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Gezonde bodem, gezonde samenleving ?



Gezonde bodem = gekende bodem



AFAR ca. 3.2 miljoen jaar BP 



Australopithecus afarensis (AL 288-1 aka Lucy)

ca. 3.2 miljoen jaar BP AFAR



Homo



Paranthropus

Homo



Geosmine



DE KEMPEN Brons/IJzertijd



Opportunity: Right: As compared to coversands, the clayey tertiary sands of the Lillo and Poederlee formation have a more 
favorable water and nutrient holding capacity. A difference so important that it was recognized as early as the Iron Age: the

square ridges on this Lidar image are remnants of ‘celtic fields’ on the Kempische Heuvelrug near Herentals. The fields were 

located precisely where the richer, reddish Lillo/Poederlee sands outcrop, and carefully avoid the much less fertile coversands
and boreal dunes. Left: Soilscape of the Celtic fields – the auguring shows brown-reddish sands in the soil 

profile. Pics©Vancampenhout, 2020. Lidar by Jos Gysels.

CAMBISOL PODZOL



EGYPTE ca. 2500 BC 



EGYPTE ca. 2500 BC 

FLUVISOLS



EGYPTE ca. 2500 BC 

FLUVISOLS



EGYPTE ca. 2500 BC 

“The gift of the Nile“









AXUMITISCHE RIJK ca. 100 - 950 AD



AXUMITISCHE RIJK ca. 100 - 950 AD

PHAEOZEMSVERTISOLS



Tikal 

MAYA - TIKAL ca. 200 - 900 AD



Tikal 

PHAEOZEMSVERTISOLS

MAYA - TIKAL ca. 200 - 900 AD



Bodem = de grondslag van onze beschaving

C O N C L U S I E  1





Montgomery, 2007





500 - 1000 jaar



ROMEINSE RIJK ca. 27 BC - 476 AD



89

Soil of the Mediterranean Region

Cemented Petrocalcic horizon in central Albania that limits
effective soil depth to around 50 cm (PZ).

A Luvic Calcisol profile from Southern Turkey.  This soil is widely
distributed throughout Turkey, the Middle East, North Africa
(especially Tunisia) and Spain (SK & EA).

Calcisol in the Mediterranean region is a productive soil
with moderately deep profiles.  However, effective soil
depth could be reduced by the presence of a Petrocalcic
horizon.  Occasionally, shallow Petric soil units (with
relatively high water holding capacity) are allocated for the
traditional production of tree crops like olives, almonds,
vineyards, apricots and figs. In eastern and central Spain
and Turkey, Calcisols have been used extensively for grazing
creating areas that are prone to erosion especially at the
peripheries of active fault lines.  

Extensive areas of Calcisols in the Mediterranean are used
for the production of irrigated winter wheat, melons, and
cotton.  Calcium tolerant crops such as sorghum, rhodes
grass and alfalfa, are best suited for Calcisols.  A number of
vegetable crops have successfully been grown on irrigated
Calcisols if fertilization with nitrogen, phosphorus and trace
elements (Iron and Zinc) are provided.  

Luvisols

A Luvisol is a well-developed soil whose main pedological
characteristic is the formation of the argic sub surface
horizon through the destruction and movement (eluviation
and translocation) of silicate clay from the surface topsoil
layer. 

The Luvisols of the Mediterranean region are widely
distributed throughout Portugal, Spain, Italy, Greece,
Albania, Croatia, Turkey and Cyprus and are often associated
with Cambisols, Leptosols and upland Regosols under forest
cover.  The Gleyic and Haplic units dominate the Luvisols of
Italy and France.  Chromic and Rhodic units (terra rossa soil)
are widespread in Greece, the southern part of Portugal,
central Spain, western and southern Turkey and northern
Italy.  Luvisols are observed to associate with Alisols and
Acrisols in the humid parts of the Mediterranean requiring
further research to understand the relations between the
soil typologies and the fluctuating past and present climates
of the Mediterranean.  Luvisols are also present in Morocco,
Algeria, and the Middle East (Jordan, Syria, Israel, Lebanon).  

