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General information

Task(s) and Activity code(s): Tasks 2.2, 2.3 ard 2.

Input from: N.A.

Output to: Work packages 3, 4 and possibly 5
Related milestones: MS221, MS231 and MS242

Executive summary

This report compiles the work carried out in Wodckage 2 (WP2). WP2 has developed an
“agri-environment*farm type” typology, by combiningoil and climate data (agri-
environmental zones, AEZs) with farm specialisatiata. The typology was used to select -
within each of the eight partner countries - impaott combinations of farm type and
biophysical setting. These are referred to as ‘m&®Zs’ or ‘major farm types’, and
provided the infrastructure for collecting specificformation on Current Management
Practices (CMPs) and soil degradation. This redesdcribes, for each of the major FTZs,
CMPs and related soil degradation problems. Bopecis were recorded through interviews
with extension officers. In addition, this repounsmarizes the major soil degradation issues
at national level, as compiled for each of thernmartountries.

Beyond the work described here, the typology islwgi¢hin the Catch-C project (a) to enable
connecting the results from long term experimeW®38) with geographical target areas; and
(b) to carry out surveys of farmer perceptions oih mianagement in the major FTZ units
(WP4).

As the typology covers almost the entire EU27 (withited coverage only in Kroatia,
Slovenia, and Romania), it can serve beyond theh3&atproject in studies that require a
farm typology coupled to the biophysical conteXinfate, soil texture, slope).

Theobjectives of the reported workvere:

« To develop and apply a typology that combineaguitenvironmental zonation (AEZ) with
information on farm type; the resulting intersecticare called FTZ units. The typology is to
be developed for the participant (Catch-C) cousirie

« To make an inventory of the Current managemeactiees for the main FTZ Units in the
participant countries;

» To make an inventory of the main soil degradatiod emission problems for the main FTZ
units in the participant countries;

 To record the main soil degradation problemsHtierFTZ Units in the participant countries,
to compile information about the relationships ledtw the soil degradation and management
practices, and to list possible remedies.

We have applied the FTZ typology to the participeauintries over Europd &sk 2.2). This
typology has been developed to support the samptihgnformation about current
managementTiask 2.3) and main soil degradation problenmigagk 2.4). In following Work
Package 3 information on the effects of improveghagement practices from Long Term

Pager of 226



CATCH-C Catch-

No. 289782
Deliverable number: D2.242 ‘
16 April 2014

Experiments (LTES) can be linked to this FTZ tymploIn Work Package 4 the FTZ
typology can be used as a framework to collectrimfdion about farmer’s perceptions on
soil management.

Task 2.2 Development and application of typology

This task has resulted in the development of altgyofor the Catch-C project, with specific
attention to the participant countries and with@bcomplete EU27 coverage. (Limited data
were available for Romania, Kroatia and Slovenid)is typology is a combination of the
typical farming systems (FT) and the agri-environtaé zonation (AEZ) per participant
country. The resulting units (intersections of A&Zd FT) are referred to as FTZ units. The
agri-environmental zonation is an aggregation ombgenous spatial mapping units
(HSMUSs) on the basis of slope, soil texture anthate zonation. The farm typology over
Europe has been compiled, based on the farm typemation over Europe from FADN, by
overlaying information on farm specialisation aadd use over Europe. Information about
farm sizes and farm intensities is also availableall units. The main farm types are next
spatially allocated to the HSMUs. This work hasuhesl in maps of the main agri-
environmental zones in the EU27, maps of the magorenvironmental zones in each of the
eight participant countries, and in tables and nmafpthe major farm types in each of the
major agri-environmental zones in each of the eighintries.

Based on this compiled information and nationalegtipe, a selection of the major FTZs in
each of the eight participant countries was malge that this FTZ selection was required,
because the labour-intensive inventories on curnemhagement can only be done for a
limited number of FTZs.

Task 2.3 Inventory of current management practices

Current management practices were recorded formthpr FTZs in each of the eight
participant countries. For this task, a questioman current management practices and
related main soil degradation problems was compéed tested. Next, the updated
questionnaire about current management practiocgsrain soil degradation problems was
used by the CATCH-C colleagues to conduct intergiemith experts (i.e. agricultural
extension officers) for the selected FTZs in tlwmuntry. Three interviews were conducted
for each of the major FTZs selected per country.

The collected information about current managemeattices in the selected FTZs has been
compiled and structured to produce a list of thennsarrent management practices (e.g. crop
rotation, crop protection, fertiliser applicatidand management) for the major FTZs in the
participant countries.

Task 2.4 |nventory of the main degradation problems

Major soil degradation problems have been recofdedhe selected FTZs in each of the
eight participant countries. For this, the samestjaenaire as described under Task 2.3, has
been used by the CATCH-C colleagues to do intersienth experts for the selected FTZs in
their country. Three interviews have been doneefah of the FTZs, with 3 to 4 FTZs being
selected in total per country.

Apart from these interviews, colleagues in the £{@ATCH-C countries have also compiled
information from other available sources to prodacentry reports on soil degradation with
(a) a list of the main soil degradation problents, d description of each of the main soil
degradation problems and if available, (c) mapshefspatial distribution of the main soil
degradation problems (see Appendix D).

Next, the information about soil degradation praoidefor the selected FTZs in the eight
participant countries from both the interviews émel country reports has been analysed. This
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work has resulted in (a) a list of the main soigmdelation problems in the major FTZs in
each of the participant countries, and (b) infoiomatabout the relationships between the
main soil degradation problems for the major FTizshe eight countries and the current
management practices.

Main results and conclusions from the study

The main results and conclusions are given indleving about:

(a) FTZ selection procedure;

(b) Current management practices;

(c) Main soil degradation problems;

(d) Linking the main soil degradation problems twrent management practices and Possible
remedies. Details about this work are given ini8astll, 1, IV and V.

FTZ selection procedure

The derived agri-environmental zonation comprides tain variables (i.e. climate, soil
texture, and terrain slope) that determine the hyejgal characteristics per zone and the
related degree of risk for soil degradation underrent management practices. Via a
procedure adopted from Kempen et al. (2011) wealta the main farm types to each of the
agri-environmental zones in the eight participanirdaries.

Hence, this zonation is suitable as a basis todenitories of current management practices
and soil degradation problems for major FTZs peuntty. It can also enable trade-off
analyses between the benefits of reduced soil daticm and the costs for improved
management. However, note that the more homogenaodscapes are in terms of soils and
climates, the better results can be achieved wjthemvironmental zonation.

We are confident, based on the overviews madeefithin farm types in each of the agri-
environmental zones in the eight participant caastrand on the procedure for FTZ
selection, that the three selected FTZs per coumfpyesent the main agri-environmental
zones, main agricultural areas and the main farnsypgtems in the eight CATCH-C
countries. The selected FTZs provide the backbanecarry out inventories on farm
management and soil degradation problems in thgbé @untries. The used farm typology
is the same for the eight participant countriesichvtallows comparisons of compiled data
(e.g. current management) between the eight cegnitiis based on the classes from FADN,
being the standard in European policy making.

While the major FTZs selected for further work coealy part of the total farm area per
country (maps in Appendix A), we stress here thatrmimerical database specifies all other
FTZ units across Europe, too, with the same lev¥etlaiail. This information, however,
cannot easily be represented in maps because nth#l sizes of units, and the limited
number of colours that the eye can distinguish ana@. Finally, note that some countries
have made their own aggregations of AEZ classes.ekample, three slope classes were
merged in one particular FTZ in Spain. Such compseswere sometimes necessary to
arrive at major FTZs representative for the country

Current management practices

An overview of current management practices was pileeh based on interviews with
Agricultural Extension Officers (AEOS) in each dietparticipant countries. This was done
for the major FTZs (see above) per country. Maimctasions from the compiled information
on arable farming are : (a) green manures areeapph average on 20% of the total area, (b)
conventional tillage is practised on average on td%he total area, non-inversion tillage on
30% of the total area, and minimum tillage is hardlpplied, (c) animal slurry is applied on

Page9 of 226



CATCH-C Catch-

No. 289782
Deliverable number: D2.242 C

16 April 2014

the main part (60 to 90%) of the total area in Retg Germany and the Netherlands and on a
limited part of the total area (<20%) on FTZshie bther CATCH-C countries, and (d) crop
residues are incorporated on average in half ofdtat area.

Main conclusions from the compiled information arestock farming are: (a) green manures
are applied on a small part (i.e. 0 to 20%) of tbel area, (b) conventional tillage is

practised on average on 85% of the total area,imanrsion tillage on 15% of the total area,
and minimum tillage is practically not applied, émimal slurry is applied on the main part
(>80%) of the total area on FTZs in all CATCH-C ntnes except for Poland where slurry is
applied on less than 20% of the total area, (dF©ds in Belgium and Netherlands mainly
animal slurry is applied, on FTZs in Austria, Frarand Italy both animal slurry and farm

yard manure are applied, and in Poland mainly figand manure is applied.

Differences between FTZs in the occurrence of gertaanagement practices can be
explained from differences in farm type and farminignsity and from the cropping system
and its biophysical conditions (e.g. minimum tikas only applied in Spain and probably
mainly in the dry and erosion-sensitive areasdatlsern Spain). However, part of these
differences cannot be explained. We may assume ttere are regional and national
differences in farm structure and land ownershigtohic development of agricultural sectors,
protection of the environment and landscape, anth mecommendations by agricultural
extension services. These regional and nation&rdiices may cause differences between
FTZs in the applied management practices.

Main soil degradation problems

Two approaches have been applied within this stodgttain an overview of the main soll

degradation problems in the participant countri€&TCH-C colleagues have prepared
reports on the main soil degradation problems igrtlcountries, based on documented
sources available at national level (Set A; see efdix D for country reports); and

Interviews were held with extension officers, fogsing on the selected FTZ units per country
(Set B).

The overview (Set A) of the main soil degradatiombbems for the eight CATCH-C
countries gives a number of insights: Water ergsiwil contamination (covering both
excessive amounts of nutrients, heavy metals aaidas), sub-soil compaction and decrease
in soil organic matter are problems in most coestriSalinization and desertification are
mainly of importance in southern Europe (i.e. Sphaly). Low soil fertility is a problem in
extensively managed areas in Spain. Floods andslades do occur in the mountainous areas
of France and lItaly. Soil acidification can be pewhatic in France and Poland and mainly
with soils developed in acidic parent material.

The overview of the main soil degradation problesmsws that these problems can be partly
explained from current soil management (e.g. silbesonpaction due to the use of heavy

machinery; decrease in soil organic matter duéhtotrop rotations with more root crops),

but often too from unmanageable factors like clan@.g. salinization and desertification in

southern Europe), landscape (e.g. floods and laddss in hilly and mountainous areas),

parent material of the soils (e.g. soil acidifioa) and location (e.g. salinization in coastal
plains). These latter problems require governmesattibns at the regional and/or national
scale, such as improved water management, forefgqbion, and construction works.

Soil degradation problems that can be reduced Ipyawing soil management on farm, are
mainly sub-soil compaction and the resulting reiduncin hydraulic permeability of the saill,

decrease in soil organic matter and the resultiegyaehse in soil quality, structure and soil
fertility, contamination with nutrients and pesties and the resulting pollution of ground and
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surface waters, and wind erosion and possibly watesion at the field scale and the
resulting loss of sail fertility and soil organicatter.

The information collected from the AEOs through thierviews per FTZ (Set B) is largely
consistent with the country reports (Set A). Exiemofficers mention largely the same soll
degradation problems, but focus more on the fielkll and hence, mention more often
problems, such as soil borne diseases, loss divieisity and wind erosion, whereas the
country reports focus more on the wider (i.e. reglpscale and hence, mention much more
often contamination as a problem.

Linking the main soil degradation problems to current management practices and possible
remedies

Current soil degradation problems in each of tiipteCATCH-C countries can be reasonably
well explained from management practices in eachth@ countries. For example,

Contamination does occur on most farms in Belgitira, Netherlands and Germany which
can be explained from the animal slurry applicabormost farms in these countries. Mainly
conventional tillage is applied in all CATCH-C cdries, and both on arable and livestock
farms, which partly (in addition to resp. topogrg@nd heavy machinery and wrong timing
of farm operations) explains the water erosion ssidlcompaction problems on most farms.

Current management practices that are mainly redipienfor the different soil degradation

problems, have been derived from the informatioareigiby the AEOSs in their interviews for

each of the FTZs (Table 1V.5). These practices apgge be the common practices in

intensive and conventional farming with limited &pgtions of organic matter and crop

residues to the soil, monoculture, insufficienve@ge of the soil, intensive tillage, use of
heavy machinery with high wheel loads, high amian levels of fertilisers and biocides,

short rotations with intensive cultivation of tulserd root crops, high animal densities which
often result in too high animal manure applicatjcared replacement of farm yard manure by
slurry.

Ideas from the AEOs about possible remedies ageach of the current soil degradation
problems have been recorded, which gives a goaview of ways to improve soail
management practices to limit the current soil ddgtion problems, such as for example: (a)
Water and wind erosion can be limited by reduckage, increase of organic matter input
into the soil, and better field coverage, (b) Comtation can be limited by fertiliser
applications that are more adapted to crop demamdks weather conditions, by better
informed use of biocides and improved plant pradectand by decreased animal density
and thus manure production, and (c) Compactionbealimited by reduction of wheel loads,
use of low pressure tires, controlled traffic fammiand reduced stocking densities.

Note that mainly qualitative relationships can leeivced from this study: (a) between current
management practices and soil degradation problengs(b) between possible remedies (i.e.
improved management practices) and the degreedattien of these degradation problems.
This is due to both the complex interactions betwagri-environmental conditions (i.e. sall,
landscape and climate) and the farm’s charactesistith its specific current and historical
management and input level and the approach ugedafa collection (interviewing the
AEOs). Within Work package 3 of the project, momgautitative information about Best
Management Practices and soil quality will be dmivwhereas in Work package 4 farm
compatibility with Best Management Practices wélibvestigated.
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Introduction

Agriculture may potentially lead to or enhance sl@gradation processes, like erosion, local
and diffuse contamination (note that the term cmmation as used in this study, covers both
excessive amounts of nutrients, heavy metals aocidas), loss of organic matter, loss of
biodiversity, compaction and other physical soitedieration, salinization and landslides

(Toth et al., 2008). Soil management practicesestirer enhance the quality of the soil or
degrade this natural resource base, on which feodugtion depends. The effects of soil

management practices depend on the biophysicaactesistics of the land, like slope, soil

texture and climate and on the current degreeibélegradation.

One could expect that farmers use their soil asgfaheir capital, which is to be optimally
used to optimize the profits from and sustainabit their farm. This means that they try to
avoid soil degradation. Yet, soil resources in mpasts of Europe are being degraded due to
inappropriate land and soil management practiaase@let al., 2012).

The overall aim of the CATCH-C project is to idéptand improve the farm compatibility of
sustainable soil management practices for farmymtddty, CC-Mitigation and soil quality.
To achieve this objective, we have developed argliexp an “agri-environmental zone *
farm type” typology for the eight EU countries tlaaé involved in the CATCH-C project.

This report is the chief deliverable of WP2. Th¢eokives of Work package 2 were:

» To develop and apply the farm typology (FT) ane &gri-environmental zone (Z) typology
to the participant countries;

« To make an inventory of the current managemeattfmes for the main FTZ Units (i.e.
typical agri-environment and farm types) in thetipgpant countries;

* To make an inventory of main soil degradation andssion problems for the main FTZ
Units in the participant countries;

* To derive the main soil degradation problemsH®dZ Units in the participant countries and
to compile information about the relationshipswestn the main soil degradation problems
for the major FTZs in the eight countries anddhgent management practices and about the
possible remedies against the main degradatiorigmah

Whereas these are the internal objectives of Wadkgge2, the resulting typology itself sets
a structure also for other work packages in thgepto First, it allows to extrapolate the
findings from Work package 3 (i.e., effects of Bestinagement practises (BMPs) on
production, climate and soil quality) to geograplhiarget areas. Second, it defines the major
farm types (FTZs) for the participant countriese3é farm types are the basis for organising
farm surveys (by way of interviews and questiorggiin Work package 4.
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Farm Type * Agri-environmental Zonation typology

1 Introduction

For the work envisaged in the different work padsgf this project, a typology had to be
developed with specific attention to the participaountries and preferably with EU27
coverage. This typology is needed to be abletadmn certain representative areas with the
interviews and to up-scale and compare compileormdtion. Managements practices on a
farm depend on both the biophysical conditions andhe economic characteristics of the
farm. Therefore we need a typology which takes lsttects into account.

In a recent EU project (SEAMLESS) an integrated-Raropean database on agricultural
systems (Janssen et al., 2009) was compiled. fibtisdes datasets on biophysical variables
(climate, soils, land use, topography), farm manaag®, crops and livestock, and socio-
economic aspects (prices, employment, productio,d@ade flows, income, etc.).
Important data sources are the European soil meghitp://eusoils.jrc.ec.europa.g@uthe
climate data from the MARS (Monitoring Agriculturavith Remote Sensing, see
http://mars.jrc.ec.europa.el/database, the Farm Accountancy Data Network (RABee
http://ec.europa.eu/agriculture/fadn/index_en)htm and EuroStat (see
http://epp.eurostat.ec.europa.eu/portal/page/peurastat/home/). The framework within
the SEAMLESS project starts with administrative, -catled NUTS regions
(http://epp.eurostat.ec.europa.eu/portal/page/poutsl nomenclature/introductipn which
are then divided into climate zones, which are divided into agri-environmental zones with
homogenous soil characteristics. Farm type infolonat based on the Farm Accountancy
Data Network (FADN) - is spatially allocated to seeagri environmental zones (AEZs).
More details on this integrated SEAMLESS approaehgaven by Van Ittersum et al.(2008),
Andersen et al. (2007), and Hazeu et al. (2010101

In the Catch-C project, we followed a roughly samiapproach, however, with the following

differences: For the administrative level we usethlthe national (NUTS-0) and regional

(NUTS-2) levels. First, the agri-environmental zenweere composed from data on climate,
slope and soil texture (instead of climate and @gjhnic matter as in SEAMLESS). NUTS-0

information was used to restrict AEZ zones to witbountry units (i.e., AEZ units cannot

cross territorial (national) boundaries. Next, fatgpes were defined based on farm
specialization and land use. Unlike SEAMLESS, waratjarded farm size and farm intensity
in defining our farm types (but we retained thd@imation). Farm types were then spatially
allocated to AEZs over Europe according to the @doce developed by Kempen et al. (
2011). This allocation procedure uses FADN farmadat NUTS-2 level, to estimate the

presence of certain farm types within agri-envirental zones. For this statistical procedure,
information on regional land use areas, land usmeshand yields is used. Hence, the
resulting typology describes both the typical fargrisystems and the agri-environmental
zones per participant country, and a homogeneotigamne farm type in one AEZ) is referred

to as an FTZ unit.

This work has resulted in maps of the main agrit@mmental zones in the EU27, maps of
the major agri-environmental zones in each of fghteparticipant countries (Appendix A),
and in tables and maps of the major farm typesah @f the major agri-environmental zones
in each of the participant countries. Based os tleimpiled information, we have selected,
after discussions with colleagues in the partidpauntries, the major FTZs in each of the
eight participant countries.
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2 Agri-environmental zonation

2.1 Approach and data used

The agri-environmental zonation is based on thee@bles: climate (environmental zones),

soil texture and slope. These three variables arssidered to be the most important

determinants of the possibilities and limitations $oil management on a farm. Together they
define the external (bio-physical) conditions.

Overlaying the three datasets results in spatiaegavith similar biophysical characteristics.
ArcMap 10 has been used to overlay the sets. Onlppgean datasets have been used to
ascertain uniformity in classes and methodologgtaté collection.

2.1.1 Environmental zones

Climate determines the length of the growing seasbe temperature range during the
growing season, the water availability and henlce,type of crops that can be grown and
their yield potential. Different climates give difent problems and risks for the soil, as
dependent on the soil management. For exampleguth&n Europe there is a rather high
risk of erosion due to drier climates and limitéeld coverage, whereas in Northern Europe
there is a relatively short growing season with eénask of soil compaction. Even though the
climate gradually changes over space, regions eardssified with respect to their climate.

We have used the climate zonation for Europe fretzger et al ( 2005), with 13 zones
over Europe. This zonation is based on differenneslimate data, ocean influence and
geographical position. This climate zonation overdpe as a whole is given in Fig. 1.1 (left)
and for only the Catch-C countries in Fig. Il.igk).

Environmental zones in Environmental zones in
Europe the Catch-C countries

Legend
1 Alpine North
' Boreal
| Nemoral
| Atlantic North
I Alpine South
I Continental
Il Atlantic Central
Panonnian
[ Lusitanian
B Anatolian
I Mediterranean Mountains
I Mediterranean North
I Mediterranean South

Figure 11.1: Environmental zonation for the wholeEurope (left) and environmental zonation for the
Catch-C countries only (right); Source Metzger et{2005)
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2.1.2 Soil texture

Soil texture is important for soil management, lseait influences the erodibility, risk of
compaction, water holding capacity, workability arafficability of the soil.

Soil texture can be described with different clasee parameters. Different countries in
Europe appear to use different approaches. ThepEarnSoil database (JRC, 2006) gives a
homogeneous dataset of soil texture across Eurdgpenly the percentages of sand and clay
fraction in the soil as variables. This Europeataldase was chosen to allow comparisons of
soil texture data across the Catch-C countries.

In Fig. 1.2 (left) a map of soil texture classegep Europe as a whole is given. The soil
texture classes for only the Catch-C countrieshiswvn in Fig. I1.2 (right). Table II.1 gives
explanation of the used texture classes.

Soil texture in Europe Soil texture in the Catch-C countries

Legend
No texture data
Coarse soil
Medium soil

! Medium fine soil

B Fine soil

Bl Very fine soil

I No mineral texture

Figure 11.2: Soil texture classes over Europe astwle (left) and soil texture classes for the Catth
countries (right) ; Source: European soil data b4siRC, 2006)

Table 1.1 Soil texture classification

Description Range

Coarse sail Clay <18% and sand > 65%

Medium soil 18% < clay < 35% and sand >15% sand, or
clay <18% and 15% < sand < 65%

Medium fine soil clay < 35% and sand < 15%

Fine sall 35% < clay < 60%
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Very fine soil clay > 60 %

No mineral texture (Peat soils)

2.1.3 Slope

Slope is important because an increasing slopeeaegults in more surface runoff and thus
an increasing risk for water erosion of the topsmd gully formation. The topsoil is
important, because it is in general the most tegart of the soil, has the highest amount or
organic matter, and determines the infiltratiorm rait precipitation into the soil.

At the European scale, terrain slopes are detedmivith Digital Elevation Models (DEM).
These slope estimates are done based on altitéfdeedces. We have used slope data that
were derived in a previous project, using a DEMechlUSGS GTOPO DEM (Klijn et al.,
2005). This dataset contains 5 slope classes vanekshown in Table II.2.

Table 1.2 Slope classification

Class Description Slope in degrees Slope in percege
1 Level Q° 0%

2 Nearly level 1° 2%

3 Gentle slopes 2-3° 3-6%

4 Moderate slopes 4-7° 7-14%

5 Strong to steep slopes >8° >14%

2.2 Combining the three variables into an agri-environnental zonation

The three described variables (environmental zoskges and soil texture) have been
overlayed to obtain regions with similar biophysicharacteristics. The result is an agri-
environmental zonation for the eight CATCH-C coiegr The homogeneous units of this
zonation are called AEZs. This zonation is used basis to inventory the main farm types in
each country (see, for example, Table I.5 for Aa¥t Fig. 11.3 gives an overview of the
agri-environmental zones in the eight Catch-C coest
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Agri-environmental zones (AEZs) in the Catch-C countries

Figure 11.3 Agri-environmental zones in the eigtdgtch-C countries over Europe, based on overlays
of environmental zone (Fig. 11.1), soil texturedFIil.2) and slope maps

2.3 Discussion

The derived agri-environmental zonation comprides main variables (i.e. climate, soil

texture, and terrain slope) that determine the Hyisjzal characteristics per zone and the
related degree of risk for soil degradation underent management practices. Hence, this
zonation is suitable as a basis to do inventoriesusrent management practices, soil
degradation problems, and possible remedies.

The use of the agri-environmental zonation for theentories of current management
practices and soil degradation problems indicatetiraber of problems which could not
always be entirely resolved: (a) the number of-agkironmental zones per country is often
guite large (see Fig. 1I-3) which makes it diffictib compile reliable data on management
and soil degradation per zone; hence, the resuttatg are better for countries with more
homogeneous landscapes and climates than for geterous ones; (b) soil texture and slope
angle may often change over short distances; we baed the dominant soil texture and
slope classes in the zonation, however, this sfioglion is not always valid at the
individual farm-scale; (c) soil texture classesuasd in the zonation (from the European Soil
database) are not always ‘recognized’ in the f{eiktension officers, farmers) and among
researchers involved in the inventories; (d) tbpesclasses as used by extension officers (in
our inventories of practices and problems), arerofather subjective and may not coincide
with our numerical classes, as used in this zondtpthe same zone.
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3 Farm typology

3.1Approach and data used

The biophysical characteristics as described irti&edl.2, are not the only factors that
determine the possibilities and limitations foproving soil management on a farm. Other
farm characteristics (e.g. size, specialization)oaated within an agri-environmental zone,
may be equally important as the biophysical charastics .

Andersen et al. (2007) have developed a farm tygpoto distinguish the main farm types
over Europe with their most important charactesssti This farm typology has four
dimensions: specialisation, land use, farm sizefamd intensity. We adopted this typology,
but used only the dimensions specialisation andl lage, being most related to soil
management and degradation issues. The specmtisatia farm indicates which activity
generates the income for a farm (for example, dzatyle or arable crops). The land use of a
farm indicates which crops are grown (for examplkermanent crops or cereals). Both the
specialisation and land use of a farm determindahging activities and required inputs and
outputs.

The farm typology over Europe has been compiledetban the farm type information from
FADN at NUTS-2 level. The main farm types were &iigt allocated over Europe, by
defining the relative presence (area %) of theouerifarm types within each AEZ unit (note
that the currently used AEZ units are differentnirthose used in the SEAMLESS project,
see Section 11.1). This allocation was performesgelaon a procedure for Europe developed
by Kempen et al. (2011). This work has resultethbies and maps of the major farm types
in each of the major agri-environmental zones inoheaf the eight participant countries
(Section 1.4 and Appendix A).

3.1.1 Farm specialisation

Most farms in Europe are specialised in one pddicarming activity (like growing
permanent trees or producing milk). In the appfaath typology the farming activity which
contributes to more than two-third of a farm’'s emmic size (i.e. farm gross margin) is
designated as the ‘specialisation’ of that farm e(sé~ADN information at
http://ec.europa.eu/agriculture/rica/methodologyilcin ). The only exception is arable
farming (here, more than one-third of a farm’s ewort size should be earned from arable
crops). All other farm specializations are eithéxad livestock or mixed farms. In Table 1.3
an overview is given of all farm specialisationssles.
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Table 1.3 Classes and definitions of farm spesalon according to FADN, and as adopted in this

project
Specialisation EU-code Definition
Arable systems (specialised| 1+6 - >1/3 of standard gross margin from generg

field crops and mixed
cropping)

cropping (arable farming)
- Or > 1/3 but < 2/3 of standard gross margi
from horticulture
- Or > 1/3 but < 2/3 of standard gross margi
from permanent crops
Combined with < 1/3 of standard gross margi
from meadows and grazing livestock and < 1
from granivores

|

w_)

Permanent crops 3 > 2/3 of standard gross margimn frermanent|
crops

Horticulture 2 > 2/3 of standard gross margin from
horticultural crops

Dairy cattle 4.1 > 2/3 of standard gross margionfidairy
cattle

Beef and mixed cattle 4.2  and 2/3 of standard gross margin from cattle and

4.3 < 2/3 from dairy cattle

Sheep, goats and mixed 4.4 > 2/3 of standard gross margin from grazing

grazing livestock livestock and < 2/3 from cattle

Pigs 5.1 >2/3 of standard gross margin from pigs

Poultry and mixed 5.2 > 2/3 of standard gross margin from pigs and

pigs/poultry poultry and < 2/3 from pigs

Mixed livestock 7 > 1/3 and < 2/3 of standard gnossgin from
pigs and poultry and/or
>1/3 and < 2/3 from cattle

Mixed farms 8 All other farms
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3.1.2 Land use of a farm

The land use class of a farm indicates the mosbitapt usage of its farm land. In Table 1.4
an overview is given of the different land use sées

Table 1.4 Classes and definitions of the land ofa farm, as adopted in this project

1 Land independent UA%Z= 0 or LU/ha> 5

2 Horticultural Not 1 and > 50% of UAA in horticutal crops

3 Permanent crops (notNot 1 and 2 and > 50% of UAA in permanent crops

grassland)

4 Temporary grass Not 1,2 or 3 and > 50% of UAAjiassland and > 50% of
grassland in temporary grass

5 Permanent grass Not 1,2,3 and > 50% of UAA irsgleamnd and < 50% qf
grassland in temporary grass

6 Fallow land Not 1,2,3,4 or 5 and > 50% of UAAfatlow

7 Cereal Not 1,2,3,4,5 or 6 and > 50% of UAA inezds

8 Specialised crops Not 1,2,3,4,5,6,7 and > 25%petialised crops

9 Mixed crops (others) Not 1,2,3,4,5,6,7 or 8

3.2Example of the main farm types present in the agrenvironmental zones of
Austria

Farm types are spatially allocated over Europe rdaeg to the procedure as developed by
Kempen et al. ( 2011). This allocation has resuitedestimates of the presence of the
different farm types in each of the agri-environtaérzones in the eight Catch-C countries.
For example for Austria, an overview has been naidbe main farm types in each of the
agri-environmental zones. First, we produced a (fég. 11.4) with the agri-environmental
zones of Austria. Next, the farm types preserdaoh of the agri-environmental zones were
specified (Table 11.5).

1 UAA = Utilised Agricultural Area
2 LU= Livestock Units
3 Grain Maize, potatoes, sugar beet, hops, soyactal medicinal plants, sugar cane, cotton, filxe hemp, mushrooms,

vegetables in open, flowers in open, grass sedus:; seeds.

Page20 of 226



CATCH-C Catch-
No. 289782

Deliverable number: D2.242
16 April 2014

Austria: Large agri-environmental zones
based on climate, slope and texture
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wiater bodies
I:l provence borders (WUTS2)

- other areas (cities etc.)

- other agri-ecological zones

I c1z5 sLs TXTZ TXT1: coarse (sand)

B cz6_sL5_TXT2 TXT2: medium
[ Enz6_SL4_TXT2 TXT3: medium fine
—— TXT4: fine

EMZE_SL3 TXT2
ENZE_SL3 TXT3

TXT5: very fine (clay)

SL1: 0 degrees
- ENZ8_SL2 TXT2
s SL2: 1 degrees
- ENZB_SL3_TXT2 SL3: 2 - 3 degrees
ENZ8_SL1_TXT2 SL4: 4 -7 degrees

SL5: 8 -90 degrees

Figure Il.4 Agri-environmental zones in Austriatzsed on over-laying climate, soil texture
and terrain slope maps

Page2l of 226



CATCH-C
No. 289782

Deliverable number: D2.242

16 April 2014

Catch-

Table 1.5 Farm types present in each of the agwironmental zones of Austria with their area

fractions
AEZ (Austria) Land use and specialisation Percentag of
farm area in
AEZ
ENZ5_SL5 TXT2 Dairy cattle/Permanent grass 66.4%
Beef and mixed cattle/Permanent grass 27.3%
total farm area (1000 ha) Sheep and goats/Others 3% B.
364.42 Mixed livestock 0.9%
Dairy cattle/Others 0.6%
Beef and mixed cattle/Others 0.5%
Poultry and mixed pigs/poultry 0.4%
ENZ6_SL5 TXT2 Dairy cattle/Permanent grass 57.8%
Beef and mixed cattle/Permanent grass 21.0%
total farm area (1000 ha) Dairy cattle/Others 6.4%
248.36 Mixed farms 3.8%
Sheep and goats/Others 3.0%
Beef and mixed cattle/Others 2.8%
Mixed livestock 2.2%
ENZ6_SL4 TXT2 Dairy cattle/Permanent grass 33. 1%
Beef and mixed cattle/Permanent grass 12,8%
total farm area (1000 ha) Mixed farms 10.7%
215.18 Beef and mixed cattle/Others 7.8%
Dairy cattle/Others 7.3%
Arable/Cereal 7.3%
Mixed livestock 3.9%
ENZ6_SL3 TXT2 Arable/Cereal 20.9%
Mixed farms 14.5%
total farm area (1000 ha) Dairy cattle/Permaneasgr 14.2%
166.44 Beef and mixed cattle/Permanent grass 1.3%
Arable/Fallow 6.3%
Permanent crops 5.8%
Dairy cattle/Others 5.7%
ENZ6 SL3 TXT3 Arable/Cereal 23.3%
Mixed farms 22.5%
total farm area (1000 ha) Pigs/Others 11.9%
154.26 Beef and mixed cattle/Permanent grass 6.9%
Beef and mixed cattle/Others 6.8%
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Dairy cattle/Permanent grass 5.6%
Dairy cattle/Others 4.8%
ENZ8_SL2_TXT2 Arable/Cereal 44.7%
Permanent crops 21.1%
total farm area (1000 ha) Arable/Fallow 14.2%
132.42 Arable/Others 6.6%
Arable/Specialised crops 4.7%
Mixed farms 3.6%
Beef and mixed cattle/Others 1.9%
ENZ8 SL3 TXT2 Arable/Cereal 51.3%
Arable/Fallow 14.4%
total farm area (1000 ha) Permanent crops 12.7%
124.35 Mixed farms 10.4%
Arable/Others 4.8%
Arable/Specialised crops 2.8
Beef and mixed cattle/Others 1.9%
ENZ8 SL1 TXT2 Arable/Cereal 43.7%
Permanent crops 19.8%
total farm area (1000 ha) Arable/Fallow 19.5%
91.11 Arable/Others 6.0%
Mixed farms 3.9%
Arable/Specialised crops 3.1P%
Mixed livestock 2.1%

3.3Discussion

The applied procedure from Kempen et al. (201Dwvadito allocate the main farm types to
each of the agri-environmental zones in the eiglrtippant countries. As soil and crop
management practices (and associated soil degvadptoblems) are related to both the
biophysical conditions and the farm’s specializatend land use, inventories can now be
done for these FTZ units.

The farm typology now offers a uniform basis acroffse eight participant countries. It
enables (in Work package 2) the structured catiecand compilation of data on current
management (section lllI) and soil degradation {@edl) and gives the infrastructure for
targeted work in other work packages, as was @dlat the end of Section I.

The used farm typology is based on the classes #&@N; as FADN classes can be
considered as the standard in European policy rgakire compiled information for the farm
type classes in this project can be used in pasliogies at the European level.
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4 Selected Farm types and agri-environmental zones

4 .1 Introduction

The number of farm types and agri-environmentakzgonithin one country can be large (see
Table II.5 for Austria), especially when the laralse is very heterogeneous. This makes it
impossible to do inventories (see Sections Il &dfor all agri-environmental zone-farm
type combinations (FTZ units). Hence, for each tguthree major farm types within
specific agri-environmental zones have been sdect

4.2 Procedure for selection

The applied procedure for selecting the three nfajon types per country was the following:

(a) an overview was made of all farm types preseetch of the agri-environmental zones
(AEZ + FT --> FTZ) per country; (b) for each AEhet areas of the respective FTZs were
calculated and the ten largest FTZs were listedl€Td.5 for Austria as example); (c) the

CATCH-C participants per country were asked to eevithe economic importance and

impacts on soil degradation of these ten large&sFT

In addition, the CATCH-C patrticipants were asketh# FTZs designated for their country
would be readily recognized ‘in the field’ (i.e.y Harmers, extension officers, local
researchers). Where this was not the case, panisip were asked to aggregate some agri-
environmental zones or farm types. Because we smdl @weneric (European) classes,
participants in some countries did not recognizeRfZs, and found it difficult to relate them
to the farm classes normally used in their natishadies. In such cases, re-combinations of
FTZs were performed to arrive at FTZs which could understood within the national
context.

