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SUMMARY
In 2009, the European Commission extended the periodic Land Use/Land Cover Area Frame Survey (LUCAS)
to sample and analyse the main properties of topsoil in 23 Member States of the European Union (EU). This
topsoil survey represents the first attempt to build a consistent spatial database of the soil cover across
the EU based on standard sampling and analytical procedures, with the analysis of all soil samples being
carried out in a single laboratory.
Approximately 20,000 points were selected out of the main LUCAS grid for the collection of soil samples. A
standardised sampling procedure was used to collect around 0.5 kg of topsoil (0-20 cm). The samples were
dispatched to a central laboratory for physical and chemical analyses.
Subsequently, Malta and Cyprus provided soil samples even though the main LUCAS survey was not carried
out on their territories. Cyprus has adapted the sampling methodology of LUCAS-Topsoil for (the southern
part of the island) while Malta adjusted its national sampling grid to correspond to the LUCAS standards.
Bulgaria and Romania have been sampled in 2012. However, the analysis is ongoing and the results are not
included in this report.
The final database contains 19,967 geo-referenced samples.
This report provides a detailed insight to the design and methodology of the data collection and laboratory
analysis.
All samples have been analysed for the percentage of coarse fragments, particle size distribution (% clay,
silt and sand content), pH (in CaCl2 and H2O), organic carbon (g/kg), carbonate content (g/kg), phosphorous
content (mg/kg), total nitrogen content (g/kg), extractable potassium content (mg/kg) , cation exchange
capacity (cmol(+)/kg) and multispectral properties.
Subsequently, heavy metal content is being analysed but the result are not yet available and thus not
included in this report.
Based on the results of the survey, the regional variability of topsoil properties within the EU has been
assessed and a comparative soil assessment of European regions and countries is presented.
A series of predictive maps have been prepared using digital soil mapping methodologies that show the
variation of individual parameters across the EU. In addition, the data have been used in studies to
determine the SOC stock of the uppermost 20 cm of soil in the EU.
While the LUCAS approach is designed for monitoring land use/land cover change, potential bias in the
sampling design may not necessarily capture all soil characteristics in a country.
Finally, a customised application has been developed for web browsers that allow users to view and query
the LUCAS dataset in a variety of ways.

KEYWORDS : European Union – Topsoil – Land use - LUCAS – Land use change – Land cover – EU Soil Thematic
Strategy – Digital soil mapping – Viewer
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KEY MESSAGES
x

In 2009, 19,967 topsoil samples with unique geo-referenced locations were collected in 23
Member States of the European Union under the periodic Land Use/Land Cover Area Frame Survey
(LUCAS).

x

Subsequently, Malta and Cyprus provided soil samples even though the main LUCAS survey was not
carried on their territories.

x

This topsoil survey represents the first attempt to build a consistent spatial database of the soil
cover across the European Union based on standard sampling and analytical procedures.

x

Around 0.5 kg of topsoil (0-20 cm) was collected at each soil sampling site.

x

The samples were dispatched to a central laboratory for physical and chemical analyses.

x

Bulgaria and Romania were sampled in 2012. The analysis of these data are not included in this
report

x

The survey provides an assessment of the regional variability of topsoil properties within the EU.

x

Areas above 1000 m were not sampled.

x

43% of all samples were collected from croplands. The corresponding area of croplands for the EU241 is approximately 34%.

x

Limitations in the sampling design and possible limitations in the modelling process may mean that
procedures to develop continuous mapping of soil parameters may not capture all spatial variation.
Consequently, certain areas may be subject to high uncertainty.

x

The characteristics of the topsoil (i.e. the uppermost 20 cm) may be very different to those deeper
in the soil body.

x

There is an under sampling of peat soils in the Mediterranean region.

x

Some soil types are likely to be under represented (e.g. saline, shallow, urban).

x

The LUCAS database provides an excellent basis to assess changes in topsoil characteristics across
the EU.
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LUCASTOPSOILSURVEYMethodology,dataandresults

1. Introduction
Gergely Tóth and Luca Montanarella
Soil information is essential for agricultural and environmental planning and monitoring. The availability of
soil information in the Member States of the European Union (EU) varies greatly in many regards, including
their scope, spatial representativity, date of collection sampling designs and analytical methods (Jones et
al., 2005; Morvan et al., 2008). The variability of this information makes any pan-European comparative
assessment difficult. However, there is an increasingly strong demand for soil data and information from
policy makers to assess the state of soils at European level (COM(2006) 231, COM(2011) 571, COM(2012)
46; Panagos et al. 2012). To serve this demand, the European Commission has extended the periodic Land
Use/Land Cover Area Frame Survey (LUCAS) of the territory of the EU to sample and analyse the main
properties of topsoil across the Union. This topsoil survey - although limited to the upper layer of soil cover
(usually regarded as the uppermost 20-30 cm) - represents the first effort to build a consistent spatial
database of the soil cover across the EU based on standard sampling and analytical procedures, with the
analysis of all soil samples being carried out in a single laboratory. In addition, the LUCAS Topsoil Survey
has the potential to be the basis for an EU wide harmonised soil monitoring.
It is important to emphasise that the purpose of the LUCAS Topsoil Survey is to allow the production of
statistics on soil characteristics with a harmonised methodology at EU level. It is underlined that the
collected information will be used only for the production of EU or regional scale statistics and will not
contain any information of personal or land properties character. The survey is not designed for compliance
controls. Furthermore, given the relatively limited number of points analysed and their spatial distribution,
results cannot be considered representative of local conditions and certainly not of field conditions.
In this report, a detailed insight to the design and methodology of the LUCAS topsoil sampling and
laboratory analysis is provided. Based on the results of the survey, the regional variability of topsoil
properties within the EU is assessed. In this report, the differences in characteristics by soil attributes by
main climatic regions, and by major land use/cover types, were evaluated. In addition to the introduction to
the LUCAS survey, the results of a comparative soil assessment of European regions is presented.

1.1 Principles of the LUCAS Topsoil Survey
The LUCAS Programme started in 2001 as an area frame survey organised and managed by Eurostat (the
statistical office of the European Union). The survey is based on the visual assessment of parameters that
are deemed relevant for agricultural policy. Since 2006 the sampling design is based on the intersection of
a regular 2 km x 2 km grid covering the territory of the EU. This results in around 1,000,000 georeferenced points. Each point has been classified according to seven land cover classes using
orthophotographs or satellite images (Eurostat 2012). A sub-sample of around 200,000 points were
selected for twenty-three Member States (EU-27 except Bulgaria, Romania, Malta and Cyprus) as a
representative sample for the LUCAS 2009 survey as control points for the survey.
With the scope of creating the first harmonised and comparable data on soil at European level to support
policymaking, Eurostat, together with the European Commission’s Directorates-General for Environment (DG
ENV) and the Joint Research Centre (JRC) designed a topsoil assessment component (‘LUCAS-Topsoil’)
within the 2009 LUCAS survey.
From the subset of 200,000 points of the general LUCAS survey, some 20,000 points were selected for the
collection of soil samples using a standardised sampling procedure. These soil samples, weighting about
0.5 kg each, were dispatched to a central laboratory for physical and chemical analyses.
Subsequently, Malta and Cyprus provided soil samples even though the main LUCAS survey was not carried
on their territories. Cyprus has adapted the sampling methodology of LUCAS-Topsoil for (the southern part
of the island) while Malta adjusted its national sampling grid to correspond to the LUCAS standards.
1



LUCASTOPSOILSURVEYMethodology,dataandresults
The total number of soil samples collected in the frame of the LUCAS-Topsoil 2009 Survey for twenty-five
Member States of the EU (EU-27 except Bulgaria and Romania) with exact geographical coordinates is
19,967.
The Soil Action of the JRC’s Institute for Environment and Sustainability was entrusted with the training of
surveyors, management of sample logistics and execution of the analytical process of the 20,000 soil
samples from the survey. All samples were registered and visually checked; mineral soils were air-dried and
properly re-packed. After this registration and pre-treatment process, the samples were shipped for
laboratory analysis. The samples analysed for particle size distribution and coarse fragments content,
organic carbon, pH, multispectral reflectance, exchangeable acidity, carbonates content, total nitrogen,
soluble phosphorus and potassium, cation exchange capacity and heavy metals content.
The portion of the soil samples remaining after the completion of the laboratory analysis will be stored in
the JRC’s European Soil Repository.

2
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2. Soil sampling methodology
Florence Carre, Ezio Rusco, Gergely Tóth, Arwyn Jones, Ciro Gardi and Vladimir Stolbovoy

2.1 Methodology for the selection of soil sampling sites
During the preparatory phase of the LUCAS-Topsoil Survey, the main issue was to design the most
meaningful method for site selection. An appropriate survey design will allow the most diverse utilisation of
the results without compromising their scientific merit.
Two options seemed to be appropriate to follow. The first option was similar to the approach of the general
LUCAS survey by taking the soil samples along a regular grid by systematically selecting 10% of the
general LUCAS points according to a geometrically even distribution. This approach is applied in many
national soil monitoring schemes (e.g. Denmark, UK, see Van Camp et al. 2004). The second option, which is
also applied in established soil monitoring systems (e.g. France, Hungary, Poland, see Van Camp et al.,
2004), was to establish a stratified sampling scheme based on land use and terrain information. The
LUCAS Topsoil Survey, apart from providing a basis for possible future soil monitoring, was also meant to
build soil data to support mapping purposes. Since soil mapping, even topsoil mapping is best performed if
design-based, a multi-stage stratified random sampling approach (McKenzie et al. 2008) was chosen.
The following land use and terrain data (called covariates in the following text) were available on the
European scale for the stratification of sampling location: elevation, slope, aspect (orientation of the slope),
slope curvature and land use.
The CORINE LANDCOVER 2000 dataset (CLC2000; 100 m resolution) was used for calculating the
percentage area of each land use type. Since one of the aims of the LUCAS Topsoil Survey was to collect
information that will allow both pan-European and interregional comparisons of soil status, land use
percentages were calculated for each country that participated in the survey. The number of selected points
was proportional to the percentage of land use coverage for each country. Due to the availability of soil
data for forest land from the BIOSOIL exercise (Hiederer & Durrant 2010), a decision was taken to transfer
1/3 of the ‘forest’ points to arable land and grassland areas. In addition to the CLC2000, 90 m elevation
data from the Shuttle Radar Topography Mission (SRTM) were included in the spatial stratification to derive
altitude, slope, curvature and aspect data. Since the minimum distance between the points of the general
LUCAS survey is 2 km, the covariates which were initially resampled at 1 km resolution, have been
transformed into 12 km resolution. A maximum of 36 LUCAS samples can occur in a 12 km by 12km grid
cell.
For the stratification, each landform attribute was divided into 8 quantiles (classes), meaning that in every
quantile the number of pixels is the same. The quantiles of each landform attribute and the land use
classes were combined leading to a number of approximately 20,000 strata (landscape elements with
internally consistent characteristics) which were mapped (the quantile combination lead to different
number of pixels per stratum). The strata which were in a raster form have been transformed into vector to
obtain a unique value of the strata in each location. By this method, 30,795 unique strata (polygons) are
assigned for the EU. The polygon number was attached to each LUCAS point. Within each polygon, the
number of points per land use was calculated. If for each land use, the number was higher than three, the
points were selected. Within the selected point subset, a random number between 1 and n (where n
represents the total number of points per polygon and per land use, being higher than 3) was allocated for
defining the triplet order (choice 1, choice 2 and choice 3 – see the next section for an explanation of the
triplet concept). For each country, if the number of triplets per land use was insufficient, the polygons
having more than 6 points (for the specific land use) allowed the selection of other triplets. This process
continued until the maximum possible number or the expected number of points per land use was achieved.
If the number of triplets per land use was higher than what was expected, the triplets with the highest
number of pixels (the most representative) were ranked and selected. In any case, when one land use was
3
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underestimated another land use (if possible arable land, grassland and permanent crops since they are
the most difficult to sample) was overestimated.
This approach allowed the selection of sampling locations proportional to the surface areas of each country
and the main land use types within each country.
Due to lower spatial accuracy of the CORINE land cover compared to the actual LUCAS point data, there can
be some difference in the planned vs. surveyed land covers/ land uses at the individual survey points.
Distribution of the sampled sites across major land use classes by countries are given in Table 2.1.
389285Table 2.1 LUCAS 2009 Topsoil samples by countries and main land uses*



Country
Austria
Belgium
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Italy
Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Slovakia
Slovenia
Spain
Sweden
UK
Total

Total
number of
samples
420
71
90
431
232
220
1716
2952
1947
491
497
233
1333
349
356
3
19
211
1648
476
268
112
2696
2256
942
19967

Cropland
annual
crops

Cropland
permanent
crops

145
35
25
227
166
54
314
1525
928
150
314
11
549
78
137
1
1
88
829
45
111
8
1321
185
354

3
1
9
6
1
1
88
27
100
6
268
1
1
21
71
2
1
419
1026

7601

Woodland

Shrubland

Grassland

121
15
14
88
25
103
1261
380
410
64
60
19
127
126
69
2
22
304
193
83
68
215
1802
72

6
14
2
2
5
22
53
3
60
4
9
39
8
2
11
52
7
3
105
47
21

134
18
25
95
34
54
94
830
549
88
104
174
285
132
141
9
88
446
99
64
32
350
146
458

5643

475

4449

*The numbers given in this table correspond to samples which can be uniquely associated to a geographical reference.
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2.2 The triiplet concep
pt in survey
y design
The surveyyors received
d a list of triplets of points
p
belon
nging to thee same land
d cover classs within th
he
surveyed area. A triplett is a group of three LU
UCAS ID poin
nts that have common properties,
p
such as slopee,
aspect and land cover. Triplets werre establisheed to hold alternative
a
lo
ocations for the surveyo
or to collect a
soil samplee should the initial LUCAS
S ID point deesignated for the collection of a soil sample not be physicallly
accessible. The surveyo
or collected a sample form only onee point of ea
ach triplet. Th
here is no priority amon
ng
the points oof each tripllet. The survveyor had th
he freedom to choose th
he point form
m where thee soil samplle
was collected according
g to his dailyy route. As a general rulle, the surveeyor had to collect
c
the so
oil sample on
o
the first po
oint they cho
oose to sam
mple in a triplet. If the sample
s
coulld not be co
ollected at the first poin
nt
chosen, theere was still the possibility to visit the second and
a the third
d point and collect
c
the soil
s sample in
i
one of them
m. When a sa
ample is takken in any on
ne point in th
he triplet, fu
urther sampling from thee same tripleet
was unneed
ded.
2.3 Soil sa
ampling
Samples weere collected
d from the designated
d
locations by a process of
o compositee sampling. Five soil sub
bsamples w
were taken at
a each sam
mpling site and a mixtture of thesse soil sam
mples were taken to th
he
laboratory. The followin
ng principles were applied at the sam
mpling location:
x

Thee soil samplee must represent the areea characteriised by the LUCAS
L
point..

x

Thee central sub
b-sampling lo
ocation coinccides with th
he LUCAS point.

x

Thee other fourr sub-samplles are colleected at a distance of two meters from the central sub
bsam
mpling location in the sha
ape of a cross.

The samplin
ng methodollogy is illustrrated by figu
ure 2.1.

F
Figure
2.1 Su
ub-sampling methodolog
gy for a com
mposite sampple.

In mineral ssoils, vegeta
ation residuess and litter were
w
removeed from the surface and
d the topsoil was sampleed
to an appro
oximate deptth of 20 cm. In case of peat, organic material was
w sampled
d. A ”minerall” topsoil ma
ay
still contain
n fine roots, their parts and
a brownish homogeneeous organicc materials, , which wou
uld have beeen
removed byy the centrall soil samplin
ng laboratorry through sieving in accordance with
h established procedures.
The five sooil samples were
w
placed together in a plastic co
ontainer. By mixing thesse sub-sampples togetheer,
the required
d composite samples weere prepared
d. At each loccation about 500 grams of the compposite samplle
were taken and placed into labelled
d plastic bags.
5
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Samples were collected in proportion to the area and in the participating countries (Table 2.1). From the
total of 19,967 samples, more than 96% of the samples originated from the five main land cover types
(Table 2.1). Remaining soil samples are from other land uses.
In addition to the 2009 survey, the same methodology was extended in 2012 to Bulgaria and Romania,
where 664 and 1427 topsoil samples, respectively, were collected. This report does not contain the results
of the analyses on these soil samples, which are still to be completed.

2.4 Spatial representativity of the data
The purpose of the LUCAS soil survey was to establish baseline values of topsoil properties on the selected
sampling points as a reference to enable future comparisons. LUCAS soil points are representative for the
land use and topography within each country, to different degree, depending on the heterogeneity of land
use and topography of the country. LUCAS survey does not cover areas above 1,000 m in elevation.
The selection of the soil sampling sites has an inherent bias towards agricultural land (predominantly under
arable cultivation), followed by grasslands and woodlands. This means that results based exclusively on
LUCAS soil samples may over represent properties from the more heavily sampled conditions whiles underrepresenting others (Fig. 2..2). Specific examples include rough grazing and wetlands. This bias may limit
the spatial extrapolation of the data to heavily sampled land cover classes. More research is needed in this
area, especially in relation to the production of more detailed maps (e.g. 1 km cells or finer).
The survey was designed to allocate sampling points with similar densities in each country, rather than to
allocate sampling points according to soil heterogeneity in different regions in the EU. The first approach is
often used for monitoring schemes, while the second approach is the basis of systematic soil survey for
mapping purposes. As one country might have very different soil heterogeneity from another (for details
see Ibáñez et al., 2013), soil samples of the LUCAS survey differ to a great extent, regarding the area
representation is concerned.
The applicability of the LUCAS soil survey for soil mapping – as it was not designed for this purpose - is
therefore possibly problematic. Another limitation of the LUCAS soil data for soil mapping arise from the
fact that it only includes information on the topsoil. Soil maps are based on surveys that sample full soil
profiles and make spatial relationships between soil properties in a three dimensional space, usually
represented on two dimensional map sheets.
Spatial representativity of soil samples of full profiles in a survey designed for soil mapping depends on
the pedological heterogeneity of the area. Table 2.2 provides an overview in this respect. When assessing
LUCAS soil data against the criteria of international soil survey guidelines, we can assume that it might be
regarded as an exploratory survey. As information on subsoil properties are not available, this hypothesis
needs to be carefully taken, since soil survey needs to take subsoil information into account as well.
On the other hand, digital soil mapping techniques which include auxiliary variables (land cover, climate
etc.) might improve spatial accuracy of soil mapping, compared to traditional methods. However, there
needs to be further research into the strength of the relationships between soil characteristics and common
covariates such as land cover and elevation (i.e. a similar land cover types may occur on different soil types
while conversely, different land cover units may occur on a single soil type, especially if one involves
farming practices). Assessing the representativity of the LUCAS soil sampling sites against pan-European
soil variability has yet to be carried out and may require significant effort.
It is worth reflecting that the full LUCAS land use/land cover survey utilises 250,000 samples to validate
changes in the vegetative properties of the European land surface – a characteristic that can easily be
visualised by satellite or airborne sensors. One could argue that the 10% sample used in the topsoil survey
are nowhere near sufficient in number to spatially categorise in detail the complexity of soil patterns
across the EU. An interesting analogy can be drawn from the current exercise to complete the soil mapping
of ‘terra incognita’ in the Republic of Ireland where a comparable number of samples have been collected
to categorise the soils of around 50% of the country (approximately 2% of the EU).
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Table 2.2 Relationshiips between the
t goal of thee soil survey, sampling den
nsity and scale of derived soil
s maps*
(The table iss indicative to
o soil surveys designed for soil mapping)
Area
Indicativee scale
m and level of
Purposse and use off the
a represented
Kind oof survey or map
intenssity
of the survey resultts
by one sample
of publish
hed
(ha)
maps
precision farming
specia
al; executive
> 1:1000
0
<1
(intenssive, level1)
purposse – within pa
arcel
1-50
detaileed
specia
al; executive
0
1:1000 –
(field scale,
s
level 2))
purposse – for parceel
1:10.000
0
semi-d
detailed
genera
al and speciall;
50-1
1000
1:10.000
0–
(farm to regional sccale, level 3)
planning puropse
1:100.00
00
reconeessaince
genera
al; planning
1000
0 – 5000
1:100.00
00 –
(regionnal scale, leveel 4)
purposse
1:250.00
00
reconeessaince
al; orientation
n
0 – 20000
1:250.00
00 –
genera
5000
(regionnal to nationa
al scale, level 5)
purposse on nationa
al
1:500.00
00
scale
> 20
explorratory surveyss and
genera
al; orientation
n
0000
< 1:500.0
000
compilations (national to
purposse on continen
ntal
continental scales, level 5)
and gllobal scale
x Based
B
on the works of: Barranyai et al. (1
1989), Dent & Young (1981) Legros (19
996), Curlik & Surina (1998
8),
1958), Hengl & Husnjak (20
006), Rasio & Vianello (199
95) Szabolcs (1966)
(
and Western
W
(1978
8).
Garkusa (1
x

Figure 2.2 D
Density of LUC
CAS topsoil sa
ampling as measured by th
he number of sites in a grid
d of 10 km. x 10 km. Areass
with no orr low numberss of sampling sites may lea
ad to certain soil
s types bein
ng under reprresented or missing
m
in the
da
atabase. Also these areas may give risee to uncertaintties in modellling exercises (see chapter 7).2


2

http://eusoils.jrc.ec.europpa.eu/library/th
hemes/erosion/Erodibility/
7



LUCASTOPSOILSURVEYMethodology,dataandresults
In summary – LUCAS data are representative on regional (NUTS 2) to country level for areas below 1,000
m elevation across the EU. They are, however, not representative of local conditions and certainly not of
specific field conditions.
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3. The LUCAS Topsoil Database version 1.0
Gergely Tóth

3.1 Database properties
Version 1.0 of the LUCAS Topsoil database includes analytical data from topsoil samples with unique georeference for each sample taken during the 2009 LUCAS exercise, covering 23 EU Member States (Eurostat
2013) and the complementing surveys in Cyprus and Malta.
The complete dataset includes data from 19,969 samples from 25 Member States (see table 2.1 in chapter
2). The LUCAS Topsoil data are stored in three formats: (1) MS Excel worksheet (2) Text file and (3) MS
Access relational database.
The Excel worksheet is configured as 17 fields (columns): 4 fields with identifiers and 13 fields with soil
attribute information (Table 3.1).
The text file stores the results of the measurement of the multispectral reflectance of soil samples (Table
3.2).
The Excel worksheet and the text file are distributed to the general public through the European Soil Data
Centre. Access is provided through the URL:
http://eusoils.jrc.ec.europa.eu/projects/lucas/data.html

Data from the LUCAS Topsoil Survey can also be viewed using the ESDAC Web-Tool, accessible from the
above site. For details of the ESDAC Web-Tool see chapter 10 of this report.
Soil attribute data of individual LUCAS Topsoil samples can be linked to databases of the general LUCAS
land use and land cover survey through POINT_ID.
Please note that in some cases the predefined LUCAS point location could not be physically accessed. In
these cases the land use / land cover assessment was performed from a point in its vicinity, but pertaining
to the planned LUCAS location. The soil sampling was done at that point.
The location of soil sampling is registered by Global Positioning system (GPS) coordinates. (GPS_LAT and
GPS_LONG). There may be an imprecision in the GPS coordinates, therefore GPS_LAT and GPS_LONG are
given for orientation purposes only.
For Cyprus and Malta, there are no ‘official’ LUCAS points but only points were soil sampling was
performed.
For some soil sampling locations (ca. 70), the GPS coordinates are not available. In these cases, the
coordinates of the general LUCAS survey points can be used to orientate about the soil sampling location.
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Table 3.1 Fields in the LUCAS Topsoil v1.0 database

Field
Code

Units/Values

Description3

Relevance

POINT_ID

LUCAS point

Unique identifier of the LUCAS survey point

8 digit number

coarse

soil sample

coarse fragments

in %

clay

soil sample

clay content

in %

silt

soil sample

silt content

in %

sand

soil sample

sand content

in %

pH_in_H2O

soil sample

pH measured from water solution

-

pH_in_CaCl

soil sample

pH measured from CaCl solution

-

OC

soil sample

organic carbon content

g/kg

CaCO3

soil sample

CaCO3 content

g/kg

N

soil sample

Nitrogen content

g/kg

P

soil sample

Phosphorus content

mg/kg

K

soil sample

Potassium content

mg/kg

CEC

soil sample

Cation Exchange Capacity

cmol(+)/kg

Notes

soil sample

additional observations

free text

sample_ID

soil sample

Unique identifier of the soil sample

3 to 7 digit number

GPS_LAT

soil sampling
location

Latitudinal GPS coordinate of the soil
sampling location (WGS84)

GPS_LONG

soil sampling
location

Longitudinal GPS coordinate of the soil
sampling location (WGS84)

decimal degrees
NA = No signal / No GPS
information available
decimal degrees
NA = No signal / No GPS
information available

Table 3.2 Information stored in textile (multispectral properties) of the LUCAS Topsoil data v1.0

Code

Description

##SAMPLE NAME

Sample ID (duplicates)

##SPECTRUM

Wavelengths of the measurement (400-2499.5 nm) and
measured reflectance (nnn,nn; n,nnnnnn)

Data on land cover/ land use at the LUCAS points can be accessed from the website of Eurostat:
http://epp.eurostat.ec.europa.eu/portal/page/portal/lucas/data
This website provides detailed information on the methodologies and classifications of the LUCAS 2009
survey.