European soil : a global perspective

Luvisol is a fertile soil suitable for a wide range of
agricultural uses (except for the shallow Leptic units).  On
sloping land, Luvisols require measures, such as man-made
terraces, to control erosion and deforestation.  The Chromic,
Calcic and Vertic Luvisols of the Mediterranean are
commonly used for cereals and for sugar beet while the
upper slopes are best suited for fruit trees, vineyards, olives
and grazing.  The Haplic Luvisols of northern Italy are used
for wine production.

Cambisols

A Cambisol represents a young soil in a continuous process
of pedological maturation, as revealed by the presence of
the Cambic horizon. Cambisols stand between Fluvisols and
Luvisols.  Cambisols are the most widely distributed soil of
the Mediterranean delimiting the semi-arid climatic regions
of the area.  The major Cambisol units are Eutric and Dystric
which occur in France, Italy, Spain, Portugal, Croatia,
Bosnia-Herzegovina, FYROM, Albania and Greece, whereas
the Vertic ones are mainly found in Italy, Greece, Turkey and
Cyprus.  The remaining Gleyic, Fluvic and Andic units only
cover minor parts of the Mediterranean. Cambisols are
widespread in North Africa and the Middle East as well.

Cambisols with moderate to deep soil profiles are among
the most productive soil of southern Europe.  They associate
with Luvisols and Vertisols and with Fluvisols and Gleysols in
wet depressions or deltas. The Eutric Cambisol is used for
the cultivation of all kinds of crops while Dystric Cambisols
are used for mixed arable farming.  The Calcaric and
Chromic Cambisols on steep slopes are covered with forests.
The Vertic, as well as the Eutric, Calcaric and Chromic
Cambisols in irrigated or non-irrigated alluvial plains are
dominantly used for food and oil crop production
throughout the Mediterranean region.  Where the climate is
wetter, many Cambisols support typical Mediterranean
indigenous agro-ecosystems such as carobs, figs, olives, and
grapes.  

Arenosols

Arenosol is a sandy soil having sand or another coarse
texture in the upper 50 cm soil layer.  In southern European
countries, Arenosols occur mainly in the lacustrine, fluvial
and marine environments of the present and ancient coastal
areas including sand dunes along the coast.  In more humid
environments, Arenosols are good for horticulture provided
that efficient systems of irrigation and drainage are put in
place, complemented by ‘fertigation’  (the application of
nutrients through irrigation systems).  In arid areas where
rainfall is less than 300 mm per year, Arenosols are
predominantly used for extensive and nomadic grazing.
Uncontrolled grazing and clearing for cultivation without
appropriate soil conservation measures can easily make
Arenosols unstable and revert the land to shifting dune
systems. 

Dry farming (the profitable production of crops without
irrigation) is possible where the annual rainfall exceeds 300
mm. Some Arenosols in the coastal regions of Southern
Turkey have been anchored by agro-forestry activities such
as the planting of stone pine (Acacia cyanophylla),
eucalyptus (Eucalyptus camaldunensis) and acacia (Acacia
cynophylla) on and in between sand dunes. 

Regosols

A Regosol is a weakly developed soil found on
unconsolidated materials. Regosols are typical of the
mountainous regions of Spain, Italy, Albania, Greece, Turkey,
Syria, Jordan, Lebanon and Israel. Regosols occur primarily
on eroded land associated with Cambisols, Leptosols,
Luvisols, Phaeozems, Umbrisols, and Calcisols.  The Dystric
qualifier is the main measure of the Regosols in the
Mediterranean region followed by the Eutric and Calcaric
soil units.  

Regosols have little value for agriculture.  In Spain and
Turkey some of them are used for capital-intensive irrigated
farming systems.  However, Regosols are better suited for
forestry, managed grazing and recreation.  The continuous
threat of erosion as well as forest clearing badly damages
the fragile natural ecosystem of this soil.