Concluding, the selection of the major farm typed agri-environmental zones was based on
four criteria:

1. Their total area within the country

2. The economic importance

3. The impact on soil degradation

4. Recognisability within the national context

The results of this selection procedure are showhe next paragraph.
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4.3 0verview of selected farm types and agri-environmeal zones

The three selected major FTZs (combinations of Rgpa with agri-environmental zone) for each of ¢ight CATCH-C countries with their biophysical

and farm characteristics are given in Table Il.6e Bpatial distributions over Europe of the agruhammental zones, in which these selected FTZ
combinations are located, are given in Figure Maps of the spatial distributions of the seled®@ds in each of the eight CATCH-C countries can be
found in Appendix A.

Table 1.6 Selected FTZs (combinations of Farpetwith Agri-environmental zone) for the eight CAIFC countries with their characteristics
Country® | AEZ | FTZ | Climate Land slope Soil texture Farm specialization Land use
AT 5 Ill?A Pannonian gentle slopes medium soils arable cereals
2 2M Continental gentle slopes medium soils mixed all land use types
3 3C Alpine South strong to steep slopes mediuts soi dairy cattle all land use typesg
BE 4 4A Atlantic Central nearly level medium fine soil arable specialised crops
5 5C Atlantic Central level coarse soils dairy leatt permanent grass
6 6M Atlantic Central level medium soils mixed alhd use types
DE 7 TA Atlantic North level coarse soils arablexed specialised crops
8 8A Continental level coarse soils arable+mixed pecglised crops
9 9A Continental nearly level and gentle slopes dioma fine soils arable+mixed specialised crop
ES 10 10A | Mediterranean South level to moderateesio fine soils arable cereals
11 11P | Mediteranean South nearly level to modedafees medium fine soils permanent crops permasreps
12 12C | Mediteranean South and | strong to steep slopes medium soils beef and nua#tk + sheeps
Mediteranean mountains and goats
FR 13 13A | Mediteranean North gentle slopes finkssoi arable all land use types
14 14C | Atlantic Central nearly level medium finélso dairy cattle all land use typeg
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15 15A | Atlantic Central nearly level medium soils ralsle all land use types
IT 16 16A | Mediteranean North level coarse to medfima | arable cereals
soils
16 16C | Mediteranean North level coarse to medium f| dairy cattle temporary grass
soils
17 17A | Mediteranean North gentle and moderate slope medium and medium | arable cereals
fine soils
NL 18 18A | Atlantic Central level medium and medium arable specialised crops
fine soils
19 19A | Atlantic North level medium and medium arable specialised crops
fine soils and cereals
20 20A | Atlantic North and Atlantic | level coarse soils arable specialised croj
Central
20 20C | Atlantic North and Atlantic | level coarse soils dairy cattle permanent gras
Central
PL 21 21A | Continental nearly level medium finelsoi arable cereals
22 22M | Continental nearly level coarse soils mixed all land use types
23 23C | Continental level coarse soils dairy cattle permanent grass

L AT= Austria, BE= Belgium, DE= Germany, ES= SpdR= France, IT= Italy, NL= Netherlands, PL= Poland
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Selected Agri-Environmental Zones (AEZs) for the Catch-C project
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Figure 11.5 Agri-environmental zones which havemselected within the Catch-C project. See THidor explanation of the AEZs and FTZs. Note tha areas
of all FTZs in Europe have been determined but thdyselection is shown in this map.
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4 .4 Discussion

We are confident, based on the overviews madeefithin farm types in each of the agri-
environmental zones in the eight participant caastrand on the procedure for FTZ
selection, that the three selected FTZs per coumfpyesent the main agri-environmental
zones, main agricultural areas and the main farnsypgtems in the eight CATCH-C

countries. The selected FTZs provide the backbanecarry out inventories on farm

management (Section Ill) and soil degradation @moisl (Section 1V) in these eight countries.
The used farm typology is the same for the eightiggant countries, which allows

comparisons of compiled data (e.g. current managgnietween the eight countries; it
utilizes the classes from FADN, a common referdoc&uropean policy studies.

While the major FTZs selected for further work coealy part of the total farm area per
country (maps in Appendix A), we stress here thatrmimerical database specifies all other
FTZ units across Europe, too, with the same le¥etflaiail. This information, however,
cannot easily be represented in maps because nth#l sizes of units, and the limited
number of colours that the eye can distinguish ana@. Finally, note that some countries
have made their own aggregations of AEZ classes.ekample, three slope classes were
merged in one particular FTZ in Spain. Such compseswere sometimes necessary to
arrive at major FTZs representative for the country
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Current management

1 Introduction

To evaluate the potential effects of best or a#itme soil management practices, it is
important to first compile information about thermnt management practices. There is
currently a lack of data on current managementtjpexc across Europe (Louwagie et al.,
2009; Toth et al., 2008). Therefore, we (i.e. @itggipants in the CATCH-C project) have
performed inventories of current management prestic the selected FTZs (Section 11.4.3).

2 Procedure for data collection

The Current Management Practices have been recéodatle major FTZs in each of the
eight participant countries. For this task, a goesiire about current management practices
and main soil degradation problems has been codthpled tested. Next, the updated
questionnaire about current management practiogésrain soil degradation problems has
been used by colleagues in the participant casto conduct interviews with experts (i.e.
agricultural extension officers) for the selectdF in their country.

Three interviews have been done for each of thesFiNith three to four FTZs being selected
per country. The experts were asked to give estsnabout the extent that some practices
are currently applied and to inform us of what theyvise to the farmers. The used
questionnaire is given in Appendix B. The relatgassary of management practices can be
found in Appendix C..

3 Compiled information on current management practics

The collected information about current managenm@attices on the selected FTZs is
presented below. For more detailed information altioel location and characteristics of the
FTZs, see Table 1.6 and figure I1.5. Farm areatfoms for arable and livestock farming in
which green manures, different tillage practiced/anorganic fertilisers are applied and crop
residues are incorporated, are given in the faltigwior the different FTZs in the CATCH-C
countries. Note that the category Livestock farmimgjudes both dairy cattle (C) farming
and mixed farming (M).

3.1Use of green manures

3.1.1 Arable farms

Green manure crops are mostly grown on arable famnBelgium (4A; 50% of total area)
and are also found on moderately large areas leafarms in The Netherlands and Poland
(18A, 20A and 21A; 20% of total area, see figutel)l
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Green manures on arable farms across FTZs
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Percentage of farm area

Figure lll.1 Area fractions where green manureg applied, for FTZs in arable farming. FTZs with
smaller area fractions are ignored. Information thve FTZs can be found in Table II.6.

3.1.2 Livestock farms

Green manures are moderately grown on mixed fammastria, dairy cattle farms in
Belgium and France, and mixed farms in Belgium (K2, 6M and 14C ; 20 to 30% of total
area) and little grown on dairy cattle farms inyitand mixed farms in Poland (16C and 22M;
10% of total area, see figure 111.2).
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Green manures on livestock farms across FTZs
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Figure 11l.2 Area fractions where green manure® applied, for FTZs in livestock farming. FTZs
with smaller area fractions are ignored. Information the FTZs can be found in Table 1.6

3.2Tillage practices

3.2.1 Arable farms

Conventional tillage is the most common tillage gtise in the CATCH-C countries. No
tilage is practically not applied in these coussti except for moderate and limited
application among permanent cropping and arabledain Spain (11P and 10A). Non-
inversion tillage is the most common tillage preeton arable farms in Austria, France, and
Spain and arable and mixed farms in Germany (1A,19R, and 15A) and is often applied
on arable and mixed farms in Germany, permanemping in Spain, arable farms in Italy
and Poland (8A, 11P, 16A, 17A and 21A ; about 30%rea, see figure 111.3).
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Tillage practices across arable farms
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Figure 111.3 Area fractions where different tillageractices are applied, for FTZs in arable farming.

FTZs with smaller area fractions are ignored. Infation on the FTZs can be found in Table 1.6

3.2.2 Livestock farms

As with arable farms, conventional tillage is ma@stmmon on livestock farms in the

CATCH-C countries. Non-inversion tillage is sometsn(20 to 30% of area) practised on
mixed farms in Austria, dairy cattle farms in thetNerlands, and mixed farms in Poland
(2M, 20C and 22M). No tillage is applied only orttafarms in Spain (12C, see figure

111.4).
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Tillage practices across livestock farms
I
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Figure 111.4 Area fractions where different tillagractices are applied, for FTZs in livestock farm
FTZs with smaller area fractions are ignored. Infation on the FTZs can be found in Table 11.6

3.3 Nutrient management

3.3.1 Arable farms

Mineral fertilisers are applied on the main partha areas (70 to 100%) in all FTZs. Organic
fertilisers and particularly animal slurry are @pglon the main part (60 to 90%) of the areas
in arable farming in Belgium, arable and mixed fawgnin Germany, and arable farming in
the Netherlands (4A, 7A, 18A and 20A). Compost magion appears to be of minor
importance (Fig. 111.5).

Note that in Germany farmers also use biogas sfuwrg biogas plants on 10 and 40% of the
farm area. In Italy, farmers often use (up to SRéhe farm area) organo-mineral fertilisers
which are a mixture of organic and inorganic fes¢its. The organic fraction may origin from
animal manure but also from organic wastes fromittestock or crop processing industry.
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Nutrient management across arable farms
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Figure IlIl.5 Area fractions where organic fertiliseare applied, for FTZs in arable farming. FTZs
with smaller area fractions are ignored. Information the FTZs can be found in Table 11.6

3.3.2 Livestock farms

Animal slurry is applied on the main part (70 toO%) of the livestock farm area.
Exceptions are mixed and dairy cattle farms in Rdblg22M and 23C), where slurry
applications are limited and farm yard manurepigliad to resp. 35 and 60% of the area.

Mineral fertilisers are also applied on the maint §a0 to 100%) of the livestock farm area,
except for dairy cattle farming in Austria andtieafarms in Spain (3C and 12C). Farm yard
manure is applied on the main part of the farm #86&6) among cattle farming in Austria,

on a moderate part of the area (40%) among catthasfin France and Italy (14C and 16C),
and on a limited to moderate part of the area ¢1%86) on mixed farms in Austria, Belgium

and Poland (2M, 6M and 22M).

In Belgium and The Netherlands (5C, 6M and 20Cynahmanure consist mainly of slurry,
while in Austria, France and ltaly (2M, 3C, 14C &t ) both animal slurry and farm yard
manure are applied. Compost application appedre tf minor importance (see figure II1.6).
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Nutrient management across livestock farms
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Figure 111.6 Area fractions where organic fertidiss are applied, for FTZs in livestock farming. BTZ
with smaller area fractions are ignored. Information the FTZs can be found in Table 11.6

3.4Incorporation of crop residues

3.4.1 Arable farms

Crop residues are incorporated in roughly half {@®0%) of the area in most FTZs. More
incorporation (>70% of the area) of crop residuessdocccur on arable farms in Austria,
arable and mixed farming in Germany, and arableifag in France (1A, 8A, and 15A, see
figure IIL.7).
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Incorporation of crop residues on arable farms across FTZs
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Figure 11l.7 Area fractions where crop residuesapplied, for FTZs in arable farming. FTZs with
smaller area fractions are ignored. Information the FTZs can be found in Table 11.6

3.4.2 Livestock farms

Crop residues are incorporated in roughly one t{&dto 35%) of the area on cattle farms in
Spain, dairy cattle farms in Italy, and Poland (126C and 23C). More incorporation
(>70% of the area) of crop residues does occcurixed and dairy cattle farming in Austria,
mixed farming in Belgium, dairy cattle farming ihet Netherlands, and mixed farming in
Poland (2M, 3C, 6M, 20C and 22M ). Practically medrporation of crop residues does
occur on dairy cattle farms in Belgium and Frar&ge and 14C, see figure 111.8).
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Incorporation of crop residues on livestock farms across FTZs
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Figure 111.8 Area fractions where crop residuesapplied, for FTZs in livestock farming. FTZs with
smaller area fractions are ignored. Information the FTZs can be found in Table 1.6

4 Discussion and main conclusions

Main conclusions from the compiled information aalde farming are : (a) green manures
are applied on average on 20% of the total areacdghventional tillage is practised on

average on 70% of the total area, non-inversidagdél on 30% of the total area, and
minimum tillage is hardly applied, (c) manure aaimty animal slurry is applied on the main

part (60 to 90%) of the total area in Belgium, Ganmand the Netherlands and on a limited
part of the total area (<20%) on FTZs in the ot®AiT CH-C countries, and (d) crop residues
are incorporated on average in half of the totahar

Main conclusions from the compiled information amektock farming are: (a) green
manures are applied on a small part (i.e. O to 20R4)e total area, (b) conventional tillage is
practised on average on 85% of the total area,marsion tillage on 15% of the total area,
and minimum tillage is practically not applied, @mimal slurry is applied on the main part
(>80%) of the total area on FTZs in all CATCH-C ntiies except for farming in Poland and
beef and mixed cattle and sheep/goats farming @nSphere slurry is applied on less than
20% of the total area, (d) on FTZs in Belgium angthérlands mainly animal slurry is
applied, on FTZs in Austria, France and Italy bathmal slurry and farm yard manure are
applied, and in Poland mainly farm yard manurepgiad.

The compiled information on current managementtjras and their occurrence depends on
estimates by the agricultural extension officersm® extension officers expressed that they
found it difficult to provide good estimates fartain FTZs.

Differences between FTZs in the occurrence of gertaanagement practices can be
explained from differences in the farm type (e.gtrient management and tillage practices
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are different between arable and livestock systefsjther, the overall intensity of the
farming (notably livestock density and hence thailability of manures) differs between
countries. For example, very large area fractiaeeeive animal manure in arable farming in
Belgium, Germany and the Netherlands, in cont@asttte other CATCH-C countries (Fig.
[11.5). Also, cropping systems and their biophysicantext vary widely (e.g. minimum
tillage is only applied in Spain and probably mgiinl the dry and erosion-sensitive areas in
southern Spain with arable and permanent croppsghown in Fig. I1l.3 and Fig. 111.4).

Part of the differences between FTZs in the appliethagement practices, however, can not
be explained from our classification. Variation mbg caused by regional and national
differences in the farm structure and land owngxsthie historic development of agricultural
sectors, the protection of the environment anddeape, and the main recommendations by
agricultural extension services. These regionalratbnal differences may cause differences
between FTZs that are otherwise similar.
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Inventory of main soil degradation problems in the
participant countries

1 Introduction

The partners in the CATCH-C project have compiledorimation on the main soil
degradation problems in their country based onlavai sources and have produced country
reports (see Appendix D). A compilation of the maoil degradation problems is given in
the following. The main types of soil degradatioa:ga) wind erosion, (b) water erosion, (c)
contamination with biocides, heavy metals and excedrients, (d) decrease in soil organic
matter, (e) loss of soil biodiversity and soil hkakf) soil physical problems like sub-soil
compaction, reduced drainage and soil sealing, gglinization, (h) sensitivity to
desertification, (i) floods and land slides, (j)ldmrne diseases and (k) soil acidification. We
refer to this information as ‘Set A'.

Besides, during the inventories of current managemeactices (Section Ill) the Agricultural
Extension Officers (AEOs) have also been askedifiéormation about the main soil
degradation problems per FTZ. This rather qualgainformation has been compiled in
Table IV.5. We refer to this information as ‘Set B’

2 Overview of the main soil degradation problems ine EU and
participant countries (Set A)

An overview of the main soil degradation problenssraported (Set A) for the different
CATCH-C countries, is given in Table IV.1. This si®that water erosion, contamination,
soil physical problems (e.g. compaction) and desréa soil organic matter are problems in
most countries, that salinization is mainly of imjnce in southern Europe and in coastal
plains (i.e. Spain, Italy and the Netherlands) deskrtification in mainly southern Spain, that
low soil fertility is a problem in extensively maged areas in Spain, that floods and land
slides do occur in the mountainous areas of Franddtaly, and that soil acidification can be
problematic in France and Poland and mainly witirs steveloped in acidic parent material
(e.g. granite).

Table 1V.1 Reported soil degradation problems fer EATCH-C countries (see Appendix D
for detailed information)

Country, Austria | Belgium | France| Germanly Italy Netherlanfls Poldnd irSga
Soil

degradation

problem

Wind erosion X X X

Water erosion X X X X X X X X
Contamination X X X X X X
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Loss of soil X X X X X X
organic C

Loss of soil X X X
biodiversity

Soil physical| x X X X X X X X
problems

Low/reduced X
soil fertility

Salinization X X X

Desertification X

Floods & land X X
slides

Soil borne
diseases

Soil X X
acidification

Next, for the selected and main FTZs in each ofetight participant countries the type and
degree of the main soil degradation problem ismiveTables 1V.2, IV.3, and IV.4. These
estimates on the degree of soil degradation arenlyndiased the reported major soil
degradation problems per country (Appendix D) aadly too on expert knowledge. This
shows that in Austria water erosion is an imporgaablem because of its mainly hilly and
mountainous areas, and that soil physical probléres sub-soil compaction) do occur
particularly in arable farming. Wind erosion doedyooccur with arable farming in the most
Eastern parts of Austria (Table 1V.2).

In Belgium, main soil degradation problems areteglao nitrogen and phosphorus leaching
which result in contamination of ground and surfaagers. This is related to high animal
densities and the resulting high animal slurry patidn and application per hectare in
Belgium. Erosion by water and tillage operationsesi mainly occur on arable land in the
central hilly and loamy area of Belgium (FTZ 4AgsBable 11.6) Sub-soil compaction and
decreasing amounts of soil organic carbon in tpedb (mainly due to past land-use changes
and recent decreases in organic matter inputs framure (mainly as animal slurry), crop
residue and cereal straw incorporation) are issoeall FTZs and may result in less
favourable structure and permeability of the topgbable IV.2). Wind erosion is mainly a
problem in FTZ 5C, being particularly vulnerableedo the combination of open terrains and
sandy soils. For more details about the soil deggiadl problems in Austria, Belgium and the
six other CATCH-C countries, we refer to the res$peccountry reports, as given in
Appendix D.

Table V.2 Main soil degradation problems for tledested and major FTZs in Austria and
Belgium (see Appendix D for detailed information)
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Country, Austria Austria Austria Belgium Belgium Belgium
FTZ 1A 2M 3C 4A 5C 6M
AEZ ENZ8_SL3 | ENZ6_SL3 | ENZ5_SL5_ | ENZ7_SL2_| ENZ7_SL1_| ENZ7_SL1_

e TXT2 TXT2 TXT2 TXT3 TXT1 TXT2
Specialization/ land
usé Arable Mixed farms | Dairy cattle/ | Arable Dairy cattle/ | Mixed farms

farms/ permanent | farms/ permanent
cereals grass specialised | grass
crops

Soil
degradation
problem
Wind erosion X 0 0 0 X 0
Water erosion | x X X X 0 0
Contamination X X X
Loss of soil X X X
organic C
Soil  physical| x 0 0 X X X
problems

10 = not of importance, x = weak to moderate pnohl¥ = serious to very serious problem

2 See Section 11.2 for the AEZ classes used, seoBdt.3 for the farm type classes used, see IFig.
and 11.2 for resp. the environmental zones andutextlasses in the CATCH-C countries and Fig. 1.4
for the texture and slope classes

In France, the main soil degradation problems douoan arable farming, such as water
erosion, floods and landslides in particularly thédly and mountainous areas, soil
acidification in mainly soils derived from acidieqgnt material (e.g. sandstone and granite),
decreasing amounts of soil organic carbon in tipsdib due to changed crop rotations and
soil physical problems due to increasing use offeaachinery in field operations. These
last two degradation problems may cause a losibfbgodiversity. Contamination does
occur on both arable and dairy cattle farming iarn€e, both with nitrogen due to excess
applications of animal manure and/or with heavyaisetiue to application of sludge from
waste water treatment plants (Table 1V.3).

In Germany wind erosion is a problem on the samilg,sand water erosion and soil physical
problems (i.e. soil compaction) in the hilly aremish loamy soils. On most farm types in
Germany the amounts of soil organic carbon in tpsadil decrease due to changed crop
rotations which may cause a loss of soil biodiwgrdiowest soil organic carbon contents are
found on the sandy soils. Contamination with batlogen and heavy metals are a problem
due to resp. excessive use of nitrogen in agricaltind both atmospheric deposition from
industrial areas and application of sewage slud@ipe. problem with nitrogen eutrophication
IS most serious on the sandy soils in Northerm@ewy (Table 1V.3).

In Spain the main soil degradation problem has dowith water erosion. This problem
mainly occurs in the hilly and mountainous areathwai semi-arid climate with its limited
vegetation cover and high rainfall intensity. Oe #irable farms decrease in the amounts of
soil organic carbon in the topsoil, soil compactom a low soil fertility are often a problem.
In southern Spain with both arable and permanepeng, salinization and desertification
do occur (Table IV.3).
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Table 1IV.3 Main soil degradation problems for thelested and major FTZ in France,
Germany and Spain (see Appendix D for detaileorintion}

Country, Germany | Germany | Germany Spain Spain Spain France | France | France
FTZ 7A 8A 9A 10A 11P 12C 13A 14C 15A
AEZ ENZ4_ ENZ6_ ENZ6_ ENZ13_ | ENZ13_ | ENZ11&13_| ENZ12 | ENZ7_ | ENZ7_
SL1_ SL1_ SL2&3_ SL1, SL2, SL5_ _SL3_ | sL2_ SL2_
TXT1 TXT1 TXT3 2,384_ | 3&4_ TXT2 TXT4 TXT3 TXT2
Specialization/ land TXT4 TXT3 ;
P Arable & | Arable & | Arable & Beef anq Arable | Dairy Arable
us Mixed Mixed Mixed Arable Perma- | mixed cattle] farms cattle farms
farms/ farms/ farms/ farms/ nent permanent
specialised| specialise| specialised | cereals | crops grass &
crops d crops crops Sheep an
goats/ lan
Soail based
degradation
problem
Wind erosion X X 0
Water erosion | 0 0 X X X X X 0 0
Contamination | X X X X X X
Loss of soil| x X X X 0 0 X 0 X
organic C
Loss of soil| x X X X 0 X
biodiversity
Soil  physical| 0 0 X X 0 0 X 0 X
problems
Low/reduced X 0 X
soil fertility
Salinization X X 0
Floods & land X 0 0
slides
Sail 0 X X
acidification
Desertification X X 0

10 = not of importance, x = weak to moderate pnwbl¥ = serious to very serious problem

2 See Section 11.2 for the AEZ classes used, setaBdt.3 for the farm type classes used, see IFig.
and 11.2 for resp. the environmental zones andutextlasses in the CATCH-C countries and Fig. 1.4
for the texture and slope classes in Austria

In Italy, the main soil degradation problems ardewarosion, floods and land slides with
arable farming in the hilly and mountainous ar€asarable farms in general, both decreases
in soil organic carbon in the topsoil and soil camcioon and resulting reduction in hydraulic
permeability do occur. Salinity problems mainly ocdn small lowland areas along the
coast. Some contamination of the soils with excas®unts of nitrogen, phosphorus,
pesticides and heavy metals does occur (Table.lV.4)

In the Netherlands the main soil degradation pmbie the strong contamination with
nitrogen, phosphorus, and pesticides and to arlesgent with heavy metals. This can be
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explained from the present and particularly pagihhapplications of both organic and
inorganic fertilisers and pesticides in Dutch agjtiere. Another and minor problem is sub-
soil compaction which is due to the increased Usbeavy machinery in arable farming
(Table 1V.4).

In Poland, soil acidification is a major problemrm(more than 50% of agricultural area in
Poland) and particularly on the soils derived franidic parent material (i.e. sedimentary
rocks with a light texture). Problems in arablerfarg are related to water erosion, decrease
in soil organic carbon, and to soil compaction artipularly the loamy soils (Table 1V.4).

Table IV.4 Main soil degradation problems for thedested and major FTZ in ltaly, The
Netherlands and Poland (see Appendix D for detailftmation}

Country, Italy Italy Italy Nether | Nether | Nether | Nether | Poland | Poland | Poland
AEZ lands lands lands lands

16A 16C 17A 18A 19A 20A 20C 23C 22M 21A
Specialization/ land | ENZ12 | ENZ12 | ENZ12 | ENZ7_ | ENZ4_ | ENZ4 | ENZ4 | ENZ6_ | ENZ6_ | ENZ6_

usé SL1_ | SL1_ | _SL3&|sSLl_ |sLl |&7_ | &7_ SL1_ | sL2_ | sL2_
TXTL, | TXTL, | 4. TXT | TXT2 | TXT2 | SL1_ | SL1_ | TXT1 | TXT1 | TXT3
283 283 283 &3 &3 TXTL | TXT1

Arable | Dairy Arable | Arable | Arable | Arable | Dairy Dairy Mixed | Arable
farms/ | cattle/ | farms/ | farms/ | farms farms/ | cattle/ | cattle/ | farms farms/

cereals | tempo- | cereals | special | /specia | special | perma | perma cereals
. . rary ised lised ised nent nent
Soil degradatior grass crops | crops | crops | grass | grass
problem &

cereals

Water erosion 0 0 X 0 0 0 0 0 0 X

Contamination | x X X X X X X 0 X 0

Loss of soil| x 0 X 0 0 0 0 0 0 X
organic C

Loss of soail 0 0 0 0
biodiversity
Soll physical| x 0 X X X X 0 0 0 X
problems
Salinization 0 to|0 to|O 0 0 0 0
X X
Floods & land| Q 0 X
slides
Soil acidification | O 0 0 X X X

10 = not of importance, x = weak to moderate pnwbl¥ = serious to very serious problem

2 See Section 11.2 for the AEZ classes used, setaBdt.3 for the farm type classes used, see IFig.
and 11.2 for resp. the environmental zones andutextlasses in the CATCH-C countries and Fig. 1.4
for the texture and slope classes in Austria
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3 Examples of main soil degradation problems in twoauntries
(i.e. the Netherlands and Poland)

Two main soil degradation problems are reportedniore detail for two countries, i.e.

contamination in the Netherlands and decrease ilnosganic matter in Poland. For more
information about the other major soil degradatmoblems in these countries and in the
other six countries, see Appendix D.

3.1Diffuse contamination in the Netherlands (by Anneté Pronk)

- Heavy metals: up to 2005, the diffuse contamamatly heavy metals is mainly caused by
agricultural land usewWww.emissiereqistratie.yl in particular by the use of fertilizers

(synthetic and organic fertilizers). In 2005 thecwoulation of heavy metals had slowed
down compared to 1990 but eventually high concéotra above standard levels may occur.

- Pesticides: The objectives for 2010 for the mmwnent and safe handling by workers
(Ministerie van Landbouw Natuur en Voedselkwalited04) have not been achieved,
although crop protection has become more sustan(®an Eerdt, et al. 2012). Van Eerdt et
al. (2012) conclude: “ As a result of successfglutation, the use of plant protection products
by farmers and growers has placed a considerabdylemburden on the environment over
the 1998-2010 period. Two-thirds of the environmaébenefits were found to be due to the
implementation of emission reduction measures. Hewesurface waters still contain too
large amounts of residues from plant protectiondpots. This adversely affects aquatic
organisms as well as drinking water. Moreover, gnano date still pay insufficient attention
to risks related to plant protection products dradrtsafe handling.”

- Nutrients: Excess applications of fertilizers andnure increased nutrient amounts in the
soils from 1960 to 2000 with 60-100 kg@/hal/year, causing about 55% of the agricultural
land to be saturated with phosphate (Fig. IV.1; Edurce: Schoumans 2004). This is slightly
lower than the amounts estimated by Romkens & Oan@®04) due to a slightly different
definition of phosphate saturation on clay soilsaplications have induced N leaching to
the surface and shallow groundwater (Fraters 2@@@)are still forming a threat (Boumans
and Fraters 2011). Most problems are found atrtfisment on the sandy soils in the South
(Fig. IV.1, right) of the Netherlands (Schoumarisale2012).
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Figure IV.1 Left: Phosphate saturated soils in Metherlands as measured in the period 12998.
For agricultural land, four classes have been digtiished that take into account a criterion for the
degree of phosphate saturation for specific typdssoil (Schoumans 2004). Right: Nitrate
concentrations measured in the shallow ground whgtween 2007 and 2010 on farms of the LMM
(nationwide monitoring network on the effects ef thanure policy (Hooijboer and De Klijne 2012))

3.2Decrease in soil organic matter in Poland (by Grzexyz Siebielec et al.)

Variations in soil organic matter (SOM) contenteofPoland are strongly driven by natural
factors such as texture, slope or water regime.dstwbOM contents are found in light
texture soils with low groundwater tables. The mpfiSOM in the arable soils of Poland is
wide (0.5-10%), with the average SOM content etu@.2%. Organic soils are usually used
for grasslands and not for arable cropping.

Area fraction of soils with extremely low SOM conte(<1%) is 6%, whereas the area
fractions of other SOM content groups are as fallobd%, 33% and 11% for resp. 1-2%, 2-
3.5% and >3.5% SOM contents. In 89% of the saoilPoland, the SOM content is below
3.5% (approx. 2% C), which can be considered wikurope as a low SOM content. This is
specific for Polish soils which often have a ligbkture and low water holding capacity,
resulting in unfavourable conditions for accumulatof organic matter in the soils.

In some regions of Poland the area of land thainiy used for arable crop production,
increases over time, whereas there is a limiteghalnproduction and thus manure application
to these soils. This results in a negative balafi@&OM at the farm level, as shown in a SOM
map for Poland (Fig. IV.2). These balances of oigaratter inputs and outputs are based on
data on crop rotations and manure and organic nmegtfgications. Positive changes in SOM
over time are found in regions with intensive arimp@duction and/or extensive grassland
areas.
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Figure IV.2 Change in soil organic matter (SOM)fatm level in Poland as based on organic matter
input - output balances

4 Information on main soil degradation problems from
inventories (Set B)

During the inventories of current management pecasti (Section Ill) the Agricultural
Extension Officers (AEOs) were asked for informatiabout the main soil degradation
problems per FTZ. This qualitative information fe®n compiled in Table IV.5. We refer to
this information (obtained from AEOSs) as ‘Set B’otd that each of the soil degradation
problems mentioned by AEOs is included here, evieanathis problem was only mentioned
in only one out of the three interviews per FTZ.

The AEOs have been asked if one of the specified degradation problems were of

importance in the selected FTZ: a) Water erosignWind erosion, ¢) Contamination, d)

Negative soil organic matter balance, e) Loss aofdiversity, f) Soil borne diseases, Q)

Compaction, h) Floods and land slides, i) Desegtfon, and j) Salinization. Next, the AEOs

were asked to describe which management practamesecor enhance the soil degradation
problems mentioned (Table IV.5).

In the following paragraphs, we will compare tlod degradation problems as mentioned by
the AEOs (Set B, Table 1V.5) with those mentionedhe country reports (Set A, Tables
IV.2, IV.3, IV.4). This is done to verify the cdetency between both data sets on soil
degradation problems.
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Austria

According to Set A for Austria, water erosion is emportant problem and compaction
particularly does occur in arable farming. Windstoo does only occur with arable farming
in the most Eastern parts of Austria (Table IVREOs have mentioned the same major
problems, but also some minor problems like comation, negative soil organic matter
balance, loss of biodiversity, and floods and lalidkes (Table 1V.5).

Belgium

In Belgium, main soil degradation problems acawgdio Set A are related to contamination
of ground and surface waters with mainly nitrogemd gphosphorus, water erosion,
compaction, and decreasing amounts of soil orgauaitter in the topsoil (Table 1V.2). Wind
erosion is mainly a problem in FTZ 5C, being maurly vulnerable due to the combination
of open terrains and sandy soils. AEOs have mesdiomater erosion, negative soil organic
matter balance, and compaction as major problaemdsasso wind erosion (only on sandy
soils), and soil borne diseases as a minor problernle IV.5). Hence, the same problems as
in Set A were mentioned by the AEOs, but the comtation by nitrogen and phosphorus
were not mentioned by AEOs.

Germany

In Germany (Set A) wind erosion is a problem onghedy soils, and water erosion and soill
physical problems (i.e. soil compaction) in théyhdreas. On most farm types the amounts of
soil organic carbon in the topsoil decreases. Lows@is organic carbon contents are found on
the sandy soils. Contamination with both nitroged heavy metals are a problem, of which
nitrogen eutrophication is most serious on thelgaoils in Northern Germany, and also the
loss of soil biodiversity (Table IV.3). AEOs (Se) Bave mentioned wind erosion on the
coarse (sandy) soils and water erosion as the mpapbtems and negative soil organic matter
balance, loss of biodiversity, compaction, contation and soil borne diseases as minor
problems (Table IV.5). Hence, the same problemis &et A were mentioned by the AEOs.
In addition, they mentioned soil borne diseases.

Spain

In Spain the main soil degradation problem as demied in Set A, has to do with water
erosion. This problem mainly occurs in the hill\danountainous areas. On the arable farms,
decrease in the amounts of soil organic carbohenapsoil, soil compaction and a low soll
fertility are often a problem. In Southern SpairthMboth arable and permanent cropping,
salinization and desertification do occur (Table3)V AEOs (Set B) have also mentioned
water erosion as the major problem and contaminatiegative soil organic matter balance,
loss of biodiversity, soil borne diseases, compactilesertification, and salinization as minor
problems (IV.5). Hence, the same problems as iPASeere mentioned by the AEOs except
for low or reduced soil fertility. In addition, AEOmentioned as problems contamination,
loss of biodiversity, and soil borne diseases.

France

In France, the main soil degradation problems £g§etlo occur in arable farming, such as
water erosion, floods and landslides in particyldHe hilly and mountainous areas, soll
acidification in mainly soils derived from acidiag@nt material, decreasing amounts of soll
organic carbon and soil physical problems (e.g.pation). Contamination does occur on
both arable and dairy cattle farming in Francehwitrogen and/or with heavy metals (Table
IV.3). AEOs have mentioned wind erosion, negasioi organic matter balance, compaction
and loss of biodiversity as the major problems,miyadccurring in arable farming, and water
erosion and floods and land slides as minor probl€rable IV.5). Hence, roughly the same
problems as in Set A were mentioned by the AEOS4, thay did not mention the
contamination by nitrogen and heavy metals. AEQ® gand erosion as an additional point.
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Italy

In Italy, the main soil degradation problems (Sgtafe water erosion, floods and land slides
with arable farming in the hilly and mountainougsas. On arable farms in general, both
decreases in soil organic carbon and soil compadm occur. Salinity problems mainly
occur in small lowland areas along the coast. &oantamination of the soils with excess
amounts of nitrogen, phosphorus, pesticides andyhmatals does occur (Table 1V.4). AEOs
(Set B) have mentioned water erosion, negativesganic matter balance, and compaction
as major problems and loss of biodiversity and doand land slides as minor problems
(Table 1V.5). Hence, the same problems as in Setfe mentioned by the AEOs except for
salinity and contamination problems. In additiorE@s mentioned as a problem loss of
biodiversity.

The Netherlands

In the Netherlands the main soil degradation prob{€et A) is the strong contamination
with nitrogen, phosphorus, and pesticides and lesser extent with heavy metals. Another
and minor problem is compaction (Table 1V.4). AESst B) have mentioned wind erosion,
negative soil organic matter balance, soil borseates, and compaction as major problems
and loss of biodiversity and salinization as mipasblems (Table IV.5). Hence, the AEOs
mentioned five problems in addition to compactiout, did not consider contamination.

Poland

In Poland, soil acidification is reported as a mgpooblem (Set A). Problems in arable
farming are related to water erosion, decreaseilrosganic carbon, and to soil compaction
on patrticularly the loamy soils (Table 1V.4). AE(®et B) have mentioned wind erosion and
negative soil organic matter balance as major prabland water erosion, contamination,
loss of biodiversity, soil borne diseases andngadtion as minor problems (Table 1V.5).
Hence, the AEOs mentioned five problems in addit@negative soil organic matter balance
and water erosion, but did not mention soil acidifion and compaction.