A relational database structure was also developed to store data to facilitate data management including a
possible future update, and maintain information on data quality and extension with new attribute
information (Figure 4.1).

3

For reference methods see chapter 3.2
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The database includes four tables:
1. LULCdata table stores information on land use/cover from each LUCAS point;
2. PosCoord table stores information on the geographic position of the LUCAS points including country,
climatic region and geographic coordinates;
3. SoilData table stores results of laboratory measurements of key soil attributes. On completion,
data from the analysis of heavy metals levels will be included in this table;
4. QAinfo table stores information on the results of consistency/quality assessment of the data.

Figure 3.1 Structure and content of the LUCAS Topsoil Database V1.0

The Access database is stored in the European Soil data Centre (ESDAC) at the Joint Research Centre and
used for database management purposes.

3.2 Methods of laboratory analysis of samples
Table 3.2 shows the list of measured parameters, together with the methodologies used and precision of
measurement records.
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Analysis of the soil parameters followed standard procedures (see literature for the applied ISO methods).
The same methods were used in the Biosoil Survey4. Coarse fragments were measured in the first phase of
the analysis. Diffuse high resolution reflectance spectra were collected for all samples using a spectroscope
measuring a continuous reflectance spectrum from 400 to 2500 nm with 0.5 nm spectral resolution. These
measurements followed the protocol of the Soil Spectroscopy Group (SPS 2011) and the procedures
prescribed by the FOSS spectroscope (FOSS 2009).
Laboratory analysis of the samples was performed between December 2009 and June 2011.
Analysis of soil samples are currently extended to measure additional elements, including Ag, Al, As, Ba, Cd,
Co, Cr, Cu, Fe, Hg, Mg, Mn, Mo, Ni, Pb, Sb, Se, Ti, V and Zn.
Results are foreseen for 2014.

Table 3.2. Soil parameters of LUCAS-soil samples analysed in 2009-2011

4

Parameter

Unit

Coarse fragments
Particle size distribution
Clay content
Silt Content
Sand Content
pH(CaCl2)
pH(H2O)
Organic carbon
Carbonate content
Phosphorus content
Total nitrogen content
Extractable potassium content
MULTISPECTRAL Properties
(With diffuse reflectance measurements
saturation)
Cation exchange capacity

%
%
%
%
g/kg
g/kg
mg/kg
g/kg
mg/kg

Decimal
s
0
0
0
0
2
2
1
0
1
0
1

Method/
Standard
ISO 11464. 2006
ISO 11277. 1998

ISO 10390. 1994
ISO 10390. 1994
ISO 10694. 1995
ISO 10693. 1994
ISO 11263. 1994
ISO 11261. 1995
USDA, 2004
FOSS Manual 2009

cmol(+)/kg

1

ISO 11260. 1994

http://eusoils.jrc.ec.europa.eu/esdb_archive/eusoils_docs/other/EUR24729.pdf
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3.3 Quality assurance in data preparation
A series of quality control procedure were applied throughout the survey, laboratory analysis and database
development. A uniform sampling design, standardised methodology and nomenclature have been applied
to secure the internal coherence of the data (Eurostat 2009). Surveyors were requested to follow precisely
described quality assurance procedures during field activities and sampling (Eurostat 2009). An internal
supervisor performed a second quality check, backed by internal quality control (QC) modules of the Data
Management Tool (Eurostat 2009). In the framework of Eurostat Quality Assurance Framework, the LUCAS
survey also underwent an external peer review process.
The quality control of the soil analysis was secured by the quality assurance (QA) accredited central
laboratory in several steps, including control of registration of samples, application of local reference
material, repeated analyses of randomly selected samples and a participation in the International SoilAnalytical Exchange Program (Szováti et al. 2011).
Raw soil data stored in the database (Figure 3.1) was assessed against pedological criteria set by soil
experts of the Joint Research Centre (see chapter 4). These included simple coherence measures (e.g. the
sum of sand+silt+clay fractions should equal 100%), flagging data with extreme values (e.g. pH) and with
controversial characteristics (e.g. extreme low pH and high CaCO3). An unreliability signal is associated to
each outlying sample in the QAinfo table of the relational database.
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4. Qualitycontrolofdataagainstpedologicalcriteria
Rannveig Guicharnaud

4.1 Pedological hypothesis tested
A pedological data quality control was conducted on the LUCAS soil dataset as to assess expected trends in
soils systems in terms of the soils pedology. These included;
(1) Correlations between soil organic carbon (OC) and nitrogen (N) as soil organic matter is
composed of both, carbon (C) and N in a relatively fixed ratio of 12:1 in mineral soils to around
30:1 in organic soils. Soil samples exhibiting ratio in excess of 40:1 need further consideration.
(2) Correlation between the soil cation exchange capacity (CEC) and clay with soil OC, as both are
important players in the soil CEC. The soil organic fraction is believed to account for 50-90 % for
the soil CEC due to the large amount of negatively charged surface sites available to bind cations.
Furthermore, clays are also an important contributor for cation exchange capacity due to
isomorphic substitution where Si+4 and Al+3 in clay crystal lattices are replaced with cations of lower
positive charge or by deprotonation of hydroxyl groups on clay surfaces leading to excess negative
charge available to bind cations from soil solution.
Additionally assumptions where made towards the fact that;
(1) Greater OC concentrations should be expected in forest/grassland soils compared to cropped
soils, as ploughing, which often is associated with cropped systems, increases soil organic matter
decomposition;
(2) Greater phosphorous (P) and potassium (K) where present in cropped soils compared to other
forest soils due to fertilizer application of cultivated soils;
(3) Higher pH was expected in cropped soils compared to organic soils (such as forest soils, wetland
soils, ≥20% OC), due to liming which is often associated with cultivation increasing the soil pH.
Moreover cultivated soils often have higher pH due to lower soil OC content and therefore lower
supply of organic acids;
(4) Calcium carbonate (CaCO3) was not expected at sites with low pH as its solubility is pH
dependent and it does not form under acidic conditions;
(5) Principal component analyses (PCA) was conducted on the LUCAS topsoil dataset to assess
which measured soil parameters (pH, CaCO3, CEC, clay, C%, N%, K, P, sand, silt, coarse)
differentiated soils from different land cover groups.

15



LUCASTOP
PSOILSURVEEYMethodo
ology,dataandresults
4.2
4 Results
Figure
F
4.1 gives
g
an oveerview of seelected relattionships of soil propertties in all sa
amples colleected in thee
LUCAS-Topso
L
oil Survey. In
I addition to displayin
ng the rangee of soil pa
arameters in
n the surveyy, the mostt
obvious
o
outlliers may ea
asily be dettected from this figure. Due to thee large num
mber of data
a points thee
dataset
d
is m
more conveniently sorted
d according to land use classificatio
on and/or co
ountries of oorigin and a
more
m
detaileed study ma
ay be conducted to iden
ntify outlierss and samples not dispplaying logica
al pedologicc
relationships
r
s.

Figure 4.1 Ovverview of selected relationships of soill properties (C
C:N vs OC%, P mg kg-1 vs pH CaCl2, C:N vs
v P mg kg-1,
N% vs OC%
%, CaCO3 vs pH CaCl2, K mg
g kg-1 vs clay % , CEC meq kg-1 vs OC%, CEC meq kg-11 vs clay %, OC
O % vs pH
CaCl2, P mg
g kg-1 vs clay %) in all samples collected
d in the LUCAS
S project in alll land cover groups
g
(cropla
and, forest,
bland, grasslan
nd, bare land,, peat and ma
arsh).
scrub
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As expected
d, strong positive correla
ations wheree found between N % and
a OC % in
n all soils an
nd land coveer
groups (crop, forest, gra
assland).

N%

N%

Figure 4.2 d
displays corrrelations bettween C % and N % in different land
d cover systeems (Fig. 4.2
2). This was in
i
agreement with the asssumptions made, that soil organicc matter is composed of both C a
and N and is
present in a relatively fixed
f
ratio off around 12:1 and abovee.

Figurre 4.2 Relationship betweeen N% and C%
% in different land cover syystems.
Black = Cropland, Reed = Forest, Green
G
= Scrubland, Purple = Grassland, Blue=
B
Bare lan
nd, Orange = Wetlands.
W
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CN
C:N

CN
C:N

The C:N rratios of soills were geneerally betweeen 10:1 and 20:1 and weere increased with eleva
ated C%, in
other woords the soilss became inccreasingly N depleted (Fiig. 4.3).

Figure 4.3
4 Relationsh
hip between C:N ratio and C%
C in differen
nt land cover classes.
c
Black = C
Cropland, Red = Forest, Greeen = Scrubland, Purple = Grassland,
G
Blu
ue = Bare land
d, Orange = Wetlands
W
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CEC (meq kg-1)

CEC (meq kg-1)

Generally, there wa
as a strong positive rela
ationship beetween the soil
s CEC and
d the soil cla
ay content in
i
cropland, forest an
nd grassland
d systems (FFig. 4.4), suppporting thee theory thatt clays are an importan
nt
contribu
utor for soil CEC due to their
t
reactivee surfaces.

Clay vs CEC

Figure 4.4 Relationsships between
n soil cation exxchange capa
acity CEC and soil clay conttent in differeent land coverr
systemss.
ubland, Purplee = Grassland,, Blue = Bare land, Orange = Wetlands
Blackk = Cropland, Red = Forest, Green = Scru
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CEC (Cmol)
(C l)

CEC (C
(Cmol)
l)

There wa
as likewise generally
g
a positive
p
correelation betw
ween the soill CEC and th
he soil OC (Fig. 4.5). Thiss
is in agreeement with OC organic matter being negativelyy charged inccreasing the soil CEC.

Figure 4
4.5 Relationsh
hips between soil cation exxchange capaccity CEC and soil
s OC conten
nt in differentt land cover
systems.
Black = Cropland, Red
R = Forest, Green
G
= Scrub
bland, Purple = Grassland, Blue = Barela
and, Orange = Wetlands.

Moreover, the soil CE
EC was the greatest
g
wheen both high clay concentration and C % where measured
m
in
soils (Fig
gure 4.6).

Figu
ure 4.6 Soil CE
EC dependencce on organic C % and clayy % in a selectted member state
s
country (Spain).
Grey doots represent cropland, red dots represent forests and
d purple dots represent gra
asslands. The size of the
al to CEC.
dots is proportiona
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Althoug
gh variabilityy was high inn all land usee classes, grrassland and
d forest soilss, demonstra
ated greater C
% levells than croppped soils (Figure 4.7). High
H
OC leveels are a cha
aracteristic of
o grassland
ds mainly du
ue
to their dense root system. In fo
orest soils, high
h
OC are related
r
to hu
umus rich topsoil layers.

Figure 4.7 Soil OC
C %. Black collumns represeent cropland, red columns represent
r
foreests and purpple columns
reepresent grassland. Error bars representt one standard
d deviation off means.

Croplannd soils dispplayed the highest
h
pH values of all
a land cover groups (Figure 4.8). Forest soils,
likewisee exhibited lower P levvels (Figure 4.9). This is commonlyy observed in forest sooils due to P
retained
d in minera
al-organic co
omplexes. It was assum
med that low
wer K conceentrations in
n forest soils
where a
attributed to
o lack of ferttilization and
d cation leach
hing which iss prominent at the low ppH (Fig. 4.10
0).
High sta
andard devia
ations of meeans for P an
nd K in grasssland soils are
a due to ou
utliers in thee dataset tha
at
have no
ot been remo
oved yet (Fig
gures 4.9 and 4.10).

Figure 4
4.8 Soil pH. Bla
ack columns represent
r
croppland, red collumns represeent forests an
nd purple columns represen
nt
grassland
d. Error bars reepresent one standard devviation of mea
ans.
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Figure 4
4.9 Soil P mg kg-1.Black collumns represeent cropland, red columns represent foreests and purpple columns
reepresent grasssland.
Error bars represen
nt one standa
ard deviation of
o means.

Figure 4.10 Soil K mg
g kg-1. Black co
olumns repressent cropland, red columnss represent forests and purrple columns
reepresent grasssland.
Error bars represen
nt one standa
ard deviation of
o means.
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CaCO3 (mg kg-1)

CaCO3 (mg kg-1)

In the LUCA
AS dataset, calcium
c
carb
bonate (CaCO
O3) notable concentratio
c
ons were onlyy observed at
a pH 6.5 an
nd
above (Figu
ure 5.11) which was expeected as CaC
CO3 is highly soluble under acidic con
nditions.

FFigure 4.11 Reelationships b
between soil CaCO
C
n different lan
nd cover classses.
3 and soil pH (CaCl2) in
Black = Cropland
d, Red = Forest, Green = Scrub
bland, Purple = Grassland, Bluee = Bare land, Orange
O
= Wetla
ands
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Principal
P
com
mponent ana
alyses revealed that the soil texture was a stron
ng factor diffferentiating
g forest soilss
from
f
other soils within th
he LUCAS so
oil dataset (FFigure 4.12).

Figure 4.12 Principa
al component analyses plott showing grouping of soil from
f
differen
nt land cover groups
g
in a
(
The vectors included are all measured
m
soill parameters within the
selected member state country (Hungary).
LUCAS soil dataset (sand, siltt, clay %, OC%
%, P mg kg-1, K mg kg-1, pH CaCl2).

Conclusions
From a pedological point of vieew, the LUCA
AS topsoil data
d
displayeed expected
d behaviour. Differencess
between the land co
over groups were obserrved as conttrasting abu
undance of the
t measureed variabless
than diffferent geochemical relattionships.
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5. Spatial repressentation
n of soil propertie
es of LUC
CAS soil samples
s
Tamás Herm
mann

LUCAS soil samples weere classified
d using comm
mon pedolog
gical/agrocheemical classses. Class va
alues for eacch
sampling lo
ocation are displayed to
o visualise results
r
of th
he survey. Overview
O
ma
aps are pressented below
w.
Please notee that points on the mapps appear to cover, or bee representa
ative for, larg
ger areas tha
an they coveer
in reality. TThis is due to
t the large differences in the mapp scale and the
t spatial visualization
v
n of the poin
nt
values.
Another isssue worth keeping
k
in mind
m
is the bias in thee selection of the soil sampling sites
s
toward
ds
agriculturall land (predo
ominantly an
nnual croplan
nd), followed
d by grassla
ands and woodlands. This means tha
at
representattion of LUCAS soil property classees may oveer representt properties from the more
m
heavilly
sampled coonditions whiiles under-reepresenting others.
o
Figures 5.1--5.9 display soil propertyy classes of the LUCAS soil
s sampling
g locations.

Figure 5.1 Spatial
S
repressentation of to
opsoil total nitrogen conten
nt class of LU
UCAS samples.
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Figure 5.2 Spatial
S
represeentation of to
opsoil phospho
orus content class
c
of LUCA
AS samples.
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Figure 5.3
3 Spatial repreesentation of topsoil potassium content class of LUCA
AS samples.

27



LUCASTOP
PSOILSURVEEYMethodo
ology,dataandresults

Figure 5.4 Spatial representatio
on of topsoil texture class of
o LUCAS sam
mples
Texture cllassification iss based on the FAO (1995)) scheme.
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Figu
ure 5.5 Spatial representations of topsoil pH(H2O) class of LUCAS sam
mples.
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Figure 5.6
6 Spatial repreesentations of topsoil CaCO
O3 content cla
ass of LUCAS samples.
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FFigure 5.7 Spa
atial represenntations of top
psoil cation exxchange capa
acity class of LUCAS samples.
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Figu
ure 5.8 Spatia
al representatiions of topsoiil category of LUCAS sampples.
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Figure 5.9
9 Spatial repreesentations of topsoil orga
anic carbon co
ontent of LUCA
AS samples.
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6. Land--use speccific com
mparative
e analysiss of soil characte
eristics in
n the EU
Gergely Tótth, Arwyn Jon
nes and Luca
a Montanareella
The LUCAS topsoil data
abase provid
des a range of opportun
nities to com
mpare soil ch
haracteristicss across lan
nd
use types and mana
agement pra
actices, cou
untries and climatic factors. How
wever, a co
omprehensivve
assessmentt of all facto
ors and their interactionss is beyond the
t capacity of this introduction.
In the first step of thee evaluation process, nine characteeristic Europeean climate systems weere identifieed
where the ccomplex effeects of wateer availabilityy and thermal regime arre distinct fo
or soil. Thirtyy-five climatic
areas (Harttwich et al., 2005)
2
were arranged into nine climatic groups. The climaticc groups em
mbody region
ns
where the concepts
c
of Boreal
B
and Boreal
B
to Tem
mperate (CZ1), Atlantic (CZ2), Sub-occeanic (CZ3), Sub-oceanic
to Sub-conttinental (CZ4
4), Subcontinental, partly arid (CZ5), Temperate Mountaino
ous (CZ6), Mediterranea
M
an
semi-arid (CZ7), Mediteerranean Temperate and Sub-ocean
nic (CZ8) an
nd Mediterra
anean Mounttainous (CZ9
9)
aracteristics prevail. Clim
mate zones are
a shown in figure 6.1.
climatic cha

Figure 6.1 Climate zonees of Europe.
Sub regionss indicated denote slight va
ariations withiin the main cllimate zone (ee.g. elevation)).
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6.1 Croplands
The LUCAS dataset was sub-sampled to extract only the mineral soils of croplands. In the context of the
LUCAS programme, croplands are defined as:
x

land where crops are planted and cultivated.

Sub-categories of croplands in the LUCAS survey include:
a. Cereals (B11 Common wheat, B12 Durum wheat, B13 Barley, B14 Rye, B15 Oats, B16
Maize, B17 Rice, B18 Triticale, B19 Other cereals)
b. Root crops (B21 Potatoes, B22 Sugar beet, B23 Other root crops)
c.

Non-permanent industrial crops (B31 Sunflower, B32 Rape and turnip rape, B33 Soya,
B34 Cotton, B35 Other fibre and oleaginous crops, B36 Tobacco)

d. Dry pulses, vegetables and flowers (B41 Dry pulses, B42 Tomatoes, B43 Other fresh
vegetables, B45 Strawberries)
e. Fodder crops (B51 Clovers, B52 Lucerne, B53 Other Leguminous and mixtures for fodder,
B54 Mix of cereals, B55 Temporary grassland)
f.