Olive trees growing along foot slope terraces in southern France (AJ).

A Luvisol under forest cover in Greece (CK).
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Soil of the Mediterranean Region
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Erosion

EROSION is a physical phenomenon that
results in the removal of soil and rock
particles by water, wind, ice and gravity.

Severe gully erosion in Spain (JI).

Erosion is a natural process, occurring over geological
timescales, that has been largely responsible for shaping the
physical landscape we see around us today. The action of
rain, wind, ice (in the form of glaciers) and temperature (by
freezing and thawing) wear down and shatter rock surfaces.
Subsequently, geomorphic processes have distributed the
weathered materials, produced by these agents, over the
surface of the Earth. For millions of years, erosion has
transformed the landscape, wearing down mountain and
upland areas whilst sedimentation has filled in continental
basins with the resulting debris. Thus erosion is a process
that is essential for soil and landscape formation and has
taken place since time began.

Most present-day concerns about soil erosion, leading to its
perception as a process of degradation, are related to
accelerated erosion, where the natural rate has been
significantly increased by human activities. These activities
include the stripping of natural vegetation especially
clearing of forests for cultivation, changing land cover in
other ways through cultivation, grazing, controlled burning
or wildfires, levelling of the land surface, and varying the
intensity of land management, for example through poor
maintenance of terrace structures and cultivation of steep
slopes. The resulting changes to the soil cover allow natural
forces to remove soil particles much more rapidly than
normal soil-forming processes can replace them, hence the
term accelerated erosion. Soil losses > 2 t/ha/yr are
considered by experts in many parts of the world to be
irreversible within a timescale of 50-100 years.

Key threats to soil in Europe

Soil erosion is regarded as one of the most widespread forms
of soil degradation, and as such, poses potentially severe
limitations to sustainable land use in Europe. Soil can be
eroded away by water and wind. Erosion by water occurs
due to the energy of water when it falls to the earth and
flows over its surface. Strong wind, depending on its
strength and duration (persistence), can blow away loose
soil from flat or undulating terrain. Soil erosion by water is
a widespread problem throughout Europe and the main
processes are rain-splash, rain-wash, rill-wash and sheet-
wash. Whilst these processes are often localised they
produce distinct features such as rills, gullies and, in
extreme cases, badlands. There are other forms of water
erosion, for example snowmelt erosion in northern Europe
which can also produce surface features such as rills and
gullies, and bank erosion where streams, rivers and lake
waters wash bank material into suspension to be carried
downstream, or away from the shore, until the velocity of
flow or movement diminishes sufficiently for deposition to
take place. Several other types of soil erosion have been
recognised and studied by researchers. For example, wind
erosion occurs in areas where soil is dominantly sandy or
silty, dry and not stabilised by plant roots; cultivation,
levelling of land for example to create terraces, trampling
by animals destroying surface cover and soil removal by
harvesting of root crops cause further losses of soil.

The most dominant effect is the loss of topsoil, which may
not be conspicuous but nevertheless potentially very
damaging. If soil loss by these various forms of accelerated
erosion is to be reduced or eliminated, the amounts of soil
removed must be quantified and this requires a different
approach for each type of erosion. On-site measurements
can quantify soil loss at the field scale and accumulation in
reservoirs can reveal the amount of sediment removed
within individual catchments or basins. Lakes and reservoirs
act as large sediment traps and sedimentation rates can
provide valuable comparisons between environments.
However, complications arise because soil loss in one part of
a catchment or basin can lead to deposition (sediment yield)
in another part. Not all the material eroded on a hillslope
will arrive at the outfall of the catchment or accumulates in
reservoirs, a significant part may remain in intermediate
storage on slopes, in alluvial fans, as colluvium along foot-
slopes and as outwash on plains.