Summary

Summarizing, the main points about the soil degradgroblems as reported for each of the
CATCH-C countries as based on government and amwviental agency studies (see Table
IV. 2 upto and including Table 1V.4) and the praios mentioned in the interviews by the
agricultural extension officers (Table 1V.5), ane tfollowing: (a) the reports for the CATCH-
C countries (Appendix D) and the AEOs mentionedydbr the same soil degradation
problems, (b) the AEOs focused more on the fieletllend hence, mentioned more often
problems as soil borne diseases, loss of biodtyeasd wind erosion, (c) the country reports
focused more on the wider (i.e. regional) scalelatte, mentioned more often the problem
of contamination.
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Table IV.5 Selected FTZs with their Soil degramtagproblems and Enhancing practices as based on
interviews with agricultural extension officers fohe selected FTZs in each of the CATCH-C
countries. See Table 11.6 for more information abthe selected FTZs. The soil degradation problems
are indicated as follows: A=Water erosion, B=Wintb&on, C=Contamination, D= Negative soil
organic matter balance, E= Loss of biodiversity, Bgil borne diseases, G= Compaction, H=Floods
and land slides, |= Desertification, J= Salinizatio

Coun | AEZ | FTZ | Slgpe | Soil Farm Main Enhancing practices per
1 ID ID . bl
try texture specia- | problems, | problem
liza- Other
tion problems
AT 1 1A gentle | medium arable A B, G A-root crops without green manure
slopes | soils crops; B- uncovered soil, root crops with

slow growth, tillage, large slope length

G- increasing wheel loads

2 2M | gentle | medium mixed A, G, C, | A- conventional tillage, frequent tillage
D, E

slopes | soils root crops, lack of soil coverage, G-
increasing wheel loads, wrong timing
for tillage, C-increased application of
organic fertilizer and plant protective
agents, D+educed rotation elements, H
increasing wheel loads

3 3C strong | medium dairy A,D,E,G, | A-conventional tillage, Dmonoculture
to soils cattle HC (e.g. silage maize), Bncreasing forest
steep ! cover, G-high tire pressure, Haatural
slopes conditions, C+ransit, industry (e.g.
sulphur)
BE 4 4A nearly | medium arable A,G A- Larger arable land parcels, grassland
level fine soils conversion into arable land, low organic

matter input, hilly region, Guse of
heavy machinery when harvesting in
late fall or when applying manure in
spring under wet conditions

5 5C level coarse soils|  dairy B,G,D,E, | B- Intensive tillage leads to fine topsoil,
cattle F G- Use of heavy machinery + often
harvesting in late fall under wet
conditions or applying manure in spring
under wet conditions, DMonoculture
silage maize + cattle slurry is generally
the only source of exogenous organic
matter, E-Monoculture silage maize +
cattle slurry is generally the only sourc
of exogenous organic matter, Re real
enhancing practice

6 6M | level medium mixed D,A,F,G | D- Rotations with only horticultural
soils crops, the application of large amounts
of slurry, A- Intensive agriculture, row
cropping, F-Rotations with only
horticultural crops, intensive agriculture
G- Use of heavy machinery, incorrect
plough set-up

D

DE 7 7A | level coarse soils| arable+ | B A D,E, | B- high percentage of maize, potatoe
mixed GF and sugar beets in rotation, long period
! with uncovered soil, ploughing in fall,
A- too much maize in rotation, D-
remove of crop residues, monoculture,
E- too big fields, big harvest machiner
maize monoculture, Goo heavy
machinery, bad timing, Roo narrow
rotations, too much potato in rotation,
potato after maize, non- resistant

varieties
8 8A level coarse soils| arable+ | B A D,E, | B- uncovered soil during crop rotation,
mixed G.C insufficient amount of soil organic

matter, A- uncovered soil during crop
rotation, insufficient amount of soil
organic matter, Dnarrow crop rotation
with high amount of humus draining
crops, rotation with maize, Eeneral
problem of conventional agriculture,
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C

monoculture, Gless soil tillage,
conservation tillage.

9 oA nearly | medium arable+ A, G A- too much tillage, ploughing at the
level fine soils mixed wrong time,not putting enough lime,
and maize is replacing rapeseed and thus|the
gentle sail is longer bare, G-mechanization,
slopes high axial load

ES 10 10A| level to | fine soils arable AD,G, A- Conventional and excessive tillage,
modera CFE bare soil, D-Stubble burning (now
te v forbidden), intensive tillage, C- careless
slopes fertiliser application, F- Monoculture,
E- Inappropriate use of insecticides,
fungicides, herbicides; disappearance pf
edges,

11 11P | nearly | medium Perma- A,C,D,G, | A-Intensive tillage and steep slopes, C-
level to | fine soils nent ILEF. J Herbicide application and light tillage,
modera crops e excessive application of fertilisers and
te herbicides, D-Excessive tillage, no
slopes tillage, bare soil, G- Using heavy

machinery and deep ploughing,, no
tillage and bare soil, I- Excessive use pf
herbicides, E- Incorporation of
contaminated residues, Intensive
monoculture, F- Excessive herbicide
use, J- Irrigation with saline water

12 12C | strong | medium beefand | A C,E,F, | A- Excessive tillage, Over-grazing.
to soils mixed G Consumption of whole pasture,
steep cattle + Excessive cattle density, C- Excessive
slopes sheeps cattle density, E- Eliminate the

and goats autochthonous vegetation, F- Soil born
disease (Phytophthora cinnamomi),
introduced from Portugal and. Causes
holm oak die-off, G- High stocking rate
for a long time
FR 13 13A| gentle | fine soils arable B,AE B- conventional tillage, A- conventiona
slopes tillage, E- conventional tillage

14 14C | nearly | medium dairy GH
level fine soils cattle

15 15A | nearly | medium arable D,G,E D- selling of crop residues,
level soils monoculture, G- use of heavy

machinery, E- monoculture
1T 16 16A | level coarse to arable A,D,G A- deep tillage, D- selling stalks, G-use
medium of heavy machinery
fine soils
16 16C | level coarse to dairy D,G,E D- change from FYM to slurry, G-

medium cattle Harvest operations, Slurry distribution

fine soils operations (in narrow and sometimes
unfavourable time window), E-
excessive use of slurry

17 17A | gentle | medium arable A,D,G,H | A-Tillage., Lack of money to properly
and and manage the soil, Bare soil, D- rotation,
modera | medium G- on clay soils, H- due to lack of treeg,
te fine soils may occur suddenly after heavy rainfall
slopes

NL 18 18A | level medium arable G,D,J,F G- heavy machinery, larger farm sizes
and root and tuber crops+ intensification, D-
medium decreasing rotations with cereals,
fine soils selling of straw, use of mainly mineral

fertilisers, less possibilities for animal
manure and compost applications
because of regulation, J- too shallow
drainage, natural infiltration of brackish
water, F- Spread to this region from
other regions through machinery and
employees, too tight crop rotation

19 19A | level medium arable F.G,D F- narrowing rotation, frequent potato

and
medium
fine soils

growing with non-resistant varieties, G
heavy machinery, heavy (harvest)

machines in wet autumn, D- Selling of
cereal straw, more root and tuber crop

little cereals and green manure in
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rotation

20 20A | level coarse soils| arable | B,D,F,E, | B-conventional tillage (crop residues
G are incorporated in the soil), due to
decreasing soil organic matter, too
much soil cultivation, D- intensive
rotations (mainly sugarbeet and
potatoes), manure regulation allows less
application of manure, too limited
organic matter input (e.g. green
manures, manure, crop residues or
compost), F- Too intensive rotations
wrong crop order in rotation,, limited
chemical protection available, intensive
rotations causing cyst nematodes, lan
exchange, E- too little subsidies, G-
heavy machinery

20 20C | level coarse soils|  dairy D,G,F,B | D- monoculture of maize, too little
cattle application of organic matter, caused hy
legislation, G- heavy macines, more
extreme weather, F- monoculture of
maize, lack of rotation, B- application
of cattle slurry is forbidden, soil
structure is too fine,

o

PL 21 21A/| nearly | medium arable B,D,AE B- Monoculture, soil without crop cove
level fine soils after the growing season, bare soil in
winter, annual crops, D- Mono-culture,
soil is without crop cover after growing
season, selling of straw, mono-culture,
A- irregular precipitation, E-
monoculture

22 22 nearly | coarse soils| mixed B,A,D,C | B-Monoculture, soil is without crop

M level cover after growing season, culture is
without cover crop, tillage, A- irregular
precipitation, Monoculture, soil is
without crop cover after growing
season, D- Monoculture, improper cro
rotation, C- Lack of organic matter and

lime
23 23C | level coarse soils|  dairy B,D,F,J, | B-Tillage, bare soil, D- monoculture, B-
cattle AE monoculture, J- Excessive nitrogen

fertilization, A- Heavy rain, flood, slope,
E- monoculture

1 AT= Austria, BE= Belgium, DE= Germany, ES= SpdiR= France, IT= Italy, NL= Netherlands,
PL= Poland

5 Discussion

An overview of the main soil degradation problenssraported for the eight CATCH-C
countries, shows that water erosion, contaminasonl, physical problems (mainly sub-soil
compaction) and decrease in soil organic matter problems in most countries, that
salinization and desertification are mainly of impoce in southern Europe (i.e. Spain,
Italy), that low soil fertility is a problem in énsively managed areas in Spain, that floods
and land slides do occur in the mountainous ardaSrance and lItaly, and that soil
acidification can be problematic in France and Reland mainly with soils developed in
acidic parent material.

The overview of the main soil degradation problesnggests that many of the problems are
enhanced by current soil management. Examples sar:soil compaction due to the use of
heavy machinery, water erosion by conventionald#, decrease in soil organic matter due to
the increasing cultivation of crops with lower amtsiof crop residues, contamination due to
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excessive applications of fertilizers and pestisjdend wind erosion on sandy soils due to
insufficient field coverage.

On the other hand, there are a number of ‘unmafdgefactors’ that enhance the
susceptibility of soils and aggravate the damagsingr from un-adapted management.
Examples of these factors are: climate (e.g. saiiun and desertification which only occur
in southern Europe), landscape (e.g. water erofimogs and land slides which mainly are
problematic in hilly and mountainous areas), paremdterial of the soils (e.g. soil
acidification) and location (e.g. salinization imastal plains).

Prevention of soil degradation problems which rawecaused by current soil management,
requires governmental actions at the regional anmtonal scale, like improved irrigation
or water management to prevent salinization, anestrotection, terracing and construction
works to prevent water erosion, floods, land slided desertification in mountainous and/or
semi-arid areas.

The soil degradation problems that can be redugedproved soil management are: wind
and water erosion and the resulting loss of saitilitg and organic matter; sub-soil

compaction and the resulting reduction in hydrapli@meabilit; decrease in soil organic
matter and the resulting decrease in soil quadityicture and soll fertility; and contamination
with nutrients and pesticides and the resultindgutoh of ground and surface waters.

It is shown that the reports for the CATCH-C coiestr(Appendix D) and the information
collected from the agricultural extension officd AEQs) through the interviews per FTZ
largely mention the same soil degradation problefisOs, however, focus more on the
farmer’'s direct interests and hence pay more attento soil borne diseases, loss of
biodiversity and wind erosion. The country repddsus more on the wider (i.e. regional)
scale and environmental and social interests, &et pay more attention to broader issues
such as contamination.
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V. Linking the main soil degradation problems to current
management practices and possible remedies

1 Introduction

Information have been collected through intervi@ivagricultural extension officers (AEOSs)
and next compiled on current management practioegach of the selected farm type- agri-
environmental zone combinations (FTZ) in the ei@GTCH-C countries. Information on
current field management has been collected abauoynopics (e.g. crop rotation, grassland,
tillage, nutrients, water, and crop protection)shewn in the questionnaire in Appendix B.
The presented information on current managemendtipes in Section Il covers the
following topics: (a) use of green manure, (b)atik practices, (c) application of organic
fertilisers, and (d) incorporation of crop residuespressed as area fraction for each of the
FTZs, and for arable and for livestock farmingasegely.

The partners in the CATCH-C project have compilefiorimation on the main soil
degradation problems in their country and have gpeed country reports (Set A, Appendix
D). This information about the main soil degradatgroblems in each of the eight CATCH-
C countries has been compiled and briefly describ&kction IV (see Tables IV.2 - IV.4).

We analyse here if the current soil degradatiorbleras in each of the eight CATCH-C
countries, as reported by the partners, can beagu from the current management
practices and/or the FTZ characteristics. Note thiat analysis is somewhat limited by the
fact that only the four management practices, astioed above, are available for this
analysis and not the information about crop pratecind water application practices.

Finally, the AEOS have also been asked for thdgas about remedies against the current
soil degradation problems (see Table IV.5). Theseedies are summarized and discussed in
the following for each of the soil degradation pevbs.

2 Linkages between soil degradation problems (Set And
current management for the eight CATCH-C countries

Austria

Water erosion is an important problem becausehefmainly hilly and mountainous areas in
Austria. Soil physical problems (i.e. subsoil cowetpan) do particularly occur in arable
farming. Main part of the crop residues are incoaped in both arable and livestock farming
(Fig. 1ll.7 and 111.8), which may explain that deasses in soil organic carbon do not occur
here. Only conventional tillage is performed intbatable and livestock farming (Fig. 111.3
and I11.4), which may partly (in addition to resppography and heavy machinery and wrong
timing of farm operations) explain both the watgssion and the soil physical problems.

Belgium
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Main soil degradation problems are related to th@amination of ground and surface waters
with mainly nitrogen and phosphorus, water erosiormainly the hilly areas, sub-soll
compaction, and decreasing amounts of soil orgeaibon in the topsoil. Animal manure
(mainly pig and cattle slurry) is applied on mostlde farms and on practically all livestock
farms (Fig. 11l.5 and I1.6) which explains the migen and phosphorus leaching. This high
slurry application can be explained from the higrestock density and thus high slurry
production per hectare.

Only conventional tillage is applied in arable famgh(Fig. 111.3), which may partly explain
both the water erosion and the soil physical prokleNon-inversion tillage is currently
stimulated by the government, as its more wideaprapplication would decrease these
problems. The decreasing amounts of soil orgaaiban in arable farming cannot be
explained from the area fractions with green masFég. 11l.1 --> 50% of total area) and
also not from large applications of animal slurfig( 111.5), but partly from the limited
incorporation of crop residues (Fig. IIl.7 --> 38%total area) and possibly from changes in
crop rotation towards mainly crops with low amouotscrop residues (e.g. tuber and root
crops and maize, replacing small grain crops).

France

Soil degradation problems do occur in arable fagnisuch as water erosion, floods and
landslides in particularly the hilly and mountaiscareas, soil acidification in mainly soils

derived from acidic parent material, decreasing wart® of soil organic carbon in the topsoil
and soil physical problems. Contamination does ooawboth arable and dairy cattle farming
in France, with nitrogen and/or heavy metals. Adimanure is applied on practically all

livestock farms (Fig. 1111.6) which explains th@mamination with nitrogen, whereas for
arable farming the area fraction with manure apgilbn is not available.

Only conventional tillage is applied in both arahted livestock farming (Fig. 111.3 and 111.4),
which may partly explain both the water erosion #émel soil physical problems. Problems
with floods and land slides cannot be solved afdihm level. Soil acidification can easily be
solved by applying sufficient amounts of lime, llat problem is strongly region-specific
and that information is not collected in the mamaget interviews. The decreasing amounts
of soil organic carbon in arable farming cannotelplained, because no information on the
area fractions with green manures, manure apgicadnd incorporation of crop residues is
collected. However, the main explanation for therdasing amounts of soil organic carbon
may be the following: changes in crop rotation togamainly crops with low amounts of
crop residues (e.g. tuber and root crops and mapécing small grain crops).

Germany

Wind erosion is a problem on the sandy soils, aatewerosion and soil physical problems
(i.e. soil compaction) in the hilly areas with loasoils. On most farm types the amounts of
soil organic carbon in the topsoil decrease ouwmetand the lowest soil organic carbon
contents are found on the sandy soils. Contamimatith both nitrogen and heavy metals are
a problem due to resp. excessive use of nitrogemgriculture and both atmospheric
deposition from industrial areas and applicatios@fage sludge. The problem with nitrogen
eutrophication is most serious on the sandy soidorthern Germany.

Animal slurry is applied on most arable farms wstindy soils in Northern Germany (Fig.
1.5, see FTZ 7A) which explains the contamiatihere with nitrogen. However, on the
other two FTZs (8A and 9A) in resp. Eastern andt@¢r& Southern Germany the area
fractions with manure application appear to be tkiehi (<30%) which indicates that
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contamination could be less of a problem. Only emiwnal tillage is applied in arable and
mixed farming (Fig. 111.3), which may partly exphaiboth the water erosion and the sail
physical problems in the hilly areas with loamylsoi

The decreasing amounts of soil organic carbon ablarfarming can be explained from the
low area fractions with green manures (Fig. 11l 0% of total area), from the applications
of animal manure (Fig. lll.5 --> low area fractidios FTZs 8A and 9A and high area fraction
for FTZ 7a but with mainly animal slurry on sanayls in Northern Germany), not from the
incorporation of crop residues (Fig. Ill.7 --> 50 70% of total area) and possibly from
changes in crop rotation towards mainly crops \thh amounts of crop residues.

Italy

Main soil degradation problems are water erosilmaods and land slides with arable farming
in the hilly and mountainous areas. On arable $amygeneral, both decreases in soil organic
carbon in the topsoil and soil physical problemsodour. Salinity problems mainly occur in
small lowland areas along the coast. Some conttian of the soils with excess amounts
of nitrogen, phosphorus, pesticides and heavy swetdbund.

Only conventional tillage is applied in both araate livestock farming (Fig. 111.3 and I11.4),
which may partly explain both the water erosiomilly areas and the soil physical problems.
Problems with floods and land slides and with $glicannot be solved at the farm level.
Animal manure is almost not applied on the arahten§ (Fig. III.5), but is always applied
on the livestock farms (Fig. IIl.6), where contaation with nitrogen and phosphorus is
expected to be most serious.

The decreasing amounts of soil organic carbon ablarfarming can be explained from the
low area fractions with green manures (Fig. lll:» <10% of total area), the low
applications of animal manure (Fig. ll1.5 --> <1%partly from the moderate incorporation
of crop residues (Fig. Ill.7 --> 40% of total areajd possibly from changes in crop rotation
towards mainly crops with low amounts of crop ressl

Netherlands

Main soil degradation problem is the strong contetibn with nitrogen, phosphorus, and
pesticides and to a lesser extent with heavy methlis can be explained from the present
and particularly past high applications of bothamig and inorganic fertilisers in Dutch

agriculture, which are also shown in the high draetions with manure applications on most
arable and livestock farms (Fig. Ill.5 and Ill.6)Another and minor problem is sub-soil

compaction. Only conventional tillage (with heavwachinery) is applied in both arable and
livestock farming (Fig. 1.3 and Ill.4), which maypartly explain these soil physical

problems.

Poland

Soil acidification is a major problem and partigiyaon the soils derived from acidic parent
material. Problems in arable farming are relatedvaéder erosion, decrease in soil organic
carbon, and to soil compaction on particularly lib@my soils. Only conventional tillage is

applied in arable farming (Fig. I1.3), which magirdy explain both the water erosion in the
more hilly areas and the soil physical problems.

The decreasing amounts of soil organic carbon ablarfarming can be explained from the
low area fractions with green manures (Fig. I3 20% of total area), the low applications
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of animal manure (Fig. 1.5 --> 20%), not frothe considerable incorporation of crop
residues (Fig. 111.7 --> 65% of total area) andgibly from changes in crop rotation towards
mainly crops with low amounts of crop residues.| @oidification can easily be solved by
applying sufficient amounts of lime, but that prfl is strongly region-specific and that
information has not been collected in the intergew

Spain

Main soil degradation problem has to do with watersion. This problem mainly occurs in
the hilly and mountainous areas with a semi-aiiitate with its limited vegetation cover and
high rainfall intensity and is aggravated by thelaation of mainly conventional tillage
(about 80% of the total area, see Fig. Ill.3 anadt)ll On the arable farms decrease in the
amounts of soil organic carbon in the topsoil, soilnpaction and a low soil fertility are often
a problem. In southern Spain with both arable aednpnent cropping, salinization and
desertification do occur.

The decreasing amounts of soil organic carbonablarfarming which may result in low soil
fertility, soil physical problems and desertificati can be explained from the low area
fractions with green manures (Fig. Ill.1 --> 10% total area), possibly from the low
applications of animal manure (however, no datéect#d for Fig. Il.5), from the limited
incorporation of crop residues (Fig. IIl.7 --> 25%total area) and possibly from changes in
crop rotation towards mainly crops with low amounfscrop residues. Salinity problems
cannot be solved at the farm level.

3 Main soil degradation problems and enhancing practes as
based on the inventories (Set B)

The current management practices that are mainporesible for the different soail

degradation problems, can be derived from the inédion given by the agricultural

extension officers in their interviews for eachtbé FTZs (Table IV.5). These enhancing
practices are summarized in the following for eaftthe soil degradation problems:

e Water erosion lack of soil coverage, conventional tillage, roodps, too steep
slopes, low organic matter input, row crops, andgfasslands, overgrazing and too
high cattle density

« Wind erosion: uncovered soil, root crops, intensive tillagedieg to fine topsail,
ploughing in fall, insufficient amount of soil ongia matter, incorporation of crop
residues in soll

« Contamination: excessive application of fertilisers and plarttpctive agents,
excessive cattle density, high application of oigéertilisers, careless fertiliser
application

* Negative soil organic matter balance monoculture, replacing farm yard manure by
slurry, rotation with only horticultural crops, rewal of crop residues, selling stalks
and straw, intensive tillage, culture of silage zraiith slurry as only source of
organic matter, decreasing rotations with ceréats|imited organic matter inputs in
soil (e.g. green manure, manure, crop residuesposin
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* Loss of biodiversity. monoculture and particularly with only silageinta
conventional tillage, conventional agriculture,ppeopriate use of biocides,
incorporation of contaminated residues

* Soil borne diseases monoculture, rotation with only horticulturalogs, too
intensive rotation, wrong crop order in rotatiamited chemical protection agents
available, frequent potato growing in rotation,\gittg non-resistant potato varieties

« Compaction: high wheel loads, wrong timing for tillage, highe pressure, use of
heavy machinery, manure application and/or hamgstnder wet conditions, bad
timing of field operations, no tillage, high stoegirate for a long time period,
cultivation of root and tuber crops

* Floods and land slides lack of trees, heavy rainfall events, naturalditons (i.e.
areas with steep slopes)

» Desertification: excessive use of herbicides

e Salinization: irrigation with saline water, too shallow draiegagatural infiltration of
brackish water

4 Main soil degradation problems and possible remedgeas
based on the inventories (Set B)

The current management practices that are mainbporesible for the different soail
degradation problems, have been derived from th@rnation given by the agricultural
extension officers (AEOSs) in their interviews ($ggpendix B) for each of the FTZs (Section
IV.4). The AEOs have also been asked for their Sdabout remedies against these soil
degradation problems (Table V.1). These remedies@ammarized in the following for each
of the soil degradation problems:

e Water erosion: less tuber crops in rotation, direct drilling, gnemanure crops,
reduction of wheel loads, reduced or minimum télaipcreased period with soil
coverage, increase organic matter input (e.g. ¥silues, manure) to increase soll
organic matter content, apply erosion control ficas (e.g. buffer strips, contour
ploughing, smaller fields, terracing), under-segdiratch and cover crops, mulching,
temporary meadow.

« Wind erosion: direct drilling, green manure crops, increase wigenatter input in
soil, reduced tillage practices like non-inversiitlage that leaves crop residues at
the surface, mulching, under-seeding, plant rowsetmore narrow, reduce time
between ploughing and seeding, plant maize rowssaise to main wind direction,
catch and cover crops, smaller field areas, ardiidg agents.

* Contamination: mechanical weeding, adapted fertilizer applicgtfeeld operations
should be weather orientated and not date oriehtéedilizer applications according
to crop needs, informing the farmers, raise awa®pé plant protection agents,
decrease cattle density, grow a correct rotation.

* Negative soil organic matter balance:change and make rotation less intensive (e.g.
with cereals), grassland, grow catch, cover andntegcrops, apply farm yard
manure and/or compost, replace silage maize by gragrain maize, return crop
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residues (e.g. straw of cereals), reduced and ramitilage, green manure, direct
drilling, mulching.

* Loss of biodiversity: reduced tillage, return crop residues, rotatidh wereals,
apply manure and/or compost, strips of natural tzgs, harvest from inside to
outside of field, hedges, keep edges with natwggétation, biological farming,
limited use of pesticides, biofumigation, reducattle density, reduce cropped
fraction, non-inverse tillage techniques, localtiapted catch crops, green manure

¢ Soil borne diseases:sanitation measures, using wider crop rotatioéide cereal
crops in rotation, adequate (resistant) variethemical agents, green manures,
cover crops, farmer should check field regularlydiseases, temporarily rise of
ground water level to kill nematodes, more extem$arming, risk inventories
through soil sampling, better crop sequence irtimotaless disease problems with
higher soil organic matter content and with limitamd exchange, fumigation

e Compaction: reduction of wheel loads, reduced tillage, usgreEn manure crops,
optimize the timing of tillage and other field opgons (i.e. at dry conditions), low
pressure tires or dual tires, controlled traffiariang, rotate root crops with cereals,
deep ploughing, reduce number of field passes, fiigdtion tires, reduce stocking
density, improve drainage, add more organic méaténe soil.

* Floods and land slidescontrolling of torrents and avalanche protectigant trees
on steep slopes.

« Desetrtification: cover crops.

» Salinization: apply leaching fraction with irrigation, try toeusvater of good quality,
planting on ridges, deeper drainage or changeahieatje, more cereals, add more
organic matter to soil.

Table V.1 Selected FTZs with their Soil degradafiwoblems and possible remedies as based on
interviews with agricultural extension officerstime selected FTZs in each of the CATCH-C countries.
See Table 11.6 for more information about the selecFTZs. The soil degradation problems are
indicated as follows: A=Water erosion, B=Wind esi C=Contamination, D= Negative soil organic
matter balance, E= Loss of biodiversity, F= Soirbe diseases, G= Compaction, H=Floods and land
slides, 1= Desertification, J= Salinization

Coun | AEZ | FTZ | Slope | Soil Farm Main Remedies per problem
try texture Specia- problems,
liza- Other
tion problems
AT 1 1A gentle | medium | arable A, B,G A- direct drilling, less tuber crops, green
slopes | soils manure crops, B- direct drilling, green

manure crops, G- reduction of wheel
loads, reduced tillage, use of green mantre
crops

2 2M | gentle | medium | mixed A, G, C, | A-reduction of wheel load, , reduced
slopes | soils D E tillage, increase period with soil coverage,
! G- reduction of wheel load, rough
granulated seed bed, reduced tillage at dry
conditions, appropriate management, C-
mechanical weeding, adapted fertilization,
D- adapted rotation, E- reduced wheel
loads, reduced tillage
3 3C strong | medium | dairy A,D,E,G, | A- reduced or minimum tillage, D-
to soils cattle H.C grassland/field forage, E- financial
steep ! compensation for the cultivation of less
slopes favoured areas, G- low tire pressure, H-
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controlling of torrents and avalanche
protection, C- control mechanisms (e.qg.
restriction of transit, ...)

BE 4 4A nearly | medium
level fine soils

arable

A,G

A- Use of green manure crops, increase
organic matter input and use reduced
tillage to increase organic matter conten
at the surface, Increase soil organic C
stock by manure application, apply erosi
control practices, Non-inversion tillage,
return of crop residues, G- use of low
pressure tires or dual tires, avoid heavy
loads when applying manure on the field
Use of tracks, Use of controlled traffic
farming, Rotate root crops with cereals

5 5C level coarse
soils

dairy
cattle

B,G,D,E,

B- Increase organic matter input, less

intensive tillage practice, G- Low pressure

tires, D- Use of farmyard manure, cover
crops. Replace a part of the silage maize
by grass or grain maize (if possible),
Return crop residues and apply farm yar
manure and/or compost, rotation with
cereals, E- Return crop residues and ap
farm yard manure, and/or compost,
rotation with cereals, F- Sanitation
measures

O

Dly

6 6M | level medium
soils

mixed

D,AF.G

D- incorporation of straw of cereals, us
of cover crops, Include cereals in the
rotation, reduced tillage, compost and/or|
farm yard manure application, A- Reduc
tillage, buffer strips, Contour ploughing,
F- Using wider crop rotations, Include
cereal crops in the rotation, G- Use low|
pressure tires

ed

DE 7 7A level coarse

soils

arable+
mixed

B,AD,E,
G,F

B- mulching, green manure, under-
seeding, plant maize rows crosswise to
main wind direction, direct seeding, plan
rows more narrow, reduce time between
ploughing and seeding, A- under-seedin
green manures, D- green manure, returr
crop residues, rotation, E- strips of natur
vegetation, chase away wildlife before
harvest, use adequate harvest machiner|
harvest from inside the field to the outsid
G- deep ploughing, wide base tire, tire
pressure regulation, appropriate timing
(work on dry soil only), green manures, K
wide rotation, adequate varieties, chemi
agents, choosing good varieties, green
manure

8 8A level coarse
soils

arable+
mixed

B,AD,E,
G,C

B- catch/ cover crops, smaller field areas
under-sowing crops, A- catch/ cover croj
ploughing across the slope, smaller field
areas, D-catch/ cover crops, legume

crops, grassland, E- hedges, patches of]

natural vegetation, biological farming, G-

deep ploughing, ploughing, C- field
operations should be weather orientated
and not date orientated

»

9 9A nearly | medium
level fine soils
and

gentle
slopes

arable+
mixed

A- appropriate timing for ploughing,
contour ploughing, mulching, keeping th
soil always green, cover crops , no-tillag
liming, mulching, G- deep ploughing in
summer, reduce weight of machines,
right timing for soil cultivation activities,

o

ES 10 10A| level to | fine soils
modera
te

slopes

arable

A,D,G,
C,FE

A- Conservation Agriculture, Minimum
tillage, direct drilling, mulching, D-
Conservation Agriculture, Direct drilling.
Returning residues, Vertical soil tillage
and reduced tillage and incorporation of
plant residues to the soil, C- Rational

fertilisation, F- Crop rotation, E- Rational
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use of minimum guantities of pesticides
necessary and keep the edges with natu
vegetation

11 11P | nearly | medium
level to | fine soils

modera
te
slopes

Perma-
nent
crops

A,C,D,G,
ILE,F,J

A- Cover crops, Terracing, C- Applicatio
of dose according to crop needs;
awareness of plant protection products,
Sustainable dose and organic products,
Informing the farmers, D- Cover crops
and amendments, G- located tillage and
cover crops, Reduce number of field
passes, high flotation wheels, tillage, I-
cover crops, E- Control of residues,
biofumigation and solarization, Increase
the diversity and apply sustainable
practices, F- Cover crops and tillage, J-
Apply a leaching fraction with irrigation,
Try to use water of good quality, Planting
on ridges

12 12C | strong | medium
to soils

steep
slopes

beef and
mixed
cattle +
sheeps
and goats

A,CE,F,

A- stubble farming, Shallow tillage each
5-6 year, To leave a mulch of dry pastuf
at the beginning of autumn, Control
erosion practices in gullies, C- alleviate
cattle density, E- reduced cattle density
and reduced cropped fraction, Keeping &
minimum of area covered, F- Reforestin
with resistant holm oaks, Cultivate only i
appropriate areas, G- Reduce stocking
density, Rest grazing system

FR 13 13A| gentle | fine soils
slopes

arable

B,AE

B- non inversion tillage techniques
adapted to the local situation, A- non
inversion tillage techniques adapted to th
local situation, E- non inversion tillage
techniques plus management of crop
residues

ral

N

¢

@

14 14C | nearly | medium
level fine soils

dairy
cattle

G,H

15 15A | nearly | medium
level soils

arable

D,G,E

D- catch crops, G- lighter machinery, E-
changes of rotations and introduction of
locally adapted catch crops

IT 16 16A | level coarse to

medium
fine soils

arable

AD,G

A- reduced tillage, D- Return crop
residues, Incorporate organic residues,
ploughing

16 16C | level coarse to
medium
fine soils

dairy
cattle

D,GE

D- minimum tillage, return of crop
residues, G- use of specific machinery,
carry out operations involving heavy
machinery at right moment,

17 17A | gentle | medium
and and

modera | medium
te fine soils
slopes

arable

AD,GH

A- improve the crop management,
Temporary meadows, Soil preparation t
get rid of excess water, D- Return crop
residues, Incorporate organic residues,
enter the field at right time, Soil
preparation to get rid of excess water.,
Tillage at optimal soil water content,
Return crop residues, Incorporate orgar
residues, H- Plant trees on steep slopes

ic

NL 18 18A | level medium

and
medium
fine soils

arable

G,D,J,F

G- better drainage and more cereals, ad
more organic matter, D- return crop
residues, use of green manures and
compost, use farm yard manure and/or
plant compost, To increase the quota for
manure application, J- deeper drainage
changeable drainage, use only good freg
water, F- farmer can check his field
regularly for diseases, change of crop
(rotation), a higher water level can kill
(potato cyst) nematodes, More extensive
farming, resistant green manures

0

=

19 19A | level medium
and

medium
fine soils

arable

F,G,D

F- rotation adaptation and risk
inventarisation through soil sampling,
farm strategy improvement, resistant
varieties, extensify rotation, G- tillage on

y
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under good conditions, drainage and
application of organic matter, D-
application of compost and manure, chop
straw, un-deepen tillage, green manures
and extensify rotation

20 20A | level coarse arable B,D,F,E, | B-noninversion tillage (crop residues stay
soils G at soil surface), allow cattle slurry
application over sugar beets in spring,
barley can be sown under main crop and
killed later with pesticides, anti-dusting
agents, D- green manures, compost or
more extensive rotations, more organic
matter inputs, F- More extensive rotations,
less problem with diseases and better crpp
growth when there is more SOM and
liming of soil, better crop sequence in

rotation.
20 20C | level coarse dairy D,G,F,B | D-rotation, earlier maize followed by
soils cattle green manure, better catch crops, compost,

more use of own manure, better green
manures, G- Lower tire pressure, better
drainage, till dry, F- rotation, land
exchange, earlier maize followed by gree
manure, More rotation and fumigation,
rotation, B- leave green manure alive in
spring, tillage resulting in coarse soil
structure, keep green cover

=}

PL 21 21A/| nearly | medium | arable B,D,A,E | B-changes in crop rotation, ploughing of
level fine soils crop residues, Winter crops and green
manures , D- changes in crop rotation,
ploughing of crop residue, Correct

rotation, A- reduced tillage, green manurge
E- changes in crop rotation, ploughing of
crop residues, Cultivation of different
types of crop and catch crop, green

manure
22 22 nearly | coarse mixed B,A,D,C | B-Improvement of crop rotation,
M level soils ploughing of crop residues, Winter crop

and green manures, A- Improvement of
crop rotation, ploughing of crop residues|
Correct rotation, reduced tillage, D-
Improvement of crop rotation, ploughing
of crop residues, Rotation with green
manures, C- Correct rotation

23 23C | level coarse dairy B,D,F,J, | B- Winter crop and green manures,
soils cattle AE Reduced tillage, D- Correct rotation,

! Rotation with green manures, F- Correct
rotation, J- rational nitrogen fertilization
within a reasonable time, A- winter crop
and green manures, E- changes in crop
rotation, ploughing of crop residues

1 AT= Austria, BE= Belgium, DE= Germany, ES= SpdR= France, IT= Italy, NL= Netherlands,
PL= Poland

5 Discussion

The current soil degradation problems in each ef ¢éight CATCH-C countries can be
reasonably well explained from management praciicesach of the countries, as given in
Section IIl.3. For example, contamination does ocon most farms in Belgium, the
Netherlands and Germany which can be explainedhéyanimal slurry application on most
arable farms and all livestock farms in these coesmitMainly conventional tillage is applied
in all CATCH-C countries, and both on arable anddiock farms, which partly (in addition
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to resp. topography and heavy machinery and wrionigg of farm operations) explains the
water erosion and soil compaction problems on rzosts.