Permanent crops (B71 Apple fruit, B72 Pear fruit, B73 Cherry fruit, B74 Nuts trees, B75
Other fruit trees and berries, B76 Oranges, B77 Other citrus fruit) and other permanent
crops (B81 Olive groves, B82 Vineyards, B83 Nurseries, B84 Permanent industrial crops)

As the population from permanent croplands was not sufficient to draw adequate assumptions in all cases,
analysis presented in this section has focused only on soil properties under annual crops (bullet points a-e
in the above list).
A series of descriptive statistics and multiple comparison tests were performed to assess the topsoil data
from croplands in different climatic regions of the EU. One-way ANOVAs tests were performed to assess if
there were significant differences between climate zones concerning their soil characteristics (on a 0.05
level).
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6.1.1 Regional variability of topsoil texture of croplands
Particle size distribution data measured for the soil samples were classified into five texture categories
according to the FAO scheme (1990). In order to be compliant with the requirements of the texture
classification, particle size data measured using the ISO 11277 method (ISO 1998) were transformed to
uniform texture classes according to Hollis et al. (2006). The particle size distributions of all mineral soil
samples in the LUCAS database according to the different climatic zones are shown in figure 6.2, while
those collected from soils under annual crops are shown in figure 6.3. Distribution of soils in different
texture classes are indicated using the same texture triangles that display particle size distribution of the
samples (Figures 6.2 and 6.3). These figures show that there are considerable differences in topsoil
textures between the climate zones. Coarse and medium textured soils dominate Boreal and Boreal to
Temperate (CZ1) and Sub oceanic to Sub-continental (CZ4) areas, course texture having the largest share
among all climate zones in the latter. The dominance of medium textured soils is characteristic for all other
climatic zones, but this domination is most pronounced in the Temperate Mountainous (CZ6) and
Mediterranean Semi-Arid (CZ7) climate zones. Fine texture soils have the highest share in the
Mediterranean Mountainous region (CZ9) with 30% of all samples from this region, and the lowest share in
the Boreal and boreal to temperate zone (CZ1) with 6.1%. Less than 1% of the soils in this region have very
fine texture. The very fine textured soils are also relatively rare in other European regions, exceeding 1% of
all samples only in the Sub-continental, Partly Arid (CZ5) and in the Mediterranean Mountainous (CZ9)
regions. Interestingly, annual crops are cultivated on very fine textured soils to a higher proportion than the
share of these soils in all land use classes in six climatic zones (CZ1, 4, 5, 6, 8 and 9).
Their share is less only on areas with abundant water (CZ2 and 3) and areas with aridity (CZ7) where heavy
texture might be disadvantage. Croplands, on the other hand are always more abundant on fine texture soil
in all regions except one (Temperate Mountainous CZ6), while medium fine texture can be found in higher
fraction under croplands than in other uses in all regions without exception. Coarse textured soils in all
climate zones have a lower proportion in annual croplands than in all land uses and the proportion of
medium textured soils in this regard is only higher in the Boreal and Boreal to Temperate (CZ1) and the
Sub-oceanic to Sub-continental (CZ4) climatic zones.
The above finding illustrate both the climatic dependency of texture formation in the European Union and
highlight the soil texture aspect in land use optimisation strategies applied by the farmers under different
climates.
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Figure 6.2 P
Particle size distribution and texture classses of minera
al topsoil of croplands
c
in th
he EU for diffferent climaticc
zones for all land usse types.
for climate categories
c
1-9
9 see Table 6.1.
texturee classes: VF- very fine, F –fine,
–
MF – meedium fine, M – medium, C –coarse
colourr legend indiccates % of thee samples in the
t correspond
ding texture category
c

Figure 6.3 Particle size distribution
d
an
nd texture cla
ass of minerall topsoil of cro
oplands of the EU for diffeerent climatic
zones.
for climate categories
c
1-9
9 see Table 6.1.
texturee classes: VF- very fine, F –fine,
–
MF – meedium fine, M – medium, C –coarse
colourr legend indiccates % of thee samples in the
t correspond
ding texture category
c
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6.1.2 Regional variability of topsoil organic carbon of croplands
Data from the LUCAS soil survey confirms the common perception (Jones et al., 2005) that soil organic
carbon (SOC) levels increase following a south-east to north-west trend in the EU. Differences in SOC
concentrations attributed to climatic factors can exceed 200% between mineral soils under croplands in the
boreal/boreal-to-temperate region and those in the Mediterranean semi-arid climate, (Table 6.1). However,
standard deviation values highlight the high variability of SOC concentrations within climatic zones. In every
zone SOC levels reach, or even exceed, the magnitude that was measured between mean levels of the
different climatic zones. This phenomenon shows that the combined effect of other soil forming factors
and soil properties is on the same order of magnitude with the effect of climate when studying SOC on a
continental scale.
Table 6.1. Soil organic carbon concentration (g/kg) in topsoils of annual croplands (AC) and permanent croplands (PC)
in different climatic regions of Europe

No.
1

Climate zone
Name
Boreal and boreal to temperate

2

Atlantic

3

Sub-oceanic

4

Sub-oceanic to sub-continental

5

Subcontinental, partly arid

6

Temperate mountainous

7

Mediterranean semi-arid

8

Mediterranean temperate and sub-oceanic

9

Mediterranean mountainous

Land use
type
AC
PC
AC
PC
AC
PC
AC
PC
AC
PC
AC
PC
AC
PC
AC
PC
AC
PC

mean
27
16
20
22
19
25
15
16
18
17
17
26
12
13
16
17
15
18

Mineral soils
std
18
5
12
14
10
13
9
10
7
7
8
13
7
8
11
12
6
10

n
703
3
1993
36
784
32
1392
25
506
13
89
22
1433
463
559
380
77
49

Multiple comparison tests showed that SOC levels in annual croplands of the boreal and boreal to
temperate zone (CZ1) are significantly higher than SOC levels in annual croplands of any other climatic
zones. Mean SOC level in the Atlantic zone (CZ2) is significantly higher than in zones to its east and south,
except for the Sub-oceanic zone (CZ3) with which the observed difference was not significant. Mean SOC
content in croplands with annual crops in the Sub-oceanic to sub-continental zone (CZ5) significantly differs
from those in all zones, except in Temperate mountainous (CZ6), Mediterranean temperate and sub-oceanic
(CZ8) and Mediterranean mountainous (CZ9). SOC content in the Mediterranean semi-arid zone (CZ7) is
significantly lower than SOC in any other regions, except for the mountainous regions in the Mediterranean
(CZ9), where LUCAS has quite low number of samples from.
According to the data from the LUCAS Topsoil Survey, differences between SOC concentration in annual
and permanent croplands is statistically significant (on a 0.05 level) only in the Sub-oceanic (CZ3),
Temperate mountainous (CZ6), Mediterranean semi-arid (CZ7) and in the Mediterranean mountainous
regions (CZ9). In other regions, the difference in SOC content cannot be statistically proven by the LUCAS
topsoil data. Nevertheless, these figures highlight the potential of the dataset to perform analysis on the
effect of land use on SOC levels in different European regions.
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6.1.3 Regio
onal variab
bility of top
psoil pH of croplands
Soil pH is a consequencce of severa
al soil formin
ng factors and
a parallel soil
s processees (Boruvka et al., 2007
7).
Analysis ba
ased on the LUCAS topssoil databasse shows tha
at climate has
h a substa
antial role in
n this contro
ol
mechanism
m (Figure 6.4.). While the majority off north-westeern cropland
d soil in the EU (CZ1-4) has an acidic
reaction, so
oil in the Meediterranean
n (CZ7-9) is generally alkaline.
a
In the
t partly arid
a
Sub-continental zon
ne
(CZ5) and TTemperate mountainous
m
s regions (CZZ6), neutral to alkaline soils dominate cropland
ds, and thesse
types of soils are already present in considerab
ble areas of the Sub-oceeanic regionss as well. Pa
arent materia
al
and other local condittions might overwrite the
t
general trends and can domin
nate over cllimate in th
he
determinatiion of soil pH
H.

Figure 6.4 P
Percentage disstribution of pH
p categoriess (1-5) in mineeral soil samp
ples from ann
nual croplandss in the EU for
differentt climatic zonees (CZ1-9).
(pH
H categories: ; 1: =< 4.5; 2: 4.5 - 5.5; 3: 5.5 - 6.8; 4: 6.8 - 7.2; 5: >=
> 7.2
numb
bers at the barrs show samp
ple size; (for climate
c
zone names
n
see Ta
able 6.1)

Very acidic (pH<4.5) so
oils are pressent in the Mediterraneean area wh
hile soils witth high pH ((>7.2) can be
b
found undeer predomina
antly leachin
ng conditionss of the Atla
antic and Sub
b-oceanic zo
ones. Althoug
gh the topso
oil
pH of cropla
ands, especially in the neeutral and acidic
a
range, is subject to
o change as a result of liiming, figurees
based on th
he LUCAS to
opsoil data suggest
s
thatt soil reactioon component of cropping condition
ns are closelly
determined
d by natural conditions.
c
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6.1.4
6
Region
nal variability of topssoil cation exchange
e
capacity of croplands
Cation
C
excha
ange capacityy (CEC) is the sum of exchangeable bases plus total
t
soil acid
dity at a speecific pH and
d
is an indicatiion of the ab
bility of a so
oil to hold plant nutrientss. CEC data (Figure 6.5) from the LU
UCAS topsoill
database
d
show natural correlation
c
t those of pH
to
p (Figure 6.4.) in samples from thee north-westtern climaticc
zones.
z
Dominnation of cro
opland soils with low to medium CE
EC in these regions
r
(CZ1-4) can be attributed
a
to
o
textural
t
charracteristics and
a clay min
neralogy. Th
he negative effect of these characteeristics on CEC
C in thesee
regions,
r
in m
most cases, cannot
c
be compensated by the high CEC of orga
anic matter. If
I the applied
d laboratoryy
method
m
show
ws potentiall rather than actual CEC of acid so
oils, it is po
ossible to asssume that unfavorablee
natural
n
soil conditions
c
exxist as far ass soil fertilityy or filtering and buffering capacity are concerned for much
h
of
o the cropla
and areas in
n these regio
ons. Howeveer, it should be noted th
hat with rega
ards to fertiility, climatee
and
a crop ma
anagement can compenssate the nega
ative soil cha
aracteristicss. In the Mediterranean mountainous
m
s
(CZ9), Sub-co
ontinental and,
a
to a lesser extent, the
t arid zon
nes (CZ5), croplands havve soils with
h higher CEC
C
occur
o
in a larrger proportiion than in other
o
regionss.

Figure 6.5 Distribution of cation
c
exchan
nge capacity categories
c
(1--4) in mineral soil samples from annual croplands in
the EU for diffferent climatic zones (1-9).
(Cation Excha
ange Capacityy ranges; CEC in cmol(+)/kg
g; 1: <= 10, 2: 10-20, 3: 20-40, 4: >=40
numbeers at the barss show samplle size; for clim
mate zone na
ames see Tablle 6.1)
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6.1.5 Regio
onal variab
bility of top
psoil calcium
m carbonatte content of
o cropland
ds
The calcium
m carbonatee (CaCO3) content
c
of cropland
c
soiils in Europ
pean regionss display sttrong climatte
dependencee. Cropland soils
s
in the Mediterranea
M
an contain syystematicallyy higher amo
ount of CaCO
O3 than in th
he
north-westeern regions of
o the contin
nent (Figure 6.6.). For many
m
crops, 0.1-5%
0
CaCO
O3 is optima
al and we ca
an
see that ccroplands so
oils with theese values have the highest
h
area
al share in all regionss, except th
he
Mediterraneean semi-arid. This phen
nomenon ind
dicates a co
onscious ada
aptation of the
t land usee for the besst
fitting cond
ditions wheree possible an
nd/or ameliorration of acidic land to support
s
plantt growth (Fig
gure 6.6.)

Figure 6.6
6 CaCO3 conteent in minerall soils in land uses other th
han annual cro
opland in the EU for differeent climatic
zones.
1: CaCO3 <= 0.1
0 (g/kg); 2: >=0.1
>
and < 50;
5 3: >=50 and <100; 4: >=100
>
and <2
250; 5: >=25
50
(for climate zone names see Table 6.1
1)
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Figure 6.7 CaCO3 content of croplands in the EU
E (annual cro
ops, mineral soils)
s
for diffeerent climatic zones.
1: CaCO3 <= 0.1 (g/kg); 2: >=
=0.1 and < 50
0; 3: >=50 and
d <100; 4: >=
=100 and <25
50; 5: >=250
0
(for climate zone
z
names seee Table 6.1)
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6.1.6 Regio
onal variab
bility of top
psoil total nitrogen
n
content of crroplands
Total nitrog
gen (N) conteent of soils is
i an importa
ant measuree for agriculttural and en
nvironmentall applications.
The variabillity of N in mineral
m
cropland soils sh
hows large diversity
d
amo
ong the climatic regions of the EU, as
a
shown in ffigure 6.8. More
M
than half of the cropland
c
sam
mples from the sub-oceeanic and Mediterranea
M
an
(semi-arid) regions fall into one cattegory (0.5-1
1 g/kg). Croppland soils teemperate an
nd mountainous influencce
in the Med
diterranean also show certain degree of skew
wedness witth regards to the distrribution of N
categories in the sam
mples, while in the Med
diterranean countries th
his is towarrds the loweer N conten
nt
categories, in the other regions is towards thee medium ra
anges, with presenting an
a approxim
mately norma
al
distribution of N categ
gories of th
he samples. Data preseented in fig
gure 6.8 illu
ustrate the variability of
o
situation in the climaticc zones of th
he EU, thus demonstratiing the compplexity of sccientific studies that neeed
to be underrtaken to arrrive to a coheerent evalua
ation of soil ecosystem
e
s
services
where nitrogen is
i accounted
d.

Figure 6.8 N
Nitrogen conteent of topsoil in croplands in the EU (annual crops, mineral
m
soils) for
f different climatic
c
zoness.
inn % of samples in classes; classes - 1: <1;
< 2: >=1 and
d <1.5; 3: >=1.5 and <2; 4:
4 >=2 and <2
2.5;
5: >=
=2.5 and <3; 6: >=3
(for climate zone names see Table 6.1
1)

The establisshment of numerical relationships between
b
the total nitrogeen content and other parrameters (e.g
g.
plant available minera
al forms off nitrogen) in a harmo
onised mann
ner for appplications on
n regional to
t
continental scale remains a task for future reseearch.
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6.1.7
6
Region
nal variability of topssoil phospho
orus conten
nt of cropla
ands
(P) in cropla
Phosphorus
P
and topsoilss is one of the most reelevant indiccators of th
he intensity of fertiliserr
application.
a
A
According to
o the LUCAS topsoil data
abase, two groups
g
of clim
matic zones can be disttinguished in
n
the
t EU based on the P levels of theeir cropland soils. The first
f
group in
ncludes thosse zones wh
here lower P
levels dominnate in cropland (CZ1, CZ5, CZ6, CZ7
7, CZ8, CZ9)); while in th
he second grroup (CZ2, CZ3,
C
CZ4) alll
categories
c
ha
ave significa
ant share in croplands. This
T result su
uggests high
her phosphorus input on agriculturall
land where water
w
is not a limiting fa
actor of crop production.
Phosphorus
P
ccontent is prredominantlyy managemeent driven sooil property, therefore a regional ana
alysis of thee
LUCAS
L
phospphorus data is suggested
d.

Figure 6.9
9 Phosphorus content of crroplands in the EU (annual crops, minera
al soils) for diffferent climattic zones.

in % of sam
mples in classses; Classes - 1: <20 (mg/kkg); 2: >=20 and <40; 3: >=
=40 and <60;; 4: >=60 an
nd <80; 5:
>=80
(for climate zone
z
names seee Table 6.1)
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6.1.8 Regio
onal variab
bility of top
psoil potasssium conten
nt of cropla
ands
Among the three macro
onutrients in
nvestigated, potassium ((K) has the most
m
even distribution
d
a
across
the EU
(Figure 6.10
0.). As availa
able K, to a degree, is determined
d
b clay conteent and min
by
neralogy, thee distribution
ns
on figure 6..10. provide a good indiccation of pottential K turn
nover of soills in Europea
an countries. On the otheer
hand, fertilliser inputs modify K levels. Thereefore, to ob
btain a clear picture on
n managem
ment driven K
dynamics of
o soils, furth
her studies will
w be needeed with conssideration off (soil speciffic) fertiliser inputs. Whille
these kindss of studies are beyond the scope of
o this reporrt, there is a need for co
omplex evaluation of so
oil
characteristtics which interact and determine
d
the quality of soil.

Figure 6.10 Potassium
m content of croplands
c
in the
t EU (annua
al crops, mineral soils) for different
d
climatic zones.
% of sampples in classess; Classes – 1:: <50 (mg/kg); 2: >=50 and
d <100; 3: >=1
100 and <150
0; 4: >=150 and
a <200; 5:
>=200
>
and <2
250; 6: >=250
0 and <300; 7:
7 >=300 and <400; 8: >=4
400
(for climate zone names see Table 6.1
1)
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6.2 Grasslands
The dataset was sub-sampled to extract only the mineral soils of grasslands. In the context of the LUCAS
programme, grasslands are defined as:
x

land predominantly covered by communities of grassland, grass like plants and shrubs (the
LUCAS code is E00). The density of tree-crown is less than 10% and the density of tree+shrubcrown is less than 20%.

Sub-categories of grasslands in the LUCAS survey include:
x

pastures under sparse tree or shrub cover, coded as E10. This includes dry grasslands, dry
edaphic meadows, steppes with gramineae and Artemisia, plain and mountainous grassland,
wet grasslands, alpine and subalpine grasslands, saline grasslands, arctic meadows and
temporarily unstocked areas within forests.

x

grassland without tree/shrub cover, coded as E20. Land is predominantly covered by
communities of grassland, grass like plants and forbs without trees and shrubland. Temporary
(and artificial) grassland is also included in this category.

x

spontaneously re-vegetated surfaces, coded as E30. This includes mostly agricultural land
which has not been cultivated this year or the years before. It has not been prepared for
sowing. This class can also be found on unused land, storage land, etc.

In total, 4866 samples were categorised as representing grasslands (just over 24% of the final database).
In this exercise, no division of sub-classes is made.
No grassland samples were reported for Malta.
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6.2.1
6
Region
nal variability of topssoil texture
e of grassla
ands
Particle
P
sizee distribution
n data mea
asured for the
t
soil sam
mples were classified into texturee categoriess
according
a
to
o FAO scheema (1990). In order to be compliant with the requireements of the texturee
classification
c
n, particle sizze data mea
asured using
g the ISO 11
1277 metho
od (ISO 1998) were tran
nsformed to
o
uniform
u
textture classes according to Hollis et al.
a (2006). The particle size
s
distributions of all mineral soill
samples
s
in tthe LUCAS database
d
according to the
t differentt climatic zo
ones are sho
own in figurre 6.2, whilee
those
t
collectted from min
neral soils un
nder grasslands are show
wn in figure 6.11.
These
T
figurees show thatt there are considerable
c
e differencess in topsoil textures
t
of grasslands
g
b
between
thee
climate
c
zonees although the predom
minant classees are mediu
um texture. Coarse and
d medium teextured soilss
dominate
d
Booreal and Boreal to Temperate (CZ1)) and Sub occeanic to Su
ub-continenta
al (CZ4). Thee dominancee
of
o medium ttextured soilss is characteeristic for alll other clima
atic zones, allthough sligh
htly less pronounced forr
the
t Sub-conttinental zone (CZ5). Only in the Meediterranean
n Mountainous region (C
CZ9) do soills with finerr
textures
t
becoome significantly evidennt.
The
T data seeem to suggeest that grasslands are predominant
p
tly found on free draining, coarse to loamy soilss
which
w
are rellatively nutriient rich and
d less suscep
ptible to wateerlogging co
onditions.

Figure 6.11 Particle size distribution and
d texture class in mineral topsoils
t
of gra
asslands in the EU for diffeerent climatic
zones.
f climate categories 1-9 see
for
s Table 6.2..
c
VF- very
v
fine, F –ffine, MF – med
dium fine, M – medium, C –coarse
–
texture classes:
colour legend
l
indicates % of the samples
s
in the correspondiing texture ca
ategory
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6.2.2 Regional variability of topsoil organic carbon of grasslands
Data from the LUCAS soil survey confirms the common perception (Jones et al., 2005) that soil organic
carbon (SOC) levels increase following a south-east to north-west trend in the EU. Higher organic carbon
levels are found in Boreal and boreal to temperate, Atlantic, Sub-oceanic and the Temperate mountainous
zones with highest mean values being found in the Atlantic Zone (CZ2) – reflecting the cool, humid
conditions that encourage the growth of grasses and the accumulation of soil organic matter. Lowest
values are found in the Mediterranean semi-arid zone (CZ8). Differences in SOC concentrations attributed
to climatic factors can exceed 200% between mineral soils under grasslands in the Atlantic region and
those in the Mediterranean semi-arid climate (Table 6.2).
However, standard deviation values highlight the high variability of SOC concentrations within climatic
zones. In every zone, SOC levels reach, or even exceed, the magnitude that was measured between mean
levels of the different climatic zones.
Table 6.2. Soil organic carbon concentration (g/kg) in the mineral topsoils of grasslands in different climatic regions of
Europe

No.
1

Climate zone
Name
Boreal and boreal to temperate

2

Atlantic

40

22

1178

3

Sub-oceanic

34

16

748

4

Sub-oceanic to sub-continental

24

20

600

5

Subcontinental, partly arid

26

19

166

6

Temperate mountainous

34

18

208

7

Mediterranean semi-arid

17

12

423

8

Mediterranean temperate and sub-oceanic

25

18

304

9

Mediterranean mountainous

22

12

60

mean
28

Mineral soils
std
n
19
529
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6.2.3
6
Region
nal variability of topssoil pH of grasslands
Soil
S pH is a cconsequencee of several soil
s forming factors and parallel soill processes (Boruvka et al.,
a 2007).
Analysis
A
bassed on the LUCAS topssoil databasse shows th
hat grasslan
nds reflect this
t
control mechanism
m
(Figure 6.12.). While the majority of north-weestern grassslands soil in the EU (CZ1-4)
(
and Temperatee
mountainous
m
s regions (C
CZ6) have an
a acidic reeaction, soilss in the Meediterranean
n (CZ7-9) arre generallyy
alkaline.
a
In tthe partly arid Sub-conttinental zonee (CZ5) grassslands soilss show a ra
ange of cond
ditions from
m
acid,
a
neutral to alkaline soils,
s
probab
bly reflecting
g variations in the chemisstry of paren
nt material.
It is interesting to note that some very
v
acidic (pH<4.5)
(
soils are preseent in the Meediterranean
n area whilee
soils
s
with high pH (>7.2
2) can also be found un
nder predom
minantly leaching condittions of the Boreal and
d
to sub-conttinental zonees. Converseely, the mostt
boreal
b
to tem
mperate, Atla
antic, Sub-occeanic and Sub-oceanic
S
acidic
a
class is absent in the
t Mediterranean moun
ntainous zon
ne (CZ1).
It is clear tthat the da
ata reflect soil conditions associa
ated with acid
a
grassla
ands, neutra
al grassland
d
(comprising sspecies with
h wide tolera
ances, those that prefer neither strongly acid no
or calcareouss conditions))
and
a calcareoous grassland
ds.
At
A a field sccale, variatio
ons in soil pH
p may occcur within reelatively sma
all areas su
uch as wherre limestonee
outcrops
o
emerge among
gst neutral glacial
g
drift or
o due to the effects off flushing fro
om base-rich
h springs. In
n
many
m
parts of the EU, grasslands under
u
more acidic cond
ditions are liimed to raisse the soil pH
p and thuss
ensure
e
higheer productivitty.

Figure 6.12
2 Percentage distribution of
o pH categories (1-5) in mineral
m
soil sam
mples from grasslands
g
in the
t EU for
c
zoness (CZ1-9).
different climatic
c
; 1:
1 =< 4.5; 2: 4.5
4 - 5.5; 3: 5.5
5 - 6.8; 4: 6..8 - 7.2; 5: >=
= 7.2
(pH categories:
numbeers at the barss show samplee size; (for climate zone na
ames see Tab
ble 6.2)
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6.2.4 Regio
onal variab
bility of top
psoil cation exchange capacity off grassland
ds
Cation exch
hange capaciity (CEC) is the sum of exchangeable
e
e bases plus total soil accidity at a sppecific pH an
nd
is an indication of the ability
a
of a soil to hold plant nutrientts. CEC data (Figure 6.13
3) from the LUCAS
L
topso
oil
how a degreee of naturall correlation to those of pH
p (Figure 6.12.).
6
database sh
Grassland ssoils of the northern and western regions (CZ1 and CZ4) are
a generallyy characterizzed by low to
t
medium CE
EC. In CZ1 an
nd CZ4, moree than 50% of the sampples have CE
EC values off < 10 in cmo
ol(+)/kg whille
a further 3
30% fall beetween 10-2
20 cmol(+)/kg. These cconditions ca
an be attrib
buted to coarse textura
al
characteristtics and lackk of clay min
neralogy. Wh
hile the overa
all number of
o samples is low, the grrassland soils
of the Mediiterranean mountainous
m
zone (CZ9) show the hig
ghest overalll CEC valuess. In the morre continenta
al
and Mediteerranean zones (CZ2-3 and CZ5 – CZ8) significant proportions of grassland
g
samples havve
generally loow CEC levels but at thee same timee their grassslands have higher CEC levels occurrring in largeer
proportions than in otheer regions.

Figure 6.13
3 Distribution of cation exchange capacity categories (1-4) in mineeral soil samp
ples from grassslands in the
EU for different climaticc zones (1-9).
(Cation Exch
hange Capacitty ranges; CEC
C in cmol(+)/kkg; 1: <= 10, 2:
2 10-20, 3: 20-40, 4: >=40
0
numb
bers at the ba
ars show samp
ple size; for cllimate zone names
n
see Tab
ble 6.2)
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6.2.5
6
Region
nal variability of topssoil calcium
m carbonate
e content off grassland
ds
The
T calcium carbonate (C
CaCO3) conteent of grasslland soils in the EU show
ws strong clim
mate depend
dence.
Grassland
G
sooils in the Mediterranea
M
an contain systematical
s
ly higher am
mount of Ca
aCO3 than inn the north-western
w
regio
ons of the co
ontinent (Fig
gure 6.14). For CZ1-4 and CZ6, aroun
nd 90% of th
he samples show CaCO3
content
c
of leess than 50 g/kg. Thesee data reflecct the predominantly lea
ached soils of these reg
gions. In thee
Subcontinent
S
tal, partly arid
a
zone (CZ5), the situation
s
is similar but showing some
s
soils with higherr
concentration
c
ns.
As
A expected,, calcium ca
arbonate levels are morre balanced and even higher
h
in thee Mediterran
nean regionss
(CZ7-9), reflecting the generally
g
lim
me-rich pareent materialss, lower rain
nfall and hig
gher temperatures thatt
favour
f
the reetention of carbonates
c
in
n the soil.

