above a slowly permeable or
impervious horizon, a surface water gley or pseudogley is
formed (see above picture). This type of gley is characterized
by the presence of bleached ped surfaces and root channels
while the interior of the peds is enriched by ferric iron.
Pseudogleys can develop in any location in the landscape
where perched watertable will develop in periods with
precipitation surplus (i.e. high rainfall events) and disappear
in periods when the soil dries out.
In Europe, this sort of perched watertable will typically
develop during the autumn and winter months and will
disappear during spring. With the development of intensive
farming and the need to improve land for agricultural needs,
many soils with pseudogley characteristics will today be
described as drained and the pseudogley may be regarded as a
relict feature.
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Salinisation

Groundwater gleys develop in depressions in the landscape
where permanent groundwater can be found at shallow
depth. The groundwater gley is characterized by the
chemical deposition (precipitation) of ferric iron on ped
surfaces or in root and worm channels. The interior of the
ped is bluish because of ferrous iron (described in the
previous page). In some gley soil, the mineral
ferrodisulphide or pyrite can be found (iron pyrites is
commonly known as Fools Gold).

In semi-arid regions, salt affected soil may develop in
depressions and in alluvial plains where groundwater levels
are high. In such areas, water is “sucked” to the surface due
to capillary actions. Due to the heat of the sun, the water
will evaporate leaving behind deposits of salt in the surface
layer. Crusts of salt (a process known as encrustation) will
often develop on the surface.
Some saline soil types are naturally occurring but others have
developed due to agricultural practices. Irrigation has
provided the right conditions for salt encrustation to occur as
the salt in the irrigation water is left behind in the soil when
the irrigation water is used or transpired by the plants.

If drained, the groundwater gley is a useful soil for farming
but some soil processes might give rise to problems if
drainage is actually carried out! The high sodium (salt)
content in coastal soil types may destabilize the soil
structure after drainage, the soil structure will collapse and
the agricultural value remains low. The oxidation (rusting)
of pyrite after drainage can cause the release of sulphuric
acid leaving the subsoil with pH of around 2 (very acid). This
condition will not only give serious problems for farming
but also environmental problems due to ochre pollution (a
combination of iron oxide and clay minerals, used as a
pigment to produce red, brown or yellow paints).

This picture shows about 80 centimetres of fen peat overlaying
the olive-grey coloured limnic deposits from a former lake. The
high organic content of the peat soil is clearly visible. Peat is
formed under cool, humid climatic conditions. The word “fen”
means an area of wooded swampy lands where the underlying
sediments are lime-rich boulder clays (deposited during the last
ice age). The term is derived from an area in eastern England
(HBM).

Peat
• Peat is a very important source of fuel in many northern
countries (e.g. Ireland, Scotland, Russia). Compared to
coal, peat has a much lower calorific value and produces
a lot of smoke when burnt. Given the right geological
conditions and time (millions of years), peat deposits
may eventually change to lignite or even coal.
• Many people refer to ‘peat bogs’. A bog is the general
term for an expanse of waterlogged spongy ground
composed of decaying plant remains. The wellpreserved remains of trees are frequently discovered
within peat bogs. These remains give an indication of a
former landscape, often drier and warmer than the
present, which was overwhelmed by wetter and cooler
conditions.
A groundwater gley. Note the presence of distinctive blue-grey
colour and the red mottles denoting the re-deposition of iron
oxides in the presence of oxygen (HBM).

Peat formation

The above photograph shows a salt affected soil. Such a soil is
known as a Solonetz or Solonchak. The white salt crystals in the
dark horizon are clearly visible (EM).

The photograph below is a good illustration of surface salt crusts
and salt tolerant vegetation (EM).

The photograph below shows a typical landscape of an upland
peat bog. Small pools like the one shown in the photograph will
slowly fill up with decaying plant remains and silt. The water in
such areas often appears brown because it contains high
concentrations of dissolved organic compounds that come from
the decomposition of vegetation (ED).

Very wet areas with permanently anaerobic conditions (no
oxygen) give rise to peat, the dark, unconsolidated, fibrous
material that we buy in garden centres and supermarkets in
order to grow plants. There are two major types, moor and
fen peat, which develop in different ways.