The current management practices that are mainporesible for the different soil
degradation problems, have been derived from tfenmation given by the AEOSs in their
interviews for each of the FTZs (Table IV.5). Thesactices are summarized in Section V.3
and are the common practices in intensive and caiorel farming with limited applications
of organic matter and crop residues to the soiheoalture, insufficient coverage of the soill,
intensive tillage, use of heavy machinery with higheel loads, high application levels of
fertilisers and biocides, short rotations with imdive cultivation of tuber and root crops, high
animal densities which often result in too highnaaii manure applications, and replacement
of farm yard manure by slurry.

Ideas from the agricultural extension officers athpossible remedies against each of the
current soil degradation problems have been conhgiled listed (Section V.4). The listed

ideas give a good overview of improved or best rgangent practices to limit the current soil

degradation problems, such as: (a) Water and Wiasian that can be limited by reduced

tilage, increase of organic matter input into tkeil, and better field coverage, (b)

Contamination that can be limited by fertiliser kgations that are more adapted to crop
demands and weather conditions, by better inforomsel of biocides and improved plant

protection, and by decreased animal density ang tmanure production, and (c)

Compaction that can be limited by reduction of whieads, use of low pressure tires,

controlled traffic farming and reduced stocking siéas.

Note that only qualitative relationships can beivdsr from this study: (a) between current
management practices and soil degradation problenas(b) between possible remedies (i.e.
improved management practices) and the degrealattien of these degradation problems.
This is due to both the complex interactions betwagri-environmental (i.e. soil, landscape
and climate) conditions and the farm’s charactiedswith its specific current and historical

management, and the approach for collecting infaon&or the selected FTZs by way of

interviewing agricultural extension officers. WithWork package 3 of the project, more
gquantitative information about Best managementtimes and soil quality will be derived.
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Policies related to soil degradation problems

1 Introduction

Methodologies to study interactions between EUgdedi and farm management have been
extensively studied within the FP6 SEAMLESS proja&n Ittersum et al., 2008). Expertise
built up during this project has been presentedBbguwer & Van Ittersum (2010). For
example, Belhouchette et al (2011) analysed angepted the effects of the Nitrate directive
on arable farming systems in the EU and their ecooioesults and environmental impacts.
Louhichi et al. (2010) simulated and analysed, algb a bio-economic model, the responses
of EU arable and livestock farming systems to thPQeform of 2003 with its market
liberalization. These studies have shown how ctrpaticies and proposed changes may
affect future farm management in different farmemgironments and farm types. In work
package 5 of the CATCH-C project effects of currantl possible future policies on farm
management and related soil degradation problethbavexplored.

2 Current and possible future EU policies

The CATCH-C project is focussed on deriving infotima about the effectiveness of Best
Management Practices (BMPs) in reducing main segradation problems and about the
compatibility of current and possible future EUlspblicies with the introduction of the
BMPs in different farming systems over the EU. I tcurrent study we have compiled
information about the main soil degradation proldem dependence of the current
management practices. For estimating the possddaction of the main soil degradation
problems by introducing BMPs, results from the geed of Long-term experiments on the
effects of BMPs which work is currently done in @ackage 3 of this project, will be
combined with the FTZ typology and the informatimm current soil degradation problems
as derived in the current study.

The review of the relevant soil-related policieseggional, national and EU level is currently
done by Work package 5. For more information abibwet currently applied policy and
technical measures in different EU countries relatesoil management and soil degradation
problems in EU agriculture, we refer to Sectiomntl particularly Tables 4.6 and 4.8 in
Louwagie et al. (2009).

Work Package 5 will analyse the compatibility oégk soil policies with the most suitable
BMPs for the selected FTZs in each of the eight CNIC countries. Relevant EU soll

policies are, for example, the EU Soil strategye IRPC Directive(96/61/EC), Nitrates
Directive(91/676/EEC); NEC Directive(2001/81/EC)albitat Directive(92/43/EEC); Birds

Directive(79/409/EEC), and the Framework Directifes Water (200/60/EC) and for the
Use of Pesticides(COM(2006)373). These compatibiiiudies will indicate the possible
interactions between current soil policies anditiiduction of BMPs in farming systems in
the different CATCH-C countries, the possibldigerelated barriers against such BMP
introduction, and the future soil policies requitedsupport rapid introduction of BMPs in the
CATCH-C countries and in the EU as a whole.
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Summary of conclusions and results

1 FTZ selection procedure

The derived agri-environmental zonation comprides tain variables (i.e. climate, soil
texture, and terrain slope) that determine the hyisjgal characteristics per zone and the
related degree of risk for soil degradation underrent management practices. Via a
procedure adopted from Kempen et al. (2011) wealéx the main farm types to each of the
agri-environmental zones in the eight participantriries.

Hence, this zonation is suitable as a basis toydenitories of current management practices
and soil degradation problems for major FTZs peuntty. It can also enable trade-off
analyses between the benefits of reduced soil detiom and the costs for improved
management. However, note that the more homogenaodscapes are in terms of soils and
climates, the better results can be achieved wijtheamvironmental zonation.

We are confident, based on the overviews madeefithin farm types in each of the agri-
environmental zones in the eight participant caastrand on the procedure for FTZ
selection, that the three selected FTZs per coumfpyesent the main agri-environmental
zones, main agricultural areas and the main farnsygtems in the eight CATCH-C
countries. The selected FTZs provide the backbanecarry out inventories on farm
management and soil degradation problems in thgbé @untries. The used farm typology
is the same for the eight participant countriesichvtallows comparisons of compiled data
(e.g. current management) between the eight cegnitiis based on the classes from FADN,
being the standard in European policy making.

While the major FTZs selected for further work coealy part of the total farm area per
country (maps in Appendix A), we stress here thatrmumerical database specifies all other
FTZ units across Europe, too, with the same leVetlaiail. This information, however,
cannot easily be represented in maps because nta#l sizes of units, and the limited
number of colours that the eye can distinguish anap. Finally, note that some countries
have made their own aggregations of AEZ classes.ekample, three slope classes were
merged in one particular FTZ in Spain. Such comigemwere sometimes necessary to
arrive at major FTZs representative for the country

2 Current management practices

An overview of current management practices was pileeh based on interviews with
Agricultural Extension Officers (AEOSs) in each bietparticipant countries. This was done
for the major FTZs (see above) per country. Maimctasions from the compiled information
on arable farming are : (a) green manures areexpph average on 20% of the total area, (b)
conventional tillage is practised on average on td%he total area, non-inversion tillage on
30% of the total area, and minimum tillage is hara@lpplied, (c) animal slurry is applied on
the main part (60 to 90%) of the total area in Retg Germany and the Netherlands and on a
limited part of the total area (<20%) on FTZshie bther CATCH-C countries, and (d) crop
residues are incorporated on average in half ofdfat area.

Main conclusions from the compiled information arestock farming are: (a) green manures
are applied on a small part (i.e. 0 to 20%) of tb&l area, (b) conventional tillage is
practised on average on 85% of the total area,imarsion tillage on 15% of the total area,
and minimum tillage is practically not applied, émimal slurry is applied on the main part
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(>80%) of the total area on FTZs in all CATCH-C ntnes except for Poland where slurry is
applied on less than 20% of the total area, (dF©ds in Belgium and Netherlands mainly
animal slurry is applied, on FTZs in Austria, Frarand Italy both animal slurry and farm
yard manure are applied, and in Poland mainly figand manure is applied.

Differences between FTZs in the occurrence of gertaanagement practices can be
explained from differences in farm type and farminignsity and from the cropping system
and its biophysical conditions (e.g. minimum tikas only applied in Spain and probably
mainly in the dry and erosion-sensitive areasautfsern Spain). However, part of these
differences cannot be explained. We may assume ttetre are regional and national
differences in farm structure and land ownershigtohic development of agricultural sectors,
protection of the environment and landscape, anth mecommendations by agricultural
extension services. These regional and nation&rdiices may cause differences between
FTZs in the applied management practices.

3 Main soil degradation problems

Two approaches have been applied within this stodgttain an overview of the main soil

degradation problems in the participant countri€&TCH-C colleagues have prepared
reports on the main soil degradation problems igrtlcountries, based on documented
sources available at national level (Set A; see edpx D for country reports); and

Interviews were held with extension officers, foging on the selected FTZ units per country
(Set B).

The overview (Set A) of the main soil degradatiombjems for the eight CATCH-C
countries gives a number of insights: Water ergsgoil contamination (covering both
excessive amounts of nutrients, heavy metals asaidas), sub-soil compaction and decrease
in soil organic matter are problems in most coestriSalinization and desertification are
mainly of importance in southern Europe (i.e. Sp#aly). Low soil fertility is a problem in
extensively managed areas in Spain. Floods andslades do occur in the mountainous areas
of France and Italy. Soil acidification can be peshatic in France and Poland and mainly
with soils developed in acidic parent material.

The overview of the main soil degradation problesmsws that these problems can be partly
explained from current soil management (e.g. silbesmpaction due to the use of heavy

machinery; decrease in soil organic matter duétwtscrop rotations with more root crops),

but often too from unmanageable factors like clam@.g. salinization and desertification in

southern Europe), landscape (e.g. floods and léddss in hilly and mountainous areas),

parent material of the soils (e.g. soil acidifioa) and location (e.g. salinization in coastal
plains). These latter problems require governmeatibns at the regional and/or national

scale, such as improved water management, foretgqpion, and construction works.

Soil degradation problems that can be reduced pydwing soil management on farm, are
mainly sub-soil compaction and the resulting reiucin hydraulic permeability of the soill,
decrease in soil organic matter and the resultieyehse in soil quality, structure and soll
fertility, contamination with nutrients and pesties and the resulting pollution of ground and
surface waters, and wind erosion and possibly watesion at the field scale and the
resulting loss of soil fertility and soil organicatter.

The information collected from the AEOs through thierviews per FTZ (Set B) is largely
consistent with the country reports (Set A). Exiemofficers mention largely the same soll
degradation problems, but focus more on the fielkll and hence, mention more often
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problems, such as soil borne diseases, loss divieisity and wind erosion, whereas the
country reports focus more on the wider (i.e. raglpscale and hence, mention much more
often contamination as a problem.

4 Linking the Main soil degradation problems to Current
management practices and Possible remedies

Current soil degradation problems in each of tlghteCATCH-C countries can reasonably
well explained from management practices in eachth@ countries. For example,

contamination does occur on most farms in Belgithe, Netherlands and Germany which
can be explained from the animal slurry applicabormost farms in these countries. Mainly
conventional tillage is applied in all CATCH-C cdries, and both on arable and livestock
farms, which partly (in addition to resp. topogrgf@nd heavy machinery and wrong timing
of farm operations) explains the water erosion ssidcompaction problems on most farms.

Current management practices that are mainly ressiplenfor the different soil degradation

problems, have been derived from the informatioreigiby the AEOSs in their interviews for

each of the FTZs (Table IV.5). These practices appge be the common practices in

intensive and conventional farming with limited &pgtions of organic matter and crop

residues to the soil, monoculture, insufficienve@ge of the soil, intensive tillage, use of
heavy machinery with high wheel loads, high appiicalevels of fertilisers and biocides,

short rotations with intensive cultivation of tulserd root crops, high animal densities which
often result in too high animal manure applicatjcared replacement of farm yard manure by
slurry.

Ideas from the agricultural extension officers w@hpossible remedies against each of the
current soil degradation problems have been redosdeich gives a good overview of ways
to improve soil management practices to limit therent soil degradation problems, such as
for example: (a) Water and Wind erosion that carirb#ged by reduced tillage, increase of
organic matter input into the soil, and betterdiebverage, (b) Contamination that can be
limited by fertiliser applications that are moreapted to crop demands and weather
conditions, by better informed use of biocides amgroved plant protection, and by
decreased animal density and thus manure prodyetnoh(c) Compaction that can be limited
by reduction of wheel loads, use of low pressuesticontrolled traffic farming and reduced
stocking densities.

Note that only qualitative relationships can beivil from the above: (a) between current
management practices and soil degradation problengs(b) between possible remedies (i.e.
improved management practices) and the degreedattien of these degradation problems.
This is due to both the complex interactions betwagri-environmental (i.e. soil, landscape
and climate) conditions and the farm’s charactesswith its specific current and historical
management and input level and the approach fdeatimlg information for the selected
FTZs by way of interviewing the AEOs. More quarttita information about Best
Management Practices and soil quality will be dmtiin WP3. Work package 4 is dedicated
to assess the compatibility of Best managementtipesc with the respective, different
farming contexts found in the partner countries.
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Glossary

Agri-environmental zone (AEZ) — the applied zonatiis based on three variables, i.e.
climate (environmental zone), soil texture and slop

Agricultural extension officers (AEOs) — local exts who have supplied information (via
interviews) on the current management practicestla@dnain soil degradation problems for
the selected FTZs in their country

Animal manure — the term as used in this studyeroboth farm yard manure and animal
slurry

Best management practices (BMP) —practices besedsud maintain the soil quality,
productivity and climate change mitigation

Categories of soil management — crop rotation, siglad management, tillage, nutrient
management, crop protection, and water management

Contamination - the term as used in this studyer®both excessive amounts of nutrients,
heavy metals and biocides in soils, ground andsarivaters

Current management practices (CMP) — managementiqaa applied in current farming
systems

Farm Accountancy Data Network (FADN) - see
http://ec.europa.eu/agriculture/fadn/index_en.htm

Farm type * agri-environmental zone combinationZJF¥ combination (intersection) of farm
type and agri-environmental zone

Farm type — applied farm typology is based on miation about farm specialization and
land use over Europe, as derived from FADN

Long term experiments (LTE) — experiments over ntben five years to derive the effects
of BMPs on soil quality

Soil quality — the ability of a soil to sustain higoroductivity of resources (i.e. crop
production per unit resources); soil quality cotssef three characteristics (a) biological soil
health and disease suppressiveness, (b) chemit&idity and (c) soil physical structure
and integrity of the soil (by soil conservation)

See Appendix C for the Glossary of Management mest
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X. Appendices

Appendix A. Overview of selected FTZs in each cotry

Farm type-agri-environmental zone (FTZ) combindidrave been selected for each of the
eight CATCH-C countries. The applied approach fetegting these combinations is
described in Section 11.4. For each of the FTZs/entories on both current management and
main soil soil degradation problems have beeneduwit.

Al. Selected FTZs in Austria

Selected FTZs in Austria

Agri-environmental zones
I 1) Medium soil texture on gentle slopes with a Pannonian climate B 1A) Arable farming with cereal crops
I 2) Medium soil texture on gentle slopes with a continental climate = 2M) Mixed farms

I 3) Medium soil texture on strong to steep slopes with an Alpine Southern climate B 3C) Dairy farms

Farm types

Figurel Selected FTZs for Austria (see Table ibl6more information about the selected
FTZs)
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A2. Selected FTZs in Belgium

Selected FTZs in Belgium

Agri-environmental zones

B 4) Nearly level land with medium fine soil texture and an Atlantic Central climate
Il 5) Level land with a coarse soil texture and an Atlantic Central climate
B 6) Level land with medium soil texture and an Atlantic Central climate

Farm types

Il 4A) Arable farming with specialised crops

Il 5C) Dairy cattle with permanent grass
B 6M) Mixed farms

Figure 2 Selected FTZs for Belgium (see Tablefih6more information about the selected
FTZs)
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A3. Selected FTZs in Germany

Selected FTZs in Germany

Agri-environmental zones
Il 7) Level land with coarse texture and an Atlantic Northern climate

Il 8) Level land with coarse texture and an Continental climate
I 9) Nearly level land and gentle slopes with medium fine texture and a Continental climate

Farm types

Il 7A) Mixed farms and arable farms with specialised crops

] 8A) Mixed farms and arable farms with specialised crops
I 9A) Mixed farms and arable farms with specialised crops

Figure 3 Selected FTZs for Germany (see Tablefdl:6nore information about the selected
FTZs)
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A4. Selected FTZs in Spain

Selected FTZs in Spain (Andalusia region)

Agri-environmental zones Farm types

[ 10) Level to land to moderate slopes with fine texture and Mediterranean South climate [l 10A) Arable farming with cereals
[l 1) Nearly level to moderate slopes with medium fine texture and Med. South climate Il 11P) Permanent crops
Il 12) Steep slopes with medium soil texture in Med. South and Mediterannean mountains [l 12C) Beef, sheep, goat

and mixed cattle

Figure 4 Selected FTZs for Spain (see Table bi6nfiore information about the selected
FTZs)
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A5. Selected FTZs in France

Selected FTZs in France

Agri-environmental zones

Il 13) Gently sloping hills with fine texture and a Meditterannean Northern climate
Bl 14) Nearly level land with medium fine soil texture and an Atlantic Central climate
Bl 15) Nearly level land with medium soil texture and an Atlantic Central climate

Farm types

Bl 13A)Arable farms
I 14C) Dairy cattle
Il 15A)Arable farms

Figure 5 Selected FTZs for France (see Tablefd6nore information about the selected
FTZs)
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A6. Selected FTZs in Italy

Selected FTZs in Italy

Agri-environmental zones

Il 16) Level land wiith coasre to medium fine soil texture and a Mediterannean
Northern climate

B 17) Gentle and moderate slopes Level land, medium and medium fine soils and a
Mediteranean Northern climate

Farm types

Il 16A) Arable farms with cereals
Il 16C) Dairy farms with temporary grass
I 17A) Arable farms with cereals

Figure 6 Selected FTZs for ltaly (see Table 1.8 foore information about the selected
FTZs)
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A7. Selected FTZs in The Netherlands

Selected FTZs in The Netherlands

Agri-environmental zones

I 18) Level land with medium to medium fine soil texure and Atlantic central climate
Bl 19) Level land with medium to medium fine soil texure and and Atlantic Northern climate
I 20) Level land with coarse soil texure, Atlantic Northern and Atlantic Central climate

Farm types

I 18A) Arable farms with specialised crops

Il 19A) Arable farms with specialised crops or cereals
I 20A) Arable farms with specialised crops

I 20C) Dairy cattle with permanent grass

Figure 7 Selected FTZs for the Netherlands (sd#eTh6 for more information about the
selected FTZs)
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A8. Selected FTZs in Poland

Selected FTZs in Poland

Agri-environmental zones
I 21) Nearly level land with medium fine soil texture and a Continental climate

B 22) Nearly level land with coarse soil texture and a Continental climate
Il 23) Level land with coarse soil texture and a Continental climate

Farm types

I 21A) Arable farms with cereals
B 22M) Mixed farms
Il 23C) Dairy cattle with permanent grass

Figure 8 Selected FTZs for Poland (see Table brénfiore information about the selected
FTZs)
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Appendix B. Questionnaire on current management pactices

For each of the selected farm type - agri-enviramadezone (FTZ) combinations in the eight
CATCH-C countries, three agricultural advisors wémnterviewed to collect information
about the current management practices and theedetoil degradation problems. These
interviews were performed using a standard quesdioa in English. This questionnaire is
given in the following.

First page: Information for researcher

For each partner country in the Catch-C projectirsestigation of current management
practices will be made for your selection of mdf@rm types per agri-environmental zones
(FTZ)s.

e The objective of this questionnaire: To create seliae of current management
practices for the major farm types in each country.

e For each FTZ, 3 interviews should be held with petedent agricultural advisors in
the respective region.

e The target of the questions is a FTZ; when in thestionnaire the terthese farms
is mentioned, this refers to the FTZ.

* For detailed descriptions of the used terms, sqeeAgix B for a glossary of
management practices.

* Please follow this form and translate the questtongur own language when

interviewing the agricultural advisor. Fill in tiherm yourself during the interview
and enter this information in English into the dxde provided.

* Please note that you only have to hand in the desl

* When the percentages are asked, please note ¢haertentages of farm area (so
number of ha/ total ha) is requestadt percentage of farms!
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Questionnaire Current Management Practices CATCH-C

General information

FTZ:
Country:
Date:

Name interviewer:

Institute interviewer:

Name interviewee:

Organisation interviewee:

Introduction

« Introduce yourself and the CATCH-C project. Expldia purpose of the survey.

« Explain your farm type and agri-environmental zohaterest. If appropriate, show
the map with the AEZs. Remind the advisor durirgyititerview of the farm
specifications
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1. Rotation (skip in case of animal farms)

1.1. What is your standard rotation recommendatmmthese farms? If more possible
options, select more.

Monoculture/ rotation with cereals/ rotation witegume crops/ rotation with root or tuber
crops/ rotation with fallow land/ rotation with gsaland/ intercropping/ rotation with catch/
cover crops/ rotation with green manures

1.2. Why do you recommend this rotation?

1.3. Do farmers follow your rotation advice ofter¥s/no/ sometimes

1.4. If not, why not? What is the main barrier?

1.5. What do you think are the percentages of famd on which the following practices are
used?

Practice Percentage of farm ares
(%)*

Monoculture

Rotation with cereals

Rotation with legume crops

Rotation with root or tuber crops

Rotation with fallow land

Rotation with grassland

Intercropping

Rotation with catch/ cover crops

* As the categories are not exclusive, togethertpescentages can be more than 100%
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Rotation with green manures

2. Grassland management (this section not for arablfarms)

2.1. What is your standard recommendation for ¢madsmanagement for these farms? If
more possible options, select more.

Permanent grazing/ rotational grazing/ zero grazing

2.2. Why do you recommend this practice?

2.3. Do farmers follow your advice on grassland aggment often¥es/no/ sometimes

2.4. If not, why not? What is the main barrier?

2.5. What do you think are the percentages of farmd on which the following practices are
used?

Percentage of farm ared
(%)°

Permanent grazing

Rotational grazing

Zero grazing

Total 100

® These percentages should add up to 100%
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3. Tillage

3.1. What is your standard tillage recommendatarttiese farms? If more possible options,
select more.

Conventional tillage/ No tillage/ Reduced tillagdinimum tillage/ direct drilling/ contour
ploughing/ terrace farming/ controlled traffic famgy/ deep ploughing

3.2. Why do you recommend this tillage practice?

3.3. Do farmers follow your tillage advice oftevi@s/no/ sometimes

3.4. If not, why not? What is the main barrier?

3.5. What do you think are the percentages of farmd on which the following practices are
used?

Practice Percentage of farm Average depth of| Spread
area (%) practice (cm)’ depth (cm)

of

Conventional tillage

No tillage

Reduced tillage

Minimum tillage

Total 100

® Under normal conditions
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Practice Percentage of Average depth of| Spread of
farm area (%)’ practice (cm)y depth (cm)

Direct drilling - -

Contour ploughing - -

Terrace farming - -

Controlled traffic farming - -

Deep ploughing

" As the categories are not exclusive, togethertpescentages can be more than 100%

8 Under normal conditions
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4. Nutrient management

4.1. What is your standard nutrient managementmetendation for these farms? If more
possible options, select more.

Mineral fertilisers /plant compost/ bio-waste/ shedcompost/ farm yard manure (FYM)/
cattle slurry/ poultry manure/ pig slurry/

4.2. Why do you recommend these fertilisers?

4.3. Do farmers follow your advice oftelf@s/no/ sometimes

4.4. If not, why not? What is the main barrier?

4.5. What is your standard recommendation for cegidue management? If more possible
options, select more.

Return of crop residues/ burning of crop residuesding of crop residues/ selling of crop
residues

4.6. Why do you give this recommendation?

4.7. Do farmers follow your advice oftelies/no

4.8. If not, why not? What is the main barrier?
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4.9. What do you think are the percentages of famd on which the following practices are

used?

Practice

Percentage of farm area
(%)°

Mineral fertiliser application

Plant compost application

Bio-waste compost application

Sludge compost application

Farm yard manure (FYM) application

Cattle slurry application

Poultry manure application

Pig slurry application

Crop residues with no monetary value

Practice Percentage of farm ared
(%)

Return of crop residues

Burning of crop residues

Total 100

Crop residues which have a possible alternative etamy valué®

Practice Percentage of farm ared
(%)

Return of crop residues

Burning of crop residues

Feeding of crop residues

Selling of crop residues

Total 100

° As the categories are not exclusive, togethertpescentages can be more than 100%

19 For example: straw
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5. Crop protection

5.1. What is your standard crop protection recondagan for these farms? If more possible
options, select more.

Mechanical weeding/ Herbicide application/ pushipsirategies/ patches or stripes of
natural vegetation/ pheromones application/ Inggdg application/ fungicide application/
nematicide application/ soil fumigation/ soil saleation

5.2. Why do you recommend these crop protectiorsores?

5.3. Do farmers follow your advice ofte2s/no/ sometimes

5.4. If not, why not? What is the main barrier?

5.5. What do you think are the percentages of famd on which the following practices are
used?

Practice Percentage of farm area (%)

Mechanical weeding

Herbicide application

Push-pull strategies

Patches or stripes of natural vegetation

Pheromones application

Insecticide application

Fungicide application

Nematode application

Soil fumigation

1 As the categories are not exclusive, togetheretpescentages can be more than 100%
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Soil solarization

Biological pest control

6. Water management

6.1. What is your standard water management recomiaten for these farms? If more
possible options, select more.

Surface irrigation/ drip irrigation/ sprinkler irgation/ subsurface drainage

6.2. Why do recommend this practice?

6.3. Do farmers follow your advice on water managetoften?

Yes/no/ sometimes

6.4. If not, why not? What is the main barrier?

6.5. What do you think are the percentages of farmd on which the following practices are
used?

Practice Percentage of farm ares
(%) 12

Surface irrigation

Drip irrigation

Sprinkler irrigation

Subsurface drainage

12 As the categories are not exclusive, togetheretpescentages can be more than 100%
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7. Soil degradation problems

7.1. According to you, what are the main soil ddgteon problems with these farms in this
region?

Wwind erosion/ water erosion/ contamination/ negatdoil organic matter balance/ loss of
biodiversity/ compaction/ salinization/ desertifican/ floods and landslides/ soil born
diseases

7.2. Which practices do you recommend to combat these degradation problems?

Main soil | Practice which is enhancing the Practice which could help
degradation problem solve the problem
problem

7.3 What do you think are the percentages of faamdlon which the following soil
degradation problems occur?

Soil degradation problem Percentage of farm area

Wind erosion

Water erosion

Contamination

=

Negative soil organic matte
balance

Loss of biodiversity

Compaction

Salinization

Desertification

Floods and landslides

Soil born diseases

13 As the categories are not exclusive, togetheetpescentages can be more than 100%
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Inventory of Current Management Practices: Additional
guestion

8.1 What are the 3 main crop rotations on farmgour region

Rotation 1:

Crop™™" % of farm area
Total 100%
Rotation 2:

Crop % of farm area
Total 100%
Rotation 3:

Crop % of farm area
Total 100%

8.2 What is the relative importance of these rotetiin this region?

Rotation % of land area in region

Rotation 1

Rotation 2

1 1f a monoculture is important in this region, fifl the name of the crop in the left column and add
100% in the right column.

!5 |f intercropping exists in this region, procese thtercropping as one crop, so fill in the namés o
both two crops in one box at the left.
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| Rotation 3 | |

8.3. After which crops are green manures or cabslefccrops sometimes grown in this area?

8.4. On whichpercentage of the areare green manures or catch/cover crops actuallyrgr
CACKH YRAID ...

8 For example: If green manures are only grown in hdlof the cases after cereals and cereals
constitute 30% of the area, the answer here shoulok 15%.
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Appendix C. Glossary of management practices

B1. Crop rotation

Practice

Description

Monoculture

The growing of a single arable cropcépeon a field year after year, for at least 9 to
10 years.

Rotation with cereals

The growing of different spscof crops in a crop rotation with >50% coverage
with cereals.

Rotation  with

crops

legume

The growing of different species of crops in a cropation with >25% coverag
with legume crops.

Rotation with tuber or roo
crops

t The growing of different species of crops in a cropation with >25% coverag
with tuber or root crops.

Rotation with fallow land

The growing of differespecies of crops in a crop rotation with >25% fallo

Rotation with grassland

The growing of differenésies of crops in a crop rotation with >50% grassla

Intercropping

The growing of two or more differaarable crops simultaneously in different ro
in the same field.

WS

Rotation with cover/catch The growing of different species of crops in a cropation with >25% coverag

12

crops with cover/catch cropsCover/catch crops are harvestedDouble cropping (twd
different crops grown on the same area in one grgweason) is here included.

Rotation  with  greer] The growing of different species of crops in a cropation with >25% coverag

manures with green manure crop&reen manure crops are incorporated into the soil.

12

B2. Grassland management

Practice

Description

Permanent grazing

Continuous feeding on standiggtadion by livestock.

Rotational grazing

Rotational feeding (i.e. chaggthe grazed parcels) on standing vegetatior]
livestock.

by

Zero grazing

No grazing but only mowing to hangstss.
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B3. Tillage

Conventional tillage

The conventional tillage catsiof ploughing the soil, which causes turni
loosening, crumbling and aeration of the topsdilisTshould result in a clean fie
surface.

No tillage

No tillage.

Reduced tillage

Tillage without inversion at a reeldi depth (about 30% crop residues remainin
the field surface), with specific machines (ofteithvgrubber/cultivatornore than
once a year.

Minimum tillage

Tillage without inversion at a rechd depth (about 30% crop residues remainin
the field surface), with specific machines, (ofteith a rotovator)only once a
year.

Deep ploughing

The deep ploughing describes thefdee plough, where the soil is broken ove

navigation system.

B4. Nutrient management

ng,

j on

j on

meter deep. It causes a turn, loosening, crumlidimd aeration of the topsoil and
subsoil. Furthermore, deep ploughing is used aseasure for agricultural land
improvement or cultivation of peat.

Direct drilling Direct drilling results in sowingithout tillage. The residues of the plant material
remain usually as mulch in the field.

Contour ploughing Parallel ploughing to the consoof hill slopes.

Terrace farming The term describes the use of gréeleace steps of sloped land, used to farm on
hills and mountainous area.

Controlled traffic| Controlled traffic farming means using similar fraflanes for different application

farming within one year and the same traffic lanes betwgears , often applying a

Mineral N application Applications of nitrogen indrganic fertilisers.

Mineral P application Applications of phosphorusriarganic fertilisers.

Mineral K application Applications of potassiumimorganic fertilisers.

Plant compost Application of plant compost which results from ééewomposition of plant material

application in the presence of air.

Bio-waste compost Application of bio-waste which results from biodeguosition of organic materia|

application such as animal wastes, plant residues, etc. iprésence of air.

Sludge compost Application of sludge which consists of suspengadicles settling out of the watg

application and sediment on the bottom in the presence ohaluding mechanical mixing an
aerating. The term "compost" describes the additianixinng of sludge with
structural material, such as green waste, shreddedjust.

Farm vyard manure Application of manure from livestock which is a mike of excrements (faeces a

(FYM) application urine) of animals with a binding medium such asallgwstraw.
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Cattle slurry| Application of slurry from livestock which is maina mixture of faeces and urine.
application
Poultry manure Application of manure from livestock which is majird mixture of faeces and uring.
application

Pig slurry application

Application of slurry frorivéstock which is mainly a mixture of faeces anisheir

Return of crop residueg

Crop residues (e.g. stuabtl roots) that remain after harvesting and kmegped
in.

Burning of crop| Straws are left on the soil and set to fire af@nvhsting
residues

Feeding of cropg Crop residues are fed to livestock present on farm.
residues

Selling of crop residues

Crop residues are soldliiberent purposes to other farmers or processidgstry
(e.g. biogas).

B5. Crop protection

Mechanical weeding

The mechanical weeding usesnieal tools to bury, cut or uproot the existi
weeds. For this mechanical method, straight-rowtplg is essential.

Herbicide application

The application of herbicidesombat weeds and protecting crops.

Push-pull strategies

Push-pull technology is a peethf biological pest control. Within cultures, pso
are cultivated with repellent effects and outside tultures crops are grown wi
attractive effects. This makes it possible to pulto push the insects from the crop

th

Patches or stripes ofPatches or stripes of natural vegetation are imduith the field. They serve as|a

natural vegetation refuge for beneficial insects for biological pesntol, for promotion of soil-field
weeds, and to avoid erosion and prevent leacHingtoients.

Pheromones The application of pheromones to influence plaotgh.

application

Insecticide application| The application of insediis to protect crops.

Fungicide application The application of fungicidegrotect crops.

Nematode application The application of nematodgwdtect crops.

Soil fumigation After covering the soil the applicen of gaseous pesticides by specialized dev

are used to control pests inside the soil.

Soil solarization

Covering the soil to trap solaergy and heat the soil to control pests.

Biological pest contol

Using biological control age (natural enemies) to control pests

B6. Water management
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Surface irrigation Application of water to the fidby surface irrigation.

Drip irrigation Application of water under low pmage through a piped network in a pre-
determined pattern, applied as a small dischargeath plant or adjacent to |it
and adjustable by irrigation nozzles.

Sprinkler irrigation Application of water to theefd by sprinkler irrigation.

Subsurface drainage Artificial systems of furrodiches, pipes, etc. to improve drainage of exgess
water from the sub-soil.
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Appendix D. Main soil degradation problems in partcipant countries

Overviews of the main soil degradation problemghe different participants countries within the
CATCH-C project are given in the following. Thesports for each of the countries are compiled by
the CATCH-C participant(s) from that country. A shmtroduction and links to information about
soil degradation problems in Europe as a wholaks@given.

Soil degradation problems in Europe

Author: Joost Wolf

Wageningen University, Wageningen, The Netherlands

Different European reports with soil degradatiofoimation have been read to check if they also

contain such information at the national level. sThias practically not the case. This limits their

usefulness for the CATCH-C project. However, thiformation may be used as background

information on soil degradation problems in Europgear these reports the summaries are given and
the main maps and tables that are used as backbnui@gnmation within the CATCH-C project.

Jones et al., 2012 — The State of Soil in Europe
From Summary:

This report provides a comprehensive overview dfresources and degradation processes. The core
of this report was prepared for the Assessment @iy @hich forms part of the 'The European
Environment - state and outlook 2010 Report' (SOER102, coordinated by the European
Environment Agency (EEA). This Reference Reportsudata from the European Soil Data Centre
(ESDAC), managed on behalf of EU institutions bye thJRC. For the report, see
http://ec.europa.eu/dgs/jrc/downloads/jrc_referenggort 2012_02_soil.pdf

This report contains maps for Europe of respegtjvel

a) Organic Carbon

b) N surplus

c) Soil erosion

d) Acidity deposition

e) Susceptibility to compaction
f) Irrigation

g) Sensitivity to desertification
h) Prone to landslides

i) Threats to soil biodiversity
) Soil erodibility

Toth et al., 2008 — Threats to soil quality in Eurpe
From Introduction and Abstract:

The adoption of the EU Soil thematic strategy op@s perspectives towards a new definition of soll
guality taking into account the various functiorfssoils: food and fiber production, buffering and

EU PROJECT, FP 7 (contract no. 289782) Biotechne&digriculture & Food
Project duration: January 2012 - December 2014



CATCH-C Catch-

No. 289782
Deliverable number: D2.242 c

16 April 2014

filtering of contaminants, biodiversity pool, arehi of cultural heritage, source of raw materials,
substrate for housing and infrastructure, etc.

The re-definition of soil quality will also havenaajor impact on the environmental reporting process
both at national and International level. Soil Quyak a recognized indicator by the OECD countries
and is included in the list of agri-environmentadicators relevant to EUROSTAT as well as to EEA.
A more robust and innovative definition of soil tjtyafor Europe will allow more efficient reporting
about the status of the environment and will allmvdesign appropriate monitoring systems for
detecting changes in soil quality over time.