Figu
ure 6.14 CaCO
O3 content of mineral topso
oils of grassla
ands in the EU
U for different climatic zon
nes.
1: CaCO3 <= 0.1 (g/kg); 2: >=
=0.1 and < 50
0; 3: >=50 and
d <100; 4: >=
=100 and <25
50; 5: >=250
0
(for climate zone
z
names seee Table 6.2)
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6.2.6 Regio
onal variab
bility of top
psoil total nitrogen
n
content of grrasslands
Total nitrog
gen (N) conteent of soils iss an importa
ant measure for agricultu
ural and envvironmental applications.
a
.
The variability of N in mineral
m
grassslands soils shows largee diversity among
a
the cllimatic regio
ons of the EU
U,
as shown in figure 6.1
15. More tha
an half of the
t sampless from the Atlantic,
A
sub
b-oceanic an
nd Temperatte
mountainou
us zones (CZZ2, 3 and 6) fall into th
he 3 g/kg ca
ategory. These very high
h values ma
ay signify th
he
application of mineral fertilizers
f
to boost grassland producttivity.
Grassland ssoils in the other
o
region
ns show a general even distribution
n of N levelss, with a slig
ght degree of
o
skewednesss towards th
he lower N content
c
cateegories (CZ5 shows simiilar distributtion but with
h an oppositte
trend towa
ards higher N content ccategories), in the otheer regions iss towards th
he medium ranges, witth
presenting an
a approxim
mately norma
al distribution of N categ
gories of the samples.

Figure 6.15 Nitro
ogen content of mineral topsoils of grassslands in the EU for differrent climatic zones.
z
< 2: >=1 an
nd <1.5; 3: >=1.5 and <2; 4:
4 >=2 and <2
2.5;
in % of samplles in classes;; classes - 1: <1;
5: >=
=2.5 and <3; 6: >=3
(for climatee zone names see Table 6.2
2)
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6.2.7
6
Region
nal variability of topssoil phospho
orus conten
nt of grasslands
(P) in grasssland topsoils can be an
Phosphorus
P
a indication
n of fertiliseer application
n or, as in the case off
naturally
n
acid
d grasslandss, an indicato
or of organicc matter leveels.
According
A
to the LUCAS topsoil data
abase, the cllimatic zones display tw
wo groups off P distribution. The firstt
group
g
includes those zones characteerized by middle to low
w levels of P (CZ1-4) wh
hile in the seecond group
p
(CZ5-9), the degree of skewness tow
wards the low
wer levels iss even stronger (the proportion of sa
amples with
h
P levels > 60
0 mg/kg is significantly reduced – geenerally below
w 20%).
These
T
data iimply that the majority of grasslan
nd soils are either not subject to P applications or that thee
humid
h
climatte leaches th
he P from th
he topsoil.

Figuree 6.16 Phosph
horus content of mineral to
opsoils of grassslands in thee EU for differrent climatic zones.
z
(in % of sam
mples in classses; Classes - 1: <20 (mg/kkg); 2: >=20 and
a <40; 3: >=40 and <60; 4: >=60 and <80; 5:
>=80
(for climate zone
z
names seee Table 6.2)
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6.2.8 Regio
onal variab
bility of top
psoil potasssium conten
nt of grasslands
Available K is determin
ned either byy clay content and mineeralogy or byy fertiliser in
nputs. Figuree 6.17 show
ws
that potassium (K) has two broad distribution
d
p
patterns
acrooss the EU.
The first grroup, predom
minantly the Mediterraneean regions (CZ7-9),
(
is characterised
c
d by a generrally even bu
ut
low distribu
ution of samples across the K levels (no category possesses more than 20%
2
of the total samplee)
and a pronoounced number falling in
n to the high
hest K catego
ory (> 400 mg/kg).
m
The second
s
group contains all
a
the other rregions (CZ1-6) where around
a
50%
% of the sam
mples contaiin low – mid
ddle levels of
o potassium
m
(<150 mg/kkg).

Figu
ure 6.17 Potasssium contentt of mineral to
opsoils of gra
asslands in thee EU for diffeerent climatic zones.
% of sampples in classess; Classes – 1:: <50 (mg/kg); 2: >=50 and
d <100; 3: >=1
100 and <150
0; 4: >=150 and
a <200; 5:
>=200
>
and <2
250; 6: >=250
0 and <300; 7:
7 >=300 and <400; 8: >=4
400
(for climate zone names see Table 6.2
2)
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6.3 Shrublands
The dataset was sub-sampled to extract only the mineral soils of shrublands. In the context of the LUCAS
programme, shrublands are defined as:
x

land dominated (i.e. more than 20% of the surface) by shrubs and low woody plants. It may
include sparsely occurring trees within a limit of a tree-crown area density of 10%. In central
part of the EU, only heath lands and some ruderal communities fall into this category.

Sub-categories of shrublands within the LUCAS survey include:
x

Shrubland with sparse tree cover (coded as D10). These are areas dominated (more than
20% of the surface) by shrubs and low woody plants, including sparsely occurring trees with a
tree-crown area density between 5 and 10 %. This class includes scrub land (pines,
rhododendrons, maquis, matorral and deciduous thickets) and heathland with gorse, heather or
broom.

x

Shrubland without tree cover (coded as D20). These are areas dominated (more than 20%
of the surface) by shrubs and low woody plants. Sparsely occurring trees should not cover more
than 5% of the area. This class includes scrub land (pines, rhododendrons, maquis, matorral
and deciduous thickets), dwarf shrub tundra with dwarf birches and willows, heather and dwarf
juniper vegetation, garrigues with strawberry trees, thyme, white rock rose, lavender and
rosemary, heathland with gorse, heather or broom, spiny Mediterranean heaths (phrygana) and
xerophytic areas with succulents.

In total, only 425 samples were categorised as representing shrublands (just over 2% of the final
database).
No shrublands were reported for Belgium, Luxembourg, Malta or the Netherlands.
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6.3.1
6
Region
nal variability of topssoil texture
e of shrubla
ands
Particle
P
sizee distribution
n data mea
asured for the shrubla
and soil sam
mples were classified into texturee
categories
c
a
according to the FAO (1990) schem
me. In order to be comp
pliant with the requirem
ments of thee
texture
t
classification, particle
p
sizee data mea
asured using
g the ISO 11277 metthod (ISO 1998)
1
weree
transformed
t
to uniform texture
t
classses according to Hollis et al. (2006).
The
T particle size distribu
utions of all mineral soil samples in the LUCAS database acccording to the
t differentt
climatic
c
zonees are show
wn in figure 6.2, while those
t
collected from so
oils under sh
hrublands are shown in
n
figure
f
6.18.
These
T
figures show thatt the topsoil textures of shrublands throughout the EU fall into three broad groupss
between
b
thee climate zon
nes. Coarse and medium
m textured soils
s
domina
ate Boreal an
nd Boreal to
o Temperatee
(CZ1) and Sub oceanic to Sub-conttinental (CZ4
4). The Atlantic (CZ2), Mediterranea
M
an temperatte and sub-oceanic
o
(CZ8
8) and Mediterranean Mo
ountainous regions
r
(CZ9) show higheer proportion
ns of soils with
w medium
m
(i.e. loamy) textures
t
alth
hough there are still a significant number
n
of shrubland
s
arreas on coarrse textured
d
soils.
s
In the S
Sub-oceanic (CZ3), Sub-ccontinental (CZ5),
(
Tempeerate mountainous (CZ6)) and the Meediterranean
n
semi-arid
s
(CZZ7) regions, soils with co
oarse texturees are largely absent.
The
T data seeem to sugg
gest that shrublands arre predomina
antly found on either free
f
draining
g, coarse orr
loamy soils.

Figure 6.18 P
Particle size distribution and texture classs of mineral topsoil in shru
ublands in thee EU for different climatic
zones.
f climate categories 1-9 see
for
s Table 6.3..
c
VF- very
v
fine, F –ffine, MF – med
dium fine, M – medium, C –coarse
–
texture classes:
colour legend
l
indicates % of the samples
s
in the correspondiing texture ca
ategory
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6.3.2 Regional variability of topsoil organic carbon of shrublands
Data from the LUCAS soil survey confirms the common perception (Jones et al., 2005) that soil organic
carbon (SOC) levels increase following a south-east to north-west trend in the EU (Table 6.3). For
shrublands, higher organic carbon levels are found in Boreal and boreal to temperate, Atlantic, Sub-oceanic
and the Temperate mountainous zones with highest mean values being found in the Atlantic Zone (CZ2) –
reflecting the cool, humid conditions that encourage the growth of understory grasses and the
accumulation of soil organic matter. Lowest values are found in the Mediterranean semi-arid zone (CZ8).
SOC concentrations in mineral soils under shrublands in the Atlantic region are around 100% higher than
those in the Mediterranean semi-arid climate, reflecting the very different climatic and vegetative factors.
It is worth reflecting that mean topsoil organic carbon levels in shrublands are higher than those of
grassland in all climatic zones.
However, standard deviation values highlight the high variability of SOC concentrations within climatic
zones. In every zone, SOC levels reach, or even exceed, the magnitude that was measured between mean
levels of each individual climatic zone.
Table 6.3. Soil organic carbon concentration (g/kg) in the mineral topsoil of shrublands in different climatic
regions of Europe
No.
1

Climate zone
Name
Boreal and boreal to temperate

mean
39

Mineral soils
std
29

n
62

2

Atlantic

41

26

38

3

Sub-oceanic

36

21

16

4

Sub-oceanic to sub-continental

39

17

16

5

Subcontinental, partly arid

28

16

11

6

Temperate mountainous

34

19

20

7

Mediterranean semi-arid

23

16

108

8

Mediterranean temperate and sub-oceanic

36

25

136

9

Mediterranean mountainous

25

24

18
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6.3.3
6
Region
nal variability of topssoil pH of sh
hrublands
Soil
S pH is a cconsequencee of several soil
s forming factors and parallel soill processes (Boruvka et al.,
a 2007).
Analysis
A
of the LUCAS topsoil data
abase show
ws that shrublands refleect this conttrol mechan
nism (Figuree
6.19.).
6
Arounnd 75% of samples
s
from
m shrubland
ds in the Boreal and boreal to tempperate zone (CZ1) show
w
very
v
acidic co
onditions (pH
H <4.5) and a total abseence of any alkaline
a
sam
mples. This siituation is allso reflected
d
in the Atlanttic zone (CZZ2) but with a broader spread of measuremen
m
nts. These pa
atterns refleect the high
h
leaching con
nditions of soils in theese humid climates.
c
In the Sub-occeanic (CZ3
3), Sub-ocea
anic to sub-continental
c
((CZ4), Sub-co
ontinental zone (CZ5) and Mediterra
anean temperate and sub-oceanic (CZ8)
(
zones,,
pH
p values ha
ave a relativvely broad distribution showing a ra
ange of cond
ditions from acid, neutra
al to alkalinee
soils,
s
probab
bly reflecting variationss in the cheemistry of the underlyying parent material. Co
ontrastingly,,
shrubland
s
soils in Tem
mperate mountainous (CZ6),
(
Meditterranean semi-arid (C
CZ7) and Mediterranian
n
mountainous
m
s (CZ9) geneerally tend to
t be more alkaline,
a
while the mostt acidic classes are virtu
ually absentt
from
f
the Mediterranean mountainou
us region.
It is clear tha
at the data show
s
that the broad shru
ubland categ
gory reflects a wide rang
ge of soil pH conditions.
At
A a field sccale, variatio
ons in soil pH
p may occcur within reelatively sma
all areas su
uch as wherre limestonee
outcrops
o
emerge amongst neutral gllacial drift orr due to the effects of base-rich groundwater.

Figure 6.19 P
Percentage diistribution of pH categoriess (1-5) in mineral soil sampples from ann
nual shrubland
ds in the EU
for different climatic zon
nes (CZ1-9).
(pH categories:
c
; 1:
1 =< 4.5; 2: 4.5
4 - 5.5; 3: 5.5
5 - 6.8; 4: 6..8 - 7.2; 5: >=
= 7.2
numbeers at the barss show samplee size; (for climate zone na
ames see Tab
ble 6.3)
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6.3.4 Regio
onal variab
bility of top
psoil cation exchange capacity off shrubland
ds
Cation exch
hange capaciity (CEC) is the sum of exchangeable
e
e bases plus total soil accidity at a sppecific pH an
nd
is an indication of the ability
a
of a soil to hold plant nutrientts. CEC data (Figure 6.20
0) from the LUCAS
L
topso
oil
how a degreee of naturall correlation to those of pH
p (Figure 6.19.).
6
database sh
Shrubland ssoils of the northern
n
and
d western reegions (CZ1, CZ2 and CZ4
4) are generrally charactterized by low
w
to medium CEC. In CZ1
1 and CZ4, around
a
than 60% of the samples ha
ave CEC valu
ues of < 10 in cmol(+)/kkg
while soils with the highest CEC va
alues are abssent (> 40 cmol(+)/kg).
c
T
These
condittions can be attributed to
t
coarse texttural charactteristics and a general lack
l
of clay mineralogy.. In all the other
o
climatic zones, CE
EC
levels are m
more evenly distributed although thee proportion with the hig
ghest CEC va
alues are low
w throughou
ut
(it should be stressed that
t
the overrall number of samples is very low for
f shrublands is low annd may give a
bias to the evaluation).

This pattern
n suggests that
t
shrublands are gen
nerally chara
acterized by nutritionallyy poor, possiibly margina
al,
soils that su
upport a veryy adapted plant community.

Figure 6.20
0 Distribution of cation exch
hange capacitty categories (1-4) in mineeral soil samples from shru
ublands in thee
EU for different climaticc zones (1-9).
(Cation Exch
hange Capacitty ranges; CEC
C in cmol(+)/kkg; 1: <= 10, 2:
2 10-20, 3: 20-40, 4: >=40
0
numb
bers at the ba
ars show samp
ple size; for cllimate zone names
n
see Tab
ble 6.3)
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6.3.5
6
Region
nal variability of topssoil calcium
m carbonate
e content off shrubland
ds
The
T calcium carbonate (CaCO3) con
ntent of shru
ublands soils in the EU shows stro
ong climate dependencee
(Figure 6.21)).
As
A a generall comment, the
t soils of shrublands
s
g
generally
sho
ow low levells of calcium
m carbonate. The soils off
shrublands
s
in the Meditterranean arrea contain systematica
ally higher amounts
a
tha
an in the noorth-western
n
regions
r
of th
he continent.. For CZ1-5 and
a CZ8, aro
ound 75% of the samplees show CaC
CO3 content of less than
n
50
5 g/kg. Th
hese data reflect
r
the predominan
ntly acidic nature
n
of shrubland
s
so
oils. In the Temperatee
mountainous
m
s (CZ6) and Mediterraneean temperate and sub
b-oceanic zo
one (CZ8), the situationn is stronglyy
bimodal
b
with
h a strong grrouping of sa
amples show
wing lower va
alues with another groupp showing hiigher levels.
As
A expected,, calcium carbonate leveels are moree balanced in
n the Mediteerranean reg
gions (CZ7-9
9), reflecting
g
the
t generallyy lime-rich parent materrials, lower ra
ainfall and higher
h
tempeeratures thatt favour the retention off
carbonates
c
inn the soil.

Figu
ure 6.21 CaCO
O3 content of mineral topso
oils of shrubla
ands in the EU
U for different climatic zon
nes.
1: CaCO3 <= 0.1 (g/kg); 2: >=
=0.1 and < 50
0; 3: >=50 and
d <100; 4: >=
=100 and <25
50; 5: >=250
0
(for climate zone
z
names seee Table 6.3)
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6.3.6 Regio
onal variab
bility of top
psoil total nitrogen
n
content of sh
hrublands
Total nitrog
gen (N) conteent of shrub
bland soils iss an importa
ant measure of environm
mental condiitions as theey
are generallly not subjecct to minera
al fertilizer ap
pplications.
The variability of N in mineral
m
shru
ublands soils shows largee diversity among
a
the cllimatic regio
ons of the EU
U,
as shown iin figure 6.2
22. While most
m
sampless in the Borreal and Boreal to Tem
mperate Zonee (CZ1) show
w
generally lo
ow N levels, most climattic zones aree characterizeed by shrublland soils wiith medium to high levels
of N.
p
skewness to
owards higheer N classess with more than 40% of
o
Climate zonnes 2-6 and 8 show a pronounced
the samplees from the Atlantic, sub
b-oceanic, Teemperate mountainous
m
zones and Mediterranea
M
an temperatte
and sub-oceeanic zones (CZ2, 3, 6 and 8) falling
g into the >3 g/kg catego
ory. Only the Mediterraneean semi-ariid
(CZ7) and M
Mediterranea
an mountaino
ous (CZ9) zo
ones show a relatively evven distributtion of N leveels.
The relativeely large prroportion of samples in the highest N categorry may signify the conssequences of
o
atmospheric N depositio
on on shrubllands.

Figu
ure 6.22 Nitro
ogen content of mineral topsoils of shru
ublands in the EU for differrent climatic zones.
z
inn % of samples in classes; classes - 1: <1;
< 2: >=1 and
d <1.5; 3: >=1.5 and <2; 4:
4 >=2 and <2
2.5;
5: >=
=2.5 and <3; 6: >=3
(for climatee zone names see Table 6.3
3)

The establisshment of numerical relationships between
b
the total nitrogeen content and other parrameters (e.g
g.
plant available minera
al forms off nitrogen) in a harmo
onised mann
ner for appplications on
n regional to
t
continental scale remains a task for future reseearch.
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6.3.7
6
Region
nal variability of topssoil phospho
orus conten
nt of shrub
blands
By
B common consensus, phosphoruss (P) levels in shrublan
nds should be
b low and they are normally
n
nott
subjected
s
to managemen
nt by fertilizer applicatio
ons.
Analysis
A
of the LUCAS topsoil dattabase for P levels gives rise to two groupps with broa
adly similarr
characteristic
c
cs. The first group consists of seven
n zones (CZ1-3, 6-9) thatt are characcterized by generally low
w
levels of P (<
<40 mg/kg) with
w generallyy more than half the sam
mples falling
g in the loweest category.
The
T second g
group (CZ4 & 5) is also broadly cha
aracterized by
b lower P leevels but, in comparison
n to the firstt
group,
g
the prroportion of samples in higher
h
categories is grea
ater.
Overall,
O
P levvels in shrublands are low
wer than tho
ose of grasslands in all climate
c
zonees.

Figuree 6.23 Phosphorus content of mineral topsoils of shru
ublands in thee EU for differrent climatic zones.
z
in % of sam
mples in classses; Classes - 1: <20 (mg/kkg); 2: >=20 and <40; 3: >=
=40 and <60;; 4: >=60 an
nd <80; 5:
>=80
(for climate zone
z
names seee Table 6.3)
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6.3.8 Regio
onal variab
bility of top
psoil potasssium conten
nt of shrub
blands
Available K is determin
ned either byy clay content and mineeralogy or byy fertiliser in
nputs. Figuree 6.24 show
ws
that potassium (K) has two broad distribution
d
p
patterns
acrooss the EU.
The first group (CZ1-5, and to a lessser extent 7 & 8) displa
ay a skewneess towards the
t lower ca
ategories of K
content, witth around 50
0% of the sa
amples of CZZ1, CZ2, CZ4 contain veryy low levels (<100 mg/kg ).
The second group, pred
dominantly the
t Mediterra
anean (CZ7--9) and Temperate moun
ntainous (CZZ6) regions, is
also characcterised by a generallyy low levelss even but with a slightly higher proportion more evenlly
distribution among the higher levelss.
Interestingly, CZ2, 3, 7 and
a 8 all sho
ow a peak off samples fa
alling into the highest K category (> 400 mg/kg)..
The LUCAS
S data refleect the gen
neral soil texture for shrublands and the overall
o
lack of intensivve
management practices in these areeas.

Figu
ure 6.24 Potasssium contentt of mineral to
opsoils in shru
ublands in thee EU for different climatic zones.

% of sampples in classess; Classes – 1:: <50 (mg/kg); 2: >=50 and
d <100; 3: >=1
100 and <150
0; 4: >=150 and
a <200; 5:
>=200
>
and <2
250; 6: >=250
0 and <300; 7:
7 >=300 and <400; 8: >=4
400
(for climate zone names see Table 6.3
3)
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6.4 Woodlands
The dataset was sub-sampled to extract only the mineral soils of woodlands. In the context of the LUCAS
programme, woodlands are defined as:
x

areas covered by trees with a tree crown area of at least 10%. Woody hedges also belong to
this class.

Sub-categories of woodlands within the LUCAS survey include:
x

Broadleaved and evergreen woodland (coded as C10). These are areas with a tree-crown
area density of more than 10% and composed of more than 75% of broadleaved/evergreen
species such as acacia (Acacia ssp.), alder (Alnus ssp), ash (Fraxinus excelsior), aspens (Populus
tremula), beech (Fagus sylvatica), birch (Betula sp.), carob (Ceratonia siliqua), elm (Ulmus sp.),
eucalyptus (Eucalyptus globulus), hedge (Acer campestre), hornbeam (Carpinus betulus), linden
(Tilia ssp.), maple (Acer sp.), palm trees of the Mediterranean and Macaronesian zones (Phoenix
theophrasti, Ph. canariensis), poplars (Populus nigra), oaks (Quercus sp), rowan (Sorbus
aucuparia), wild olive (Olea europaea ssp. sylvestris) and willows (Salix sp.).

x

Coniferous woodland (coded as C20). These are areas with a tree-crown area density of
more than 10% and composed of more than 75% of coniferous species such as cedars (Cedrus
sp.), cypresses (Cupressus sempervirens), firs (Abies sp.), Douglas firs (Pseudotsuga menziesii),
larches (Larix ssp), pines (Pinus sp.: Scots pines, Black pines, Siberian pines, Weymouth pines,
Maritime pine, Mediterranean stone pine etc), spruce (Picea sp), xerophyte conifers: (Brutia pine,
Umbrella pine, Aleppo pine, Corsican pine) and Christmas trees.

x

Mixed woodland (coded as C30). These are areas with a tree-crown area density of more than
10% and composed of broadleaved/evergreen and coniferous comprising both >25% of the
tree canopy.

For larger plots, woodlands in the LUCAS database are also given a secondary forest cover code according
to the forest type classification of the European Environment Agency (e.g. boreal, mesophytic deciduous
forest, mire and swamp forests, plantations).