Climate, topography and soil characteristics are important
physical factors affecting the amount of erosion. The
Mediterranean region is particularly prone to accelerated
soil erosion because it is subject to long dry periods,
followed by heavy bursts of erosive rain, falling on steep
slopes often with shallow soil low in organic matter. The
introduction of agriculture and grazing during Neolithic
times (6000-8000 years ago), in and around the
Mediterranean Basin, marked the start of progressive forest
clearance which has continued until the present day. A well
known example of one of the effects of this is the Ebro
Delta, the growth of which is linked to deforestation and
expanding agricultural activities that took place between
the Middle Ages and the 19th century. In parts of the
Mediterranean region, erosion has reached a stage of
irreversibility such that, in some places, erosion has
practically ceased because there is no more soil left. This
contrasts with NW Europe where there is less loss of soil,
because rain falls mainly on gentle slopes and is more evenly 

Erosion causing a 1m deep rill in the Severn Valley UK, 
January 2001 (PNO).

distributed throughout the year than in the south.
Consequently the area affected by erosion is less extensive
than in southern Europe. However, erosion is still a serious
problem, particularly off-site, in northwest and central
Europe, and is on the increase largely as a result of sheet
erosion on bare soil surfaces, the area of which has increased
significantly in Europe since the Second World War.

There are very few sites in Europe where soil erosion has been
or is still being monitored but the measurements of soil loss
that do exist show average rates varying from less than 0.5
to more than 200t/ha/yr. The highest losses, sometimes as
high as 500 t/ha/yr, have been measured following single
storm events of short duration but with heavy rain falling on
bare soil surfaces. Erosion literature commonly identifies
‘tolerable’ rates of soil erosion, but these usually exceed the
rates that can be balanced by natural weathering of parent
materials to form new soil particles. 

Soil loss in some places may be considered acceptable from
an economic standpoint but some modern cultivation
methods are causing overall erosion rates that are becoming
increasingly unacceptable from a long-term point of view.
Two examples of this are the use of herbicides to kill the
vegetation on the ground in olive groves and vineyards, thus
reducing competition for water and nutrients, and cereal
cultivation on hilly land previously in pasture for stock
rearing. Both these systems currently receive financial
support from the European Common Agricultural Policy yet
are visibly degrading the land. It is clear that on some
productive land there is an overall loss of soil material that
is becoming irreversible. By contrast, there are some ancient
farming systems that have proved to be sustainable over a
long period, for example the dehesas in Spain, the montados
in Portugal and the bocage in France. Unfortunately, these
systems tend to be labour intensive and mainly practised by
the older people in rural communities. 

The above maps show the relationship between erosion and organic matter levels in soil.  The map on the left shows estimated soil erosion rates for Spain, Portugal and southwestern France (see Page 102). Areas
with very low erosion rates are indicated in green while high-risk zones are red or purple.  The map clearly highlights the problems of soil erosion in Andalucia, along the Tajo Valley and just north of the Pyrenees.
The map on the right shows the levels of organic carbon in the topsoil.  Note the close correspondence between the areas of low organic carbon (shown in grey) and the high risk of erosion (RJ).
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increasingly unacceptable from a long-term point of view.
Two examples of this are the use of herbicides to kill the
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rearing. Both these systems currently receive financial
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are visibly degrading the land. It is clear that on some
productive land there is an overall loss of soil material that
is becoming irreversible. By contrast, there are some ancient
farming systems that have proved to be sustainable over a
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in Portugal and the bocage in France. Unfortunately, these
systems tend to be labour intensive and mainly practised by
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The above maps show the relationship between erosion and organic matter levels in soil.  The map on the left shows estimated soil erosion rates for Spain, Portugal and southwestern France (see Page 102). Areas
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3 . 5  M I L J O E N  M E N S E N  M O E T E N  D E  S T R E E K  
V E R L AT E N  



Beschavingen worden niet omver geworpen,  
ze worden ondergraven

C O N C L U S I E  2



E N  VA N D A A G ?  