The special session during EUROSOIL 2008 dedicttethe threats to soil quality in Europe has
allowed for an indepth analysis of the status afeasch in this are and the identification of still
existing research gaps for future action. The ¢olNerage of the threats identified within the Soil
Thematic Strategy will allow to further support the-going process towards better soil protection in
Europe.

This report is summarizing the results of receseaech activities on the fields of soil degradation
soil quality and soil information systems perforniedhe Joint Research Center, in collaboratior wit
partner institutions. An overview is given aboute ttmain soil threats (erosion, compaction,
salinisation, landslides, decline of soil organiattar, biodiversity decline and contamination) and
soil quality concept with relevance to the Them&tiategy for Soil Protection.

This report (see http://eusoils.jrc.ec.europa.eu/esdb_archive/esisddcs/other/EUR23438.pdi)
contains the following information about soil dedmtion at the European scale:

p. 27 etc. — Tables 5 and 7 Susceptibility to castipa per soil type; pedotransfer rule for
compaction; European map of susceptibility to coctipa

p. 39 — European map of Soil erosion risk (via PE&Enodel)
p. 52 — Erosion map for Alps region

p. 76 — European map of Saline and sodic soils

p. 93 — European map of Soil organic Carbon

Morvan et al., 2008 - Soil monitoring in Europe
From Abstract:

Official frameworks for soil monitoring exist in mbmember states of the European Union. However,
the uniformity of methodologies and the scope dfi@cmonitoring are variable between national
systems. This review identifies the differencesMeein existing systems, and describes options for
harmonising soil monitoring in the Member Stated aome neighbouring countries of the European
Union. The present geographical coverage is undatween and within countries. In general,
national and regional networks are much denseroitharn and eastern regions than in southern
Europe. The median coverage in the 50 kmx50 km EMER applied all over the European Union,
is 300 km2 for one monitoring site. Achieving sunmimum density for the European Union would
require 4100 new sites, mainly located in soutrerantries (ltaly, Spain, Greece), parts of Poland,
Germany, the Baltic countries, Norway, Finland &ndnce. Options are discussed for harmonisation
of site density, considering various risk area switiquality indicator requirements.

This article contains maps at the European scaigui®& 3) of the areas where the following
degradation problems are of importance:

a) Soil erosion

b) Peat

¢) High compaction risk
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d) High cattle density

e) High pig density

f) High lead deposition

g) High cadmium deposition
h) High mercury deposition
i) High population density
j) Desertification risk

The used data sets for these degradation probleendzoirope are given in their Section 2.2.

Louwagie et al. (SoCo project team), 2009 — Addresg soil degradation in EU agriculture
From Abstract and Introduction:

Agriculture occupies a substantial proportion oé tBuropean land, and consequently plays an
important role in maintaining natural resources a&udtural landscapes, a precondition for other
human activities in rural areas. Unsustainable ifiagnpractices and land use, including mismanaged
intensification as well as land abandonment, haveadverse impact on natural resources. Having
recognised the environmental challenges of agucailiand use, the European Parliament requested
the European Commission in 2007 to carry out at toject on "Sustainable Agriculture and Soil
Conservation through simplified cultivation techumég" (SoCo). The project originated from a close
cooperation between the Directorate-General foichgiure and Rural Development (DG AGRI) and
the Joint Research Centre (JRC). It was implemebyethe Institute for Prospective Technological
Studies (IPTS) and the Institute for Environmerd Saistainability (IES).

This report ( seehttp://eusoils.jrc.ec.europa.eu/esdb_archive/esisbidcs/other/EUR23767.pdf
contains the findings of a stock-taking of therent situation within an EU wide perspective. It
focuses on the nature, localisation and extenbibdegradation processes. It provides informatian
soil conservation practices in agriculture, thaiwvieonmental effects as well as economic costs-
benefits and where available, their uptake. Neéxpravides a review of the regulatory environment
and policy measures for soil protection, conseovaind improvement in EU and national/regional
implementation. Finally, it links the three preaegiichapters to establish an EU-wide classificatibn
farming techniques and policy measures addressithglsgradation processes. This is followed by
the summary report of the stakeholder workshop2iMay in Brussels and leads into an outlook on
the further work of the SoCo project.

This report contains the following maps and tafabeut soil degradation problems at the European
scale and about the effects of farming practices:

European map of actual Soil organic Carbon

European map of Susceptibility to compaction

European map of Saline and sodic soils

Table 3.1 Classification of soil preparation tecjuas

Table 3.3 Impacts of reduced and no tillage conmptreonventional tillage

Table 4.1 List of national ministries and institutmntacted for EU wide survey of policies addregsi
soil degradation processes

Table 4.6 Summary of national measures within GAEEDod agricultural and environmental
condition)
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Table 5.2 Effects of farming practices on physatamical/biological soil characteristics

Table 5.3 Effects of farming practices on soil @efgition processes and related environmental issues

References
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Soil degradation problems in Austria

Authors: P.Strauss, C. Krammer, E. Murer

Institute for Land and Water Management Researaddefl Agency for Water Management,
Pollnbergstrasse 1, A-3252 Petzenkirchen, Austria

The main soil degradation problems in Austria @lated to soil erosion and to subsoil compaction,
which problems are described in two subsequeniossct

Soil Erosion

Soil movement and erosion control in alpine aremgelbeen a major issue in all countries exhibiting
high relief energies since longtime. However, they be seen as a natural threat whereas focug of ou
report will be soil erosion as a threat due to humetivities in agriculturally used areas.

Development since 1945

Soil erosion by water has been identified as a ntaj@at of soil degradation since the early 1960’s
when increased problems of severe erosion event® weported for areas with viniculture
(Mayrhofer, 1970). Soil erosion by wind was ideetif even earlier as a threat of soil degradation
during the second half of 1949’s (Blumel, 1945)aasonsequence of wind erosion problems which
occur mainly in the very Eastern parts of Austfier a detailed delineation of risk areas pleaser tef
Strauss and Klaghofer (2006). Activities were alseset up in the 1950's to combat the problem. The
measures taken were mainly construction of windtshbelts in the risk areas. In contrast to thedwi
erosion threat, measures to combat soil erosiomwdgr were not available at national scale until
1995. In 1995, the Austrian programme for an emvitentally sustainable agriculture (OPUL) started
together with Austria joining the European Uniorerel for the first time, activities to combat eowsi

at national scale were proposed.

Erosion risk classesfor Austria

The spatial extent of soil erosion in Austria isggnted in Figure 1.
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Figure 1 Spatial extent of soil erosion by wateAustria (Strauss, 2007

Erosion rates were calculated using a modifiedioersf USLE (for details refer to Strauss, 2007).
Figure 1 shows the spatial extent of soil erosipmvhter in Austria. Significant areas are:

1) Weinviertel region

2) Vineyard areas in Austria (Burgenland)
3) Alpine foreland

4) South-Eastern hilly region of Styria

Soil erosion occurs especially when certain cooadgiare fulfilled:

- A combination between geomorphological risk cowdisi (slope gradient and length) and
intensive land use (tillage and crop practices).

- Although in alpine regions, the geomorphologicakris higher, we find a decrease of erosion
risk in general, since - due to climatic reasondthin these regions the main crop is grass.

The OECD reportEnvironmental Performance of Agriculture at a Glan@™ edition [see
COM/TAD/CA/ENV/EPOC (2012)10, in press] contain$oimation about the amount of soil erosion
for the years 2004 and 2008 (Table 1).

Table 1 Arable land area of Austria affected byewarosion

OECD categories for water erosion levels 200320 2007-2008
Total agricultural land (in 1000 ha) affected by: B B
Tolerable erosion <6.0 t/haly 586 593
Low erosion 6.0-10.9 t/haly 96 105
Moderate erosion 11.0-21.9 t/haly 53 62
High erosion 22.0-32.9 t/haly 14 17
Severe erosion >33.0 t/haly 12 17
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Total reported land area affected by water erosion: 761 795

Between 2004 and 2008 the areas with higher erasites slightly increased. This is due to an
increase in maize production, which in turn is thsult of efforts to increase biofuel production as
well as increased market prices for maize durirgeme years. This is a rather short term view of
erosion risk changes. However, no time seriesarfds of soil erosion risk exist so far but would be
needed in order to scale recent changes in sodieraisk and identify long term farming and

management effects on soil erosion.

Measures to mitigate soil erosion by water

OPUL contains a set of measures to combat soilerdy water. Conceptually, they may be split into

two groups, direct measures and indirect measiiésct measures are those which are explicitly
introduced as measures to combat erosion. Meafwe=seen to be direct measures are “mulching and
direct drill”, “erosion control in orchards” andrsion control in vineyards”. For details pleastere

to (BMLFUW, 2007).
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Table 2 Shares of arable land in selected erasiatrol measures (according to INVEKOS 2008) by
province (in %) (BMLFUW, 2010)

Federal provinces of Austria

BGL STM TIRO WIE
D KTN NOe OOe SBG K L VBG N  Total
Arable land in 1.000 ha 160 63 690 295 6 139 9 3 5 1.369

Direct Measures
Greening during winter(19) 33,0 28,8 33,7 350 356 14,2 34,7 324 29,7 31,7
Mulching and direct

drill(20) 8,6 21 12,8 134 04 1,6 0,0 08 115 10,6
Indirect Measures

Biological farming (1) 175 12,12 107 82 358 58 106 49 12,7 10,6

Ecopoints NO (18) - - 51 - - - - - - 2,6

Abandonment of yield

increasing materials on 0,4 1,4 0,5 0,8 3,2 1,0 1.4 0,3 0,0 0,7

arable land (3)

Abandonment of yield

increasing materials on 0,4 8,2 0,9 49 17,8 57 28,7 8,4 0,2 2,8
arable fodder land.(4)

Maintenance and

development of natural 2,6 15 1.4 0,0 3,6 0,7 0,5 0,0 0,0 1,2
protection areas (28)

As Table 2 shows, it can be seen that:
- Greening is very much in use.

- Mulching is still to be expanded. The mulching shaf 10% of the total arable land however,
is somewhat misleading because this option is asgdfor maize, beets and other row crops.

- In some provinces the mulching and direct drill sweas are applied at lower percentages.
This is due to the fact that climatic restrictiates not allow crops to be grown everywhere in
Austria. The federal province of Tyrol for instant®e a region with almost exclusively
grassland as agriculturally used area.

Complementary to direct measures also indirect oreasare contributing to an improved protection
of soil against erosion. It is for example the nueas‘biological farming”, which shifts the crop
rotation towards higher percentages of grass laddlaus decreases erosion risk for these areas.
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Subsoil compaction on arable land in the alpine falands of Austria

General presentation

The Project "Effectiveness of OPUL measures todagoil compaction” was conducted jointly by the
Austrian Agency for Health and Food Safety (AGESJY @¢he Federal Institute for Soil and Water
Management (BAW) on behalf of the Ministry for Aguiture, Forestry, Environment and Water
Management (BMLFUW). The project aim was the ineepnof the compaction degree in compaction
endangered arable sites with longtime OPUL pasiam, and the interpretation of the impact of
these OPUL measures. As project area it was chitgemain production area "alpine forelands".
Based on the data of the Austrian Soil Mapping,dahmpaction risk was calculated as the reciprocal
of the subsoil precompression. The precompresspresents a guideline for the mechanical strength
of the subsoil.

Soil compaction is a form of physical soil degramat On arable land with annual ploughing and
cultivation with heavy wheel loads on wet soilsrrful subsoil compaction is most likely. In
consequence, soil pore volumes decrease, espeitiallyolume of the coarse pores. Compaction can
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reduce water infiltration capacity and increasesiemo risk by accelerating runoff. Tillage and natur
processes may release the topsoil. However, sulbsailpaction remains as a serious problem.
Loosening of the subsoil is very complex and expensA sustainable effect is all too often not
guaranteed and of no long duration. In additionséming of subsoil is not suitable for every type o
soil.

Method

Soil physical investigations were performed at B€ssrepresentative for the alpine foreland Austria
production area (Figure 1).The sites were selestéddrespect to:

- Long-standing participation in OPUL measures égieg, sowing or mulch) with compression-
related management (for example corn and sugay (@etJL);

- Compaction risk on the basis of precompresdeBD);
- Main soil type (EBOD)

The solil structure (good, poor, critical) was asedsaccording to the threshold values of air cépaci
(<5%) and saturated hydraulic conductivitiQcm*d-1) LEBERT und SCHAFER (2005).

Samples were taken from the main soil types wiffextint precompression stress on farms with
frequent corn and sugar beet in the crop rotafidre precompression stress value was estimated
according to the Austrian Soil Mapping and DIN V688 (2001) (Figure 2).

From the 30 sites there were taken samples witfigders for each soil horizon. The plough pan was
detected with a penetrometer (cafel5.95 mm, 60°). The cylinder samples (200 cm3)evtaken at
the position of the highest penetration resistance.
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Figure 2. Pre-compression stress value at wateteat near field capacity (Basis BMLFUW / BFW /

DIN V 19688; Analysis: BAW Petzenkirchen, E. Mup&11)

Results

Precompression

Slightly more than a half of the agricultural lamdthe project area has a “very high” to “high”
precompression, about a third of the area has a premompression and about 10% of arable land has
a small precompression. Only two and a half peragntagricultural soils have a very low

precompression (Figure 2).

Structure state

The set of 30 sampling points represent a survay ithpunctual, random and influenced by many
factors. The soil types of the sampling sites hagmilar frequency as the total agricultural laid

the project area. (Table 3).

Table 3: Ratio of texture classes in the plough @iethe project and the sampling sites

Soil type Soil mapping Sampling sites
after AD-HOC-AG BODEN (2005) (%) (%)

Ut4 (highly clayey silt) 25 23

Lu (silty clay) 16 20

Ut3 (medium clayey silt) 9 13

Tu3 (medium silty clay) 8 7
Total 58 63
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To reach a better comparability of the results soiture of the subsoil was grouped. This allowed

individual farmers to draw conclusions of theirtaugtion practice on subsoil condition in companiso
to their colleagues.

A wide range of saturated hydraulic conductivityswiaund (Figure 3). Harmful subsoil compaction
was found in most of soil texture and soil typeigFes 4 and 5).

Statistical analysis showed a significant increafspenetration resistance and subsoil compaction on
headland as compared to other parts of the inastigields (Murer et al., 2012).
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Figure 3: Measured soil physical properties fog@up of similar soil texture (Murer, 2011)
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Figure 4 Soil texture classes of samples in tlhegh pan and their aggregate status (Murer, 2011)
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Figure 5 Soil types and subsoil structure clasatfion of the test plots (Murer, 2011)

From all 30 samplings only 12 sites have a favarabiuctural state in the plow pan. Seven sites hav
a poor and 11 site have a critical structural sthie represents nearly 2/3 of the investigatenidiag
points.

In the class with favorable structural state aljanaoil types can be found, but especially therigut
Fluvisoils.

In the class of poor structural state dominatesidRzgley. In the class of critical structural state
reflected all the main soil types and all soilshaatclay content of about 30% in the plow pan.

Long-term soil physical findings of the Institutd dand and Water Management (IKT) in
Petzenkirchen are summarized in a correspondirapdae. The locations of these findings are shown
on the "EBOD" (www.bodenkarte.at). The analysis3df randomly selected sites from this data
showed that about 20% of the sub-soils were clagsifs damaged compacted. The value obtained for
the sampling sites’ structural state cannot gelyets transferred to the entire plot. Harmful soil
compaction often affects the total area of a flot,usually appears only in parts of it.
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Soil degradation problems in Belgium

Authors: Tommy D’Hose, Greet Ruysschaert
Institute for Agricultural and Fisheries ReseantivQ), Merelbeke, Belgium

Introduction

Soil protection policy in Belgium is regulated hetregional scale.
In Flanders, the Land and Soil Protection Servidd¢5-ALBON) is responsible for the soil protection
policy. The Soil Protection Service focuses itswttes mainly on soil degradation by:

1. erosion

2. compaction

3. loss of organic matter

LNE-ALBON ordered several studies to map those degradation problems in Flanders and to come
up with prevention and remediation measures. Thia firadings of those studies will be included in
this report.

Next to the soil degradation problems mentionedvapalso the eutrophication of groundwater and
surface water with nitrogen and phosphate is aroitapt issue in Flanders. Agriculture is a big
contributor to this problem, resulting from excesdiertilization.

4. nitrate and phosphate in soil, groundwater andcaserivater

At Flemish level, the Flemish Environment AgencyMM) aims at a good general status of the
surface water and ground water in Flanders whiclal$® the objective of the European Water
Framework Directive. Therefore, the VMM measured aontrols the quantity and the quality of
surface water, groundwater and sediments and sepbdut the results by means of the Flanders State
of the Environment Report (MIRA). MIRA describesiatyses and evaluates the state of the Flemish
environment, discusses the environmental policywyed and looks ahead at the future environment.
In this document we will rely on the MIRA reportrfthe evaluation of the groundwater and surface
water quality.

Further, within the EU Water Framework Directive tNitrate Directive is one of the key instruments
in the protection of waters against agriculturagsures. In Flanders, the Flemish Manure Decree is
the implementation of the EU Nitrate Directive. TiHemish Manure Decree describes the amount of
organic and mineral fertilizers that can be appbadagricultural land depending on manure typep cro
category and land category. Further, the Flemishuvia Decree states that the N® residue in the
soil profile (0-90cm) must remain below 90 kg'hduring a fixed curfew (i.e., October 1st until
November 15th). This limit of 90 kg N®N in soil should insure that nitrate levels infage and
groundwater stay below the limit set in the NitrBieective (50mg of N@ per litre). In Flanders, the
Flemish Land Agency (VLM) is responsible for momitg a correct implementation of the manure
legislation. The results of the monitored soils published every year in the progress report of the
Manure bank, which is a part of VLM. In this docurhene will rely on the 2012 progress report.
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In Wallonia, the Cellule Etat de 'Environnement Wallonkfich is a part of th®irection Générale
de I'Agriculture, des Ressources Naturelles etBevironnement (DGARNE) of thublic Service of
Wallonia) is responsible for publishing reports atbthe state of the environment in Wallonia. The
Environmental Outlook for Wallonia (EOW) provides aipdate on Wallonia’s environmental
situation, based on a collection of environmergatial, health and other indicators which shedsesom
light on the pressure put on the environment (@ater, soils, fauna, flora, natural habitats, eatl

its impact. The results of the 2008 and 2010 editibthe EOW (EOW 2008, 2010) are derived from
the publication of théRapport analytique sur I'état de I'environnementllaa 2006-2007and the
Tableau de bord de I'environnement wallon 2QQ&llule Etat de I'environnement wallon 2007,
2010), which provide a more comprehensive and ldetanvironmental analysis.

The main soil degradation problems that have béssised in both reports are:
soil erosion by water

soil compaction

loss of organic matter

nitrate and phosphate in soil, groundwater andasarivater

PwnNpPE

Although Flanders and Wallonia are two differengiogs in terms of soil types, land use and
topography, the same soil degradation problems se@wncur. Therefore, this document will describe
the four main soil degradation problems that weeationed before after which the spatial distribmitio
of each of the main soil degradation problems itlhbdanders and Wallonia will be shown.
Further, the FTZs that were selected for Belgiuthlvé indicated on the maps:

» Arable specialised crops in ENZ7_SL2_TXTI¢Z1)

» Dairy farming permanent grassland in ENZ7_SL1_TXFIZ2)

» Mixed farms (horticulture) in ENZ7_SL1 TXTETZ3)
The selected FTZs correspond with different agtiral regions and provinces in Belgium (Figure 1
and Figure 2, Table 1). However, in order to avamdfusion, we will mostly refer to the FTZs in this
report.
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Figure 1 Agricultural regions in Belgium with iradition of the FTZs used in Catch-C (Source: Ruysstlet
al. 2008)

Figure 2 Provinces in Belgium with indication b&tFTZs used in Catch-C
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Table 1 Corresponding agricultural regions and pirces with the FTZs used in Catch-C

FTZ Agricultural region(s) Province(s)
the southeast of East Flanders
1 Sand-loam Brabant (Flemish and Walloon)
loam the south of Limburg

the north of Liege

the north of Limburg

2 Kempen the north of Antwerp
3 Sand-loam the centre of West Flanders
Soil erosion

The process wherein soil particles are detachedtramdported by the various agents of erosion is
known as soil erosion. The two main agents of exbkion are water and wind but also certain tillage
practices can result in the movement of soil platiavhen conducted on sloping agricultural land
(Poesen and Govers, 1994). Soil erosion resulthéanloss of fertile topsoil and even the loss of
important soil functions.

In Belgium, soil erosion mainly occurs in FTZ1, whesilty to loamy soils, a hilly topography and a
large share of cropland grown with crops susceptitd erosion (e.g. sugar beet, potato) are
responsible for high soil loss rates on arablel§eind muddy floods in build-up areas (Figure 3 and
Figure 4).

In Flanders, water and tillage are regarded aswhenost important agents causing soil erosion. The
spatial variability of the mean potential soil eosssusceptibility (water erosion and erosion cduse
by tillage practices) for each plot of arable landFlanders is given in Figure 3. The highest
susceptibility has been noticed on the hilly fieldshe loam region of FTZ1. The annual soil loss d

to erosion in this FTZ1 has been estimated betwkermand more than 40 ton/ha (Mira, 2011a).
Further, the share of water and tillage erosiotoial soil erosion is regarded as nearly the saraa (
Oost et al., 2009). In FTZ2 and FTZ3, the averagaial soil loss due to water and tillage erosion is
very low (< 0.5 ton/ha.year).

In Wallonia, only water erosion has been reporte@W 2008, 2010). Potential soil losses due to
water erosion are estimated at 2.9 ton/ha.yeawverage across the whole Walloon land area (EOW
2010). The highest quantities of eroded soil carsd®n in FTZ1 (loamy and sandy-loamy regions)
where the soils are particularly vulnerable to emogFigure 4, EOW 2008).

Overall, in Wallonia soil losses have increased+by5 % since 1971, although there have been
significant changes from year to year, mainly lihke weather fluctuations (e.g. highly erosive riain
2002). Over the 2001-2005 period, ca. 50 % of agitical land was affected by soil losses highentha
the threshold value of 5 t/ha.year, while this Yess than 35 % of agricultural land in the 1986699
period (EOW 2008). This trend can largely be exm@diby the rise in the rainfall erosivity, as wasl

by the increasing proportion of agricultural landwgn by row crops (maize, potato etc.), which do no
provide much cover in spring when the rainfall éhgrally more erosive (EOW 2008, 2010).
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Figure 3 Spatial variability of the mean potent&il erosion susceptibility (water erosion and €om caused
by tillage practices) for each plot of arable la(flanders, 2011) (Source: Mira 2011)
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Figure 4 Average soil losses by water erosiorhinWalloon region (Source: EOW 2008)
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Next to water and tillage, the harvest of root @mober crops, such as sugar beet and potato, also
causes loss of soil from the field. For Belgiunsthias estimated by Ruysschaert et al. (2008). The
estimates of yearly soil losses by root and tulbep ©arvesting for the major agricultural regions i
Flanders (Figure 1) are given in Table 2. AccordiogRuysschaert et al. (2008), on average 1.7
ton/ha.year of fertile topsoil is removed from Fleimarable land during the harvest of root andrtube
crops. The highest values for soil loss due to ¢traesting (SLCH) were noticed in the loam region
of FTZ1 (2.8 ton/ha.year) which could be attributecthe high share of total cropland grown with
sugar beet. Soil losses by root and tuber croprbtng are less important in FTZ2 (the ‘Kempen’).
Clear figures for FTZ3 are not available.

Table 2 Absolute and relative importance of neliraent export from cropland due to soil loss due to
crop harvesting (SLCHy) and water erosion proce$¥¢E) per agricultural region within Flanders
(Source: Ruysschaert et al., 2008).

Agricultural region SLCHy" (Mg ha ' year ) WE” (Mg ha ' year ') Total (Mg ha ' year ') Relative share
SLCHy" (%) WE” (%)

Loam region 28 4.1 6.9 40 60
Sand-loam region 22 3.6 59 38 62
Sandy region 1.1 05 1.6 68 32
Kempen 0.6 0.3 1.0 64 36
Dunes-polders 1.8 0.1 19 04 6
Randers 1.7 20 37 46 54

* Based on 9-year average SLCHcrop values for 2002 (Fig. 3) and areal statistics (NIS, ‘landbouwtelling’, 2002).
" Sediment export by water erosion (WE) processes, modelled with WATEM/SEDEM using information on crop types grown per field parcel in 2002 and the

average (1898-2002) rain erosivity factor (R-factor; Verstraeten et al., 2006) for Ukkel (based on Gobin et al., 2005).

Figure 5 indicates that the combination of operates and sandy soils in FTZ2 increases the patenti
for wind erosion to a soil loss, being estimateds4it8 ton.ha.yr* (Van Oost et al. 2000, Van
Kerckhoven et al. 2009). However, Van Kerckhovenle(2009) estimated the average soil loss due
to wind erosion in the whole of Flanders at 0.9.hahyr", what makes the effects of wind erosion
rather limited. Also in Wallonia, few effects onngli erosion have been reported.
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Figure 5 Spatial variability of the mean potentigind erosion susceptibility for each plot of araband in
Flanders (Source: Van Kerckhoven et al. 2009)

Legend: zeer hoog = very high (30-59 ton‘hd), hoog = high (18-30 ton.hay™), medium (10-18 ton.Hay™),
laag = low (5-10 ton.had.y?), zeer laag = very low (2-5 ton.Ha'*), geen = no potential wind erosion (0-2
ton.ha®.y™")

Soil compaction

Soil compaction occurs when soil particles are ggdstogether, reducing total pore space (Van de
Vreken et al. 2009). Distinguishing between topswil subsoil compaction is important. Topsoil
compaction is likely to severely reduce plant pitity in the short term, whereas subsoil
compaction is likely to reduce productivity for deles in the future.

Within the European Soil Thematic Strategy, comipactand especially subsoil compaction are
considered as major threats for soil quality sithey can result in the loss of important soil fumas
(European Soil Portal, 2013; Van de Vreken et @D9):

* increased bulk density and penetration resistance
» reduced nutrient uptake, infiltration and waterdird) capacity
« reduced root growth and soil biological activity

Soil susceptibility to compactiois the probability that soil becomes compacted wheposed to
compaction risk (European Soil Portal, 2013). Sasceptibility to compaction can be divided, into
natural and man induced susceptibility. The reasonsatural soil susceptibility to compaction are
resulting from the soil properties and the typidahate of the evaluated area. A high clay fractiowl
soil moisture content and a low soil bulk densityl arganic matter content will result in a higher
susceptibility to soil compaction.
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Reasons for man induced susceptibility are intensidtivation practices, narrow crop rotations and
the use of heavy machinery (especially in sprind &l when the carrying capacity of the soil is
generally low due to a higher soil moisture conteResearch has shown that machinery induced soll
compaction can affect the soil to a depth of 0.Bymwhich the greatest effects are expected indpe t
soil (0-10 cm) (Mira, 2011a; Van de Vreken et 809).

In an exploratory study conducted by Van de Vredieal. (2009) the susceptibility for compaction of
arable land in Flanders was mapped. The suscéfytibilsoil to compaction is inversely related to i
structural strength which can be expressed in tafhsecompression stress (PCS). Soil compaction
will occur when the pressure at a given depth ededlee PCS. In order to construct maps of subsoil
susceptibility the soil map of Flanders was upgdalole attributing a‘typical' PCS-value to the legend
units. These PCS-values were estimated by meapsdaitransfer functions (PTFs), valid either at pF
1.8 or pF 2.5 and at a depth of 41 cm. The resmisshown in Figure 6. At pF 2.5, the sandy sails i
FTZ2 are less susceptible to compaction compargdedoamy and sandy loam soils in FTZ1 and
FTZ3, respectively. As expected, Figure 6B confidnaehigher susceptibility of soil to compaction
when soil moisture content is higher. In wetter dibans the sandy soils in FTZ2 seem equally
susceptible to compaction as the soils in FTZ1REhd3.
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Figure 6 Soil susceptibility to compaction in Fbars, expressed as precompression stress (PCSiigpta of
41 cm valid at pF 2.5 (A, dryer soil) or pF 1.8 (Better soil) (Source: Van de Vreken et al. 2009)

In the Walloon region, the susceptibility of agitaval land for compaction was mapped by Rosiére et
al. (2009). The PCS-values for Wallonia were alstime@ated by pedotransfer functions (PTFs), valid
either at pF 1.8 or pF 2.5 and at a depth of 41Tdm. results for pF 2.5 indicate that the soilshie

northeast of Wallonia (a part of FTZ1) are highlyseeptible to soil compaction (Figure 7). The
results for pF 1.8 were not reported.
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Figure 7 Soil susceptibility to compaction in Walia at a depth of 41 cm valid at pF 2.5 (SourcesiBre et al.
2009)

Legend: sensibilité = susceptibility, extrememedavée = extremely high, trés élevée = very higayét = high,
moyenne = medium, faible = low, tres faible = véow

The prevention of soil compaction is linked to ghaluation of soil susceptibility to compactionidt
important to know which soil is susceptible to ca@muiion in order to be able to apply proper soil use
and cultivation for preventing real compaction. tRar, while topsoil compaction can be largely
removed by tillage, subsoil compaction is much mueesistent and difficult to remove. Therefore,
subsoil compaction should be prevented insteadeofgbremediated (Van de Vreken et al. 2009).
Even on highly susceptible soils, relatively higheel loads are possible by using large tyres with |
inflation pressures or well-designed tracks. Alke tise of permanent traffic lanes and improved
steering systems (GPS) and adapted ploughs whialv #he tractor to drive with all wheels on the
untilled land can limit compaction (European Sodrtal, 2013). Other agricultural management
practices to prevent or remediate soil compactiaiute the use of organic manures, cover crops and
wider crop rotations (different sowing and harvdates, permanent crops, deep rooted crops, etc)
(Mira, 2011a).

Soil organic matter

Soil organic matter plays a key role in soil féil soil biodiversity and several ecosystem sexsidt

is a source of several nutrients and induces a goibdtructure. This makes the soil more permeable

to water and air and drastically decreases the afskoil erosion and soil compaction. Thus, soil
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organic matter management is a key factor forléegoils and a sound environment (Mira, 2011a).
Due to intensive agriculture without sufficient &duh of organic material, many soils in Flandensla
Europe have critically low organic carbon stocks.

In Flanders, soil organic carbon (SOC) contentarable (to a depth of 23cm) and grassland plots (to
a depth of 6 cm) are closely monitored by the Seilvice of Belgium (SSB). Depending on the soil
type, the SSB has set the optimal carbon conteraréble land and grassland separately. According t
the SSB, the optimal carbon content for arable gmagsland ranges from 1.2 to 2.8 and from 2.6 to
5.5, respectively (Maes et al., 2012). Within théseindaries, farmers should be able to reach an
economically optimal level of production.

Every three years, the results are grouped for eagticipality after which the percentage of arable
and grassland plots with a carbon content belowottienal zone is calculated. The results of the
period 2004-2007 are presented in Figure 8 (Boah &009).

Figure 8 Relative amount (%) of arable (A) and gsgland plots (B) with a soil organic carbon contestow
the optimal zone within each municipality of Flarel2004-2007) (Source: Boon et al. 2009)

From 1982 till 2007 the soil organic carbon contehtagricultural soils in Flanders decreased. In
2007, in many municipalities of FTZ1 and FTZ3 andhe municipalities in the eastern part of FTZ2,
more than 50% of the arable pots showed a soilnicgarbon content below the optimal zone. In the
remaining municipalities of FTZ2, only 10-40% otthrable plots were classified below the optimal
zone (Figure 8A). The results of the grasslandsphoe quite different from the arable plots. FigsiBe
shows that in almost every municipality of FTZ2,mm¢han 50% of the grassland plots were classified

below the optimal zone. In most of the municipaditiof FTZ1 and FTZ3, the amount of grassland
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plots with a soil organic carbon content below thgimal zone was only 10-40%. Restricted
application of organic manures, an increased plmggldepth and the conversion of grassland to
arable land were potential explanations for thigadng decreasing trend (Mira 2011a).

From 2008 on, an increase in soil organic carbanbeen noticed both for arable as for grassland
soils (Figure 9). Compared to Figure 8, less arahtigrassland plots are classified below the @btim
zone.

Figure 9 Relative amount (%) of arable (A) and ggland plots (B) with a soil organic carbon conteetow
the optimal zone within each municipality of Flarelé2008-2010) (Source: Maes et al. 2012)
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In FTZ2 there are less arable field plots with aCS€ntent below the optimal zone compared to
arable soils in FTZ1 and FTZ3, while for grassldhere are more field plots in FTZ2 with a SOC
content below the optimal zone compared to FTZ1Rrd3 (Figure 9).

However, it is common knowledge that a change iI€®0ntent is a slow process. Therefore, future
samplings will have to sort out whether the dedargpsrend in Flemish soils actually has been
reversed.

In Wallonia, soils with an organic matter (OM) cent below the critical 2 % OM threshold level
represent about half of the cultivated land surfiac&/allonia (EOW 2010). These soils are mainly
situated in the loamy region (FTZ1, Figure 10), ebhis the arable crop region where the risk of soil
erosion by water is high (Figure 4). In additiomce 1960 these soils have sometimes suffered from
high OM losses. This trend is mainly attributedréaluced cereal crop areas, increased ploughing
depth and the replacement of livestock manuresihbgnal fertilizers (EOW 2010).

The application of additional organic material lié&@mpost or organic manure (within the limitations
of the manure decree) and the use of cover crappiar a few examples of potential solutions to the
problem of low organic carbon contents in Belgignaultural soils (Mira 2011a).

125



map SOILS 5-1

Forecast contents of organic matter in agricultural soils* (o-30 cm soil depth)
Evolution between

Situation in 2005

M Reduction of 0.75t0 5 %
Reduction of 0 to 0.75 %
Increase of 0 to 0.75 %

™ increase of 0.75t0 1.5 %

I increase of 1.5103 %
EOW 2008 - Sources : SPW - DGO3 - DEMNA (CEEW); UCL-GEOG

(%)
[
10 15 20 25 30
Non-agricultural land
Figure 10 Soil organic matter in Walloon agricuitli soils (0-30 cm soil depth). Left: situation2005, right: evolution between 1955 and 2005 (SeuEOW 2008)

* for cultivated and grassland soils with the same occupation (grassland or crops) since 1955
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Nitrate and phosphate in soil, groundwater and suidice water

The presence of nitrogen and phosphorous in stileyels exceeding vegetation’s uptake capacity,
can present risks to the environment, especiallguiiace and groundwater. These surpluses can
contribute to the eutrophication of watercoursedssa of biodiversity as well as nitrate pollutioh
drinking water (EOW 2008).

As stated in the introduction of this documentFlanders, an upper limit of 90 kg NEN in the
soil profile (0-90cm) in autumn (October 1- Novemii®), i.e. called nitrate residue level, should
insure that nitrate levels in surface and groundwsitay below the limit set in the Nitrate Direetiv
(50mg of NQ' per litre). The 2012 progress report of the Marbmek, which is part of VLM,
reveals a weighted mean nitrate residue level ok§NG;-N kg/ha in the monitored soils in
Flanders in 2011 (Figure 11, VLM 2012). In the pdrRk004-2007, a slight decrease in the nitrate
residue level has been observed. Since 2007, titseeniesidue remained more or less constant.

(=]

)

B
bl

Gewogen gemiddeld mitraatresidu (kg MO-Nha)

Figure 11 Weighted mean nitrate residue level [Q;-N/ha) in the soils (0-90 cm) monitored by the
Manure bank (2004-2011) in Flanders (Source: VLM 20

In Wallonia, the nitrogen (N) enrichment of soisdstimated indirectly, by estimating the transfer
of N to water bodies (EOW 2008). The flows are eatdd using the EPIC grid model which uses
different parameters (climate, soil use and tygeicaltural practices etc.). The model indicatest th
nitrate concentrations in the leaching water béneatting depth (> 1.5m) are higher than 50 mg/I
(the norm for drinking water) for a large part bétoamy region of FTZ1 (Figure 12).