In total, 4441 samples were categorised as representing woodlands (just over 22% of the final database).
No woodlands were reported for Malta.
Given the wide range of tree spices, this analysis is only intended as a broad overview of the data collected
from woodland environments. The reader is also directed to documentation on the corresponding Biosoils
data collection programme.
http://eusoils.jrc.ec.europa.eu/esdb_archive/eusoils_docs/other/EUR24729.pdf
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6.4.1
6
Region
nal variability of topssoil texture
e of woodlands
Particle
P
sizee distribution
n data mea
asured for the woodla
and soil sam
mples were classified into texturee
categories
c
a
according to the FAO (1990) schem
me. In order to be comp
pliant with the requirem
ments of thee
texture
t
classification, particle
p
sizee data mea
asured using
g the ISO 11277 metthod (ISO 1998)
1
weree
transformed
t
to uniform texture
t
classses according to Hollis et al. (2006).
The
T particle size distribu
utions of all mineral soil samples in the LUCAS database acccording to the
t differentt
climatic
c
zonees are show
wn in figure 6.2, while those
t
colleccted from so
oils under woodlands
w
are shown in
n
figure
f
6.25.
These
T
figurees show thatt the topsoil textures off woodlands throughout the EU are highly diverrse between
n
the
t climate zzones. Coarsse textured soils
s
domina
ate the Sub oceanic
o
to Sub-continental (CZ4) zon
ne while thee
Boreal
B
and Boreal
B
to Teemperate (CZ1), Atlanticc (CZ2) and, to a slightly lesser exttent, the Meediterranean
n
temperate
t
a
and sub-ocea
anic (CZ8) have
h
a balan
nce of coarsse to medium textures. The Sub-occeanic (CZ3),,
Sub-continen
S
ntal (CZ5), Temperate
T
m
mountainous
s (CZ6) and Mediterranean Mounta
ainous (CZ9)) regions alll
show
s
a spreead of textu
ures, includin
ng finer clayy and silt fractions.
f
Ho
owever, mosst samples fall
f into thee
middle,
m
loam
my categoriess.

Figure 6.25 Particle size distribution and
d texture class of mineral topsoils
t
in wo
oodlands in the EU for diffeerent climatic
zones.
f climate categories 1-9 see
for
s Table 6.4..
texture classes:
c
VF- very
v
fine, F –ffine, MF – med
dium fine, M – medium, C –coarse
–
colour legend
l
indicates % of the samples
s
in the correspondiing texture ca
ategory
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6.4.2 Regional variability of topsoil organic carbon of woodlands
Data from the LUCAS soil survey confirms the common perception (Jones et al., 2005) that soil organic
carbon (SOC) levels increase following a south-east to north-west trend in the EU (Table 6.4). However,
samples from the Mediterranean mountainous have a mean level that is comparable to more northern and
westerly parts of the EU.
For woodlands, higher organic carbon levels are found in Boreal and boreal to temperate, Atlantic, Suboceanic, Temperate mountainous and Mediterranean mountainous zones with highest mean values being
found in the Atlantic (CZ2) and Sub-oceanic zones – reflecting the cooler and humid conditions that
encourage the accumulation of soil organic matter. Lowest values are found in the Mediterranean semiarid zone (CZ8). SOC concentrations in mineral soils under woodlands in the Atlantic region are over 200%
higher than those in the Mediterranean semi-arid climate, reflecting the very different climatic and
vegetative factors. It is worth reflecting that mean topsoil organic carbon levels in woodlands are higher
than those of both shrublands and grassland in all climatic zones apart from the Sub-oceanic to subcontinental and Mediterranean semi-arid zones.
However, standard deviation values highlight the high variability of SOC concentrations within climatic
zones. In every zone, SOC levels reach, or even exceed, the magnitude that was measured between mean
levels of each individual climatic zone.
Table 6.4. Soil organic carbon concentration (g/kg) in the mineral topsoil of woodlands in different climatic
regions of Europe
No.
1

Climate zone
Name
Boreal and boreal to temperate

2

Atlantic

44

27

396

3

Sub-oceanic

44

25

358

4

Sub-oceanic to sub-continental

31

23

614

5

Subcontinental, partly arid

29

22

144

6

Temperate mountainous

43

26

208

7

Mediterranean semi-arid

19

12

165

8

Mediterranean temperate and sub-oceanic

36

24

279

9

Mediterranean mountainous

40

29

39

mean
42

Mineral soils
std
n
27
2238
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6.4.3
6
Region
nal variability of topssoil pH of woodlands
w
Soil
S pH is a consequence
c
e of several soil forming
g factors an
nd parallel so
oil processess (Boruvka et
e al., 2007)..
Analysis
A
of the LUCAS to
opsoil databa
ase shows th
hat woodlands reflect th
his control mechanism (FFigure 6.26.).
Around
A
80%
% of sampless from wood
dlands in thee Boreal and
d boreal to temperate (C
CZ1) and Sub
b-oceanic to
o
sub-continen
s
ntal (CZ4) zo
ones show very acidic conditions (pH
(
<4.5) fo
or woodland
ds and an almost
a
totall
absence
a
of alkaline sam
mples. This reflects thee predomina
ant podzolic conditions of the form
mer and thee
coarse
c
texturred, highly leeached soils of the latter.
Although
A
slig
ghtly less prronounced, this
t
situation
n is also refflected in the Atlantic (C
CZ2), Sub-occeanic (CZ3),,
Sub-continen
S
ntal zone (CZZ5), Temperate mountaiinous (CZ6) and Mediterrranean tem
mperate and sub-oceanicc
(CZ8) zones b
but with a broader sprea
ad of measu
urements.
In the Mediterranean semi-arid (CZ7
7) and Meditterranean mountainous
m
(CZ9) the distribution
d
iss less acidicc
and
a tending to neutral, with
w highest proportions of alkaline samples.
s
This probably reflects
r
the chemistry
c
off
the
t parent material.
m
It is clear tha
at the data show
s
that the broad woo
odlands cateegory reflectss a wide ran
nge of soil pH
H conditions,,
with
w a predominance tow
wards more acidic
a
condittions when outside
o
of the Mediterran
nean region.
At
A a field scale, variations in soil pH may occcur within relatively sm
mall areas such as wh
here specificc
conditions
c
m not reflect more regional trends (e.g. limesto
may
one outcrops amongst neeutral glacial drift).

Figure 6.26
6 Percentage distribution
d
off pH categoriees (1-5) of miineral topsoilss in woodland
ds in the EU fo
or different
c
climatic
zoness.
(pH categories:
c
; 1:
1 =< 4.5; 2: 4.5
4 - 5.5; 3: 5.5
5 - 6.8; 4: 6..8 - 7.2; 5: >=
= 7.2
numbeers at the barss show samplee size; (for climate zone na
ames see Tab
ble 6.4)
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6.4.4 Regio
onal variab
bility of top
psoil cation exchange capacity off woodland
ds
Cation exch
hange capaciity (CEC) is the sum of exchangeable
e
e bases plus total soil accidity at a sppecific pH an
nd
is an indication of the ability
a
of a soil to hold plant nutrientts. CEC data (Figure 6.27
7) from the LUCAS
L
topso
oil
how a degreee of naturall correlation to those of pH
p (Figure 6.26.).
6
database sh
Woodland soils
s
of the northern,
n
western, centra
al (CZ1, CZ2, C3 and CZ4
4), Mediterran
nean semi-a
arid (CZ7) an
nd
Mediterraneean tempera
ate and sub--oceanic zon
ne (CZ8) aree generally characterized
c
d by low to medium CE
EC
while the proportion off soils with the
t highest CEC
C values (>
( 40 cmol(+
+)/kg) are qu
uite low. In CZ1,
C
2 and 4,
4
around 70%
% of the sam
mples have CEC
C values of <10 in cmo
ol(+)/kg.
In the remaining clima
atic zones (C
CZ5, 6 & 9)), CEC levelss show a more
m
normal distributed with greateer
proportions in the high
her CEC cateegories. Onlyy the Mediteerranean mountainous (CZ9) displa
ays a notablle
proportion of
o soils with higher CEC levels.
This patternn suggests th
hat woodlan
nds outside of
o the tempeerate and Meediterranean
n mountains are generallly
characterizeed by soils that
t
lacking in nutrients. In many cases, these conditions ca
an be attributed to coarsse
textural cha
aracteristics and a generral lack of cla
ay mineralog
gy.

Figure 6.2
27 Cation exchange capacity categories of mineral toopsoils in woo
odlands in the EU for differrent climatic
zones.
(Cation Exch
hange Capacitty ranges; CEC
C in cmol(+)/kkg; 1: <= 10, 2:
2 10-20, 3: 20-40, 4: >=40
0
numb
bers at the ba
ars show samp
ple size; for cllimate zone names
n
see Tab
ble 6.4)
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6.4.5
6
Region
nal variability of topssoil calcium
m carbonate
e content off woodland
ds
The
T calcium carbonate (CaCO3) con
ntent of woodland soilss in the EU shows strong climate dependencee
(Figure 6.28)).
The
T soils of w
woodlands in the Mediteerranean areea contain syystematicallyy higher amounts than in the north-western
w
regions of the continent. Climate zon
nes 7-9, plu
us to a lessser extent CZ5-6,
C
all sh
how greaterr
proportions
p
oof samples in the higher categories.
For
F CZ1-4, a
at least 60%
% of the sam
mples show CaCO
C
nt of less th
han 50 g/kg and many of
o the higherr
3 conten
categories
c
ha
ave no recorrds. These da
ata reflect th
he predomin
nantly acidic nature of woodland
w
soills outside off
the
t Mediterra
anean region
n.
As
A expected,, calcium ca
arbonate levvels are sligh
htly more balanced
b
in the
t Mediterrranean regio
ons (CZ7-9),,
reflecting
r
thee generally lime-rich pa
arent materia
als, lower ra
ainfall and higher
h
tempeeratures thatt favour thee
retention
r
of carbonates in the soil.. However, the
t Mediterrranean mountainous (CZZ9) has no data in thee
highest
h
categ
gory.

Figu
ure 6.28 CaCO
O3 content of mineral topsoils in woodla
ands in the EU
U for differentt climatic zones.
1: CaCO3 <= 0.1 (g/kg); 2: >=
=0.1 and < 50
0; 3: >=50 and
d <100; 4: >=
=100 and <25
50; 5: >=250
0
(for climate zone
z
names seee Table 6.4)
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6.4.6 Regio
onal variab
bility of top
psoil total nitrogen
n
content of wo
oodlands
The variability of total nitrogen (N)) in mineral woodland so
oils shows some interesting pattern with notablle
differences between the climatic reegions, as shown in figurre 6.29.
While mostt samples in the Boreal and
a Boreal to
o Temperatee (CZ1), Sub--oceanic to sub-continen
s
ntal (CZ4) an
nd
Mediterraneean semi-ariid (CZ7) zonees show gen
nerally low N levels, mosst climatic zo
ones are cha
aracterized by
b
woodland ssoils with meedium to high
h levels of N.
N
Climate zonnes 2-3, 6 an
nd 8-9 show
w a pronouncced skewnesss towards higher
h
N classses with mo
ore than 40%
%
of the sam
mples from
m the Atlantic, sub-oceeanic, Tempperate moun
ntainous zo
ones and Mediterranea
M
an
temperate a
and sub-oceeanic zones (CZ2, 3, 6 an
nd 8) falling into the >3 g/kg
g categorry.
Only the Su
ub-continenta
al (CZ5) zonee shows a reelatively even distribution of N levelss.
The relativeely large prroportion of samples in the highest N categorry may signify the conssequences of
o
atmospheric N depositio
on on shrubllands.

Figure 6.29 Nitro
ogen content of mineral to
opsoils in woodlands in the EU for differeent climatic zones.
< 2: >=1 and
d <1.5; 3: >=1.5 and <2; 4:
4 >=2 and <2
2.5;
inn % of samples in classes; classes - 1: <1;
5: >=
=2.5 and <3; 6: >=3
(for climatee zone names see Table 6.4
4)

The establisshment of numerical relationships between
b
the total nitrogeen content and other parrameters (e.g
g.
plant available minera
al forms off nitrogen) in a harmo
onised mann
ner for appplications on
n regional to
t
continental scale remains a task for future reseearch.
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6.4.7
6
Region
nal variability of topssoil phospho
orus conten
nt of woodllands
By
B common consensus, phosphoruss (P) levels in woodlan
nds should be
b low and they are not
n normallyy
subjected
s
to fertilizer applications.
Analysis
A
of the LUCAS to
opsoil databa
ase for P levvels gives bro
oadly similar characterisstics in all climate zoness
with
w a strong skewness towards low
w values (Figure 6.30). In all region
ns, at least 75%
7
of all ssamples aree
characterized
c
d by generally low levels of P (<40 mg/kg
m
) with generally more than half the samplles falling in
n
the
t lowest ca
ategory (apa
art from Sub-oceanic to sub-continen
s
ntal zone).
The
T proportioon of samplees falling in the highest P category is generally low or almost negligiblee in all zoness
apart
a
from th
he Atlantic (CZ2).
Overall,
O
P levvels in woodlands are low
wer than tho
ose of grassllands and sh
hrublands in all climate zones.
z

Figuree 6.30 Phosph
horus content of mineral to
opsoils in woo
odlands in the EU for differrent climatic zones.
z
in % of sam
mples in classses; Classes - 1: <20 (mg/kkg); 2: >=20 and <40; 3: >=
=40 and <60;; 4: >=60 an
nd <80; 5:
>=80
(for climate zone
z
names seee Table 6.4)
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6.4.8 Regio
onal variab
bility of top
psoil potasssium conten
nt of woodllands
Available K is determin
ned either byy clay content and mineeralogy or byy fertiliser in
nputs. Figuree 6.31 show
ws
that potassium (K) in woodland
w
toppsoils has thrree broad disstribution pa
atterns acrosss the EU.
The first grroup (CZ1 & 4) depict soils
s
with veery low K levvels: around
d 90% of th
he samples contain
c
<10
00
mg/kg .
The second group (CZ2,, CZ3, CZ5 & CZ6) also display
d
a marked skewneess towards the lower ca
ategories of K
content, butt display a higher
h
proporrtion of samples in higheer categoriess than the first group.
The third grroup corresp
ponds to the Mediterraneean region (C
CZ7-9) and is characterissed by a brooadly bimoda
al
distribution with at lea
ast 30% of samples
s
havving low K values
v
and more
m
than 15% of sampples having >
300 mg/kg
g, with signifficant propo
ortions in th
he intermediiate levels. This pattern
n is most pronounced in
i
Mediterraneean mountainous (CZ9) zone wheree 20% of thee samples fall
f in the highest K cateegory (> 40
00
mg/kg).

Figu
ure 6.31 Potasssium contentt of mineral topsoils in woo
odlands in thee EU for different climatic zones.
% of sampples in classess; Classes – 1:: <50 (mg/kg); 2: >=50 and
d <100; 3: >=1
100 and <150
0; 4: >=150 and
a <200; 5:
>=200
>
and <2
250; 6: >=250
0 and <300; 7:
7 >=300 and <400; 8: >=4
400
(for climate zone names see Table 6.4
4)
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6.5 Peat
Around 5% of the LUCAS dataset (1013 samples) are regarded as coming from peat soils (i.e. containing
very little or even no mineral material). Organic soil is commonly known as peat (or Histosols in
international soil classification schemes) and is formed through the accumulation of partially decayed
vegetation in wetland conditions where water limits the levels of oxygen from the atmosphere thus slowing
down rates of decomposition. Low temperatures also contribute to the formation of peat
Within the LUCAS survey, peat is recognised as occurring in peat bogs (H12), inland marshes (H11), peat
extraction sites (U140 Mining and quarrying) and mire and swamp forests.
No peat samples were reported for the partly arid Subcontinental (CZ5), Mediterranean temperate and suboceanic (CZ8) or the Mediterranean mountainous (CZ9) zones.
In addition, no peat samples were reported for shrublands in the Sub-oceanic (CZ3), Sub-oceanic to subcontinental (CZ4), Temperate mountainous (CZ6) and Mediterranean semi-arid (CZ7) zones while no peat
samples were reported for woodlands of the Mediterranean semi-arid (CZ7) zone.
Only a single sample was collected for Temperate mountainous grassland (CZ6) and Mediterranean semiarid grassland (CZ7) while fewer than ten samples were collected for Sub-oceanic (CZ3) woodlands and
grasslands.
While the absence of samples in specific cover types and climate zones may reflect the restricted sampling
design, it also reflects warm and dry climatic conditions that generally do not favour the formation of
extensive peat lands. Given the limited number of samples in many climate zones, the use of the LUCAS
Topsoil Database for pan-European studies or assessments on peat lands may be problematic and should
be restricted to specific regions where the number of samples is greater.
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6.5.1 Regional variability of topsoil organic carbon of peat soils
The limited number of samples restricts the possibilities of making valid statistical comparisons between
the various climatic zones. Data from the LUCAS soil survey show (Table 6.5) that mean values of organic
carbon in toplayer of peat are generally consistently above 260 g/kg (values with limited number of
samples are not considered).
The highest mean value was found in the shrublands of Atlantic zone (CZ2) followed by the woodlands of
the Boreal and boreal to temperate zone (CZ1) although standard deviation values are high in all cases,
generally reaching 25-30% of mean values.
Table 6.5. Soil organic carbon concentration (g/kg) in topsoil of peat in different climatic regions of Europe

No.
1

Climate zone
Name
Boreal and boreal to temperate

2

Atlantic

3

Sub-oceanic

4

Sub-oceanic to sub-continental

5

Subcontinental, partly arid

6

Temperate mountainous

7

Mediterranean semi-arid

8

Mediterranean temperate and sub-oceanic

9

Mediterranean mountainous

Land use
type
WL
SL
GL
WL
SL
GL
WL
SL
GL
WL
SL
GL
WL
SL
GL
WL
SL
GL
WL
SL
GL
WL
SL
GL
WL
SL
GL

mean
399
354
349
325
402
358
236

240
335

368



260

230

81





Peat soils
std
98
96
89
106
78
92
37

16
100

81



49












n
779
13
46
36
14
50
7

2
34

19



11

1


1
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6.5.2 Regio
onal variab
bility of top
psoil pH of peat soils
Analysis ba
ased on the LUCAS
L
topso
oil database shows that the high levvels of organ
nic compoun
nds (i.e. acidss)
present in peat
p
soils givve a strong acidic
a
reactio
on for grasslands (Figure 6.32), shurblands (Figu
ure 6.33) an
nd
woodlands (Figure 6.34
4) of all clima
ate zones.
Only grasslland in the Mediterranea
M
an semi-arid
d zone (CZ7)) shows cond
ditions tendiing to neutra
al or alkalinee.
However, th
his is based on
o a single ssample.
Less acid or even alkaliine organic soils
s
are also
o possible, eespecially in areas such as
a calcareou
us fens wherre
groundwateer that is rich
h in calcium
m and magneesium carbon
nates support a specific plant comm
munity (only a
select group of plants can
c tolerate both high leevels of calccium and wa
aterlogging) or where seea or brackissh
water can rreach.

Figure 6.32
2 Percentage distribution of
o pH categoriies (1-3) in peeat samples under
u
grasslan
nd in the EU in
n six climatic
zon
nes (CZ1-4 & 6-7).
(pH categorries: ; 1: =< 4.5
5; 2: 4.5 - 5.5
5; 3: 5.5 - 6.8
8; 4: 6.8 – 7.2
2
numb
bers at the barrs show samp
ple size; (for climate
c
zone names
n
see Ta
able 6.5)
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Figure 6.33 Percentage
P
distribution of pH categoriess (1-3) in peatt samples und
der shrubland
d in the EU in two
t climatic
zones
z
(CZ1-2).
(pH categoriees: ; 1: =< 4.5;; 2: 4.5 - 5.5;; 3: 5.5 - 6.8; 4: 6.8 - 7.2
numbeers at the barss show samplee size; (for climate zone na
ames see Tab
ble 6.5)

Figure 6.34 P
Percentage diistribution of pH categoriess (1-4) in peatt samples und
der woodland in the EU in five
f climatic
zon
nes (CZ1-4 & 6).
(pH categoriees: ; 1: =< 4.5;; 2: 4.5 - 5.5;; 3: 5.5 - 6.8; 4: 6.8 - 7.2
numbeers at the barss show samplee size; (for climate zone na
ames see Tab
ble 6.5)
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6.5.3 Regio
onal variab
bility of top
psoil cation exchange capacity off peat soilss
Cation exch
hange capaciity (CEC) is the sum of exchangeablee bases plus total soil accidity at a sppecific pH and
is an indication of the ability
a
of a so
oil to hold pllant nutrientts. However, measuring CEC
C in organnic soils can
be problematic.
CEC data frrom peat soils (Figure 6.3
35-6.37) in the
t LUCAS to
opsoil datab
base show a strong inverrse
correlation to those of pH
p (Figures 6.32-34).
6
Ass expected, th
he high orga
anic matter levels and la
arge surface
area of the soil particlees, give rise to
t high CEC values.
v
Although th
he number off samples is too low to make
m
valid statistical
s
comparisons, CEC
C values of
o peat soils
are, in geneeral, much hiigher than th
he mineral so
oils of cropla
ands, grassla
ands, woodla
ands and shrublands.