1/3 van de bruikbare bodem verloren

De qualiteit van de rest is bijna overal         
matig, slecht of heel slecht









E N K E L E  V O O R B E E L D E N  U I T  O N Z E  P R O J E C T E N



DE KEMPEN ca. 3000 BC tot nu 
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European soil : a global perspective

Northern latitudes

A Cryosol from northern Russia.  The wet base of the section is the continuously frozen ground known as permafrost.  The bluish-grey zone is known as an active layer where
cycles of freezing and thawing cause cryoturbation and mix organic matter into the soil (EM).

A striking example of a Podzol.  The pale leached topsoil indicates a loss of iron oxide coatings which
subsequently accumulate in the reddish-brown“iron pan” horizon lower down the profile (EM).
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The dune ridge of the Hoge Mierdse Heide has a high soil varia-
tion, summarized as ZAg. Blow-outs, a low zone with micropod-
zols on stratified cover sands and local small sand accumula-
tions, a ‘plateau’ with stongly devel-
oped profiles and steep ridges to the 
depression. Old sunken road traces 
with podzols on the shoulders cross 
the dune ridge. 

Near the top of this ridge, a beautiful, 
very well developed and undisturbed 
dry Podzol profile can be seen. It is 
used as a ‘textbook example’ of the soils in the outfields for edu-
cational purposes and to illustrate typical soil genesis in the area 
in relation to heathland development and the history of the 
Campine area in general. The profile is part of an area where 
heathland restoration activities were performed (LIFE project), 
i.e. plaggen to reduce dominance of grass species and removal 
of pine trees). This site is a nice example of the 10% set-aside 
rule, described in the soil and heritage protection strategy of 
Landscape the Liereman (vide infra). Zones with exceptional pro-
files are set-aside from the plaggen management, to maintain 
their undisturbed upper horizons. In an era where soils are af-
fected by anthropological disturbances at an alarming rate, this 
should be considered an essential aspect of conservation (for 
more information please visit: www.echosoil.khk.be).

5. HOGE 
MIERDSE HEIDE 

29

Tracé van oude weg door de heide.
Holle weg in vlak terrein, uitgesleten, uitgestoven.
Links op ‘schouder’ podzol, in het tracé zelf niets, rechts op ‘schouder’ podzol.

10

PODZOLS
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PODZOLS ANTROSOLS
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Z A N D  O F  N I E T,  D E  K E M P E N  B L E K E N  
U I T Z O N D E R L I J K  C R I S I S B E S T E N D I G !



Mt. KILIMANJARO ca.1900 tot nu 



Mt. KILIMANJARO ca.1900 tot nu 

NITISOLS



Mt. KILIMANJARO ca.1900 tot nu 

NITISOLS



‘Kihamba’Plantage



PROBLEEM RAMPL A N D D E G R A D AT I E

V R I J W E L  G E E N  L A N D S L I D E S  M E E R  O P  M T  
K I L I M A N J A R O !



DE ETHIOPISCHE HOOGLANDEN 1984 tot nu 



“The closest thing to hell on earth” 

M. Burck BBC 



“The Green Miracle of Northern Ethiopia”  
“The Ethiopian Renaissance” 



PROBLEEM RAMPL A N D D E G R A D AT I E

2 0 1 5 :  E R G S T E  D R O O G T E  I N  3 0  J A A R



Tot een leider beslist om op een buurvolk te schieten…



We hebben de wetenschap en de technologie 
om bodems en hun samenlevingen weer 

gezond te maken,  
die zijn niet eens zo moeilijk en ook niet duur

C O N C L U S I E  3



Dan zijn we dat toch  
overal aan het doen !? 



V E R R A A D
Dit is een verhaal van  

C O N C L U S I E  3 B I S :



Et tu, Brute?   



Bouwen jullie mee aan gezonde samenlevingen 
met gezonde bodems?  



(en gaan jullie het lelijke bruine kloddertje 
voortaan vervangen door een prachtig 

bodemprofiel?)



karen.vancampenhout@kuleuven.be en @k_oron op Twitter

H A RT E L I J K  D A N K  V O O R  U W  A A N D A C H T !  
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