N leaching from agricultural soils is the main r@agor groundwater degradation. Figure 13 reveals
that at many groundwater monitoring sites, thetliofi5Omg of NQ per litre is exceeded in the
north and the east of FTZ2, in FTZ1 and in FTZ3cdding to Mira (2011b), the highest
exceedings have been observed in FTZ3. In FTZ1RAr¥R, soils show a high susceptibility for
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nitrate leaching while in FTZ3, the high nitratencentrations are especially the result of high
nitrogen inputs (Mira 2011b).

map SOILS 4-1

MNitrate
concentration in
leaching water
underlying root
areas(1.5m)
(mg NOG 1)
I > 50
[ 41-50
[ 28-40

1 -25

=10

Diafa not available
—— Agricufiural region border
—— Watercourse

\ EOW 2008 - Source : FUSAG:x-UHAG:x (EPICgrid model, Qualvados project)

Figure 12 Nitrate concentration in leaching wateneath rooting depth (>1.5m) in Wallonia (Soure@WwW
2008)

128



CATCH-C Catch-

No. 289782
Deliverable number: D2.242 c

16 April 2014
Nitraatmaxima per put (mg/l)
Q 01-<25
O 26- <60
el 50 - <100
@ 100 - <250
® 260 - 750

Figure 13 Maximum nitrate concentrations (mg/l) edch measuring site of the Flemish phreatic
groundwater monitoring network (spring 2010) (SzurVLM 2010).

In Wallonia, the highest levels of contamination 46 mg NO3JI) are observed in FTZ1 (the
groundwater bodies of the Cretaceous of the Herga F] and the Brusselian sands [3] (Figure
14). These are areas where the density of popuolatid/or agricultural activity is particularly high
(EOW 2008).

map WATER 8-1

%=

Concentration of nitrate in
groundwater

(z004-2007 average)

{mg NO3T)

0 &5 ﬁiﬁﬂﬁﬁmi&lﬂﬁmmmﬂﬂm

BEE Vulnerable zones — PGDA (2007)
Water body boundary
—— Walercourse
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Figure 14 Nitrate concentration in groundwaterWallonia (2004-2007 average) (Source: EOW 2008)

Groundwater contamination throughout Wallonia h#ighdy increased in recent years: the
proportion of monitoring points with average nigratoncentrations higher than 40 mg/l rose from
15.1 % (2000-2003period) to 17.8 % (2004-2007péribdcally, the situation can be worrying,
especially in certain vulnerable zones where mt@ncentrations rose on average by 0.1 to 0.6
mg/l a year between 1992 and 2007.
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This trend is not necessarily linked to the cur@atelopment of agricultural practices, which goes
towards a reduction in nitrogen fertilization. Tdhegree of contamination of the groundwater bodies
depends on other factors such as rainfall, trantsfex to aquifers (which can exceed 15 years) or
the quantity of nitrogen still present in the s¢EOW 2008).

Within the scope of the Flemish manure decree MM also monitors the quality of Flemish
surface waters. The VMM uses a surface water mongaetwork that comprises 800 measuring
points that are located near typical agricultueglions (MAP monitoring network). The results of
the 2011-2012 winter are shown in Figure 15. Actwydo this Figure, the limit of 50 mg nitrate
per litre is exceeded in het north and east of FWBERe in FTZ3 nearly all measuring points exceed
the limit. Only a few exceedings of the limit haween observed in FTZ1.

| Legende

& Maximale concentratie ender 50 myg nitraat per liter
& Maximale concentratie overschrigdt 80 mg nitraat per liter
> Bakkengrans

A Faakchon = - e

Figure 15 Maxiumum nitrate concentrations in th&Risurface water monitoring network in het wintér o
2011-2012 in Flanders (Source: VLM 2012). Legemdt dots: maximal concentration exceeds 50 mg mitrat
per litre; green dots: maximal concentration bel6@ mg nitrate per litre

In Wallonia, nitrate concentrations in surface wateve not been reported.

Apart from nitrogen, also the presence of phosplmin soils, can pose risks for eutrophication of
surface and groundwater. The Flemish manure déionée the amount of phosphorus than can be
applied on agricultural soils. Plant-available gitazrus (ammonium lactate extract) is determined
on a considerable amount of arable and grasslamtd pll over Flanders by the Soil Service of
Belgium (SSB). Depending on the soil type, the 3%B defined the optimal content of plant-
available phosphorus for arable land and grassepdrately. In the 2008-2010 period, 77% of the
sampled arable plots and 50% of the grassland plotsved a phosphorus content above the
optimal zone (Maes et al. 2012). This is a slightrdase compared to the2004-2007 period (Boon
et al. 2009).
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Another important problem in Belgian agriculturalils is phosphate saturation. Certain areas
which have been excessively fertilized in the pastvhere soils have a low phosphate binding
capacity are P saturated and consequently higllseptible to P leaching (Mira 2011b).

According to the EU, a soil is considered P saaafdt the phosphate saturation degree (PSD) is >
35%. A study conducted by Van Meirvenne et al. 800dicated that a considerable part of the

agricultural area in Flanders is P saturated. Eiduf shows that P-saturation in the soils of FTZ2
and FTZ3 is high. The soils in FTZ1 are less sudigiepto P leaching compared to FTZ2 and

FTZ3.

il SRon0 LR 1 RR0G 125000 1 5D T POIDDDD 2000 250000

| Probabiitelt |
FVG>35% |

225000
00BEEZ

2000030

N2#002

175000

Q0051

25000 50000 000 T 00000 125000 ) ATHOO0

Bron: Universiteit Gent {2008)

Figure 16 P-saturated areas in Flanders (red ajeatere the 35% phosphate saturation degree limit i
exceeded with 95% certainty (Source: Mira 2011b)

A study conducted by Meunier et al. (2010) deteedirthe P saturation level of Walloon

agricultural soils. The results are presented guié 17 and show that P saturation varies between
30 and 60 % north of the Sambre-and-Meuse riverZ 1l
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carte SOLS F1-2

Degré de saturation des sols agricoles en phosphore
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Figure 17 P-saturation degree in Walloon agricuisoils (Sambre-and-Meuse rivers indicated ine)lu
(Source: Cellule Etat de I'environnement wallon @p1

While nitrate leaching is a major threat for growater quality, excessive discharges of
phosphorous in fresh surface water may lead tooghitation. This generally causes increased
algae growth and less oxygen in the water, accoragdy an increased risk of mortality for some
aquatic organisms (EOW 2008). Therefore, the amafinbrthophosphate (o-P, water soluble
phosphate) in Flemish surface waters is also madtdy the VMM in the MAP monitoring
network. The results of the 2011-2012 winter amsented in Figure 18. Comparing the measured
0-P concentrations with the limit set by the EU &dramework Directive (0.1 mg o-P/I), shows
that especially in FTZ3 many exceedings have beeorded.
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Legende

onder 0,05 mg 0-PO4 P/l
tussen 0,05 en 0,1 mg 0PO4-P/l
tussen 0,1 en0,2 mg oPO4 P/
tussen 0,2 en0,4 mg oPO4-P/I
boven 0,4 mg 0-PO4-P/I

EODCOEN

~—  waterlichamen

Figure 18 Average orthophosphate concentratiorsunface water in the MAP monitoring network in the
winter of 2011-2012 in Flanders (Source: VLM 2012gend: onder = below; tussen = between; boven =
above; waterlichamen = watercourses

Figure 19 shows that in Wallonia the watercourséh the highest concentrations of phosphates
are situated in the north, in the Escaut riverridisivhere there is an important concentration of
urbanized, industrial and agricultural areas (FTZ1)

Figures 10-18 indicate that there is still a lorgyvto go in order to reach the objectives of the EU
Water Framework Directive. What is more, the negatnfluence of agriculture on water quality
remains very clear (e.g. high nitrate and/or phaspltoncentrations in the regions with intensive
dairy/pig farming (FTZ3 and FTZ2) or horticultudeTZ3).

Therefore, farmers are still encouraged to optintlier fertilization, to grow cover crops as much
as possible, to install buffer strips alongsideematys and to participate in ‘water quality groups’
to exchange knowledge and practical experiencea(Rlx11b).
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Concentration of phosphatesin watercoursesin the Walloon Region (2007)
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Figure 19 Concentration of phosphates in watersesrin the Walloon Region (2007) (Source: EOW 2008)
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Soil degradation problems in France

Authors: N. Guiffant, E. Perret and N. Turpin
AgroParisTech, INRA, IRSTEA & VetAgro Sup, France

In Europe, more than 16% of the total land aresdfexcted by degradation processes (ESBN, 2005).
The degradation processes affect a larger shaseilah France, where at least 18% of the soils are
at medium to very large erosion risk (GIS Sol, 200Bhe issues are numerous and can be
cumulative. Some are considered in national oworegipolicies.

Information from soil threats and soil quality awmdllected by the GIS sol consortium
(http://www.qgissol.fr/index.php They are of two kinds, a collection of statistifrom soil
sampling, organised in yearly databases (averaggasition are available at LAUL level); the
quality of the statistics strongly depends on thmles that farmers collect and send to labs for
analysis (Figure 1). More homogeneous informat®provided by models, which are better scaled
that sampling information, but somehow still suffiem some imprecisions too.

The main soil degradation problems in France asudi&ed in the following, are: soil sealing,
erosion, loss of soil organic matter, soil compagttiloss of biodiversity, contamination and
acidification.

Nombre d'analyses présentes dans la BDAT (1990-2000)

<11

I 11-30

I 31- 150
151 - 500
> 500

Figure 1 Soil sampling database from GIS sol —Ipeinof analysis in the database
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Soil sealing

In France, the total agricultural area covers 3liani hectares (53 % of the total area). Between
2000 and 2006, 0,2 % of this agricultural areasehbgen converted to urban infrastructures,
especially in periurban areas, and close to maimaonication roads and railways (Figure 2).
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Figure 2 Road density (km/Rm

Erosion

At field level, damages from water erosion inclutstruction of crops, loss of thin elements from
the surface layers (the processes are importantdter contamination by phosphorus for example,
or for losses of fertility). Extreme events maydda landslide and accumulation of mud on roads,
urban settlements, and private ownerships. Onlyattter are part of the French regulation.

Landslide is well monitored in France, in applioatiof the decree 2005-117 applying regulation
2003-699; according to this regulation, the prefdwve to map landslide risk on each department
(Figure 3), and take appropriate measures to alamthges to infrastructures and populations..
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Figure 3 Landslide risk in France

Erosion is considered as a risk (hazard * prokshdi occurrence). Maps of erosion risk per
agricultural zones are public (Figure 4). They haeen designed by INRA, using a model named
Mesales.
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Figure 4 Erosion risk, information used by theeRch Ministry of Environment

Loss of organic matter

This issue is related to long term carbon storageails, and highly linked to the dynamics of

organization and mineralization of carbon in sailespite most authors still consider soil carbon
content because it is the most currently availatdigcator (Figure 5). Sampling for soil organic

matter content is very heterogeneous across France.
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Figure 5 Organic C content of top soil (mediansamples)

Models suggest a slightly different pattern (Figbyeln France, the lower stocks are in Languedoc-
Roussillon, a vineyard area south of France; theyatso low in Beauce and Nord regions, devoted
intensive arable farming. Medium stocks are obskruader forested soils or breeding regions like
Bretagne, Normandy, east or Massif Central. Higitlkst are encountered in specific areas like
under altitude pastures, former marshlands, oravitcsoils in Massif Central.

Distributi i du carb i dans les sols de France
(Arrouays et al., 2001)

E Limites des régions
stock de carbone des sols
moins de 50 Tha

B sesoacotha
W ear0Tha
W pusceroTma
D Absence de données

Figure 6 Soil organic C content, as a result ahadel (Arrouays, et al., 2001)

More important, as previously quoted, is the dymanoif organic matter in soil. In France, there is a
general trend towards a decrease of organic madtepils, due to ploughing of old pastures,
clearing of forests, intensification of farming ptiaes. It is worthwhile noting that, because carbo
accumulation under grasslands is far slower theaddétrease after pastures are ploughed, when old
pastures are ploughed and replaced elsewhere gydom grassland, the overall balance of carbon
storage is negative. Interesting too is that iernstvely farmed areas, the overall trend to organic
matter decrease seems to stabilise and, in soroespka slightly reverse towards an increase.
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Estimation de la variation de la teneur en carbone organique dans
les sols entre les périodes 1990-1995 et 1999-2004*

Mariation par canton o I‘_,.'-‘
- Augmentation
Pas de variation significative
Diminution
Absencs de données

Note : * Ensemble des résultats d’analyses collectés entre 1990 et 1995 d’une part et entre
1999 et 2004 d’autre part.
Seurce : Gis Sol (BDAT). 2007.

Figure 7 Evolution of soil organic C content frdf®90-1995 to 1999-2004 (data from the French Miwpis
of environment)

Soil compaction

Compaction of the top or deeper layers result fowaruse of heavy machinery during cropping
operations, or over density of animals, especidiling wet periods, on grasslands. The resulting
loss of macro and microporosity impedes the capadithe soil to conduct air and water; higher
bulk densities are an obstacle to correct rooteldgment and result in decreasing water content).
Water management (irrigation) can correct waterteunissues, but won’t do anything for water
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and air movements in pores. Subsoil compactionlicait root growth, decrease yields and can
increase local issues due to waterlogging.

However, compaction risk is not yet monitored iarke.

Loss of biodiversity

La densité microbienne des sols mesurée sur la période 2000-2009

Guantité d'ADN (pg'g de sol)

[ ] Ente132et182 [l Entre62et74
] Entret0det1a2 [l Entred5ets2
I entesset1ns | Entet7etss
I eEnre74et88 [ Pasdedonnée

Note : Les zones grisées sur la carte correspondent 4 des zones de « non sols » ou ne
comportant pas assez d'informations pour calculer la quantité d’ ADN.
Source : Inra — Gis Sol. 2009, Traitements : Gis Sol — SQeS. 2009,

Figure 8 Estimation of soil biodiversity, datafndhe French Ministry of Environment

Despite an increasing literature stressing the mapoe of soil biodiversity and the functions it
fulfils, there is still very little practical knowtge on how, and what, to monitor at higher levels
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than fields. The relationships between speciescaraplex and still poorly understood. Some
authors suggest DNA measurements (Dequeedt, 2010), and it is the indicator used in France
(Figure 8).

Contamination

From an agronomic point of view, there is a riskauk in several soils in France. Most quoted are
bore, copper, manganese and zinc. But there aoecalstaminations of soils by heavy metals,
manly coming from the parent material on volcanieaa, or from overuse of sludge from

wastewater treatment plants.

Contamination, along with settlement proximity,oise major reason for unavailability to soil for
sludge spreading (Figure 9).
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Pourcentage de la surface cantonale

exclue de I'epandage des boues de Step
{par le décret du & décembre 1997 ot I'arrété du 8 janvier 1998)

% o T Burfeeca
carionals exclis

BB Plusde 80
I Erce 5ol
B Ene 355
U Ertie 2035

Entra 0 at 20

Source : Ifen — ENDE — IGN, 2002

Figure 9 Percent of LAUL area unavailable forddie spreading (data from the French Ministry of
Environment)

Acidification

In France, acid soils correspond to filtering miaierleading to cation leaching, and that don’tédhav
alterable minerals able to resupply. This is mo#ily case of sands in the Landes region, and of
soils developing on sandstones in the Vosges, aldthigsome granitic areas.

Moderate acid soils are found on old materials ilikthe Massif Armoricain or the Massif Central.
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Neutral soils are to be found on the arable plaiigre the neutral “natural” pH is maintained by
regular liming operations.

Saturated soils are found on calcareous parentriadateand in salted areas (Camargue, Poitevin
marsh), the pH are very high.

At 2 e et B € g W, b g £ b

| Cartogranhigue de 18 BDAT. versio

pH eau
*  préldvement Impossible
® < 4.5 irds acide
# 45-50 acide
5.5 -6.5 ! peu acide
6,5 - T.5 : naulra
7.5- 8.5 : basique .
® >B5:trhsbasiqus ®

Figure 11 Prediction of native soil pH (sources@ol, RMQS, 2011)
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There is no spatially harmonized database of smilpdes (although the initiative from GIS Sol is
very useful) and the various aggregation levelswhich data are made available (LAUZL,
agricultural zones, pixels of various sizes) reratess analysis a bit tricky.

Other threats

There are many other threats on soils, most of #wenmonitored.

Radioactivity
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A ctivites potentielles de 1375 dans les sols en 2006

aalh o ‘?

“J

Dépttde V'Ca (Baym®s
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35 000 |
0000
25 Q00
20 000
15 000

- raod
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3003

Note : La demi-vie du cesium 137 est de 30 ans. c'est-3-dire qu'il perd la moitie de son
activité au bout de 30 ans. Cette carte intégre les retombees des essais d armes nucléaires dans
I'atmosphere ef celles de 1'accident de Tchernobyl (26 avril 1986). Avant I'accident de
Techernobyl. le depdt de cestum 137 dans les sols de France était estime entre 2 500 et 5 000
Bg/m® selon les caractéristiques des sols et des plutes.

Source : Institut de radioprotection et de siirete nucléaire (IRSIN), 2010,

Figure 12 Concentration of Cesium in French s¢dlata from the French Ministry of Environment)

Polluted sites

Soils are subject to many pollutants, resultingrfindustrial point pollution. They are inventoried
in a public databasétfp://basol.environnement.gouv.fr/home.htm

147



CATCH-C Catch-
No. 289782

Deliverable number: D2.242 c
16 April 2014

Les sites et sols pollués en 2011
(sites sur lesquels I’état a entrepris des actions de remediation fin 2011)

.

Source : Meddtl, DGPR (Basol au 16 novembre 2011),2011.

Figure 13 : number of polluted sites per LAU1 whemmediation is ongoing in 2011 (data from Ministdy
Environment)

N,O emissions

N,O emissions are estimated in France by models. thigtes are still important both on data
measurements and on the models, so they are rbhysgblic decision making yet.
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150 - 280
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Figure 14 Spatial distribution of J® emissions over France for 2007 as simulated loymhedels (CERES-
EGC left and O-CN right) — maps from Gabrielle £t(2012).

European perspective

The Eurosoil database from JRC provides very usefatmation on soil threats at EU level. For
some indicators, there are discrepancies with nallipused information.
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[ 20.00000001 - 50
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Figure 15 Pan European Soil Erosion Estimatedugs for France)

At EU level, erosion is assessed with the same madein France (Mesales). As such, the
information from the Pan European Soil Erosion meates is consistent with the one used by
French policy makers. But a comparison of Figuresd 15 highlights that the aggregation level at
which information is displayed can lead to veryaliént patterns of erosion risks.
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The European Landslide Susceptibility Map (ELSUS)0€hows levels of spatial probability of
generic landslide occurrence at continental sd¢&eattern is similar to the one used in Franee fo
mountains, but depicts variability in the north tveg France (considered as medium to high in

France and low to very low at EU level), and oroaezlocated south of the Bassin Parisien (same
discrepancy).

|:| union zones étude
- Very low

[ Low

|:| Moderate

[ igh

- Very high

Figure 16 Classified European landslide suscélitttimap (Ginter et al., 2013)
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Similarly as pointed out for France, there is &lat quality data on soil organic matter content at
the EU level. So far, the most homogeneous and pelmepsive data on the organic carbon/matter
content of European soils remain those that caextracted and/or derived from the European Soil
Database in combination with associated databasksd cover, climate and topography.

The French pattern of organic carbon content dfisaiery different from the one used in France,
mostly in breeding areas (Bretagne, Normandy, asd @f the country), where measurements are
way much higher than those assessed by the EU model

o e - £ J ‘\-\.

._“‘fa&. o

l:l union zones étude

Organic Carbon (%)
<VALEUR>

[«

[ J1o-=20

[ J20-60

P s0-125

B 25-250

B 2:0-350

- =35

I:I lakes

Figure 17 Organic carbon content (OCTOP) in thpdoil layer (0-30 cm), calculated for 1 km x 1 dmidl.
OCTOP was calculated from the European Soil Databbg combining refined pedo-transfer rules with
spatial thematic data layers of land cover and terafure, as 1 km raster layers Based on the woroogs
et al. (2003)
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Figure 18 Soil pH of top layer (JRC)

The JRC created a quantitative map of estimatddbbivalues across Europe from a compilation
of 12,333 soil pH measurements from 11 differentrees, and using a geo-statistical framework
based on Regression-Kriging (Figure 18). Both pastdook very similar from the EU and the
French one.

Soil compaction is assessed by scoring informapi@mvided by from the European Soil Database
(SGDB) (ttp://eusoils.jrc.ec.europa.eullibrary/themes/caation/susceptibility.html No comparison is
possible with French assessments (which do not yis
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l:l union zones étude
Natural susceptibility to compaction (JRC)
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no soil
- low
medium
[ high
- very high
I;j no evaluation

Figure 19 Soil compaction (JRC)

Synthesis: cross-cutting issues

In order to cross analyse the various threatsdits 81 France, and despite some discrepancies with
the national datasets, we used the JRC informatiecause it is provided roughly at the same scale
for each indicator. Raster maps from JRC have beetorized, then piled up in order to build up a
database in which each soil unit is attached tdcatdrs of soil erosion risk, pH, landslide
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susceptibility, organic carbon content and sengitito compaction. Continuous variables have

been cut in classes that correspond to the classs$ by JRC. A multifactorial analysis on this

database highlights that there is a continuum i&fais combinations rather than specific groups of
soils (Figure 20).

First axis separates soils with extreme pH from iomadone, considers on the left side soils with
low sensitivity to compaction, low carbon contentichigh erosion risk (Figure 21). On the right
hand side, are soils sensitive to compaction, high carbon content and low erosion risk. There is
no direct relationship between carbon content aHd Phe second axis adds information on
landslide (at the bottom are high landslide serisiji

The four study areas are well scattered on thiefet plan (Figure 22).

Graphique asymétrique des variables
(axesFletF2:58,49 %)
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Figure 20 Multifactorial analysis on soil threats France from JRC databases, soils in blue
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Graphique symétrique des variables
(axesFletF2: 58,49 %)
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Figure 21 Multifactorial analysis on soil threaits France from JRC databases, variables
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Figure 22 : multifactorial analysis on soil threats France from JRC databases, extract of Figure 21
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Soil degradation problems in Germany
Authors: Janine Kriger, Jorg RihImann

Leibniz-Institute of Vegetable and Ornamental Cr@possbeeren, Germany

Introduction

The EU Thematic Strategy for Soil Protection (2006éfines the following soil degradation threats:
erosion, loss of organic matter, compaction, fladinization, landslide, contamination, sealing.

Studies on soil degradation problems were initiddtgdhe Federal Soil Protection Act (established
1998) and the German Federal Soil Protection Adt@rdinance Federal (established 1999). Both
laws correspond with the EU Soil Strategy. The 8dc8oil Protection Report of the German

Federal Government (2009) from the Federal Ministrythe Environment, Nature Conservation

and Nuclear Safety (BMU) presents instruments tscidiee and to monitor the soil status in

Germany. Included is also a summary of the statuthe identified soil threats that is used as
starting point. Detailed reports and publicatiorgs &om the Federal Environment Agency (UBA),

Federal Institute for Geosciences and Natural RessUBGR) and further institutes will be used
herein to complete available facts on soil degiadaif Germany.

List of soil degradation problems in Germany

The following soil relevant issues are identifieddaconsidered in the Second Soil Protection
Report of the German Federal Government to desarndego monitor the soil status:

« soil erosion induced by water
e soil organic matter

* soil compaction

¢ soil contamination

« soil covering / sealing

The authors added:

« soil erosion induced by wind and
e soil biodiversity

as the federal environmental agency currently feswus these relevant topics.

Soil degradation threats

Soil erosion
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Soil erosion induced by water

Publications on soil erosion mainly concentratatensector water. The estimation of the averaged
potential erosion risk in Germany amounts to 2@t tper ha and year for agricultural areas (BMU,
2009). To estimate the risk of soil erosion the €&ahSoil Erosion Equation (a modified version of
the Universal Soil Loss Equation (USLE) approashiised. This approach considers six different
factors: R as rain and surface runoff, K as erdithbiS as slope gradient, L as slope length, C as
cover and tillage, P as erosion protection. C aratePnot relevant for the calculation of the soil
status. L is not considered for each estimatiorsigar The calculation for whole Germany was
performed on 50 x 50 m grid cell resolution. Trekrof soil erosion from arable soils according to
tilage management is estimated at 4.2 tons panlayear for conventional tillage and 2.1 tons per
ha and year for minimum tillage (Erhard et al., 20@\ study of Erhard et al. (2003) used CORINE
land use data with a spatial resolution of 100@080Lm. The coarse data resulted in average of only
7.2 tons per ha and year for Germany. This showmpiary how input data influence the output
results.

The detailed report of Wurbs and Steininger (2@Gjut soil erosion and climate change classifies
Germany in four natural landscapes for a first eieav. The result of the potential erosion risk
under consideration of the three factors R, K and Bustrated in Figure 1a. The northwest and
northeast German Lowland show low potential fot sobsion in consequence of low slopes and
low erodibility. With increase of S and erodibilibf soils (mainly loess sites) rises the risk af so
erosion in the low mountain range and their forétanmAt higher elevations of the low mountain
range and the area of the Alps higher R factoensively increase the erosion risk potential.
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Figure 1 Potential risk of soil erosion (in toper ha and year) under consideration of factorsXdeft) R x
Kx S and (b-->right) RxKx L xS (Wurbs aneii8nger, 2011)

The added consideration of the factor L (slope tlenghould emphasise a higher risk for regions
with large slope length in comparison to the vardtox K x S (Figure 1b). However, a significant
shift of general hot spots areas could not be deted ((Wurbs and Steininger, 2011).
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The second version of potential risk of soil erasio Germany additionally considered the
percentage of arable land. For that the statistiaedmeters of soil erosion amount (

Table 1) demonstrate both lowlands (NW & NE) towle similar erosion behaviour (shown in
Figure 2a and b). That means 50 % shows averagegtasion between 0.3 and 1.8 tons per ha and
year (NW) and 0.4 and 1.6 tons per ha and year.(N&expected for the low mountains and the
Alps higher erosion amounts were determined. Undesideration of the factor L both German
lowlands and the southern low mountains and Algsvsa twofold increase for the calculated soil
erosion. The western and eastern low mountains havabove 100 % increase of soil erosion
(Figure 2b).

Table 1  Statistics of potential soil erosion &quer ha and year) for classification of natural
landscapes Germany (Wurbs and Steininger, 2011)

Classification of natural Version Median Mean Mini- Maxi- Upper Lower
landscapes mum mum quantile | quantile
NW German lowland RXKXS 0.6 1.5 0 15.1 1.8 0.3
NW German lowland RXKXLXS 1.2 3.3 0 43.6 3.8 0.4
NE German lowland RXKxS 0.7 1.8 0.1 20.8 1.6 0.4
NE German lowland RXKXLXS 1.4 4.4 0.2 534 3.5 0.8
Western & eastern low mountains RxKxS 21.9 26.6 31 94.3 33.5 15.7
Western & eastern low mountains RXKXLXS 50.1 56.3 7.8 145.8 70.6 37.2
Southern low mountains & Alps RXKXS 17.6 48.7 0,4 446.5 36.8 9.2
Southern low mountains & Alps RXKXLXS 39.5 95.5 0.6 964.8 77.5 224
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Figure 2 Averaged potential risk of soil erosioiskr (in t per ha and year) for arable land under
consideration of factors (a --> left) R x K x S abd-> right) R x Kx L x S (Wurbs and Steining2®11)

The online publication of the Federal Environmergkency is based on Wurbs and Steininger
(2011) that simplifies and categorizes soil erogisk into five classes. Accordingly, 38 % of the
arable areas in Germany have high and very higresogion risk potential (Figure 3). These high
risks are concentrated at the middle and southems prhich are confirmed by Erhard et al. (2005).
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49 % of the areas used for agriculture shows neeoy low risk. 13 % is categorized as low and
medium risk potential.

langjéhrige standortbedingte Erosionsgefdhrdung auf den landwirtschaftlichen
Flachen Deutschlands (in Tonnen pro Hektar und Jahr)

Erosionsgefahrdung

- keine bis sehr gering
- sehr gering

: gering

D mittel

I:] hoch

- sehr hoch

(nach DIN 19708)
| keine landwirtschaftliche
Nutzung

Fidchenanteile

.

1

oo
S § I

el

(in % d. Ackerfldche)

Kartengrundlage:

a) Nutzungsdifferenzierte Boden-
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Bundesanstalt fir Geowissenschaften Umwelt
und Rohstoffe, Hannover 2007 Bundes
b) Haturraumliche Gliederung v. Deutschland, Amt &
Bundesamt fiir Naturschutz, Stand 2008

Quelle: verandert nach Wurbs D.; Steininger, M. (2011)

Figure 3 Potential soil erosion risk for arablend (dark green = no or very low, green = very ldight
green = low, orange = moderate, rose = high, redery high, white = no arable land (UBA, 20.04.2013)

Soil erosion induced by wind

The topic wind erosion is an identified soil threatGermany. However, the amount of reports and
research is not comparable to the soil water enodteink et al. (2004) used the model WEPS
(Wind Erosion Prediction System) to compare meabamed simulated soil loss for 49 erosion
events (field study) with good results.

With the help of the general soil map (scale = 1,000,000) which includes a land use
differentiation, various regions of northern Germaould be identified to exhibit a potential risk
for wind erosion (Figure 4, brown and yellow sagas).

Light soils (silt and fine sand) are often proneviad erosion (brown and yellow soil areas). Wind
erosion is furthermore intensified agricultural damse particularly in spring with uncovered soil
surface and no wind protection. Additionally, crapations with maize and potatoes (late growing
crops) promote a late covering of soil. A furtheftience factor results from the past in the north-
eastern part of Germany. Political decisions attithe consolidated arable areas to large units and
eliminated natural patches and hedges. This inedeegntact surfaces and in parallel the wind risk
potential. Periods of dryness force the mentiorihtson additionally. Soil transport through wind
needs a wind speed of 6 to 8 m per second in catibinwith a dry soil on the one hand. On the
other hand it also requires flat or very low slopean open landscape.
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Figure 4: Soil map (section of north-east GermaBGR, 20.04.2013)

A study of the federal state Brandenburg demorestrétie potential wind erosion risk of arable
areas in the north eastern part of Germany (RidrndrGentzen, 2011). In introduces wind erosion
risk classes derived by a combination of substeaté hydromorphology types (Table 2). The
classification of the agricultural soils of Brantieing indicates a high percentage of the area with
high and very high wind erosion risk (41 %). Thekrareas are located in the sand areas of the river
Oder, in the very light sand sites of southern Bearburg as well as in the northwest lowlands
(Figure 5).

Table 2: Matrix to determine potential wind erosisk derived from surveying and mapping
(LUGV, 20.04.2013)

Substrate type Hydromophology type
Predominant percolate | Predominant water Predominant ground
water stagnation or ground water or extreme water
water stagnation

Predominant sand, loam | High and very high risk | Moderate risk No risk

sand, sand loess

Deep loam, peat above | Medium risk Moderate risk No risk

sand

Loam, loam sand, Low risk Low risk No risk

alluvial loam

Grassland No risk No risk No risk

Figure 5 shows also large areas of BrandenburqB&ith medium risk. The characteristics sandy
substrate, percolating water and fast drying reaudireas with high risk. However, shallow ground
water can influence sites and cause continuoustrooiglitions that in turn have no wind erosion
potential.

162



CATCH-C Catch-

No. 289782
Deliverable number: D2.242 C
16 April 2014

Fotenzielle
Winderosionsgefahrdung
gering gefahrdet
- mélig gefahrdet
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[ Naturrumliche GroBeinheiten
{nach Scholz 1962)

Figure 5 Potential wind erosion risk of the fedestate of Brandenburg (light blue = low risk, yalN =
medium risk, red = high to very high risk) (Richserd Gentzen, 2011)
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Figure 6 Classification of humus content for aeatdnd (yellow), forestry (dark green), grasslagdegn) of
Germany (map — arable land = brown, light green ragsland, dark green = forestry, white = others)
(Dawel et al., 2007)

The distribution of the soil organic matter (SOMasvdifferentiated by land use, climate and
substrate (Table 3). The land use differentiatibows the general influence on SOM. Figure
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illustrates the relative frequencies of SOM cordefar the three main land uses — agriculture,
grassland and forest.

Table 3: averaged C-org content (M. %) of arabhel m Germany (Wessolek et al., 2008)

Sand Silt Loam Clay

Core sd n Coro sd n Core sd n Core sd N
1.2 109 | 178 | 15 | 0.7 | 172 | 1.3 | 0.8 | 127 | 26 | 1.8 | 46

An increase of SOM content has the following ordmgriculture < forest < grassland. Under
agricultural use the SOM content is predominanihgsified with h2 and h3. The areas with forest
are characterized with h3 and h4. Grassland usgsterof h4 and h5. Extreme values confirm the
mentioned trend. The humus class hl is mostly septed by arable use, the class h7 by grassland
(Table 4).

Table 4: Humus classes and the conversion to sgainac carbon by the factor of 1.724
(Duwel et al., 2007)

Class | Humus content Description Soil organic

(M. %) carbon (M. %)
hO 0 no humous 0
hl <1 very weak humous <0.58
h2 1-<2 weak humous 0.58-<1.16
h3 2-<4 medium humous 1.16-<2.32
h4 4-<8 high humous 2.32-<4.64
h5 8-<15 very high humous 4.64 -<8.70
h6 15-<30 extreme humous 8.70 -<17.40
h7 > 30 organic >17.40

The map of the organic matter content of Germamyufé 7) shows that the units with very weak
humous topsoil can be mainly found in the regiornhef sub-continental temperate climate (north-
eastern Germany). These soils consist of sandantdyslayers above tills and from marls. These
units are invariably used as arable land.

Very high humous and extreme humous top soil hog4glass h5 / h6) are situated in soils of tidal
sediments, floodplain sediments and peats. Occabiatmese units also occur at sandy soils with
grassland and in soils developed from carbonatbarclimate region of the Alps. The class h7 is
only located in peat soils as expected.

The study on SOM in the top soils of Germany wasdocated by Diwel et al. (2007). Under
consideration of land use, climate and soil subst2?.000 sites were used to map SOM for
approximately 82 % area of Germany. The main airthisf study was to use statistics of areas, to
quantify “typical” contents and to characterize tlaiability of SOM contents. The detailed result
about soil organic matter will be used for ecolagend economical tasks.
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Figure 7: Soil organic matter contents of top s¢ds medians) in Germany

not specified
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The study of Duwel et al. (2007) gives a first avew about SOM content in soils of Germany.
However, Prechtel et al. (2009) pointed out a lefclata concerning SOM. Therefore a baseline of
C stocks as a reliable reference to determine dsamy the future could not be realized. The
existing map with the scale of 1 : 1,000,000 is ¢my nationwide map which includes and
aggregates data over large areas. The nationahtmryereport (2006) stated that this map scale
results in a potential error of 70 % for C stocks.

The German Soil Protection Law pronounces the remnarice of the soil organic matter indirectly
in the different passages. Sites classified wiypittal humus contents” are explicitly mentioned to
be maintained. The soil assessment of the supptysstwith organic matter will be done by a
suitable balance method as no reliable valueshi®iISXOM in soils are derived or defined (Huttl et
al., 2008).

Soil compaction

The report of Lebert (2010) about “Development ¢ést concept to assess the real vulnerability to
compaction of agricultural soils” analysed soil picgl data of 1300 agricultural soils in Germany
to evaluate the status of soil compaction. The §irsp focussed on the mechanical susceptibility to
compaction by pre-compression stress. Table 5 piestasses of mechanical susceptibility and the
percental share of arable land in Germany.