Figure 6.35 Distribution
n of cation excchange capaccity categoriess (1-4) in peatt samples und
der grassland
d in the EU in
selected climatic
c
zoness (1-4, 6-7).
(Cation Exch
hange Capacitty ranges; CEC
C in cmol(+)/kkg; 1: <= 10, 2:
2 10-20, 3: 20-40, 4: >=40
0
numb
bers at the ba
ars show sample size; for climate
c
zone names
n
see tab
ble 6.5)
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Figure 6.36 Distribution of cation exchan
nge capacity categories
c
(1--4) in peat sa
amples under shrubland in tthe EU in two
o
clim
matic zones (1-2).
ange Capacityy ranges; CEC in cmol(+)/kg
g; 1: <= 10, 2: 10-20, 3: 20-40, 4: >=40
(Cation Excha
numbeers at the barss show samplle size; for clim
mate zone na
ames see Tablle 6.5)

Figure 6.37 D
Distribution of
o cation exch
hange capaciity categoriess (1-4) in pea
at samples under woodlan
nd in the EU
in five clim
matic zones (1-4
(
& 6).
(C
Cation Exchan
nge Capacity ranges; CEC in cmol(+)/kg
g; 1: <= 10, 2:
2 10-20, 3: 20-40,
2
4: >=4
40
numberss at the bars show sample size; for clim
mate zone na
ames see Ta
able 6.5)
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6.6 Organic-rich mineral soils
Within the LUCAS Topsoil Survey, 431 samples (around 2% of the dataset) are considered are representing
organic-rich mineral soils. These samples have been identified as having a soil organic carbon content
greater than 12% but less than 20% (see section 6.5). These limits reflect commonly used thresholds in
soil science (e.g. FAO, WRB, soil taxonomy). In these samples, significant amounts of mineral matter were
also present in the sample.
Organic-rich mineral soils generally reflect humid conditions and are often saturated with water for
significant lengths of time (thus, inhibiting the decay of organic matter). Organic-rich soils are often
referred to as possessing ‘peaty’ or humic topsoils. In general, the bulk densities and pH levels of organicrich mineral soils tend to be lower than corresponding mineral soils. Porosity, water holding capacity and
cation exchange capacity of organic-rich soils are also generally higher than mineral soils,

6.6.1 Regional variability of topsoil organic carbon of organic-rich soils
While the absence of samples in a specific climate zone zones may reflect the restricted sampling design,
the distribution of samples also reflects the wet and humid climatic conditions that generally favour the
formation of elevated levels of organic matter in soil.
Organic-rich mineral soils are mostly associated with woodlands and shrublands (in the Mediterranean
mountainous zone (CZ9), a single sample was collected from a grassland).
The highest number of samples was collected in the Boreal and boreal to temperate zone (CZ1) while the
least samples came from the Mediterranean semi-arid (CZ7) and Mediterranean mountainous zone (CZ9),
with only a single sample from a woodland and a grassland site, respectively.
In addition, no samples were reported for shrublands in the Sub-oceanic to sub-continental (CZ4) or the
partly arid Subcontinental (CZ5) zones.
In addition, only a single sample was collected for Sub-oceanic shrublands (CZ3), Temperate mountainous
shrublands and grasslands (CZ6) and Mediterranean temperate and sub-oceanic grassland (CZ8).
Given the limited number of samples in many climate zones, the use of the LUCAS Topsoil Database for
pan-European studies or assessments on organic-rich soils may be problematic and should be restricted to
specific regions where the number of samples is greater. However, the following broad conclusions may be
observed in Table 6.6.
Mean values of organic carbon in the topsoils of organic-rich mineral soils show considerable variation
across the different climatic zones. Values in the Mediterranean region (layer of peat are generally
consistently above 260 g/kg (values with limited number of samples are not considered).
The highest mean values were found in the shrublands of cool and humid climates of CZ1 and CZ2 (168
and 160 g/kg C respectively) while 159 g/kg C were found in the grasslands of the Sub-oceanic to subcontinental zone (CZ4). In general, woodlands show a consistent level of OC in all climate zones
(approximately 150 g/kg C). In fact the mean level of OC in CZ1 is identical to that of CZ8 even through the
climates are very different. In northern and western regions, comparable values are found for shrublands
and grasslands, although for the latter two cover types, the values are lower in the Temperate Mountains
and Mediterranean zones.
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Table 6.6. Soil organic carbon concentration (g/kg) in topsoil of peat in different climatic regions of Europe

No.
1

Climate zone
Name
Boreal and boreal to temperate

2

Atlantic

3

Sub-oceanic

4

Sub-oceanic to sub-continental

5

Subcontinental, partly arid

6

Temperate mountainous

7

Mediterranean semi-arid

8

Mediterranean temperate and sub-oceanic

9

Mediterranean mountainous

Land use
type
WL
SL
GL
WL
SL
GL
WL
SL
GL
WL
SL
GL
WL
SL
GL
WL
SL
GL
WL
SL
GL
WL
SL
GL
WL
SL
GL

mean
153
168
152
157
160
151
149
128
143
146
159
156
121
150
133
123
157


153
137
138

121

Peat soils
std
23
23
22
22
22
22
23

27
22

26
25

1
24


28


39
24





n
241
10
19
21
7
39
15
1
10
21

15
3

2
14
1
1
3


4
2
1


1

As expected, the OC of organic-rich mineral soils is markedly higher than all mineral soils from cropland,
grassland, shrubland and woodlands by around 300% but around 50% of the value of peat soils.
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6.7 C:N ele
emental rattio in topso
oils of the European
E
Union
Rannveig Annna Guicharn
rnaud

The elemen
ntal ratio of carbon and nitrogen (C:N
N) of organic matter inffluences the rate of deco
omposition of
o
soil organicc matter (SOM) which in turns affectts plant avaiilability of C and N withiin soil system
ms. The maiin
reason is linked to soil microorganisms C and N need for their metabolisms. For every
e
part of
o N microbees
will need 20 parts of C.
C When added soil orga
anic materiall contains more
m
N in pro
oportion to C,
C excess N is
released in to the soil solution and
d becomes available
a
to plants. If, on
n the other hand, the orrganic matteer
contains lesss N in relation to C, soil microorgan
nisms will im
mmobilise so
oil N for their metabolism
ms and N wiill
become tem
mporarily unavailable to plants. The C and N pla
ant availability is best deemonstrated
d in the soil C:
C
N elementa
al ratios. As well
w documeented in the literature, when
w
the soill ratio is ≤ 16,
1 this is an
n indication of
o
C limitationn, when the C:
C N ratio is ≥16
≥ this is an
a indication of N limitation.
C:N elemenntal ratios were
w
calcula
ated from th
he LUCAS so
oil dataset for all land cover grou
ups (cropland
d,
forest, gra
assland and bare land) and for different cllimatic regio
ons (Boreall, Boreal/Tem
mperate an
nd
Mediterraneean). Accord
ding to calcu
ulated C:N ratios, plantt available N is genera
ally not a limiting facto
or
indifferent soil systemss, with the exception
e
off few forestted areas, with
w C: N ratios rarely beeing over 16
6.
Across the EU, soils ap
ppear to be C limited with C:N ratioss being geneerally less than 16 (Figu
ure 6.38). No
N
specific trennd was obseerved betweeen climatic reegions (Figure 6.1).

Figure 6.38
8 Columns represent C:N ra
atios in differrent climatic region
r
and lan
nd cover groups in the EU. Columns are
09 and error bars
b
standard
d deviations of means.
meanss obtained from LUCAS 200
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6.8 Conclusions
As the first harmonised soil assessment across almost all Member States, the LUCAS topsoil survey
resulted in a unique dataset that allows a series of comparative assessments to be made on the soil
resources of the EU. The LUCAS dataset is enhanced by the associated information on land use/cover on
the sampling locations. This report provides an overview of the survey methodology and resultant database
and highlights some of the geographic tendencies in topsoil properties across the EU.
An important component of the LUCAS topsoil database is the library of multispectral properties. However,
the analysis of multispectral properties was beyond the scope of this current study.
This initial general assessment of the database aimed to reveal the potential of the information it contains.
These potentials are certainly unique from a scientific aspect but also for the formation of soil related
policies in the EU.
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7. InterimresultsofcontinuousmappingtopsoilpropertiesoftheEuropean
UniononacontinentalscaleusingLUCASSoildata
7.1 Generating continuous soil maps from point observation and auxiliary
information
Cristiano Ballabio

Digital Soil Mapping (DSM) deals with the production of continuous soil maps or maps of soil properties
form heterogeneous data sources through the use of machine learning or statistical techniques. The most
common task is to produce geographically continuous maps (i.e. maps covering the entire surface of a
given region) from scattered point data. This is generally due to soil surveys providing a limited number of
field observations, which are insufficient to estimate soil properties over large areas by simple averaging.
For instance, the points of the LUCAS dataset have a minimum distance of 2 km (determined by the
general LUCAS grid). However, it is not possible to consider the sampled point as representative of a larger
area (the area over which the soil was sampled for any single observation), nor is it possible to average the
value of several point to obtain an estimate for a region because a reasonably accurate estimation would
require a quite high number of points, resulting in very large estimation surfaces.
An alternative approach to the problem of the estimation of soil properties from soil surveys is to establish
a relation between the soil property of interest and a series of environmental covariates, representing a
series of factors influencing soil formation. This approach follows the paradigm of soil science where the
distribution of soil features is generally attributed to a series of interacting environmental factors driving
soil development. This concept stems from the work of Vasily Dokuchaev who attributed changes in soil
properties to both changes in geology and climatic or topographic conditions. Hans Jenny formalised this
relationship in his famous equation S=f(CL, O, P, R, T, …), where soil properties S are defined as the
combination of the effects of climate CL, organisms O, parent material P, relief R and time T while leaving
the possibility to introduce additional variables in the equation. In spite of its formal appearance, Jenny’s
equation is purely qualitative and aims to describe a concept more rather than making effective predictions
of soil properties. Nonetheless, since Jenny published his formulation, it has been used by soil surveyors as
a qualitative expression for understanding the factors that may be help in producing the soil pattern within
a region. Numerous researchers have taken the quantitative path and have tried to formalise this equation.
Mostly through studies where one factor varies and the rest are constant, resulting in quantitative
climofunctions, topofunctions, etc.
DSM follows the concepts expressed in Jenny’s equation. However, instead of expressing an empirical
relation, DSM aims to find an actual mathematical relation between soil properties and a combination of
environmental features. This is usually achieved using a statistical regression procedure to relate a set of
environmental features with a set of observed soil properties. Subsequently soil properties are extrapolated
or interpolated from the fitted model for all the unvisited locations where the prediction is needed. In
practice the DSM approach follows Hans Jenny’s approach but establishes a quantitative relationship
instead of a qualitative one.
Limitations in the sampling design and possible limitations in the modelling process may mean that
procedures to develop continuous mapping of soil parameters may not capture all spatial variation.
Consequently, certain areas may be subject to high uncertainty (see Fig. 7.2).
Regions that are above 1,000 m in elevation, peatlands and non-soil areas (e.g. urban, water, bare rock)
have been excluded from the following maps.
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7.2 Topsoil organic carbon content map

Delphine de Brogniez and Cristiano Ballabio

The measured organic carbon content of LUCAS soil samples is used to produce a map of topsoil organic
carbon (SOC) content at European scale. The dynamic of the latter soil parameter is influenced by different
factors such as climate (e.g. rainfall, temperature), vegetation cover, mineralisation rate, land management
practices as well as soil physico-chemical properties.
In order to predict SOC it is necessary to establish a relation between measured SOC and independent
variables (covariates) representing the above-mentioned factors. These variables must be available as
continuous data layers so that to allow the prediction of SOC content at unsampled locations. Digital soil
mapping through regression consists in fitting a statistical regression model between the soil property to
predict and the value of the independent variables at the same locations. The soil property is then predicted
at unsampled locations by applying the fitted model on the covariates.
In the present case study, a generalized additive model (thin-plate splines) was fitted using generalized
cross-validation. Predictive environment variables used were CORINE20065 land cover, elevation and slope
(SRTM derived), soil texture, temperature, ratio of rainfall and potential evapotranspiration also referred to
as aridity index (WorldClim global climate database), geology (BGR geological map of Europe), net primary
productivity (MODIS land-product), latitude and longitude. The overall model-fitting performance (adjustedR2) is 0.46. The root mean squared error (RMSE) is 79.3 and the normalized RMSE is 13.5%.
The predicted SOC content is presented in figure 7.1.


5

CORINE2006wasnotavailableforGreece.ThedataofCORINE2000werethereforeusedforthelattercountrysince
nochangeintheclassificationoccurredbetweenbothdatasetsrelease.
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Figure 7.1 Predicted topsoil org
ganic carbon
n content for the EU basedd on the LUCAAS Topsoil Dattabase.

a
1000 m and peatllands have been
b
masked
d out. Also, the map is a preliminary
Please note that areas above
d
(see C
Chapter 2.4) and possiblle limitationss in the
productt and reflectss the specific sampling design
modelling pprocess (e.g. weak covariiates). It is worth
w
bearing
g in mind tha
at the characteristics of the topsoil
(i.e. the upppermost 20 cm) may bee very differeent to those deeper in th
he soil body. Consequenttly, certain
areas have been mapped
m
with
h high uncerttainty.
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Figure 7.2 represents the standarrd error of the
t model prediction.
p
In
n other worrds, this ma
ap shows th
he
he prediction
n made by th
he model (assuming a normal
n
distribution of th
he
theoretical range of deeviation in th
w
calculatted a posteriori, based on a Monte-C
Carlo simulattions from a multivariatte
errors). Theese values were
normal disttribution usin
ng the estim
mated covaria
ance matrix of the param
meters. This standard errror expressees
the distribu
ution of the SOC value for
f a certain
n combinatio
on of covaria
ates (i.e. a pixel)
p
as predicted by th
he
regression m
model (creatted with the LUCAS data
aset in this ca
ase).
We would llike to emph
hasize that this
t
map sho
ould, by no means,
m
be in
nterpreted as
a showing the
t predictio
on
error for every pixel of
o the map. As a matter of fact, prediction error
e
is calcu
ulated as th
he differencce
urement and
d prediction and could therefore
t
on
nly be obtain
ned for the pixels wherre
between a SOC measu
mples were ta
aken. The reeader should
d also keep in mind thatt the LUCAS dataset is a sample of a
LUCAS sam
much larger population (that is the soils of Euro
ope).
d of 50g·kg-1
1 standard error
e
was chosen to disccard areas th
hat were eith
her predictin
ng outside th
he
A threshold
range of coovariates or with
w too few
w samples. Th
hey are show
wn in red on the map (Figure 7.2).


Figure 7.2 Stand
dard error of the model prediction.
p
The aboove considerrations on uncertainties related to spatial pred
diction of so
oil propertiess apply to all
a
maps in chapter 7.
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7.3 To
opsoilpHmaps

Cristiano Ballabio,
B
Cirro Gardi and
d Yusuf Yigiini
In order to obtain a con
ntinuous ma
apping of soiil pH for the EU through
h the digital soil mapping
g approach, a
set of contiinuously disttribute covariates, highlyy correlated with pH, weere selected.. Soil vegeta
ation dynamic
was derived from rem
motely senseed data witth a high teemporal resolution (MO
ODIS 16 dayys vegetatio
on
indexes: ND
DVI and EVI)) which provvide some in
nformation about
a
the seeasonal dyna
amics of veg
getation oveer
the EU.
In the present case stu
udy, a generalized additive model (thin-plate splines)
s
was fitted using
g generalizeed
cross-valida
ation. Predicctive environ
nment variab
bles used weere elevation and slope (SRTM derived), ratio of
o
rainfall and
d potential evapotranspiration also referred to as ariditty index (W
WorldClim gllobal climatte
database), net primary productivityy (MODIS lan
nd-product), latitude and
d longitude, seasonal MO
ODIS EVI an
nd
NDVI.
The overall model-fittin
ng performan
nce for the pH
p (adjusted-R2) is 0.76. The standa
ardized error is 0.11.

Figure 7.3 P
Predicted Toppsoil pH maps for the EU ba
ased on the LUCAS
L
Topsoill Database: measured
m
in Ca
aCl2 (left) and
d
H20 (right).
(BG and RO
O are excluded
d – No Data).

Please notee that areas above 1000
0 m and pea
atlands have been maskeed out. Also, the map is a preliminaryy
producct and refleccts the speciffic sampling
g design (seee Chapter 2.4
4) and possib
ble limitation
ns in the
modelling process (e.g
g. weak cova
ariates). It is worth bearin
ng in mind th
hat the characteristics of the topsoill
(i.e. the uppermost 20
0 cm) may be
b very different to thosee deeper in the
t soil bodyy. Consequenntly, certain
areass have been mapped witth high uncertainty.
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7.4 Topsoilsand,siltandclaymaps
Cristiano Ballabio
Soil sand-, silt- and clay content as measured (in %) in the samples of the LUCAS database were
extrapolated to the full extent of the EU by means of a regression tree model using remotely sensed data
as support covariates. The approach was to model soil particles as a dependent (in the statistics sense)
variable, whereas the seasonal variation of vegetation cover was taken as an independent descriptor. Soil
vegetation dynamic was derived from remotely sensed data with a high temporal resolution. In this case
the data used was the MODIS 16 day vegetation indexes (NDVI and EVI) which provide some information
about the seasonal dynamics of vegetation over Europe. As the vegetation dynamics is substantially
controlled by climate, the difference in the plant growth and senescence cycle, once the climatic effect is
removed, is substantially controlled by the soil available water content, which in turn is controlled by soil
texture and soil organic matter content.
The regression model was then fitted using climatic data from the WorldClim global climate database,
geomorphometric variables (elevation and slope) and MODIS derived vegetation indices. Vegetation
dynamics was modelled using strictly concave splines to generate a prototype yearly cycle from the data
collected over many years (2000-2008).
The model fitting resulted in very good performance metrics: fitting R2 = 0.6. The model was also tested
using k-fold cross-validation (500 repetitions with a proportion of 0.2 validation/fitting instances) giving an
R2 = 0.56. The standard error varies from 5.44 to 6.8%.
Since the three textural components (sand, silt and clay) are mutually correlated, the first prediction made
was done on the textural component which could be predicted with the best accuracy, in this case sand.
Thereafter each other component was predicted by constraining the sum of the three to be equal to 100.
Results of the digital mapping of the sand, silt and clay content are presented in Figures 7.4 - 7.6
respectively.
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Figure 7.4 Predicted
d topsoil sand content (perccentage) for the
t EU based on the LUCAS
S Topsoil Data
abase.

Please note that areas above
a
1000 m and peatllands have been
b
masked
d out. Also, the map is a preliminary
productt and reflectss the specific sampling design
d
(see C
Chapter 2.4) and possiblle limitationss in the
modelling pprocess (e.g. weak covariiates). It is worth
w
bearing
g in mind tha
at the characteristics of the topsoil
(i.e. the upppermost 20 cm) may bee very differeent to those deeper in th
he soil body. Consequenttly, certain
areas have been mapped
m
with
h high uncerttainty.
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Figure 7.5 Predictted topsoil siltt content (perrcentage) for the EU based on the LUCAS Topsoil Dattabase.

Please notee that areas above 1000
0 m and pea
atlands have been maskeed out. Also, the map is a preliminaryy
producct and refleccts the speciffic sampling
g design (seee Chapter 2.4
4) and possib
ble limitation
ns in the
modelling process (e.g
g. weak cova
ariates). It is worth bearin
ng in mind th
hat the characteristics of the topsoill
(i.e. the uppermost 20
0 cm) may be
b very different to thosee deeper in the
t soil bodyy. Consequenntly, certain
areass have been mapped witth high uncertainty.
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Figuree 7.6 Predicted
d topsoil clay content (perccentage) for th
he EU based on the LUCAS
S Topsoil Data
abase.

Please note that areas above
a
1000 m and peatllands have been
b
masked
d out. Also, the map is a preliminary
productt and reflectss the specific sampling design
d
(see C
Chapter 2.4) and possiblle limitationss in the
modelling pprocess (e.g. weak covariiates). It is worth
w
bearing
g in mind tha
at the characteristics of the topsoil
(i.e. the upppermost 20 cm) may bee very differeent to those deeper in th
he soil body. Consequenttly, certain
areas have been mapped
m
with
h high uncerttainty.

The
T maps apppear to be consistent with
w the ma
ain geologica
al and geom
morphologica
al features of
o Europe. In
n
particular
p
the highest am
mounts of sand can be found in correspondencce of the lim
mit of the gla
acial/marinee
transgression
t
n associated
d with the last glacial maximum. Silt contentt is higher in correspon
ndence with
h
aeolian
a
depoosits, while clay
c
is relatted to the geological na
ature of the substrate (e.g. presencce of shales,,
glacial
g
clays)).
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7.5 Topsoil nitrogen content and C:N ratio maps
Cristiano Ballabio
Nitrogen (g kg-1) and the C:N ratio of the LUCAS samples was extrapolated to the full extent of the EU by
mean of a regression tree model using remotely sensed data as support covariates. Given the high
correlation between SOC and nitrogen content, the approach applied was similar to the one presented in
section 8.1. In this case, nitrogen was considered as the independent variable, whereas the seasonal
variation of vegetation, mineralisation rate, land management practices as well as soil physical and
chemical properties cover were taken as an independent descriptor. Soil vegetation dynamic was derived
from remotely sensed data with a high temporal resolution (MODIS 16 day vegetation indexes: NDVI and
EVI) which provide some information about the seasonal dynamics of vegetation over Europe.
In the present case study, a generalized additive model (thin-plate splines) was fitted using generalized
cross-validation. Predictive environment variables used were elevation and slope (SRTM derived), ratio of
rainfall and potential evapotranspiration also referred to as aridity index (WorldClim global climate
database), net primary productivity (MODIS land-product), latitude and longitude, seasonal MODIS EVI and
NDVI.
The overall model-fitting performance for the nitrogen content (adjusted-R2) is 0.701. The standardized
error is 0.264.
The overall model-fitting performance for the C:N ratio (adjusted-R2) is 0.603. The standardized error is
4.67.
The predicted nitrogen content and C:N ratio are presented in figures 7.7 and 7.8.
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Figure 7.8
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Figure 7.9 Predicted topso
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g design (seee Chapter 2.4
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ns in the
modelling process (e.g
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ariates). It is worth bearin
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hat the characteristics of the topsoill
(i.e. the uppermost 20
0 cm) may be
b very different to thosee deeper in the
t soil bodyy. Consequenntly, certain
areass have been mapped witth high uncertainty.
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8. Spatial analysis of soil properties of the European Union
8.1 Estimation of topsoil organic carbon stock of the European Union and its
Member States for the reference year of 2009
Gergely Tóth, Cristiano Ballabio, Delphine de Brogniez and Tamás Hermann

8.1.1 Introduction
Soil organic carbon (SOC) concentration is a site specific soil characteristic, which is attributable to soilforming factors such as climate, vegetation, parent material and land use.
Pedotransfer rules (PTRs) are techniques to estimate SOC concentration in situations where direct
measurements are not available, or not adequate for spatial representation on the required scale. PTRs
developed to characterise SOC levels of European soil types (EC 2003) were combined with climate and
land use data by Jones et al. (2004) to derive spatial estimates of topsoil SOC content on a continental
scale for Europe. The resulting spatial dataset, the so-called OCTOP data serves as the main information
base on topsoil carbon content for various purposes to date. Although validation of the OCTOP data were
performed using regional datasets, only with the availability of the LUCAS Soil data a full understanding of
the model performance became feasible. Initial analyses of the model validity of OCTOP by Tóth (2011)
and Panagos et al. (2012) described regional variation in its estimation inaccuracy. According to Tóth
(2011), the model performance of OCTOP has a systematic error in relation to climatic patterns. Panagos et
al. (2013) has added detailed data – based on analysis of SOC content in administrative units - to support
this argument.
Digital soil mapping applies geostatistical processes of georeferenced data from different sources to derive
continuous maps of soil properties. Brogniez and Ballabio (2013; Chapter 7.2 of this report) present a map
of topsoil organic carbon concentration based on LUCAS point measurements and auxiliary information
(land use, texture, climate, terrain characteristics).
The objective of our current study is to make use of the measured LUCAS topsoil SOC data to derive
estimates for organic carbon stocks of topsoil (uppermost 20 cm) in the European Union. Two approaches
were followed for the estimations. The first approach based its calculations on the SOC concentration
values within distinct climate zones derived from the OCTOP map of Jones et al. (2004) and the measured
LUCAS Topsoil data in the same climate zones. Statistical differences between the estimated (OCTOP) and
measured (LUCAS) concentrations were used to estimate SOC stocks for each climatic zones of the EU for
the year 2009. In the second approach, topsoil SOC estimates were made on the bases of the continuous
map presented by Brogniez and Ballabio (2013).
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8.1.2 Spatial datasets used
i. Organic carbon data
a) The OCTOP raster dataset (Jones et al. 2004) was used as primary input layer for the statistical analysis
and spatial calculations.
b) Measured SOC data from the LUCAS points was used for comparative assessment with the OCTOP data
on 19969 points and to establish correction measures for predicting SOC stocks.
b) The Topsoil Organic Carbon Content map of de Brogniez and Ballabio (2013) published in this report
(Chapter 7.2) has been utilised for estimating topsoil SOC stocks for the EU and its Member States.

ii. Land use data
The CORINE (CO-oRdination of INformation on the Environment; JRC-EEA 2005) land cover database was
used to select the extent of croplands (annual and permanent), grassland and forest for the analyses. The
CLC database provides information on land cover in European countries, including member states of the
European Union (JRC-EEA, 2005). CORINE Land Cover data from two years (2000 and 2006) was used.
Basic mapping units of the CLC databases (2000 and 2006) are 25 ha in size displayed on a map of
1:100,000 scale or 100 m resolution. Each data cell is classified according to the dominant land cover type
or by the mixture of land covers.

iii. Climate data
Climatic zonation based on the 35 climatic areas of Hartwich et al. (2005) served as spatial units for SOC
assessments on the continental scale. Regrouping of the Climatic Areas was performed to create climatic
zones (Chapter 6, Figure 6.1).

iv. Topsoil bulk density data
Spatial data on different topsoil ‘packing density’ (PD_TOP) is available from the European Soil database
(ESDB; EC 2003). Bulk density values are derived from this packing density data using the equation
proposed by Jones et al. (2003). Jones et al. provides numeric relationships between packing density and
bulk density values, conditioned by clay content and quantify the meaning of qualitative categories of
packing density for mineral soils. For the special cases of Histosol areas, mean bulk density value (0.32
g/cm3) of Histosols in the EU-HYDI database (Weynants et al. 2013) was used. It is worth noting, that with
new data on bulk densities the accuracy of estimations can be considerably increased.

v. Soil typological units
The Soil Geographical Database of Eurasia (SGDBE) from the European Soil Database (ESDB; EC 2003) was
used as the soil information source to separate areas with Histosols and other soil in this study.