What is a salt?
Fen peat develops in river valleys, flood plains and lakes
when the water becomes so shallow that plants such as the
reed, Phragmites, invade the water body. When the plants
die, their waterlogged remains cover the soft deposits in
which they grow and, over time, become peat. The pH of fen
peat is neutral to mildly alkaline due to the presence of
calcium, potassium, magnesium and sodium found is the
sediment of rivers and streams. As these watercourses also
transport clay, silt and sand deposits, the fen peat will often
have a substantial mineral content.
Moor peat develops in the uplands and areas with high
rainfall. As rainwater is poor in nutrients, acid conditions
develop and, as we have previously seen in the Podzols, a slow
decomposition of plant debris occurs. As a consequence,
organic matter accumulates and forms blanket peat or raised
bogs. These raised bogs, which can also form on a fen peat,
are very acid as they do not obtain the nutrient inputs from
water courses as happens in the fen peat. Sphagnum, a type
of moss, is one of the most common plants in raised bogs
forming a fibrous soil with a pH often below 3.
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Most people know from their school days that the
chemical formula for common salt, the substance we add
to our food and what makes the sea salty is sodium
chloride or NaCl.
However, a salt is actually any chemical compound formed
from the reaction of an acid with a base element where
the hydrogen of the acid is replace by a metal. Hence,
sodium hydroxide and hydrochloric acid react to create a
salt, sodium chloride, and water.
NaOH + HCl = NaCl + H2O
If solutions of salts are allowed to evaporate, then the salt
is deposited as crystals.
Examples of other salts include copper sulphate, lead
nitrate, magnesium chloride and magnesium sulphate (the
latter is better known as Epsom Salts).
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Soil processes on well drained sediment in relation to
time
The processes described in this section form the most
common types of soil found in Europe.
In some sediments only a few of the processes described in
the previous pages will be active while in other soil types or
locations, several processes could be running simultaneously
or following each other. The figure below illustrates how
different soil processes can produce a succession of soil
types in a loamy calcareous sediment.
Initially, we have the newly deposited sediment. Only a
shallow humus layer has developed and free calcium
carbonate is still to be found close to the surface. This soil
is known as a Regosol. After some time, the calcium
carbonate will be leached from the top part of the soil, a
deeper mull layer has developed and the weathering of the
primary silicates and the formation of iron oxides has
created a strong coloured B-horizon just below the mull
layer. The soil is now called a Cambisol. The continuous
leaching moves the calcium carbonate front further
downwards, the pH drops to about 6 and clay illuviation
starts. We have now a nutrient rich Luvisol but the leaching
will continuously remove the base elements from the soil.
This will make the profile so acid that it will be classified as

an Alisol. At this stage the soil is so acid that the clay in the
illuviated horizon will disintegrate or be redistributed to
other parts of the profile and tongues of silt and sand will
cut into the clay illuviated horizon. This is referred to as an
Albeluvisol. Finally, the leaching will enable an iron pan to
develop and the soil turns into a Podzol.

Soil in relation to man
The natural soil reflects the history of the soil forming
factors. Therefore, in a natural state each soil type has some
distinctive characteristics. For example, a Podzol is an acid
soil with a mor layer. This will normally be true in forests but
ploughing and liming on arable land will remove the mor
layer and turn it in to a mull layer about 30 cm thick and
with a pH of around 6. A wet soil at the base of a slope with
gleyic characteristics can be drained. Rivers can be
straightened thus lowering the water table in the adjacent
soil. Gley features in such areas express a former state and
as such behave as a natural well drained soil.
Histosols will often disappear when drained because the
peat layer will physically shrink due to water loss followed
by the decomposition of the peat due to oxidation.
Other soil types with poor agricultural value due to low

nutrient levels can be improved through fertilizing and
manuring to become a high yielding soil. In Denmark, liming
of the strongly leached, loamy Saale till has raised the pH by
about 1.5 units in the plough layer but at a depth of 1.2 m
the effect of the liming has gone. On the calcareous, loamy
Weichsel till, the leaching of the topsoil has lowered the pH
to about 5, but at a depth of 1.2 m the pH is about 8. On
arable land the liming has increased the pH to about 7 in
the topsoil, whereas at the depth of about 1 m the pH on
the arable and forest land is the same (about 8).
This changing of the chemical characteristics of the soil can
stop, reverse or reactivate some of the pedological
processes. Podzolization stops immediately when the mor
layer has been removed and the pH raised to about 6 while
clay migration, which mainly happens in slightly acid soil,
can revitalize when lime is applied.
In the drier parts of Europe inadequate irrigation of the
fields can lead to salinisation while agriculture in
mountainous areas can lead to severe soil erosion. This
latter aspect has been demonstrated in historical time in the
Mediterranean area. Mature soil with well developed
horizons can been washed away completely and replaced by
bare rock.
Man’s activity has also created new soil types such as urban
soil, soil in huge waste deposits and, in former times, the
famous plaggen soil (see section on Soil and Archaeology
later in the Atlas).

Due to the creation of gardens and parks, soil in urban areas can be
modified significantly compared to its original natural state (EM).

Imperfectly and poorly drained soils in relation to topography.
The series of photographs below illustrates a topographically related sequence of soils known as a catena (a term derived from the Latin meaning a chain); soil profiles are linked together when
traced down a slope from the ridgeline to the valley floor. Soils change character according to slope angle and drainage conditions.
On the crest of the landscape we find thin soils with underlying parent materials very close to the surface. These are usually Regosols. On the slope towards the valley the precipitation surplus
can leach nutrients laterally or vertically and leached profiles can be found if the local conditions permit the formation of deep soil. In the valley bottom we can find groundwater gley at
shallow depths. In the centre of the valley, peat formation has taken place and thick layers of fen peat have developed. The nature of the parent material can be important.

A shallow soil. (HBM)

Leaching. (HBM)

Waterlogging leading to
gleyic conditions. (HBM)

A fen peat. (EM)
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