Table 5 Mechanical susceptibility to soil compawt{Lebert, 2010)

Mechanical Percentage of arable land with different soil water content
susceptibility
100 % field 80 % field 70 % field 60 % field
capacity capacity capacity capacity
Very low 0 42 42 94
Low 22 0 52 2
Moderate 20 52 2 0
High 52 2 0 0
Very high 2 0 0 0

The second step analysed the soil structural gudlit the perspective of soil compaction the
classification considers the following propertiest capacity, saturated conductivity and bulk
density (Table 6). The result is mapped in Figuae 8

Table 6: Classification of structural soil qualityder the view of soil compaction (Lebert, 2010)

Bulk density Air capacity saturated Structural quality
(g cm™) (Vol.%) conductivity (cm/d)
>1,8 <5 <10 Very unfavourable
1,7-<18 5-<7 10-<40 Unfavourable
16-<1,7 7-<13 40 -< 100 Moderate
14-<16 13-<26 100 - < 300 Favourable
<14 >26 > 300 Very favourable
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Figure 8 (a --> left) Soil structural propertiesf sub soils (dark green = very favourable, green =
favourable, light blue = moderate, orange = unfaxalie, rose = very unfavourable, white = no arable
land); and (b --> right) risk of soil compaction thi 100 % field capacity (dark green = very low, gne=
low, light blue = moderate, orange = high, rose ery high, white = no arable land) (Lebert, 2010)

The third step combines both results of the previsteps to assess soil compaction. Figure 8b
shows the threats of soil function in sub soil®tiygh compaction and under the condition of 100 %
field capacity. Approximately, 8 % of the sub saifsarable land in Germany possess a very high
risk. Affected are tills of the young moraine lacage (Vistula) in the north, tills of the lower
moraine (Saale), tills (Wirm) in the south, parftsnarshes and soils from marls and argillaceous
rocks. The largest area (60 %) is characterizeddilg with high risk (orange in the map). Sandy
loams of the young moraine landscape, parts ofrthieshes, clayey, loamy and silty river deposits
and the entire loess landscape, except sandy llm@ssy and clayey soils characterize this class.
Moderate risk (class 3) is present in many parth®fkandy lower moraine landscape, sandy terrace
deposits, the sandy loess areas and areas ofvlitbssonstituent material. The low and very low
risk classes do not exist for these conditions.

Figure 8b reveals that a high to very high thrdatail functions occurs through compaction on a
considerably large area (68 % of all arable latie underlying soil water content of 100 % field
capacity is very high for the use of agriculturaahinery. The combination of very high moisture
conditions and unfavorable as well as moderateststral soil properties results in a high threat on
soil functions.

In the following figures, the considerations foil stbmpaction are extended to lower soil water

contents. With dryer soil condition, at 80 % fiedpacity, a very high soil compaction risk is no

longer present (Figure 9a). Soils with a high @k reduced to 32 %. Affected are still tills of

young moraine landscape, marshes, loamy and cllliyial deposits and loess soil with a clayey

silt or silty clay texture with and without charadstics of Chernozem. Loess soils with silt loam
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texture and loess with constituent material are ntagsified as moderate risk as well as the sandy
loams of the young moraine landscapes. Sandy afoilge lower moraine landscape, sandy terraces
and alluvial deposits possess low risk. At a sa@itexw content of 80 % field capacity, low, moderate
and high risk areas consist of one third of theblardand in Germany. With decreasing field
capacity (Figure 9b) the risk of soil compactiocm@ases also. The high risk amounts to 8 % only.
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Figure 9: Threat of soil function in sub soils bynepaction with (a --> left) 80 % field capacity, cb -->
right) 70 % field capacity (dark green = very logreen = low, light blue = moderate, orange = highse =
very high, white = no arable land) (Lebert, 2010)

The soil compaction report is far beyond a classiatential risk study. The combined
consideration of soil mechanical susceptibilityustural properties and soil water content provides
a soil-physical-based approach on compaction ofm@e soils. The assessment of soil compaction
outlines large areas with high compaction riskt thaturn, is a clear indication for an extended
need for action.

Soil contamination

From the past

Since the mid-1980s, Germany has made great effortse remediation of contaminated sites.
However, the federal states of Germany still passaere than 300,000 possibly contaminated
sites. Up to now, 25 % of the possibly contaminaiéds have a finalized risk assessment. For
approximately 10 % of the sites remediation actiaresinitiated or already finished (Frauenstein,
2010). Detailed numbers are summarized in Table 7.
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Table 7 Statistics about contaminated sites im@ay (ALA, 2012)

Possibly Contaminated

contaminated | Contaminated | Remediation | Risk assess- sites in
Federal states sites sites finished ment finished | remediation Monitoring
Baden-Wirttemb. 13820 2275 2780 15902 616 431
Bavaria 16450 1085 1823 5651 992 93
Berlin 5493 982 210 n. a. 75 85
Brandenburg 19763 1465 4189 4409 137 256
Bremen 3532 398 653 1023 37 186
Hamburg 1717 557 438 3223 153 149
Hesse 1035 460 960 2141 264 69
Mecklenburg-W. P. 5802 1010 1197 1847 363 575
Lower Saxony 88921 3492 2023 4608 407 596
North Rhine- 81825 n. a. 6213 21292 553 n. a.
Westph.
Rhineland- 11651 324 152 6943 172 71
Palatinate
Saarland 1977 456 156 379 35 64
Saxony 19672 592 2991 6745 408 675
Saxony-Anhalt 16428 193 1739 3780 75 55
Schleswig-Holstein 13689 330 968 2570 75 73
Thuringia 12078 790 845 4992 280 75
Sum 313853 14409 27337 85505 4642 34538

Heavy metals and nutrients

According to Federal Soil Protection and Contanidmardinance (BBodSchV, 1999, Appendix

2) an essential basis to derive and to update sdbreprevention, evaluation and application is the
knowledge about representative but natural ocagitvackground concentrations of contaminants in

soils (LABO, 2003).

The study of the Federal Environmental Agency (Biayeld et al., 2008) has evaluated available

data sets depending on the parent material offsoihation, soil horizons, main land use and
settlement structures to derive nationwide and tgwspecific background concentrations of

organic and inorganic matter (As, Cd, Hg, Pb, dtr.Yopsoil, subsoil and underground. Figure 10

shows the background concentration of Pb in topsathdsoil as an example.
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Figure10: Background concentration of Pb in topl smid sub soil (UBA, 20.04.2013)
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Figure 11: Critical load of Pb (a) drinking watergtection, (b) eco system protection (Gauger et20108)

The critical load (CL) represents the effect oflpaints on the environment. The critical load of a
metal is defined as the highest total input ratgriams per hectare per year that is still below a
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limit-rate which will have no harmful effects onrhan health and ecosystems. The critical load
concept demonstrates the sensitivity against niepaits (e.g. Pb) (Figure 11). Based on the total
area of Germany, the CL (Pb) values are mostly &eti0 to 30 g haa' (ecological effects) and
between 20 to 75 g Ha®* (protection of drinking water). For both receptdess than 2 percent of
the values are less than 10 ¢'laé (Gauger et al., 2008).

The risk of effects can only be evaluated by commgaof critical loads with actual inputs. The
deposition input of Pb in 2004 is illustrated ingliie 12. Peak deposition can be detected in the
urban industrial areas in western Germany (Ruha,e8aarland, Bremen, Hamburg, Berlin). Lower
Pb values were measured in the southern part oh&wer (except the Black Forest). From 1995 to
2004 annual average Pb total deposition estimatedegreased by an average of 4.3 %.

[mg ha” a'1]

(| < 3108
[ 3108- 5180
B 5180 - 10360
W 10360 - 20720
- >20720

Figure 12: Deposition input of Pb (Gauger et 2007)

The range of possible inputs from fertilization amts to Pb: 1.8 to 316 g ha'; Cd: 0.4to 4.1 g

ha' a'; Hg: 0.01 to 1.2 g haa’. For mineral and organic fertilization the Pb ihjsuless than 10 g
ha' a'. The critical load (Pb) of arable land is chardztsl at 16.7 g haa’ (ecological effects)
and 18.6 g HAa a' (protection of drinking water). With applicatiorf enineral and organic
fertilization the CL (Pb) will not be exceeded. Fmmpost and sewage sludge the Pb entries are
above 40 g hiha* Therefore, the average CL (Pb) will be exceededfable land (both in terms of
ecosystem and drinking water protection) (Gaugef.e2008).
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Figure 13: Spatial distribution of exceedance dfical loads for nitrogen eutrophication (2004) @Germany
(Gauger et al., 2008)

As shown in Figure 13 an exceedance of the critaaad for nitrogen is given in Germany. Critical
loads for eutrophication exceeded about 95 % ofatlea of sensitive ecosystems. From 1990 to
2010 a small declining trend could be detected.ifguthe last years the N input could not be
significantly further decreased. If this trend ntains the N input will be one of the main threats f
biodiversity in Germany (Figure 14) (BMU, 2009).
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(ILR), Universitdt GieRen, 2012

Figure 14: Nitrogen surplus of agriculture in Germa(UBA, 20.04.2013)

Soil biodiversity

The soil biodiversity and its assessment are fazuss the soil protection law in Germany. The
report about “Determination and analysis of thé gaality in the context of the implementation

and further development of the National StrategB@mdiversity” (Rombke et al., 2012) describes
that an improved monitoring of soil biodiversityl\be extended on the existing permanent soil

monitoring sites (BDF) (Figure 15).
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Figure 15: Permanent soil monitoring sites of Genygpoints: brown = arable land, green = grassland,
dark green = forestry, red = specific sites, aregsey = Alps, light grey = foothills of the Alpsght blue =
north-east lowland, beige = north-west lowland, mge = eastern low mountains, brown = south-western
low mountains, green = western low mountains (Rdardilal., 2012)

The intensification of the monitoring will be usédl define suitable biological indicators and to
assess soil quality on the one hand. On the othed meference values will be established to
evaluate if the soil fulfils the habitat functiohhe monitoring of soil biodiversity is not centsall
organized in Germany (Table 8).

Table 8 Investigation of soil biological paramsten permanent soil monitoring sites in Germany
(2008) and percentage of the total numbers of peedederal state (Glante, 2008; ROmbke et al.,

2012
Fed)eral Microbial basal metabolic |Lumbricida| Small Collembola| Nematoda | Enzyme
states biomass |respiration | quotient annelida activity
(Enchy-
traeidae)
BB 30 (83%) | 30 (83%) | 30 (83%) | 30 (83%)
BW 156 (98%)[156 (98%)|156 (98%) 156 (98%)
BY 133 133 133 133 133 133 133
(100%) | (100%) | (100%) | (100%) (100%) | (100%) | (100%)
HH 3 (100%) 3(100%) |3 (100%)
HS
MV 1(n.a.) 1(n.a.) 17(n.a.) |17(.a.)| 17(n.a) | 17 (n.a.)
NI 90 (100%)|90 (100%)|90 (100%)
NRW |20 (100%)|20 (100%) 20 (100%)| 20
(100%)
RP 2 (13%) 2(13%) | 2(13%) | 2(13%)
SH 38 (100%) |38 (100%) 38
(100%)
SL
SN 5 (9%) 5 (9%) 5 (9%)
ST 69 (99%) | 69 (99%) | 69 (99%) | 69 (99%) 40 (5/%)
TH 32 (100%) |32 (100%) |32 (100%) |32 (100%) |14 (44%)| 14 (44%) | 14 (44%) | 14 (44%)
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In several federal states of Germany such as Badattemberg, Brandenburg, Bavaria, Hamburg,
Lower Saxony, North Rhine-Westphalia, Schleswigdtiih and Thuringia a substantial amount of
BDF data is available. However, in other statesononly a few investigations were conducted.
Turbé et al. (2010) criticised the decentralisechitooing and the often practiced case-by-case
basis. As Gardi et al. (2009) postulated the biedity monitoring with different approaches in the
Germany federal states results in gaps and samifegences.

Therefore, the mentioned report of the Federal f®nwental Agency included the BDF and
literature data about four soil biological groupsliembola, oribatida, lumbricida, enchytraeidae).
The bio-geographical distribution of selected sgeaf these four groups and their occurrence were
assessed depending on the most important locaitiorg (land use, pH, texture, organic content).
Based on statistical analysis, reference valueg wearposed that are differentiated by habitat type
or land use (Table 9).

Table 9: Reference and abundance values of oréb&bd different biotope types as an example
(Rémbke et al., 2012)

Reference value deciduous forest coniferous forest grassland arable land
Sites 40 8 21 4
Abundance

Mean 31000 46000 5800 750

Lower level 3500 14500 2300 400

Upper level 113000 125000 10000 1200
Number of species

Mean 53 52 20 7

Lower level 25 43 8 4

Upper level 92 67 34 10

The biodiversity of three groups (except collembak this species is not representative for
Germany), is fully recognized in the analysed daterefore, the use of oribatida, lumbricida and
enchytraeidae for soil biological site classifioatiand assessment is recommended by the report
due to the high diversity and high ecological ralee.

Despite of the recommendation the report summarizedollowing deficits: (i) the geographical
distribution of study sites is very heterogenedtigure 16), (ii) the permanent monitoring sites do
not provide data about collembola and oribatidah# time, (iii) microorganism’s data are not
suitable for the evaluation of biodiversity.
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Figure 16: Sites with soil biodiversity data (Rorate al., 2012)

To establish a sustainable monitoring of soil bredsity in Germany, the survey of a representative

data base for reference value should be pursueslp&€hmanent soil monitoring sites represent a

suitable base grid. 344 sites are located in anad¥eareas, 146 in grassland 247 in the forest, the
rest is situated in special habitats.

The report also summarized the following recomménda about the monitoring of soil
biodiversity in Germany in terms of a further deywhent: (i) embrace more agricultural sites as
they are currently underrepresented, (ii) realatf a cross-national approach of monitoring.

The BDF program is an excellent basis. With the tineed extensions a comprehensive biological
monitoring for sustainable suitability of soils ¢dibe realized in Germany.

With the help of the already existing point dat@wathbearthworms and raster data of climate, soil
and land use a map about the appearance and b®tivef earthworms for Germany was
estimated (Figure 17). South and southwest of Geymsadominated by all forms of earthworms.
The central part of Germany is characterised bgiarend endogeic lumbricida. Depending on the
soil types the northern part of Germany only encassps endogeic species.
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Figure 17: Appearance of earthworms in Germany Hase locations (points) and site properties (climat
soil and land use), (blue = aneci, yellow = endageed = epigeic, green = anecic + endogeic, pinkrecic
+ epigeic, orange = endogeic + epigeic, brown = fdtms, grey = urban areas) (Rémbke et al., 2012)

Soil covering/ sealing

The soil covering in Germany consists of 53 % adtical area, 29.8 % forest, 12.8 % urban area,

2.3 % water bodies and 2.1 % of other areas in .26 1992 to 2007 urban areas increased to
16.1 % (1.1 % per year) due to urbanizational dgraknt. This corresponds to an average increase
of 118 hectares per day during this period (settignarea = 95 ha per day, traffic = 23 ha per day).

In general, the growth of urban areas resultsde@ease of areas with agricultural use in Germany
(BMU, 2009).

The adhoc-Working Group on Soil (LABO) estimateaté&dorigin from the year 2006) a national
average of sealed areas of about 46 % for settiearhtraffic. In absolute terms, sealed urban
areas amount to around 21,000 km? of the total @ird&,548 km2. This represents about 6 % of the
federal territory. But also unsealed settlement taffic areas are often compacted by intensive
use, contaminated with pollutants or denaturedherovay.

According to the latest data (end of 2007) from Heeleral Statistical Office, the settlement and
traffic area contains 13.1 % (46,789 km?) of thit @@a of Germany (357,104 km?).
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A continuous increase of urban area in the lastsyeaused a range of negative environmental and
economic effects. E.g. important habitats for flaral fauna as well as agriculture and forestry were
reduced, which are important for food production vasll as resources and energy supply.
Moreover, the associated fragmentation of the leags may lead to a decrease of species and
habitat diversity.

Therefore, the reduction of land use for settlenagmt transport is one of the seven priority goalthe
National Sustainable Development Strategy of thdeFd Government (established in 2002). The
objective of the federal government of Germanyisstduce the average claiming of 120 ha per day ove
the last 12 years to 30 ha per day in 2020 (Fidg@&)e The on-going report of the German Government
2012 shows a further decrease. For 2007 to 2010d#ilg average claiming amounts to 87 ha
(Bundesregierung, 2012).
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Figure 18: Daily claiming of urban areas (red = #etent, grey = traffic, green = other, blue = aiof
2020) (BMU, 2009)
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Introduction

To carry out the review of soil degradation prokdeim Europe and Italy we have collected and
analysed published European-level and national-léermation, starting from the following
tentative list of potentially important issues:

e erosion;

* decrease of soil organic matter content;
¢ reduced drainage;

e concentration of heavy metals;

* |andslides;

+ salinisation;

¢ soil acidification

The information available about these issues isudised in this document. For some of them we do
not recommend the inclusion in CATCH-C as relevamitdegradation problems in Italy.

For some of the other issues (those that are impprive have attempted at linking the degradation
problems at the ENZ (agri-environmental zoneswioich we have used the version sent by Renske
in May). It is important to note, however, that tlivek with ENZ was made on the basis of our
knowledge, in a rather qualitative way. A more rmes link between the soil degradation problems
and the ENZ (or FTZ) could be more clearly estéigids using a GIS to link the two maps
(degradation problem and ENZ or FTZ). There is prablem to do that, though: we do not how
many of the maps that we have found so far ardablaiin a format that can be processed with a
GIS.

Besides the review of information at the Europead Halian scale, we have also made some
inquiries at the regional (NUTS2) level, for whiale report some examples. The region does not
appear, however, as a reasonable scale for fustheeys in CATCH-C. The problem in Italy is
that most of soil surveys have been carried ouhatregional level, and it is difficult to find
aggregated information at the national level.

After we will have received a first feedback onstiprreliminary version, we may better detail (if
needed) the link between soil degradation problents crop management. Let us also remember
that the definition of ENZ and FTZ might changdhe near future.

European-wide sources of information

One source of maps for soil thrédtss that maintained by the JRC within the Europ&an
Portal®. These maps are cited below in this document.

" http://eusoils.jrc.ec.europa.eu/library/themeséBitsMaps. html
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We have also found an interesting review about maoihitoring in Europe and its harmonisation
(Morvan et al., 2008).

Regarding the texture map that is shown on the faao Soil Portdl, we have verified and
confirm that information on soil texture is not @t for northern Italy.

Erosion

Van der Knijff et al. (2000) have carried out a &pean-level estimate of the erosion risk, with
details for Italy available in Van der Knijff et.g1999). The study was carried out using the well
known Wischmeier's equation and parametrising éalty. The cover management factorwas
derived from remotely sensed NDVI values, sepayditelsoil cover classes.

The map obtained in the study by Van der Knijfabt(1999) is reported in Figure. The areas with
the highest risk of erosion are found along thesfdpd the Apennines. When this map is compared
with the agri-environmental zones (Figure ), it denobserved that the areas most affected by the
risk of erosion are those with a typical Meditegan climate, an intermediate soil texture (clay <
35%; sand < 35%) and a slope (“SL4") of 4-7 degi@d$Z12_SL4_TXT2 in the eastern part of
Apennines in the centre and south of ltaly, and ENSL4 TXT2 in Sicilia). In these areas
erosion is variable, with losses up to a maximurd@ft hat yr'l. Most of areas having a risk of
erosion have a slope higher than 4 degrees; thekale areas with relatively low slopes (4-7°) and
areas in the mountain (Alps, Apennines). In the mains, erosion is somewhat limited by forest
cover. The southern region of Piemonte has highlesses (20-40 t hJayr'l); for this area a
regional study reports losses up to 60t mil. Lower erosion levels in the plains (0-1 flhyer'l)

are not without risks, due to the losses of N arida® may be associated to fine soil particles, and
thus induce eutrophication.

'8 http://eusoils.jrc.ec.europa.eu/
19 http://eusoils.jrc.ec.europa.eu/ESDB_Archive/sgiBX T-SRF-DOMa3.pdf
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Figure 1. Actual soil erosion risk in Italy (fromeX der Knijff et al., 1999).
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Figure 2. Major agri-environmental zones (ENZ)taly based on climate, slope and texture (CATCH-C
project, version 22 May 2012).
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Agri-environmental zones of Figure 2 are reportedTable land linked to the risk of erosion
described in Figure. When the final version of Bi¢Zs will be available, we can go back to this
table and update it.

Table 1. Relationship between agri-environmentakesaENZ) and estimated risk of erosion.

ENZ Comment Erosion risk
(t ha yrh)
ENZ11 SL5 TXT2  Alps and Apennines have variablk of from 0-1 until

erosion, with more risk in the Centre and > 40
South of Italy
ENZ12_SL1 TXT1 This area is concentrated in the Po valley; 0-1

and low risk of erosion due to low slope
ENZ12_SL1_TXT2
ENZ12_SL3_TXT2  Spots of average risk, in the Centre 1-10
(Toscana) and South (Puglia) of Italy
ENZ12 _SL4 TXT2 The problem is located in the eastern 10-40
(part) Apennines and the Adriatic coast. It is also
found in Basilicata (southern Italy)
ENZ12 SL4 TXT2 The problem is located in the western 0-10
(part) Apennines and the coast in Toscana

ENZ12 SL5 TXT2  The problem is spread in Southeatyltin 1-20-(407?)
Calabria and small spots in the islands and in
the Apennines of Liguria and Toscana
ENZ13 SL4 TXT2  The problem is mainly found in Seil 5-40

Salinisation

A map of saline and sodic soils (Figure 3) is alzé at the European scale (European Soil Portal,
2012d). At the ltalian level, Dazzi (2006) publigha map of soil salinisation (Figure 4). He
indicated that a larger portion of the nationalaaeompared to the report of the European Soll
Portal) is affected by salinisation, with largeasén Sicilia (about 10% of total area or 250,08 h
Part of saline soils in Sicilia are gypsiferousthe rest of Italy, saline soils are located in ¢bast

in Toscana, Sardegna, Sicilia, Puglia and EmiliaaBgna. It should be underlined, however, that
Dazzi (2006) did not indicate the methodology (seuwtata, calculations procedures) used to realise
the map. Differences with the map provided by theogean Soil Portal may be due to the fact that
Dazzi (2006) might have included areas with bottary and secondary salinisatfn

20 galinisation “is the accumulation of soluble sadtssodium, magnesium and calcium in soil to
the extent that soil fertility is severely reducd@uropean Soil Portal, 2012d). “A distinction can
be made between primary and secondary salinisgtfonessesPrimary salinisation involves salt
accumulation through natural processes due to d tgglt content of the parent material or in
groundwater. Secondary salinisation is caused by human interventions such as inappatsr
irrigation practices, e.g. with salt-rich irrigatio water and/or insufficient drainage”.
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Saline and Sodic Soils in European Union
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Figure 3. Map of saline and sodic soils in Europeé#rion (European Soil Portal).
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Figure 4. Distribution of saline soils in Italy (2ai, 2006). In Sicily gypsiferous soils are incldde well.

The problem of salinisation is concentrated intreddy small portions of Italy, and therefore we do
not recommend further analysis in CATCH-C for oation.

Decrease of soil organic matter content
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For the whole Europe, a map of soil organic magttimates in topsoil (Figure 5) was developed
using data of the European Soil Database (Jonals @003 and 2005) and is available on the JRC
web site (European Soil Portal, 2012c).

Ii J HCTOPEDIL ORGANIC CARBON CONTENT
g Caibon

Figure 5. Map of topsoil organic carbon concentoati(European Soil Portal).

These concentrations of soil organic carbon artheeicompared with an ideal threshold nor are
available for two or more moments in time. For tidason, it is not easy to use them to identify a
soil degradation problem.

For Italy, Fantappié et al. (2010) estimated sajboic carbon stock (CS) variations during the last
three decades (from 1979 to 2008) and related tteeland use changes. They used 20,702
georeferenced and dated observations (soil profded minipits) of soil organic carbon
concentration and then spatialised point infornmatising geographic attributes (decade, land use,
SOTER morphological class, soil region, soil terapane regime, soil moisture regime, soil system
lithology, soil temperature, soil aridity index, carelevation) to obtain estimates of soil carbon
stocks with multiple linear regression.

Of interest for CATCH-C is the time trend of soibanic carbon concentration (Figure 6) estimated
by Fantappie et al. (2010) using multiple lineagression at three decades (1979-1988; 1989-
1998; 1999-2008). Current estimates of soil orgaai®on concentrations are significantly lower
than those of about 30 years ago. As mentionedegbmwever, it is important to underline that
these data were not measured, but estimated basgatanmeasured at different dates and sites, and
combined with a multiple regression approacﬁ £R0.16, showing that the model only explains a
small portion of data variability). The RMSE welfe7@, 45 and 65 Mg C Fiafor the three decades.

Three comments can be made regarding Figure ggijeduction of soil organic C concentration
from 1979-1988 to 1989-1998 might have both enwremal (climatic) and management reasons;
(if) the organic C concentration is lower in sousder arable crops than under meadows: this
suggests that arable crops have the potentialdanadate more C than they actually have; (iii) soil
organic C concentration is lower in some areagady than in the rest of Europe. Figure 7 reports
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the map of estimated SC for the most recent decdd®ying higher C stocks in the mountains
where land use is mostly forest (areas with théadsg slopes, indicated with SL4 and SL5 in the
ENZs of Figure 2) and lower stocks in the plains.

For all these reasons, due to the importance gprtbielem and to the amount of data available, we
recommend including the issue of soil organic caramong those considered in CATCH-C.
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Fig. 34.7 Soil oreanic carbon content in the three decades considerad and land uses. Dafferences
between means are all statistically different (P < 0,01, or P < 005, between arable lands in decades
Il and 1), excepl for the difference between forests in decades 11 and 111

Figure 6. Soil organic carbon concentration in ltah three decades for three land uses (Fantappi@.e
2010).
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Figure 7. Soil organic carbon stock of Italy (t @'h in the decade 1999-2008 (Fantappié et al., 2010).

An example of regional-scale survey of soil organatter is that available for Abruzzo (Marchetti
et al., 2012). The Lombardia region (Brenna et &a0D10) has started a project, named
SOILQUALIMON, which aims at periodically monitoringhemical, physical and biological soil
properties. During the first campaign (2007-200@s¢t indicators were measured on samples taken
at 44 sites: pH, organic C and N, carbonates, @vailphosphorus, heavy metal concentrations (Cd,
Cu, Mn, Ni, Pb, Zn), C in microbial biomass, sakpiration, metabolic quotient, mineralisation
coefficient, electrical conductivity, bulk density.
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Another example of regional soil data is that afrRonte. There are two web pagé¥ reporting
soil maps at the 1:250,000 and 1:50,000 scale.n€@ir@st for CATCH-C are those of topsoail
organic C stock, pH, carbonates, drainage andrextu

Soil acidification

The JRC created a quantitative magFigure 8) of estimated soil pH values across perby
spatially interpolating 12,333 soil pH measuremeinten 11 different sources (European Soll
Portal, 2012b).

N

Figure 8.. Map of estimated soil pH in Europe (Euean Soil Portal).

The problem with this map is that it is availabldyofor one moment in time. Comparisons are not
possible with other moments, and therefore it ispussible to evaluate if acidification is on gaing

The box plot reported in Figure 9 shows that h&léstimated pH values for agricultural soils lie
between about 5.5 and 7.2.

2 hitp://www.regione.piemonte.it/agri/area_tecnianestifica/suoli/suolil_250/atlante_carto.htm
22 hitp://lwww.regione.piemonte.it/agri/area_tecniaestifica/suoli/suolil_50/atlante_carto.htm
% http://eusoils.jrc.ec.europa.eullibrary/data/plseces/ph2.jpg
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pH measurements by land use
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Figure 9. Boxplots of estimated pH (Calfor different major land use categorfés

We did not find a study at the national level disiog acidification problems of Italian soils. We
do not expect acidification to be a major probleinsail degradation in Italy. Data comparing soil
pH (measured or estimated) in different years assing. We conclude that at the moment it is not
recommended to include this issue among those aemesl in CATCH-C for ltaly. We can
probably try to gather some information from thelgsis of literature about LTE, to understand
how strong was acidification in Italian soils folling different management options.

Landslides

The Consiglio Nazionale delle Ricerche, IstitutoRicerca per la Protezione Idrogeologica has
developed since 1990 a database of historicalnmton on landslides and floods in Italy, known
as the National Research Council's AVI (DamagedddrBreas) archive (Guzzetti, 2000; Guzzetti
and Tonelli, 2004; IRPI, 2012). The database cosgstematically the period 1917 to 2000, and
non-systematically the periods 1900 to 1916 and 20002 (Guzzetti and Tonelli, 2004). A web-
based GIS system shows an estimate of geo-hydealogie. landslide and flood) risk in Italy
based on the available historical information (FgguRPI, 2012). The maximum susceptibility
occurs in ENZ areas with high slope (“SL5”). Thare also problems of landslides in Sicilia and
along the western coast of Italy, where slope iswelo (ENZ13_SL4 TXT2,
ENZ 12 SL4 TXT2:Figure 2). The plains of the Polesaland of Puglia have the lowest
susceptibility (0.0 - 0.2) and are characterisetblyslopes.

It has to be discussed if this soil degradatiorblemm is relevant within CATCH-C. On the one
hand, as far as we know none of the LTEs in Itailyh &rable crops is dealing with this problem.
On the other hand, management options used inudtgiie can contribute to prevent landslides.
Therefore we are rather uncertain if this issuaikhbe included in CATCH-C.

% http://eusoils.jrc.ec.europa.eu/library/data/ph/
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Figure 10. Italian landslide susceptibility (IRR1Q12: http://webmap.irpi.cnr.il.

Reduced drainage and compaction

On the European Soil Portal (2012a) a MgFigure 11) is available that shows the natural
susceptibility of agricultural soils to compactidrthey are exposed to compaction. Therefore this
map is more that of potential rather than actuahmaction. “The evaluation of the soil’s natural
susceptibility is based on the creation of logicalinnections between relevant parameters
(pedotransfer rules). The input parameters forehmsiotransfer rules are taken from the attributes
of the European soil database.”

% http://eusoils.jrc.ec.europa.eu/library/themes/paation/Resources/Compaction_300dpi.jpg
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The natural susceptibility of soils to compaction
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Figure 11. Natural susceptibility of soils to consian (European Soil Portal).

Moreover, Jones et al. (2003) have elaborated &adeto estimate vulnerability of subsoils for
Europe, and have provided a provisional map (Fig2je

Despite having few local data available for Italye think that soil compaction is a degradation
problem that we should deal with in CATCH-C, duetsbagronomic importance in our cropping
systems.
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Figure 12. Provisional map of vulnerability of suiigo compaction (Jones et al., 2003).

Concentration of heavy metals in the soil

The only report we have found with soil concentmatof heavy metals is the work by Rodriguez
Lado et al. (2008). They have carried out a geissital interpolation of 1588 georeferenced soil
samples to model the distribution of eight crititelavy metals (arsenic, cadmium, chromium,
copper, mercury, nickel, lead and zinc) in topsoil.

Morvan et al. (2008) cite the work that is carrieat in the EMEP programme: “Deposition of
heavy metals can cause soil contamination. The Eldi®&Bramme notably focuses on providing
monitored and modelled data on concentrations, siepoes and trans-boundary fluxes of heavy
metals (llyin et al., 2008) (...) in Europe. It relies on three main elemeti® collection of
emission data, the measurements of air and pratigitquality and the modelling of atmospheric
transport and deposition of air pollution. (...)eTEMEP programme provides data on annual
averages of lead, cadmium and mercury concentgiioair and annual averages of lead, cadmium
and mercury depositions.”

In a work carried out for the Italian region of Lbardia (Sacchi et al., 2007) the concentration of
cadmium, copper, nickel, lead, zinc and manganesemeasured in about 1000 soil profiles that
had been sampled previously during the preparatiqredological maps. The results have shown

26

http://www.msceast.org/reports/2_2011.pdf?00abd2858fb401alaac822a594df=7904d337d073d2a5db08
bd1083d61e3c

193



CATCH-C Catch-

No. 289782
Deliverable number: D2.242 c

16 April 2014

that: (i) in general (with the exception of soildtovated with grape) heavy metals concentration in
soils is largely below the thresholds commonly fiim legislation; (ii) enrichment in heavy metals
in agricultural soils can be observed near urbatres; (iii) the contribution of agriculture to hea
metal contamination exists, but it is limited t@as with grape cultivation and intensive livestock
grazing; (iv) the contribution due to industriatigities and traffic appear much higher.

Water quality

Finally, we plan to review also the sources of infation describing water quality to take into
account the effects of inappropriate soil and crognagement through measurable variables
regarding water bodies. We believe that this suisémportant, even if water quality itself is reot
soil degradation problem.

We believe that data are available at the natitaval in Italy for nitrate, phosphorus and pestcid
concentrations in the water.
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Soil degradation problems in the Netherlands
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Introduction

In anticipation of the upcoming EU Thematic Strgtény Soil Protection in 2006, the Ministries of
Agriculture, Nature and Food Quality (LNV) and Hogs Spatial Planning and the Environment
(VROM) requested in 2004 a study on the soil statfishe Netherlands related to the issues
mentioned in the Strategy (Romkens and Oenema 206y study was then used to initiate quick
scans on those issues that needed to be cons@erenling to the EU Thematic Strategy for Soil
Protection but which were not yet or insufficienthgluded in the Dutch soil policy (Bouma 2006,
Hendriks 2011). In 2006 the Ministry requestedugtto identify which topics were relevant for
the Dutch situation (Wesselink, et al. 2006).

This document will first present the results of theck scans, then summarize the publications on
the identified threats according to the Governnudrihe Netherlands (Bodem en ondergrond 2012)
followed by a summary of the issues of the EU Stihtegy not considered a threat at the moment
according to the Government of the Netherlands.

Basic publications

The report “Quick scan soils in the Netherlandsereiew of the soil status with reference to the
forthcoming EU Soil Strategy” by Romkens and Oenég@4) is one of the first documents that
provides an overview of the soil status addresgiegopics of the upcoming EU Soil Strategy:

(1) soil organic matter, (2) soil pollution (metals , nutrients, atmospheric N and S deposition
and pegticides), (3) soil erosion, (4) soil compaction, (5) soil biodiversity, (6) soil salinization and
(7) soil covering (sealing).

For thedecrease of organic matter(1), they stated that “most soils in the Nethetkahave a fair

to large amount of organic matter, because sodsfentile, and receive organic matter via crop
residues and animal manure. The large import ahalhfeed for the large number of pigs, poultry
and in part callte in the Netherlands also contébuo the input of organic matter to soil. Yefi|so
on average are loosing organic matter, as a coesequof drainage of peat soils, intensive
cultivation and uneven distribution of crop resisled animal manure. Especially peat soils are
loosing organic matter through the oxidation oftgea

For soil pollution (2) they stated that “Inputs of nutrients and lyeaetals to agriculture (2 million
ha) exceed the output via harvested biomass, legand natural decomposition. As a result soils
have become enriched, especially with phosphordshaavy metals. It has been estimated that 2
million ha of land has heavy metals contents i @it impair soil funcitons. An estimated 1.3
million ha are phosphate saturated soils whereaPhlag loss exceeds or will exceed ecological
tolerable limits.” The protocol to estimate phosehsaturation of sandy soils (Van der Zee, et al.
1990, 1990) has been approved where for clay godisvas at the time still under consideration.

For soil erosion (3) the stated that “soil erosion through overldlmdv and wind is locally of
concern in the hilly I6ss area in the south andhm reclaimed peat lands in the Veenkolonién,
respectively”.

For soil compaction(4) they stated that “soil compaction is oftereault of the heavy machinery
when soil is wet”.
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For soil biodiversity (5) they stated that “soils hold a huge biodivgrsif soil life, but only few
species are known yet. There is evidence thatuaedsoil cultivation and soil pollution has altkre
soil biodiversity. Such changes may have conse@sdios current and future soil functions”.

For soil salinization (6) they stated “a continuing soil subsidenceombination with the steady
sea level rise will contribute to increasing salation of soils and surface waters and will fotoe t
Netherlands to take drastic structural measuréseicurrent century”.