108



LUCASTOPSOILSURVEYMethodology,dataandresults
8.1.3 Methods and results
Two methods were tested simultaneously to derive estimates for topsoil (upper 20 cm) organic carbon
stocks of the European Union for the baseline year of 2009.
The first method used the OCTOP map (Jones et al. 2004) as an underlying continuous spatial dataset. To
date OCTOP has been the only available dataset to characterise SOC in the soils of Europe. To estimate the
differences between predicted (OCTOP) and measured (LUCAS) SOC concentrations were established for
main climatic zones (Figure 6.1.1) and land cover classes (e.g. annual croplands, permanent croplands,
grassland and woodland). These coefficients indicate differences between estimated regional SOC
concentration values of the OCTOP raster data and those derived from measured LUCAS Topsoil data.
OCTOP-based SOC stocks by climatic regions and land uses were calculated using SOC concentration values
of the OCTOP raster and the bulk density raster. For areas of Histosols - as delineated from the ESDB - a
separate bulk density value (0.32 g/cm3) was applied. OCTOP-based stock estimates were modified by the
coefficients (by climate region and land use; for Histosols separately) to arrive to an estimated SOC stock
for the European Union for the baseline year of 2009. To establish topsoil SOC values for areas other than
cropland, grassland and woodland, the average concentrations estimated for these land use types were
used.
According to the estimations, organic carbon stock in the topsoil of the 25 EU Member States which
participated in the 2009 LUCAS Topsoil Survey come to a total of 54.5 gigatonnes. Based on the
combination of LUCAS data and OCTOP map and including an estimate for Bulgaria and Romania - based
on the proportional land area of these countries within the EU and in the climate zone they located - the
total topsoil SOC stock of the EU in the year 2009 and can be estimated as 56.9 gigatonnes. Over 70 % of
this stock is in the Boreal and Atlantic regions.
The second method – based on digital soil mapping - used the topsoil organic carbon map presented by
Brogniez and Ballabio (2013; see Chapter 7.2 of this report) in combination with the bulk density raster
created using the above described methodology. SOC stock estimates using the second approach are
presented for the Members States of the European Union that were covered by the LUCAS survey in 2009.
Table 8.1 presents the result of the estimations for individual countries. Based on the country specific
figures (and considering the land area and soil conditions of Bulgaria and Romania) topsoil (uppermost 20
cm) organic carbon stock of the European Union is estimated as 51.9 gigatonnes using the digital soil
mapping approach.
8.1.4 Conclusions
Two methods were applied to estimate organic carbon stocks of the topsoil in the European Union. One
method based its estimations on the OCTOP map of Jones et al. (2004) and the measured SOC
concentrations of the LUCAS Topsoil survey, while the other method is based on the SOC concentrations
derived using digital soil mapping techniques. The first and the second method resulted estimates of 56.9
and 51.9 gigatonnes of SOC stock for the uppermost 20 cm of soil, respectively. Considering the
uncertainties in both estimation methods (e.g. varying areal share of soils with different SOC concentration
within climatic zones (first approach) or reliability of the spatial model (second approach), under sampling
of wetlands and peatlands) but also the similarities of the results, the topsoil (upper 20 cm) SOC stocks of
the EU in 2009 can be assumed to be between 50 and 60 gigatonnes. Further studies are necessary to
establish accurate measures. In such studies, apart from increasing the reliability of spatial SOC
concentration estimates of continuous SOC map layers, increased accuracy of soil bulk density information
has to play a major role.
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Table 8.1. Estimates of soil organic carbon stocks in the topsoil of EU Member States, as derived from the
digital topsoil organic carbon map of the EU (De Brogniez and Ballabio 2013)

Member State
Austria
Belgium
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Italy
Latvia
Lithuania
Luxembourg
Netherlands
Poland
Portugal
Slovakia
Slovenia
Spain
Sweden
United Kingdom

Total SOC stock of
the topsoil

Mean SOC
concentration*

STD of SOC
concentration*

(Gigatonnes in top 20 cm)

(g/kg)

(g/kg)

0.85
0.25
0.51
0.56
0.72
10.45
3.74
2.76
0.6
0.55
1.95
1.78
0.92
0.75
0.02
0.24
1.65
0.6
0.33
0.2
2.47
12.59
3.86

44
34
25
53
65
131
28
30
21
23
130
26
52
42
33
28
20
26
28
43
20
124
69

16
14
8
9
15
24
11
9
7
6
44
14
15
10
9
13
10
11
10
11
13
32
49

*Mean SOC values and standard deviation figures for countries are solely for orientation purposes, they
have very limited scientific meaning.
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8.2 Applicability of LUCAS Soil data to improve predictions of soil water retention in
the EU
Melanie Weynants and Gergely Tóth

8.2.1 Introduction
Pedotransfer functions (PTFs) are a useful tool to predict soil hydrological properties where no such data
are available. Especially, for large scale studies, they can provide information on the soil hydrological
behaviour that can be used as input for hydrological models.
Pan-European PTFs predicting the parameters of Mualem-van Genuchten model (van Genuchten, 1980)
were developed in the 1990's in the framework of HYPRES project (Wösten, Lilly, Nemes, & Bas, 1999).
According to the available input data, the user has the choice between a class PTF based on the FAO
texture classes or a continuous PTF based on the silt, clay, organic matter contents and the bulk density.
Both PTFs are widely used and it is worth wondering how they perform on pan-European datasets in terms
of expected accuracy and geographical reliability.

8.2.2 Datasets and pedotransfer functions
The Soil Geographical Database of Eurasia (SGDBE) (Lambert, et al., 2003) is part of the ESDB (European
Commission Joint Research Centre, 2003). It provides a harmonized set of soil parameters covering Eurasia
and Mediterranean countries at scale 1:1,000,000. Information in SGDBE is available at the Soil Typological
Unit (STU) level, characterised by attributes specifying the nature and properties of soils. These properties
are estimated either by expert judgment or derived from a set of pedotransfer rules (PTR), in the form of
categorical data. For mapping purposes, the STUs are grouped into Soil Mapping Units (SMUs) since it is not
possible to delineate each STU at the 1:1,000,000 scale.
The Land Use/Land Cover Area Frame statistical Survey (LUCAS), launched in 2001, aims at monitoring the
land cover and land use at the European Union level with a harmonized methodology. The survey is
conducted every three years at geo-referenced positions on a regular 2 x 2 km grid. During the 2009
survey, a subset of about 21000 points, sampled in 23 member States, included an assessment of the
topsoil (0-30 cm). The points were selected to be representative of the European Union soils, stratified
according to topography and land use. Physicochemical analyses were conducted in a central laboratory,
providing a coherent assessment of soils from 23 member States (EU-27 except Cyprus, Malta, Bulgaria
and Romania).
The two datasets (SGDBE and LUCAS-soil) differ in several ways. The first covers a larger area (Europe and
Russia) and provides information on typical soil profiles, but this information is in the form of categorical
estimations. The second gives measured information for the topsoil at specific points. Both can be used for
predicting the soil hydrologic properties using pedotransfer functions (PTF). However the outputs will be
different.
HYPRES PTFs (Wösten, Lilly, Nemes, & Bas, 1999) predict the parameters of functions describing the soil
water retention and unsaturated hydraulic conductivity curves (the so-called Mualem-van Genuchten). Two
types of PTFs are available. A class PTF based on the soil texture classes and a continuous PTF based on
the soil silt, clay, organic matter contents and its bulk density. Only the first can be applied on SGDBE
because this dataset does not contain continuous values. The second can be applied on LUCAS-soil dataset,
but first the particle size distribution has to be transformed and the bulk density needs to be estimated
using another pedotransfer function.
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8.2.3 Methods
Sandy and silty materials have no unique definition. In LUCAS Topsoil database, the cut-off value of the
diameter of particles between the two materials is 63 μm while HYPRES PTFs uses 50 μm. The cumulative
particle size distribution was therefore transformed using cubic spline interpolation (Hollis et al, 2006).
Bulk density is an entry parameter of the HYPRES continuous PTF. Since it was not measured in LUCAS
Topsoil survey, this factor was estimated based on a multiple regression calibrated and validated on
subsets of the HYPRES database.
HYPRES PTFs were applied on both SGDBE and LUCAS-soil and the results were compared at two different
pF values (pF = log10(-h), with h the suction head [cm]).

8.2.4 Results

Figure 8.1 shows differences between water contents at pF 2.5 (-333 cm of water column) obtained by
running HYPRES continuous PTF on the LUCAS Topsoil dataset and HYPRES class PTF on dominant STU. The
dominant STU is the most represented STU in the SMU overlaying the LUCAS point. Seven classes of
differences are shown as well as both their spatial distribution and their density distribution (surfaces are
proportional to the number of instances). Small differences (between -0.03 and 0.03 in water content) are
the most numerous (24%). They are closely followed by the next classes of differences: about 20% of the
points show differences between -0.1 and -0.03 and again about 20% between 0.03 and 0.1. The
remaining 36% of the points show differences larger than 0.1 in absolute value. However this comparison
encompasses both the differences of texture between the two datasets and the differences due to the use
of the class and continuous PTF. In Figure 8.2 and Figure 8.3, the two effects are separated.
Figure 8.2 shows the differences between water contents at pF2.5 estimated with HYPRES class PTF on
LUCAS and on the dominant STU. This shows the effect of the differences in texture values between the
two datasets. 47% of the points show small differences (between -0.03 and 0.03 of water content), 11%
show medium differences (between 0.03 and 0.1 in absolute value), 27% show large differences (between
0.1 and 0.25 in absolute value) and 8% show very large differences (more than 0.25 in absolute value).
The spatial distribution of the differences is very contrasting. Very large differences are mainly observed in
Northern Europe (Sweden, Finland, Estonia, Latvia, Lithuania, Ireland, etc). Of course, this comparison is
based on the dominant soil typological unit (STU) in each soil mapping unit (SMU) and does not consider the
other STUs in the SMU. Nevertheless, using the dominant STU is a common approach used for mapping
purposes, when the mapped variable cannot be averaged between STUs. This shows the limitations of the
SGDBE and the potential of LUCAS Topsoil database for estimations of the soil hydraulic properties across
Europe. However, as the LUCAS Topsoil Survey is a point dataset, it needs to be interpolated to be
applicable for continuous mapping purposes.
Figure 8.3 shows the differences between water contents at pF2.5 estimated on LUCAS-soil with the
continuous and the class HYPRES PTFs. This illustrates the effect of using a class or a continuous
pedotransfer function. 38% of the points show small differences (between -0.03 and 0.03 in water
content). For 31% of the points, the continuous PTF results in smaller (difference less than -0.03) water
contents than the class one. For 29%, it is the contrary (difference greater than 0.03). Hence, only 40% of
the points show very small differences. Nevertheless, no point shows very large difference (greater than
0.25 in absolute value). This illustrates the impact of using a class or a continuous PTF. This does not mean
that the continuous is more correct: these data do not allow us to evaluate the validity of one or the other
PTF. It shows that using a continuous PTF generates more variability in the hydraulic properties, which
might be closer to reality.
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8.3 Soil erodibility estimation of the EU using LUCAS point survey data
Panos Panagos, Katrin Meusburger, Christine Alewell and Luca Montanarella
8.3.1 Introduction
Soil erosion caused by water is a multivariate phenomenon and can be attributed to a number of basic
agents, which may also trigger erosion in combination. One of the most widely used soil erosion models is
the USLE which predicts the long term average annual rate of soil erosion on a field slope based on a
multiplicative formula of rainfall erosivity, soil erodibility, slope, crop management and support practices. In
most studies, the estimation of soil erodibility is restricted by limited data availability and the
regionalisation technique elaborated by Van Knijff et al. (2000). This method is based on the five textural
classes of the European Soil Database at a scale of 1:1,000,000 (ESDB) (Panagos, 2006). According to
Pérez-Rodríguez et al. (2007), current soil maps do not provide sufficient information to assess soil
erodibility. Thus, the use of interpolation techniques in combination with spatially distributed field data
allows for a better representation of the soil erodibility.
The main objective of this communication is to assess the soil erodibility in terms of K-factor (Wischmeier
and Smith, 1978) for the EU using the 2009 LUCAS Topsoil survey.

8.3.2 Method for estimation of K-Factor
The K-factor is a lumped parameter that represents an integrated average annual value of the soil profile
reaction to the processes of soil detachment and transport by raindrop impact and surface flow (Renard et
al., 1997). Consequently, the K-factor is best obtained from direct measurements on natural plots (Kinnell,
2010). However this is an infeasible task on a national or continental scale. To overcome this problem,
measured K-factor values have been related to soil properties. The most widely used relationship is the
soil-erodibility nomograph of Wischmeier and Smith (1978) that defines the following equation:
K = ((2.1 10−4 M1.14 (12−OM) + 3.25 (s−2) + 2.5 (p−3))/100)*0.137

[1]

where OM is organic matter(%), s is the soil structure class, and p is the permeability class. M is the textural
factor: percentage silt + fine sand fraction content multiplied by 100 – clay fraction. K is expressed in SI
units of t ha h ha-1 MJ-1 mm-1.
The erodibility factor was calculated for each LUCAS topsoil point and interpolated to create a map using
the inverse distance weighting (IDW) method due to the limited availability of significant covariates on a
European scale. The IDW method is based on the assumption that the soil erodibility at an un-sampled
point is a distance weighting average of soil erodibility values of the nearby sampling points (in this case
20). The IDW method can yield a prediction for variables with a very high spatial variability (AnguloMartinez et al., 2009). The quality of the interpolation was tested on an subset of 25% of the data.

8.3.3 Results and Discussion
The K-factor values (t ha h ha-1 MJ-1 mm-1) obtained by using equation [1] range between 0.013 and 0.087
with a mean value of 0.041 and a standard deviation of 0.013. The IDW interpolation with a power
parameter of 2 performed best (R2 adjusted=0.81) to interpolate LUCAS point data to a soil erodibility map
of Europe (Figure 8.4). Visually, the spatial pattern of high soil erodibility follows in large parts the
distribution of loess in Europe (Haase and Fink, 2007).
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Comparison of K-factors between countries (Table 8.2) illustrates that there is a degree of stratification
since Mediterranean countries (Italy, Spain, Greece, and Portugal) have mean K-factors between 0.039 and
0.042 (t ha h ha-1 MJ-1 mm-1). The highest mean values are found in central European countries (Belgium,
Slovakia, Luxembourg, Czech Republic, Austria and South Germany) where mean values range between
0.047 and 0.054. Finally, a part of northern Europe (Denmark, Netherlands and North Poland) and the Baltic
States (Latvia, Estonia and Lithuania) show the lowest mean values ranging less than 0.039. The
coefficient of variation, expressed as a ratio between standard deviation and mean value, illustrates the
dispersion of K-factor values inside the country. Ireland, Austria and Slovakia showed low variability while
the highest ones are found in Netherlands, Germany and Poland.
The LUCAS dataset enables an unbiased overview of soil erodibility over Europe. However, it should be kept
in mind that, depending on the region, K-factors obtained from field measurements may differ
considerable from K-factors deduced from the empirical equation [1]. For a global assessment, IDW proved
to be suitable. However, in-depth analysis of potential covariates and geo-statistical methods in order to
interpolate the 22,000 points will be a future research question.

8.3.4 Data availability
The soil erodibility data are available to download as raster files in the European Soil Data Centre (ESDAC)
electronic platform allowing modellers to use the K-factor for their regional, national or European
applications.
Public users are able to access the data for free (no cost) by accepting the license agreement which is the
proof that the user agrees with the conditions about data use. ESDAC has established a
username/password automatic authentication mechanism for users who have registered to download the
data. Registration is a simple process through a web form requesting the name of the user, their
organisation, E-mail address, country of origin and purpose for which the data will be used.
Most ESDAC data are used for research purposes (modelling, research projects, PhDs, publications, etc.),
followed by policy making and implementation of studies/assessments (Panagos et al., 2013).
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8.3.5 Conclusions and applications
The proposed dataset has the significant advantage that it is derived from a first ever pan-European soil
sampling campaign. The data harmonisation is guaranteed since samples have been collected in a
systematic manner during the same period and analysed by a single certified laboratory. The current study
offers an enormous improvement in the precise estimation of K-factor on European level comparing with
past methodologies which have derived this attribute based only on five textural classes and relatively
coarser scale.
The ESDAC, as the single information focal point for soil data in Europe, provides the soil erodibility data to
a vast majority of scientists for soil erosion applications. In case of European or national applications, the
soil erodibility data can be used as it is. At local or regional scales, where soil data are missing, the K-factor
estimation is offered as an input layer for interpolation using other covariates. In case of local assessments
where erodibility data are available from local soil databases, the present study can be proposed as
supplement for cross validating the local K-factor estimation.
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Table 8.2. Descriptive statistics of K-factor for European Union countries based on the LUCAS point survey
(t ha h ha-1 MJ-1mm-1)
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Standard
Max. Deviation

Coefficient of
variation

Country

Mean

Austria

0.047

0.070

0.010

0.204

Belgium

0.054

0.078

0.013

0.247

Czech Republic

0.047

0.076

0.012

0.250

Denmark

0.031

0.054

0.008

0.276

Estonia

0.039

0.073

0.013

0.345

Finland

0.040

0.084

0.013

0.329

France

0.045

0.081

0.012

0.280

Germany

0.040

0.077

0.014

0.349

Greece

0.040

0.073

0.010

0.261

Hungary

0.044

0.074

0.014

0.316

Ireland

0.039

0.064

0.007

0.182

Italy

0.042

0.077

0.011

0.267

Latvia

0.039

0.077

0.011

0.279

Lithuania

0.040

0.081

0.011

0.268

Luxembourg

0.048

0.058

0.012

0.254

Netherlands

0.035

0.064

0.013

0.364

Poland

0.034

0.081

0.013

0.389

Portugal

0.039

0.080

0.012

0.302

Slovakia

0.049

0.068

0.011

0.218

Slovenia

0.045

0.067

0.011

0.232

Spain

0.041

0.087

0.011

0.258

Sweden

0.043

0.085

0.013

0.301

United Kingdom

0.040

0.078

0.011

0.270
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Figure. 8.4 Predicteed soil erodib
bility (t ha h ha-1 MJ-1 mm
m-1) across the
t European
n Union baseed on the
mon
nograph of Wischmeier
W
a Smith (1
and
1978).
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9. Prediction of SOC content by Vis-NIR spectroscopy at European scale
Marco Nocita, Antoine Stevens, Gergely Tóth, Bas van Wesemael, Luca Montanarella

9.1 Introduction
Soil organic carbon (SOC), a main component of global carbon cycle, plays also a major role in regulating
and maintaining ecosystem functions, including atmospheric exchanges of CO2. Global soil resources, in
their current state have a high potential to sequester atmospheric carbon totalling around 78 Pg of C, or 1
Pg C yr-1 (Lal and Follett, 2009). Therefore, there is a clear and increasing demand for the monitoring of
carbon levels in soils, particularly on agricultural land, as it is the prime space for SOC to be increased
through adequate management practices (Lal et al., 2004). The cost of the traditional soil information
system still limits the monitoring of soil properties at large scale, and must be overcome with inexpensive
and accurate SOC assessment methods (Conant et al., 2010). Laboratory Visible (Vis, 400-700 nm) and
near-infrared (NIR, 700-2500 nm) diffuse reflectance spectroscopy (DRS) has shown to be an efficient and
not invasive tool for the rapid and cheap prediction of SOC (Islam et al., 2003). Since the 80’s many
scientistshave used Vis-NIR DRS to accurately predict SOCcontent. This technique was mostly appliedin
the laboratory(Dalal and Henry, 1986; McCarty et al., 2002). However, Vis-NIR DRS has been also used in
the field with portable spectrometers (Morgan et al., 2008; Stevens et al., 2008) with promising results.
However the level of accuracy of SOC predictions achieved by soil spectroscopy at large scale did not meet
the accuracy found at local or field scale studies. The LUCAS topsoil samples were scanned with a Vis-NIR
spectrometer in the same laboratory. The scope of our research was to predict SOC content at European
scale using the LUCAS spectral library coupled with a modified local PLS (l-PLS) multivariate regression
method. The general concept is that most regression surfaces can be fitted locally using linear models
(Naes et al., 2001). Basically, a group of predictors similar to the sample to be inferred is chosen from a
large spectral library and a specific equation is computed to predict every analyzed sample (Shenk et al.,
1997). The advantage of local regressions is based on the accuracy obtainable with specific calibrations
covering the spectral complexity of soils, and thus the high non-linear effects of a large database (Gogé et
al., 2011). Genot et al. (2011) used the correlation coefficient between spectra as similarity index to select
the homogenous group of predicting samples for each unknown sample. The l-PLS was modified to include
other potentially useful covariates (geography, texture, etc.) to select the group of predicting neighbours.
We believe that the application of l-PLS might favour a more accurate prediction of SOC due to the ability
of l-PLS to account for the non-linearity of spectral signal compared to a global approach.
9.2Methodology
The Vis-NIR reflectance was measured using a FOSS XDS Rapid Content Analyzer (NIRSystems, INC.),
operating in the 400-2500 nm wavelength range, with 0.5 nm spectral resolution. Every sample was
scanned twice and the mean was considered for subsequent analyses.
Several pre-processing techniques, commonly used in soil spectroscopy, were applied: transformation of
absorbance (A) spectra into reflectance ((1/10A)) and continuum removal (Clark and Roush, 1984), standard
normal variate (SNV) and multiplicative spectral correction (MSC), Savitzky-Golay smoothing with a window
size of 50 and 2nd order polynomial (Savitzky and Golay, 1964), first and second derivatives (Rinnan et al.
2009).
Local partial least square regression (l-PLS) was chosen to develop the SOC prediction models. The dataset
was divided in mineral and organic soils (FAO, 1998) due to the extremely diverse spectral response of the
two classes. Moreover, mineral soils were split in cropland, grassland, and woodland soils according to land
cover classes of LUCAS database in order to improve the SOC prediction of soils with different
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characteristic
c
cs. For each
h subset, a training (70
0%) and tesst (30%) gro
oup were crreated to ca
alibrate and
d
validate
v
thee SOC prediiction modeels. Training and test d
data were selected using the Ken
nnard-Stonee
algorithm
a
(Keennard and Stone, 1969
9)
The
T LOCAL a
algorithm wa
as developed
d to select sa
amples from
m a spectral library that are spectrallly similar to
o
the
t unknownn sample (Sh
henk et al., 1997). The predictors a
are then useed to calibra
ate a specifiic prediction
n
model
m
for the unknown
n sample. The stability of a predicction modell is function
n of the soil variabilityy
coverage
c
off a spectral library. In the LOCAL algorithm the selectio
on of the predicting
p
neeighbours iss
controlled
c
byy the correla
ation coefficcient betweeen the spectra of the predictors
p
an
nd the specttrum of thee
unknown
u
sam
mple. The algorithm useed in this stu
udy proposed
d a modifica
ation of the selecting proocess of thee
predictors
p
a
adding sand content orr geographiccal coordina
ates to speectral similarity as co-vvariables to
o
calculate
c
thee correlation coefficient between
b
thee predictors and
a the unkn
nown samplee.

9.3
9 Results and discusssion
The
T LUCAS dataset
d
and the
t SOC disttribution
The
T distributtion of poin
nts per coun
ntry was not proportionnal to the total countryy area (Figu
ure 9.1). Forr
example,
e
Itally was chara
acterized by a sampling density
d
that was much lower than in
n France.

Figu
ure 9.1 LUCAS
S sampling deensity by NUTTS1

As
A expected, the SOC con
ntent was high in organic soils and much
m
lower in
i cropland, grassland an
nd
woodland
w
sooils (Table 9.1
1). For the th
hree classes of mineral soils,
s
the min
nimum and maximum
m
SO
OC contents
were
w
similar while the mean
m
SOC ressulted in a kn
nown trend with
w higher SOC
S contentt in woodland
d soils than
grassland
g
annd cropland soils.
s
Grassla
and soils sho
owed doublee the mean SOC
S content of cropland soils. This
confirms
c
thee ability of grrassland to sequester
s
much more ca
arbon than disturbed soills under croppland that
are
a more expposed to soill organic ma
atter (SOM) degradation.
d
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Table 9.1. Statisttics of SOC content
c
by subsets
SOC (g C kg-1)





Subssets

N*

Min

Q
Q25

M
Median

Mean

Q75

Max

Cropland
Grasssland
Wood
dland

8731
4096
5040

0.1
0.1
0.1

10.3
1
1
16.0
1
19.8

14.3
26.6
34.2

17.6
33.4
46.4

20.5
41.8
59.1

193.9
199.2
198.8

Orga
anic

1104

168

296.4

401.0

385.7

474.4

586.8

*figures bassed on partia
al dataset
Table 9.1 sshows a significant diffference of samples
s
num
mber (N) am
mong the su
ubsets. This represents a
weakness oof LUCAS da
ataset confirm
med by the skewed-to-tthe-right distribution of SOC contentt (Figure 9.2
2).
an 50 g C kg-1. The bigg
The majoritty of the sam
mples have a SOC conteent lower tha
gest problem
m was causeed
by the orga
anic soils which have a SOC
S content range between 168 and
d 586 g C kg
g-1, but very few samplees
covering thee range. Woo
odland soils are also cha
aracterized by
b unfavoura
able ratio off samples to SOC conten
nt,
while cropla
and and gra
assland pressented a striicter SOC ra
ange and beetter sample density. The distributio
on
showed in ffigure 9.2 wa
as an importtant variablee conditioning the SOC co
ontent predicction resultss.

Figure 9.2. Histogram
m of SOC content of LUCAS
S dataset

SOC predictted versus ob
bserved
The accuraccy achieved by the l-PLS
S to predict SOC
S of cropla
and soils weere remarkab
ble (Fig. 9.3). The RMSE of
o
3.9 g C kg-11 using only spectral sim
milarity to ch
hoose the prredictors wa
as not expectted and it co
ompared weell
with severa
al studies infferring SOC using laborratory spectrra at local scale
s
(Morga
an et al., 200
09; Xie et al.,
2011). Figu
ure 9.3 show
ws the decreeasing accurracy of SOC predictions for minerall soils with the
t increaseed
observed SOC content. This was ca
aused by thee insufficien
nt number off samples beyond 80 g C kg-1 in th
he
training sett. The l-PLS was not able to guaranttee stable calibrations iff the variation of soil tyypes and SO
OC
content was not covereed by a propportionate sa
ampling denssity. The erro
or registered
d for soils un
nder croplan
nd
(3.6-3.9 g C kg-1) was much
m
lower than the RM
MSE of soil u
under grasslland (7.2-7.9
9 g C kg-1) and
a woodlan
nd
(11.9-13.8 g C kg-1). Th
his was due to
t the weakeer calibration
ns caused byy the lower sampling
s
deensity and th
he
higher SOC range of grrassland and
d woodland soils, which presented a complexityy of the soill matrix morre
important tthan the more disturbed
d and easier to sample cropland
c
soils. These ressults reflect the accuraccy
obtained byy (i) Shepherrd and Walsh
h (2002) - R2 of 0.80, (ii) Brown et al.
a (2006) - RMSE
R
of 7.9 g C kg-1, an
nd
-1
Terhoeven-Urselmans et al. (2010
0) - RMSE of
o 9.1 g C kg , who predicted
p
SO
OC using global spectra
al
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libraries. Thee accurate predictions
p
w
were
confirm
med by the relative
r
RMS
SE (RMSE / mean
m
observved SOC) off
cropland,
c
gra
assland, and woodland soils (Fig.9.4)). The resultss indicated a relative RM
MSE of aboutt 0.2 g C kg-11
for
f cropland soils in the range 15-30
0 g C kg-1 an
nd a progresssive increasee moving tow
wards 105-1
120 g C kg-1.
-1
A decrease ffrom 0-15 to
t 60-75 and a successsive increasee towards 12
20-135 g C kg was reegistered forr
grassland
g
so
oils, while an exponentiall decrease frrom 0-15 to 105-120 g C kg-1 chara
acterised woo
odland soils..
Although
A
thee absolute RM
MSE of grasssland and

Figure
F
9.3 Preedicted vs. obsserved valuess of SOC using
g spectral disttance (spc) orr adding sand content (spc+sand) in the
LOC
CAL algorithm for the selecttion of predicting neighbou
urs. Red line (1
1:1)

woodland
w
wa
as higher tha
an cropland soils (Fig. 9.3), the relatiive RMSE sho
owed that, iff the error iss normalized
d
controlling
c
th
he variable “sampling density”, the accuracy off the predicttion models was comparable for alll
mineral
m
soilss.
Organic
O
soilss were predicted with a RMSE of more than 50
0 g C kg-1 (Fiig.9.3), but the
t RPIQ of 3.6 was thee
highest
h
recoorded, showiing a very good predicction ability of the model. The improvement of the SOC
C
predictions
p
ffor organic soil
s should pass
p
by the increase of the samplin
ng density, with
w the awa
areness thatt
the
t level of accuracy will
w never be the same observed fo
or mineral soils, due to the saturattion of SOM
M
absorption
a
feeatures beyo
ond 120 g C kg-1.
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Figure 9.4. Reelative RMSE by SOC classees

9.4 Summa
ary and exp
pected impact
The researcch presented
d here repreesents a novvel use of Vis-NIR diffusse reflectance spectrosccopy scenariio
due to the statistical approach,
a
culminating in the developpment of a new l-PLS regression
r
algorithm, an
nd
the analyseed data, charracterized byy the largestt continental harmonised
d spectral lib
brary.
This researcch proved th
hat Vis-NIR spectroscopy
s
y is a valuab
ble tool to predict
p
SOC at
a regional or
o continenta
al
scales. The results highlight the need to invest in the creeation of ha
armonised spectral
s
libra
ary, based on
o
sampling sstrategies th
hat are ablee to cope with
w
soil typpe variation, and characcterised by standardiseed
laboratory protocols. Th
he transform
mation of Viis-NIR DRS ffrom a puree research discipline into
o a referencce
operational method cou
uld promote the developpment of sta
able and reprresentative calibrations
c
as support of
o
airborne annd satellite-b
borne hyperspectral remo
ote sensing research forr SOC monito
oring.
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10.

LUCAS soil data in the ESDAC Web-Tool for Soil Point Data

Marc van Liedekerke

The European Soil Data Centre (ESDAC) of the European Commission manages soil related data at
European level. Its flagship product is the European Soil Database, developed jointly with partners in
participating countries and is the only harmonised coverage of digital soil information for Europe. This
database, along with many other European soil related data, can be downloaded from the ESDAC
(http://eusoils.jrc.ec.europa.eu/data.html).
Many key datasets can also be visually inspected through an online application. The ESDAC Map Viewer
uses standard web map serving technology that offers the user a view of, and navigating functionalities
through, European datasets. Over the last few years, the ESDAC has acquired a number of point-based soil
datasets that technically could not easily be integrated in the ESDAC Map Viewer since the standard
technology did not offer the possibility to easily customise special functionality required when visualising
such point data. Therefore, a dedicated spatial data application was designed and implemented with the
objective of giving access to the point soil data in ESDAC through one single web-based tool. Currently, this
tool incorporates the LUCAS and BioSoil point data sets and a web mapping interface to these two data
sets for viewing and querying;
The viewer is currently visible only within the European Commission intranet and has been tested on major
Internet browsers. Eventual access to the general public will be provided through an accepted licence
agreement.
Figure 10.1 illustrates the ESDAC Map Viewer, featuring on the right side the navigation buttons and the
selection of Layers. For this figure, the user has zoomed in on the region around Belgium and included the
ancillary layer of ‘Rivers’ and the layer expressing the soil type according to the WRB scheme. As can be
seen, the user can select from a wide range of layer types: soil threats (e.g. erosion, compaction), texture,
parent material, etc.
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Figure 10.1 The ESDAC Map
M Viewer.

Figure
F
10.2 shows the entry page of the ESDAC webtool for soil point data. Th
he navigation
n and queryy
are not stan
functionality
f
ndard and ha
ave been cusstom design
ned.
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Figure 10.2 Entry page of
o the ESDAC webtool
w
for soil point data
a.

On top of the page, th
here are a nnumber of ta
abs: one tab
b provides an overview of
o all locatio
ons for whicch
there are point data for all included
d datasets (here LUCAS and BioSoil) and one ta
ab per includ
ded dataset to
t
access furth
her detail.
To the leftt, there is a Map Layer Selector
S
for five base la
ayers, one off which can be shown as backdrop to
t
the point da
ata, and for selecting or deselecting the point loccation layerss associated to the datassets included
d.
To the righ
ht are button
ns to select a Map Tool. The selected tool is indicated by an
n orange ring
g. These too
ols
allow spatia
al navigation
n (panning and zooming)) and for obttaining furth
her informatiion through the “I” button.
When zoom
ming, a conteext map in th
he left corneer shows the location tha
at the user has
h navigated to. Zoomin
ng
in combinattion with Go
oogle map an
nd satellite layers is useeful to observe the geog
graphical context of poin
nt
samples. When
W
the “I’ button
b
has been
b
selected and the usser clicks on
n the map, th
he data for the
t point tha
at
is closest too the click off each dataset is shown (see Figure 10.3).
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Figure 10
0.3 Pop-up infformation for the points that are the clo
osest to a mou
use-click locattion, for each dataset.

To
T the botto
om of the web-tool pagee, a country selector alloows the userr to concentrrate on one country: thee
map
m zooms tto the country, which is outlined
o
by a thick blue b
border.

LUCAS
L
data
a
Selecting
S
thee LUCAS Tab allows a user to concen
ntrate only on the LUCAS
S data. Addittional functio
onality to
the
t interfacee is added an
nd all the points from other datasetss are removeed (see figurre 10.4). At the
t bottom
of
o the window, a selector menu of prroperties asssociated to tthe LUCAS po
oint data is added,
a
and if a country
had
h been or is selected, additional
a
bu
uttons appea
ar to the righ
ht.
By
B selecting the LUCAS country
c
attrib
bute table button to the right (see Figure 10.5), a table with LUCAS
data
d
for all tthe LUCAS po
oints in the selected
s
cou
untry are sho
own. This tab
ble is interactive: the row
ws (points)
can
c be sorted
d for each data field; selecting a row
w (point) high
hlights the correspondin
c
g point on th
he map;
multiple
m
rows can be seleected; by selecting an allready selectted row, the point is rem
moved from the
t map; by
closing
c
the attribute
a
data
a window, alll selected po
oints are rem
moved from the map. Byy selecting th
he KML
button
b
to thee right, the user
u
can savee the LUCAS points for an
a individual country as a KML file fo
or further
use
u with appplications succh as GoogleeEarth.
By
B selecting a property
y from the properties
p
seelector (no matter
m
the map
m extent) a map is crreated which
h
shows
s
the prroperty values for the LUCAS pointss present in the extent, with
w approprriate legend.. Figure 10.6
6
illustrates the selection of
o ‘clay’ for the
t area of, and around, Belgium.
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Figure 10.4
4 Selecting th
he LUCAS tab and a countrry (Denmark).

Figurre 10.5 Selectting the LUCAS
S country attrribute table button (for Den
nmark).
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Fig
gure 10.6 Seleection of a LUCAS soil property and correesponding ma
ap.

When
W
the ‘I’ information
n button is selected
s
and
d a LUCAS point
p
on the map is clickked, the tooll returns thee
LUCAS
L
data for the pointt along with thumbnails of photogra
aphs that weere taken at that location
n. By clicking
g
the
t thumbna
ail a photo off large dimeension appea
ars (see figurre 10.7), allo
owing better contextualissation of thee
data.
d

BioSoil
B
data
a
The
T ESDAC web-tool
w
can
n incorporatee other pointt data that are
a of a diffeerent nature compared tto the LUCAS
S
data
d
but it reequires an adaptation
a
of the interfa
ace under the tab associated to the other data. To illustratee
this
t
feature, a brief presentation off the extend
ded functionality requireed for the BioSoil data is given. Forr
each
e
BioSoil data point there
t
are da
ata pertainin
ng to the poiint (as a whole) and datta for the va
arious layerss
analysed
a
forr the point. To
T show the data for a point
p
in a tab
ble in numerrical or textu
ual format, requires
r
onlyy
the
t proper la
ayout and formatting.
f
T show a map of poin
To
nt values, a similar appproach as described
d
forr
LUCAS
L
data can be takeen. However, to show a map pertain
ning to the values
v
of a layer for a set
s of points,
additional
a
seelection functionality hass been added
d.
Figure
F
10.8 shows a ‘po
oint propertyy selector’ to
o the right of
o the counttry selector (just as for LUCAS) and
d
additional
a
tw
wo selector windows
w
at tthe right botttom, to selecct a layer an
nd a propertyy of the layeer that needss
to
t be shownn on a map. The point attribute
a
seleector is mutually exclusive with thee other two selectors,
s
ass
both
b
data ca
annot be shown on one map.
m Figures 10.9 and 10
0.10 illustratte these concepts respecctively.
As
A for the LU
UCAS exampple, the ‘attrribute table’ button to th
he right appears when a country is selected: an
n
attribute
a
tab
ble pops up with
w point data for all th
he LUCAS po
oints in the country seleected. Again,, the table iss
interactive meaning
m
tha
at, when clicking on a row, not only the co
orresponding
g point on the map iss
highlighted,
h
but also a new
n
table po
ops up that shows all data
d
for the layers conn
nected to thee associated
d
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point. A last interesting
g feature, inccluded when
n a country is selected, is the Param
meter Matrix Table button:
this shows the number of points fo
or which para
ameters havve been sampled per layer and can guide
g
the useer
in the intelligent selection of combinations for attributes
a
annd layers (seee Figure 10..11).

Figure 10.7 Data an
nd photograph
hs for a selectted point.

Figure 10
0.8 The BioSoil viewer tab.
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F
Figure
10.9 Th
he BioSoil view
wer tab: map for humus tyype at a point..

Figure 10.10 The BioSoill viewer tab: map
m for clay at
a the mineral layer from 0 to 10 cm.
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Figure 10..11 The BioSo
oil Parameter Matrix Table for Belgium.

ESDAC web-tool arch
hitecture
The applica
ation is hosteed on a Linux Apache HTTTP Server and
a its generral architectu
ure is illustra
ated in Figurre
11.12. Som
me informattion of its componentss is given here. All LU
UCAS and BioSoil
B
poin
nt data werre
transformed and imporrted from theeir native forrmat into an
n Oracle Spattial Database.
w
be ava
ailable using MapServer alone. This is
OpenLayerss is used to give better map interacction than would
particularly so for zoom
ming and pa
anning. In addition,
a
OpeenLayers com
mmunicates with MapServer directlly
MS). As it is written in Ja
avaScript, eleements are accessible
a
viia
and serves layers as weeb mapping services (WM
M
via theeir IDs, which
h allow custo
omisation of the web inteerface.
the Documeent Object Model
AJAX (Asynchronous Ja
avaScript and
d XML) is an
n extension oof JavaScript that allowss in-page co
ommunicatio
on
p
and th
he web server. PHP is a server-sidee programmiing languagee that allow
ws
between a client web page
c
uery and dyynamic web
b page creattion/update. The two co
ombine to allow
a
in-pag
ge
database connection/q
update with informatio
on held on the server, which prevviously was achievable only by oppening a new
w
ndow. There are two dattabases in use. The main
n one holds all of the LU
UCAS and Bio
oSoil data, as
a
browser win
well as views linking the
t geometrry and attrib
bute tables, and derived
d tables hollding statistiics computeed
arameters. These
T
pre-co
omputed tab
bles are used
d so that thee user does not have too wait for on
nfrom the pa
the-fly queries to run. Another dattabase holdss the 153,00
00 field photos as Binarry Large Objjects (JPEGss),
c
by thee LUCAS tab’’s point querry interface. All of the ph
hotos are heeld both in full resolution
n,
which are called
and as thum
mbnails.
The map poortal works by
b rendering maps layerss that are deefined in MapServer map
pfiles. In thesse mapfiles,
each layer ccontains a DATA
D
line, wh
hich either qu
ueries a vecttor table on the Oracle Spatial
S
datab
base, or a
raster imag
ge on the serrver file systtem.
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Figuree 10.12 Generral ESDAC web
b-tool architeecture.

The
T main PH
HP/HTML pag
ge receives the
t map extent coordina
ates and an array index referring to
o the countryy
selected.
s
Theese are passsed as URL parameters between th
he tabs, therreby mainta
aining the cu
urrent extentt
when
w
tabs a
are changed
d. It links to
o the OpenLayers libra
aries, the Go
oogle API, and
a
stylesheeets. It also
o
establishes
e
t overall interface forrmat. On loa
the
ading the main page intto the browsser, the init(() function iss
called
c
from the OpenLayyers JavaSccript file. Thee OpenLayerrs JavaScriptt file renderrs all of the map layers,
which
w
are deefined in Map
pServer mappfiles. It also
o provides th
he various mapping, pan and zoom to
ools seen on
n
the
t interfacee. It also passses point cliick coordinattes, which are passed to
o various fun
nctions in th
he JavaScriptt
function
f
file.
The
T JavaScriipt function files contain
n numerous functions th
hat commun
nicate with th
he databasee server, and
d
use
u parametters passed to open po
opup window
ws containing attribute tables and to map the LUCAS and
d
BioSoil
B
propeerties and pa
arameter va
alues. The DOM is used to dynamica
ally add, rem
move and cu
ustomize thee
interface. Foor each tab (Overview, LUCAS, Bio
oSoil), a num
mber of JavvaScript fun
nction files are defined,
specific
s
for each
e
tab.
The
T layers th
hat are defin
ned in the MapServer
M
Mapfiles determine which
h data are mapped
m
and what legend
d
colours/symb
c
bols are to be
b applied to
o the data features
f
(mo
ostly LUCAS and BioSoil point data in
i this case).
They
T
also deefine if/how symbols
s
are rendered att different sccales.

Outlook
O
The
T web-tool is still undeer development and worrk is in progreess to add other
o
ESDAC soil point da
ata.
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11. Overall conclusions and implications for future LUCAS Topsoil Surveys
With almost 20,000 samples, the 2009 LUCAS Topsoil Survey is the first attempt to build a consistent
spatial database of the soil cover across twenty-five Member States of the European Union (Bulgaria and
Romania were surveyed in 2012) based on standard sampling and analytical procedures. These data are
further complemented by supporting information on land use practices and land cover, and the changes in
these conditions.
Preliminary analysis of these data (presented in this report) show that there are significant variations in soil
properties between different land cover types and different climatic zones. The LUCAS database provides
an excellent baseline to assess changes in topsoil characteristics across the EU. Digital soil mapping
techniques have been used to generate preliminary maps of soil characteristics across the EU. However,
further investigation is needed to assess their validity. Limitations in the sampling design and possible
limitations in the modelling process may mean that procedures to develop continuous mapping of soil
parameters may not capture all spatial variation. Consequently, certain areas may be subject to high
uncertainty.
It should be stressed that there is a bias in the sampling design towards arable land. Around 43% of all
samples were collected from croplands. The corresponding area of croplands for the EU-24 is
approximately 34%.
Some soil types (e.g. saline, shallow, urban, peat soils in the Mediterranean region) and some land cover
types (e.g. areas under nature protection, wetlands, highlands, urban soils and natural grasslands) are likely
to be under represented. Sampling density in these regions should to be increased.
With an additional 25% survey points figures on most land uses can achieve the same reliability for
European scale assessment as for croplands.
The characteristics of the topsoil (i.e. the uppermost 20 cm) may also be very different to those deeper in
the soil body. On a limited number of the surveyed locations - which are representative from a pedological
viewpoint - full soil profile descriptions would be essential to allow the assessment of the dynamics of soil
resources in Europe.
With some additional simple field and laboratory measurements (e.g. soil resistance against penetrometer,
electric conductivity for salt content determination), the scale of soil quality descriptions can be
considerably enlarged with little additional resource.
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Abstract
In 2009, the European Commission extended the periodic Land Use/Land Cover Area Frame Survey (LUCAS) to sample and analyse the main properties of
topsoil in 23 Member States of the European Union (EU). This topsoil survey represents the first attempt to build a consistent spatial database of the soil
cover across The EU based on standard sampling and analytical procedures, with the analysis of all soil samples being carried out in a single laboratory.
Approximately 20,000 points were selected out of the main LUCAS grid for the collection of soil samples. A standardised sampling procedure was used to
collect around 0.5 kg of topsoil (0-20 cm). The samples were dispatched to a central laboratory for physical and chemical analyses. Subsequently, Malta and
Cyprus provided soil samples even though the main LUCAS survey was not carried on their territories. Cyprus has adapted the sampling methodology of
LUCAS-Topsoil for (the southern part of the island) while Malta adjusted its national sampling grid to correspond to the LUCAS standards. Bulgaria and
Romania have been sampled in 2012. However, the analysis is ongoing and the results are not included in this report.The final database contains 19,967
geo-referenced samples.

This report provides a detailed insight to the design and methodology of the data collection and laboratory analysis. All samples have been analysed for the
percentage of coarse fragments, particle size distribution (% clay, silt and sand content), pH (in CaCl2 and H2O), organic carbon (g/kg), carbonate content
(g/kg), phosphorous content (mg/kg), total nitrogen content (g/kg), extractable potassium content (mg/kg), cation exchange capacity (cmol(+)/kg) and
multispectral properties. Subsequently, heavy metal content is being analysed but the result are not yet available and thus not included in this report.

Based on the results of the survey, the regional variability of topsoil properties within the EU has been assessed and a comparative soil assessment of
European regions and countries is presented. A series of predictive maps have been prepared using digital soil mapping methodologies that show the
variation of individual parameters across the EU. In addition, the data have been used in studies to determine the SOC stock of the uppermost 20 cm of soil
in the EU. While the LUCAS approach is designed for monitoring land use/land cover change, potential bias in the sampling design may not necessarily
capture all soil characteristics in a country. Finally, a customised application has been developed for web browsers that allow users to view and query the
LUCAS dataset in a variety of ways.
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