Wesselink et al. (2006) compared the Dutch Polmydoil quality with the upcoming EU Soil
strategy and answered three questions of whicfirdteone was: What are the soil problems in the
Netherlands?

They stated that: “The Dutch soils are charactdrae “man made soil”. The intensive land use in
the Netherlands, especially in the past, has meiya been sustainable. Persistent problems in the
Netherlands are local soil contamination from thetpthe diffuse contamination with heavy metals
and nutrients, and the oxidation of peat soils udrainage. Due to the upcoming climate change,
salinization may become a problem of a consideratdgnitude. Appendix 1 shows in detail the
identified problems, the changes over time, actiaken by the government and how it relates to
the EU Soil Strategy. Appendix 1 also indicates swae themes from the EU Soil Strategy are not
evaluated in the Netherlands and/or estimated taf b@nor importance.

At this moment the Government’s official point déw is that 1. contamination, 2. loss of organic
matter (humus) and 3. the construction of roadsharldings that seal the soil from the outside air,
are the three most important threats of the sodd@n en ondergrond 2012). Soil compaction,
salinization and erosion are considerable threaggticultural soils.

Publications on identified soil threats (Bodem enmdergrond 2012)
Soil contamination
From the past

Van Wezel et al. (2007) indicated that about 400,@@ations are heavily polluted (Figure 1) of
which about 11,000 locations are a yet a threautoans, the so called emergency locations. From
the 400,000 locations approximately 40% is situated agricultural land (Figure 2).

197



CATCH-C

No. 289782

Deliverable number: D2.242
16 April 2014

Dichtheid mogelijk ernstig verontreinigde locaties 2006 e
Density of possibly heavily poll

Aantal locaties per km?

CJo-s & -
[ 5-10
I 10-20
I 20-40
—R

[ ] Geen gegevens

Figure 1: Distribution of the 400,000 locations pested of severe pollution.
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Figure 2: Overview of possible contaminated siteselationship to land use and kind of house (Vaaz#\,
et al. 2007).
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Diffuse contamination by heavy metals, pesticidebrautrients

- Heavy metals: up to 2005, the diffuse contamomatby heavy metals is mainly caused by
agricultural land usewww.emissieregistratie. yjlin particular by the use of fertilizers (syntbet
and organic fertilizers). In 2005 the accumulatadrheavy metals had slowed down compared to
1990 but eventually high concentrations above stahkkvels may occur.

- Pesticides: The objectives for 2010 for the mrvinent and safe handling by workers (Ministerie
van Landbouw Natuur en Voedselkwaliteit 2004) hagebeen achieved although crop protection
has become more sustainable (Van Eerdt, et al.)20Eh Eerdt et al (2012) conclude: “ As a
result of successful regulation, the use of plawtgetion products by farmers and growers has
placed a considerably smaller burden on the enmeot, over the 1998-2010 period. Two-thirds of
the environmental benefits were found to be du¢hto implementation of emission reduction
measures. However, surface waters still contaimtaay residues from plant protection products.
This adversely affects aquatic organisms as wellrexking water. Moreover, growers to date still
pay insufficient attention to risks related to plprotection products and their safe handling.”

- Nutrients: Excess application of fertilizers amdnure increased nutrients in the soils from 1960
to 2000 with 60-100 kg ®s/ha causing about 55% of the agricultural landdas#aturated (Figure 3
left) with phosphate (Schoumans 2004). This ishslyglower than estimated by Romkens et al.
(2004) due to a slightly different definition of géphate saturation on clay soils. N-applications
have induced N leaching to the surface and shafjosundwater (Fraters 2000) and are still
forming a threat (Boumans and Fraters 2011). Mosblpms (Figure 3 right) are found at this
moment at the sandy soils in the south of the Niesthés (Schoumans, et al. 2012).
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Figure 3: Left: phosphate saturated soils in thetiéelands as measured in the period 199®8. For
agricultural land, four classes have been distirstpaid that take into account a criterion for the egof
phosphate saturation for specific types of soih¢@enans 2004). Right: nitrate concentrations meadun
the shallow ground water between 2007 and 2010aomd of the LMM (nationwide monitoring network on
the effects of the manure policy (Hooijboer anddligne 2012))
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Loss of organic matter

The government considers loss of organic mattérreat to soils (Bodem en ondergrond 2012).
Through the loss of organic matter and humus, sdglldoose fertility, biodiversity, water holding
capacity, increase climate change through an isece@roduction of COreleased from humus
breakdown and loose structure which causes erasidriocal flooding problems. The effects of the
loss of organic matter depend on soil types.

The oxidation of peat soils due to drainage

The major concern is that organic matter of peds $declining due to drainage (Kuikman, et al.
2005). The losses were estimated to be 2.2 tomirgaatter per year (Smit and Kuikman 2005).
However, the percentage of organic matter in tiseds is not declining; it is the carbon stock that
is deceasing. The area involved is approximate®,@® ha (Kuikman, et al. 2005).

Soil organic matter in mineral soils

The threat may be a decrease of soil organic medtgent of mineral soils. On average, there is no
decrease of organic matter contents of most sailthe Netherland (Chardon, et al. 2009,

Hanegraaf, et al. 2009, Reijneveld, et al. 2008joalgh the organic matter stock declines on peat
soils. In addition, some areas have suffered fregliding soil organic matter contents as they are
no longer classified as peat soils (Pleijter 2064y. example, from 1980 to 2003 approximately

46% of the peat soils in the vicinity of Schonerbaee no longer classified as peat soils due to
decreased soil organic matter contents (Figur®d)\(ries 2006). Also, some studies indicate that
on sandy soils in Drenthe with potato, bulbs anasgrslight decline on organic matter content
could be found (Hanegraaf, et al. 2009) and thadwme sand in Noord Holland and Zuid Holland

with ornamental crops like bulbs, perennial flowensd ornamentals, organic matter content
declines to below 1% (Pronk 2007, Pronk, et al.220However, for other regions, such as sandy
soils in Noord Limburg and West Brabant, organidtaracontent can be sustained with relative
simple measures (Pronk and Korevaar 2008).
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Figure 4: Organic matter content in the top soillienthe (De Vries and Brouwer 2006)

The “National Soil Quality Monitoring Network”

The National Soil Quality Monitoring Network is arlg term monitoring program with
approximately 200 sampling locations, mostly oni@gdtural land with discernible agricultural
farm types (10 classes) (De Jong and Van der HO6R)2 The network was initiated in 1993 and
two rounds of evaluation have been carried out,inrl®997 and one in 2003. The primary goal of
the network is to monitor changes in soil qualitythe rural area related to diffuse emissions. The
second goal is the description of the current gadlity and if possible the explanation of the
current soil quality.

Soil covering

The Quick Scan on soil covering/sealing (Bouma 20@6ealed that a policy exclusively on soil
sealing was not in place at the moment (2006) qréparation but that the issue was addressed
from adjacent policies like the prevention of trmulby flooding or special planning. In these
adjacent policies measures are in place that pteven regulate soil sealing.
The Technical Committee Soil Protection (TCB) wakeal by the Ministry of VWA in 2008 to
investigate the effects of soil sealing and to prepan advice on the effects of soil sealing (TCB
2009). The TCB displayed the benefits and burddnsoid sealing. The study also showed that
methods to evaluate “soil sealing” are not standacdand that national data on soil covering in the
sense of soil sealing are not available. Howevaset on recent studies on green areas related to
postal zones, the TCB estimates that soil seadimg general approximately 20% for rural areas and
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approximately 80% for urban areas (TCB 2009). Mwsls are covered due to urbanization. It is
therefore that the TCB has carried out a study Wwigimposed to set limits on soil covering in
newly developed urban areas (TCB 2010). In additoodecision support tool was developed for
rural areas to mitigate effects of soil sealing emosystems services and to provide boundary
conditions for the mitigation measures (Huijsmasl. 2011).

Publications on additional soil threats
Soil erosion

The threat on soil erosion may be due to wateraandind erosion. Soil erosion due to water
erosion occurs in the hilly part of the Netherlamishe south. Estimates of the loss of soils into
water basins for the Etzenrade catchment in ZuidHuirg was approximately 14 tons per ha per
year on average, 418 tons/ha over a period of atsy®e Roo 1991). In addition, eroded soil from
the top of the hills is deposited onto the lowezast in the valleys. The maximum erosion rate
associated with this process were to be up to 456 per ha per year and the deposition rate at the
lower areas of the valley was approximately 145stper ha per year (De Roo 1991). This
corresponds to a maximum loss of the top soil greximately 0.8 to 1 cm per ha per year from
the top of the sloped fields. For arable fieldseaosion of 24 tons per ha per year is estimated
(Geelen and Swets 2006) and Reubens et al (20f)@esulosses of 10 to over 20 tons per ha per
year although no reference is given for theserlai@ies. Soil erosion due to water erosion is also
identified to contribute to the emission of nutterto the surface waters (Koopmans, et al. 2012).
Soil erosion due to wind occurs in the Reclaimedt Pastrict (Veenkolonién, North East) (Riksen
2006), on dune sands (West and coastal area) aaddsser extent on the sandy soils in West
Brabant and Zuid-Limburg or on arable farms sitdateopen and wide landscapes (Hessel, et al.
2011). Soil erosion due to wind is characterizedhdscal problem confined to arable land. The
Agricultural Union for arable crops (Hoofd Prodwdtap Akkerbouw, HPA), governed by public
law with regulatory powers (www.productschapakkesleml), forced farmers and growers to cover
the land to prevent wind erosion (green manureawstmanure, etc.) (HPA 2003). However, this
obligation has been lifted in 2003 as these measwaee become general practices by growers and
farmers involved (HPA 2003).
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Figure 5: Overview of the area in southern Limbuvjere mandatory actions apply to prevent erosioA (P
2008)

The regions southern Limburg (runoff) and the Vedokién (wind) are suggested to become
priority areas for soil erosion (Hessel, et al. BO1PA and PT (Productschap voor de
Tuinbouw/Agricultural Union for vegetable groweedso governed by public law with regulatory
powers (www.tuinbouw.nl)) have anticipated on swdsion problems in Zuid-Limburg (Figure 5)

and developed legal obligatory measures to mitigeffects (Productschap Akkerbouw and
Productschap Tuinbouw 2011, PT 2009). From 201&wa regulation comes in place that bans
arable production on slopes >18% and introducesdatarny non-inversion soil management
practices in combination with green manures. Initaaid specific problems will face additional

measures such as grass strips as buffers andlectmt ponds for runoff waters (Anonymous
2009, Productschap Akkerbouw and Productschap duini2011).

Soil compaction

This threat may be the loss of soils by irreveesitbmpaction. Compaction of soils can happen in
the top soil or subsoil. Top soils are frequentpdened and therefore less likely to become
irreversibly compacted as compared to subsoils &m Akker and De Groot 2008). At locations

in fields where heavy machinery is turning, sulssweibere even more compacted. An inventory on
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the compaction of subsoils showed that compacsolikély to occure on sandy soils and loamy
soils (Boels, et al. 1982). The total area at fisksubsoil compaction is estimated at 340,000 ha.
More recently, a risk assesment was done to e&tithat susceptibility of subsoil compaction with
three methods (Hack-ten Broeke, et al. 2009). Tdrelasion was that large parts of the country
were susceptible to subsoil compaction based derdiit methods to estimate subsoil compaction
(Figure 6), but that hardly any measurements aaédadole to support that conclusion. More detailed
maps with the risk of subsoil compaction in th&edent rural areas of the Netherlands have
recently been completed (Van den Akker et al., 2013
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Figure 6: Susceptibility of subsoil compaction thsm texture and packing density ratings relatedhie
Dutch soil classification using the method of SICD@op left), Spoor et al. (2003) (top right), Jeret al.
(2003) (bottom left) or measured bulk densitiegt@o right (Hack-ten Broeke, et al. 2009)).

A historical overview of soil compaction is giveg Wermeulen and Van den Akker (2010). Based
on the development of machinery, they estimatedctienged pressure in the top soil and the
subsoil. The results show that compaction due tochinary has changed from 1980 compared to
2010 (Figure 7).
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Figure 7: Estimated changes in soil compaction ttuehanged machinery (Vermeulen and Van den
Akker 2010).

From Figure 7 it can be concluded that compadtiotie subsoil only slightly increased between
1980 and 2010 for machinery in the field with higlads per axes compaction has considerable
increased. These results are based on technidaispions of the available machinery. However,
it is unknown what the actual fleet of machineryagmicultural farms is, what tire tension is used
and to what extent the machines are used on tlus fie

Soil biodiversity

Biodiversity in general has been under considemafior some time due to the action plan
Biodiversity 2008 — 2011 (Anonymous 2012) in ordercomply with the EU regulation. Soil
biodiversity is part of this action plan and seV@mjects have been carried out to investigate soi
biodiversity. Initiatives focus on biological sajluality, how to measure and evaluate biologicdl soi
quality and how biological soil quality can be udedits advantages in agricultural production
systems (Rutgers and Dirven-van Breemen 2012).0Af8h closely related, biological soil quality
differs from biodiversity. Biological soil qualitincludes both biodiversity (number of species) as
well as biomass (of micro organisms) whereas bgrdity not necessarily includes biomass. With
respect to biodiversity related to agriculturaldarse, only indirect relationships have been found:
biodiversity declines when soil organic matter éases or when soil compaction increases and
decreased biodiversity is expected to reduce thealled “ecosystems services” (Rutgers, et al.
2009). Levels of organic matter and compactionctosely related to soil type and the intensity of
the agricultural systems. On clay soils higher piganatter contents coincide with higher levels of
biodiversity, irrespectively of agricultural systgimusbandry of arable) whereas on sandy soils no
clear relationship was found.

Biodiversity is at the moment not considered aahes such, but the issue is taken care of through
the threat ‘loss of organic matter’, mentioned émggraph 3.3.

Soil salinization
Expected threats of salinization of soils are ezlab the salinization of surface water bodies and

the groundwater resources. There are basicallyléwels of the threats identified (Brouwer and
Huitema 2007): 1) at a local scale and 2) at anatiscale.
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The local scale

The salinization of surface water bodies is relatedhcreased temperatures and drier conditions
during the summer (Klopstra, et al. 2005). In thpeeods there is a shortage of fresh water in the
water bodies in addition with low water tables loé tivers and subsequently low supply of fresh
water. As sea levels are expected to rise thesirtietsupply the fresh water bodies will be

increasingly infused by sea water and the watenielsodecome salter. That salt will eventually

salinize the soils. However, at the moment thigahis small and not considered an immediate
threat or priority. It is put on the agenda for 20f the National Water Plan combined with the

effects of climate change in the Netherlands (2010)

The national scale

The expected rise of the sea level will likely iodusalinization of fresh groundwater bodies
through 1. salinized surface waters and 2. Infusibsea water through the dunes into the fresh
water bodies (Van der Hoek 2012) and thus threagettie fresh water reservoirs for drinking

water. In addition, sea water infusion may evempuako lead to salinization of agricultural soils.

Where salinization is considered a threat of ther&y drought and flooding are problems that have
the attention of politicians right now. Approximbté0% of the countries area is susceptible to
flooding and that includes the most economic actpst of the country, the west coast

(www.rijksoverheid.nl/onderwerpen/deltaprogrammalei@ing-deltaprogramma). Concerns were

transformed into actions and the national Deltapnogwas initiated. The program aims at a save
and attractive country to live, work and invest Tm make this possible an integrated strategy is
chosen between safety and fresh water supply, iked dnd ground water table control.
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Appendix 1l:dentified soil degradation in the

Netherlands (gé&disk, et al. 2006).

Problems

Trend

Policy in the Nederland

EU
Strategy

[da)

paddlest
practices

managemer

—

Local historical chemical contamination: many locas in the Netherlan
are contaminated due to various actions in the pastestimated that 55,0
locations have heavily polluted soils (Van Wezekle2007).

The Dutch sanitation target is known and thg
progression is evaluated. During 200@004 5,18
polluted sites were cleaned (De Vogel, et al. 2005)

The Dutch policy is registered has in the law onl
Contamination end the applications in the Orde
Council and regulations. The aim is to finish
sanitation process in 2030. The current speedaxfrps:
seems sufficient.

Strategy, aim and drawp
a remediation program

INot relevant

Decline of organic matter: The Netherlands has GID,ha of land with
high percentage of organic matter, >10% (peatyskoilThese soils a
susceptible to oxidation followed by a decreasethefpercentage afrganid
matter which leads to lower soil levels and incega<CQ-emisions

In most regions of the Netherlands the percentd{No specific policies exist on the conservation ofamic|

organic matter stabilized since the7@lthough har
evidence is lacking. On peaty soils the amoun
organic matter is deeasing due to lower ground wg
levels. The fall of the soil level in the westeraapy
grassland area is on average 1 cm per year.

matter in soils. On peaty grassland, falling seilels b
ped oxidation is a known problem for which long te
solutions are being developed in several pd
documents in different governmental department
crucial instrument is the decisions on the watdel
levels, issued by the Dutch water boards for aopleaif]
approximately 10 years for specific regions.

Identify risk area’s, dray
up action plans and exec]|
these actions plans.

No removal of crop residues
Use of green manures
Increase water table on peaty soils

Include crops that have more cl
residues(silage corn to corn for cori
only)

Wind erosion area’s sensitive to wind erosion are locatedhe east g
Northern Brabant and the peaty soils in Groning&hBrenthe. Wind erosi
is a small scale phenomenon in the Netherlandsists only on paty area
during dry spring times or dry falls for a few afy$ per year.

Unknown. Small scale phenomenon

Since 2003 a regulation on wind erosion has
withdrawn (HPA 2003) The measures like soil co
with green manures, straw, crop resd or manure a|
common practies these days on wind erosion sens
soils of bulb growers and in the peaty area’s.

As above

Use green manures/cover crops, stral
cellulose

Water erosion: water erosion is an issue on tHg pdrt in the soth of the
Netherlands. Estimated of de Roo (19%4sed on long term measurem
suggest an erosion of approximately 0.8 to 1 cnypar.

Unknown. Water erosion is not monitored.

In Limburg regulations on erosion prevention
effective (HPA 2003, PT 2004Farms have to comp
with these regulations in order to apply for incqg
support within the CAP (Common Agricultural Poli
regulations (cross compliance).

As above

Use of Cover crops

No arable crops on slopes < 2%

Soil compactionFine textured st and medium textured soils are suscep|
to compaction. Up till now, quantitative informaticon soil compactio|
problems and slacking is lacking.

Unknown. Soil compaction is not monitored.

There are no policies related to soil compactioail
compation receives attention in agricultural practice{
machinery increased in weight. The compaction d
increased weight of agricultural machines is foaraple
compensated through lowered tire tension.

As above

Use of reduced tire tension of machin

Salinization irrigation does not contribute to salinizationtire Netherland
However, in the western part of the Netherlandsy/ssepage contributes
salinization. At the moment fresh water bodies stamd the salty seepage

only incidentaland local salty seepage reaches the upper so#sd ¥isse
and subsequent loss of income related to salty agee@re yet limite]
(Klopstra, et al. 2005).

Salty seepage may increase in the future due igirg

sea water table, soil level decrease, the extraatipquality as well as the quantity, have developedhibbet|

fresh water for irrigation and in periods with reed
precipitation.

The Dutch water boards, responsible for the locatey|

procedures to maintain salt levels in the wateridoadg
low as possible.

As above

In the future: use salt tolerant crops

Soil sealing: bybuilding houses, offices, business’s and roadsls saig

In the Netherlands, soil sealing increases as than

There are no or only limited policies that expliciare|

Take suitable actions

Not relevant

ery
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sealed. About 14% of the surface in the Netherlandovered (or senjarea increases.

covered) by building (Centraal Bureau voor de Statk 2003) Within the
EU only Belgium has a more land covered by building

targeting the reduction of soil sealing. In the @upolic:
for special planning and for water, several gui
contribute to the awareness of and economical d
soils and subsod. These policies indirectly limit tl
effects of soil sealing.

limit soil sealing or to limi
the effects of soil sealing.

Diffuse contaminations:

Heavy metals: there is a net increase of heavylseteagricultual soils du
to the use of fertilizers. This does not resulthi@ loss of agricultural soils yi
or to problems related to food quality. Exemptiame the delta area’s of {
main rivers and area’s with large scale historiddfuse contaminatior
(Kempen and the western peaty grassland area’s, xamaitely 8% of th
countries agricultural land). Agriculture is thedast source of (registere
emissions of heavy metals to the soil (Emissiotistegion 2005).

Crop protection: crop protection residues above¢s&lue standard are foy
in 1.7-3.5% in the food produced in the Netherlands, ayeddo daily intake
In the surface waters, one or more crop protectsidues above the value
the Maximum Allowable Risk level (MTR-value) wereuind in 20032004 a
approximately 50% of the sampling locations (MNBPQ@&a).

The loading of agricultural soils with heavy metslisn
2003 reduced with 40% for zinc, 50% for copper
80% for cadmium comped to 1990 (Emissid
registration, 2005
But heavy metal contents are still increasing. Tihee

frame to which this can lead to exceeding standasifertilizers

relatively long. The contamination of the soil gystb!
crop protection emissions is reduced with 78étweer
1998 and 2005 (Van Eerdt, et al. 2006)

The supply of zinc and copper is regulated sincel.
through limits on heavy metal contents in animadd
The supply of cadmium decreased as phosphateZer|
use decreased (following the Dutch fertilizer apgicn
regulations, including manure) and though the usE-
low in cadmiun
In addition, the EU water Framework Directive magd
to a further reduction of diffuse contaminationssiils|
through future standards of priority substances inew/
The policy on crop protection products inclu
regulations on admission of use, reduction of eionisy
and norms of residues on or in crops and the st
integrated crop protection strategies.

Prevention of the loadir|
of  substances  whi
hamper soil functions (
which may potentially forr

M risks to humans or to t

environment.

Not relevant

Over supply of nutrientsThrough an over supply with fertilizers and mam
nutrient levels in tb soil increased between 1960 and 2000 with arageey
60-100 kg ROs per ha agricultural land. The result is that apprately 55%
of the agricultural soils are P-saturated (Schowena@04).

The supplements of nitrogen and phosphorug
agriculturalland are expected to be reduced with

and 70% respectively, compared to 19Biksinstituut
voor Volksgezondheid en Milieuhygiene 2008)s 4
consequence, phosphorus accumulation

redutgsgen which is crop specifiThese standards aim

The Dutch implementation of the EU Nitrate Framek
includes a maximum nitrogen application with manoii
170 kg/ha (250 kg/ha for dairy farms within

derogation), and a standard for the total appbcabf]

meet the nitrate standard of 50 mg NOL in the
groundwater. The EU and the Netherlands agreed
balanced P-fertilization in 2015 (Tweede Kamer 20
In addition, the EU water Framework Directive magd
to a further reduction of nitrogen and phosph
accumulation in soils.

Prevention of the loadir|
of  substances  whi
hamper soil functions (
which may potentiallform

a risks to humans or to t|

environment.

05

Measures are mentioned in B
management practices of Fertilization|
arable crops (De Haan and Dekker 20(

determine the N and P demg
select relevant manure prody
- use a catch crop or green ma
leave straw on the fig|
- alternate deep rooting crops Ww
shallow rooting
- maintain or improve soil structy
- optimize irrigatio
- shallow ploughing or non turning s
management
use split applications for
- incorporate mineral soil levels into {
application of
use crop analysis to adjust
applications to crops ne
Use small not fertilizé plots tq
determine crops ne
use liquid fertilizer
use row application of N and
- use methods of application low
emissions
- calibrate fertilizer application maching
to apply the right amount

crops

re
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This paper is a contribution to CATCH-C project hettask aimed at defining soll
degradation processes within agri-environemntakzmf Europe. The data is based on large
monitoring programs coordinated by IUNG. The paigestructured according to threats to
soil quality as defined by EU Soil Thematic Strgtedhe precise quantification of
degradation processes within given agri-environalenbnes would require linking IUNG
spatial information with borders of the zones.

Organic matter content

Soil organic matter (SOM) content spatial varidpiln Poland is strongly driven by natural

factors such as texture, slope or water regimehétidocated light texture soils are beyond
impact of groundwater, and therefore are geneddlfracterized by lower SOM content. The
range of SOM in arable soils of Poland is wide {D086), however the average content is
2.2%. Organic soils are usually used for grasslandse not utilized in agriculture.

The presented data is based on more than 45008asnples evenly distributed throughout
the country, analyzed in 90s, but regularly updatgd new information. The map of spatial
distribution of SOM is produced based on this datd geocoding process utilizing SOM
point data and soil map (1:25000) content (textsod,suitability units) (Figure 1).

Share of soils with extremely low SOM content (<1i%$% whereas share of other content
group is the following: 50%, 33% and 11% for 1-2%3.5% and >3.5% contents,
respectively. Totally SOM content in 89% of soishielow the level of 3.5% (approx. 2% C)
treated in Europe as low content. This is, howesensequence of specificity of Polish soils
— often characterized by light texture and low watetention determining unfavorable
conditions of OM accumulation processes. The highkare of soils with SOM>3.5% has
been observed in Dolnoslaskie, Pomorskie and &d¢kiT S2 regions.

In some regions the area of land utilized only ¢oop production increased with limited
animal production and manure return to soil. Tlaases, along with simplification of crop
rotation, negative balance of OM at farm level. Weduced the map of OM balance based
on data on crop structure and manure fertilizatieigure 2). Positive values (more OM
provided of left in soil than lost with yield) atecated in the areas of intensive animal
production or substantial grassland contribution.
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Figure 1. Map of SOM content in Poland
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Figure 2. OM balance at farm level based on OM ifqutput statistics

Erosion

Water erosion data presented here was calculated USLE model that that consists with
such components as rainfall erodibility, soil synitslity, slope and plant cover. According
to the modeling results 96.7% of land in Polandharacterized by low erosion. The highest
share of soils under high erosion risk is presemalopolskie and Podkarpackie regions (7.4
and 5.1% of area, respectively) in the southeramb(Figure 3).
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Figure 3. Soil water erosion within agriculturalids calculated by USLE model

Compaction

The map of soil susceptibility to compaction wasduced based on simplified Alcor
regression model utilizing SOM and texture inforimat(Figure 4). The spatial input data
originates from 1:100000 soil map with polygonskéid to SOM and texture information
representing 45000 soil profiles.

Polish soils exhibit high spatial variability aisceptibility to compaction which is related to
mosaic of soil texture groups in most of regionke Thighest share of soils sensitive to
compaction stress has been measured in Dolnoslaistti&alopolskie NUTS-2 regions.
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Figure 4. Map of soil susceptibility to compactioased on simplified Alcor model

Acidification

Acidification has not been listed by EU commiss@ammong major threats, however solil
acidity is a major factor affecting crop productiorPoland. Over 50% of agricultural soils is
classified as acidic (pH in KCI <5.5). This facthminly related to the type of soil parent rock

material (sedimentary rocks with light texture) dedching of alkaline cations down in the
soil profile as a result of downward water movement

Spatial distribution of acidic soils is driven bwgilstexture (light soils with low buffering

system) and abundance of soils developed fromawdieous rocks in southern parts of the
country.
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Figure 5. Soil pH map

Contamination with trace elements

The information on soil contamination with tracetate presented here originate from large
national monitoring program performed in 1992-19%%e program covered above 45000
samples evenly distributed throughout agricultlaalds of the country. The program was
coordinated by IUNG. According to the project réswuver 99% of agricultural soils can be
treated as uncontaminated referring to the existaigpnal regulations (e.g. thresholds value
for Pb: 100 mg/kg) . The only sites with exceedeegholds values for Pb, Cd and Zn are
located in Silesia region as an affect of smelind mining long term activities and in some
cases high metal content in soil parent rock malteri

The spatial variability of cadmium is shown in Rigué as classes of the metal content
specified by guideline values (Kabata-Pendias et #993). These values are not
implemented to regulations but provide certain r&gsessment approach since take soil
properties (pH, clay) into account. The highestadd Pb contents in soil are measured in
Silesia region in Southern Poland, which is histly and currently most industrial part of
Poland. Approximately 5-10% soils in the Silesigioa are contaminated which in certain
locations is a limitation due to risk of food comiaation and common in this area land
abandonment.
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Elaboration of map: H. Terelak, M. Piotrowska, K. Budzyfiska, Cz Pietruch, E. Wréblewska, A. Zaliwski
TUNG Pulawy 1999rok

STATE OF SOIL POLLUTION WITH CADMIUM

Figure 6. Total cadmium content classes as basethemuideline indicative values (Kabata-Pendias
et al, 1993).

The new data gathered in ongoing national soil teoinig program did not indicate any
significant metal accumulation processes withim 1&syears (Figure 7) .
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Figure 7. Statistics for total chromium contentssioil in different periods of national monitoring
program (216 monitoring locations)
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Salinity, landslidesandfloods do not pose any significant threat to soil resosiinePoland.
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Introduction

Adverse climatic conditions, irregular terrain wistteep slopes, parent material and long
periods of land misuse are the main factors resblendor land degradation in the
Mediterranean (Kosmas et al., 2000). The main degradation processes which will be
discussed in the following, are water erosion,ngzdition, reduced fertility and compaction.
Lower crop yields, climatic change, loss of bioatsity and scarcity of good quality water
resources can be affected by soil degradation.elhexesses include physical, chemical and
biological actions that affect the soil capacity $elf-regulation and productivity (Lal et al.
1989). Although soil and climate characteristicaypan important role, soil degradation is
mainly caused by inappropriate use and managemenil@nd water resources.

The frequently arid or semi-arid climate with railhfconcentrated in few events, usually in
the autumn and spring, scarcity of vegetation coaed eroded and shallow soils in several
areas lead to soil degradation processes (de Palz 2006). Mediterranean ecosystems are
fragile and any alteration of the system, albeit datural processes, could lead to soll
degradation. In fact, human pressure is accelgrétiese processes and causing rapid loss of
soil productivity. Soils under Mediterranean comgis develop slowly and have little
capacity to recover (de Paz et al. 2006). Soil m@menatter, nutrient supply, soil vegetation
cover and soil compaction are critical for soil detation in these environments and they
must be managed appropriately in order to ensungiremus soil rehabilitation since the
most significant influence to soil quality paranmstés land use on the main soil quality
parameters (Dunjo et al. 2003).

Water erosion

Land degradation is a common phenomenon in the tefednean semiarid terrains, where
physical loss of soil by water erosion and the eis¢ed loss of soil nutrient status is
identified as the dominant problem (Thornes, 1995).

Mediterranean environments are particularly prooesoil erosion due to high rainfall
intensity, the low average annual precipitatioe, filagility of many soils (low organic matter
content, poor nutrient content), the presenceadsslopes, and the long history of landscape
transformation, including deforestation, foresedir frequent land-use changes and cultivation
in extreme topographic and climatic conditions @aRuiz, 2010).

The main effects caused by erosion are the losagatultural and forest soil fertility,
increased degradation of vegetation cover, and aaedse in natural hydrologic control.
While erosion can lead to emission of trace gasgesthe atmosphere, deposition can bury
and sequester some of the carbon (Lal et al. 2@0&gns of high erosion rates are mostly
small and localized (except the valley of the Glmuagir and to a lesser extent on the
northern Meseta) (Figure 1; Source:Kirkby et aD20
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Figure 1 PESERA: Pan European Soil Erosion Risde8sment Map within Spain.
http://eusoils.jrc.ec.europa.eu/esdb_archive/essaibcs/esb_rr/n16 _ThePeseraMapBkLet52.pdf

Salinization

Soil salinization arises due to concentration dilsie salts at or near the soil surface and it is
usually associated with low fertility. Salts accuate by primary and secondary processes
that alter the soils physicochemical propertieslaad to direct and indirect soil degradation.

Irrigating with the resultant contaminated grountiwdnas induced soil salinization based on
water quality and doses (Schofield et al. 2001)! Salinization is mainly an arid-zone
problem leading to land desertification. It redused quality, limits the growth of crops,
agricultural productivity, biodiversity, soil deteration, moisture regime and biogeochemical
cycles of elements. The control of this problemoimes inventorying, mapping, and
monitoring soil salinity, which requires cost-effige, rapid, and reliable methods for
determining soil salinity in the field, and rapghecific data-processing methods.

The areas with salinization problems in Spain a@rergin Figure 2.
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Figure 2 Map showing the area distribution of sali sodic and potentially salt affected areas withi
Spain.http://eusoils.jrc.ec.europa.eu/library/themes/saation/Resources/salinisation.pdf

Reduced fertility

Soil fertility is a complex quality of soils thas closest to plant nutrient management. The
rapid loss of soil organic matter and the consege®rnn terms of physical soil properties
were considered to be important factors in soilrdégtion. Soil degradation processes after
vegetation removal in semiarid zones can be enklairte short time period. Vital soil
properties such as structural stability, organicbea content or bulk density tended to
deteriorate and result in irreversible soil degtithain semiarid areas (Albaladejo et al.
1998).

The main land areas in Spain with a high sengttitat desertification and to drought as
defined by the sensitivity to desertification ind&DI), are given in Figure 3.

Low soil fertility is considered the main reasom &bandoning agricultural fields and this
land abandonment may lead to deteriorating or iwipg conditions of plant cover
depending on the soil and climate conditions ofdrea (Kosmas et al. 2000). Several factors
are responsible for a decline in soil organic nmatel many of them relate to human activity:
conversion of grassland, forests and natural végatao arable land; deep ploughing of
arable soils; drainage, fertiliser use; tillage mdat soils; crop rotations with reduced
proportion of grasses; soil erosion; and wild fifggblewhite et al. 2005).
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Index of sensitivity to desertification (SDI), 2008
B <tz Non affected areas or very low sensitivity to desertification
[ ] 1.2-1.3 Low sensitivity areas to desertification
] 1.3-14
M 1.4-1.6 Sensitive areas to desertification

Medium sensitivity areas to desertification

B 16  Very sensitive areas to dersertification

Figure 3 Map showing the sensitivity to deseddificn and drought as defined by the sensitivity to
desertification index (SDI) based on soil qualidiymate and vegetation
parametersttp://eusoils.jrc.ec.europa.eu/SOER2010/imagesAd2m?2.9%20Soil_SO113 vl.png

Compaction

Soil compaction occurs in a wide range of soils elmhates. It is exacerbated by low soll
organic matter content and use of tillage or gz high soil moisture content. Soil
compaction increases soil strength and decreaskepltgasical fertility through decreasing
storage and supply of water and nutrients, whiekdeto additional fertilizer requirement and
increasing production cost. A detrimental sequetih@m occurs of reduced plant growth
leading to lower inputs of fresh organic matterthe soil, reduced nutrient recycling and
mineralisation, reduced activities of micro-orgamés and increased wear and tear on
cultivation machinery (Hamza and Anderson, 2005).

The main land areas in Spain that are susceptitdeit compaction, are given in Figure 4.
Increasing soil organic matter through stubblentiwe, green and brown manure application
and/or addition of plant or animal organic mattesni external sources is important for

decreasing the bulk density of the soil and foingcts a buffer to prevent or lessen the
transmission of compaction to the subsoil from mdEloads acting on the topsail.
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Figure 4 Natural susceptibility of agricultural #é®to compaction based on soil properties and wate

regime. Susceptibility to compaction does not ntkaha soil is compacted.
http://eusoils.jrc.ec.europa.eu/SOER2010/imagesAapSO107_map.png

Conclusions

In Spain, desertification is mainly associated wstil erosion, particularly in natural and
semi-natural systems. The main erosion problemsatréound in natural environments but
in agricultural systems, especially in marginali@gtural areas on steep slopes and with bad
agricultural practices and also in intensivelygatied lands.

The main desertification problem in Spain is getegtdy unsustainable water management.
The current expansion of irrigated lands outsideadtreas suited for agriculture is increasing
the intensity of aquifer exploitation, already dagsserious problems of salinization, the loss
of springs and wetlands and associated biodiveraitg the exhaustion of non-renewable
groundwater resources (MartingZzernandez and Esteve, 2005).
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