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Executive Summary 
 
Organic matter is both an important soil constituent (even if 
minor in quantity) and the main source of food and energy 
for living organisms. In a certain manner, the role of soil 
organic matter is indiscernable from biological functioning . 
 
1. Soil organic matter has a very complex origin and 

resulting composition.  
 
It includes living organisms present in soils and the above 
ground organisms are during their decomposition the main 
source of SOM constituents which can be particles , colloids 
(humus) or soluble; if polysaccharides secreted by 
organisms have a well known structure, humus structure is 
still unknown.  
 
The origin of OM is mainly related to the biomass production 
(agriculture, forest), but exogenous OM recycling is an 
important source with animal slurries and manures and 
other biowastes. (Task 4). All the OM entering the soil 
contributes to the carbon cycle. 
 
2. Dynamic of OM in soil is a very complex phenomenon 

which is partly driven by the aerobic or anaerobic 
conditions of the medium giving very different 
mineralization products (particularly end products CO2, 
CH4 or N20 which are all green effect gas).  

 
SOM fractions have very different residence time from less 
than 1 year to more than a thousand. Separation of such 
fractions or pools which have different composition and 
properties is important.   
 
3. The role of organic matter in soil properties is 

multiple and SOM is involved in physical, 
chemical and biological properties. What are the 
most important properties?  

 
-   physical properties : colour,  water retention , and the role 

of binding in soil aggregation, habitat for  living 
organisms; if the association clay-humus is always cited, 
SOM and living organisms intervene at all scale of soil 
structure from micron to centimetre (nano to macro 
aggregate). 

 
-  chemical properties: exchange capacity, complex 

(chelate) formation, buffer capacity for pollutants and ph, 
source of nutrients (often under an organic form). 

 
 -  biological: we have cited the nutrient and energy source 

for biological functioning and biodiversity 
 
 
 
4. All these properties determine important soil 

functions. 
 
In the past before the technological progress, SOM was at 
the basis of soil fertility for biomass production. It is still the 
case for low input agriculture, forestry and organic 
agriculture. Taking more into account the role of SOM and 
biological fertility would be a gage for a sustainable 
agriculture. 
 
But the most important role of SOM concerns environmental 
functions which concern water, air or ecosystem quality. 

 
Thanks to the role in soil aggregation and soil structure, 
SOM participates to influence the water dynamics; its role 
as a buffer insures the water quality except for N cycle 
where SOM mineralization can participate to the NO3 
pollution or in certain conditions to N2O emissions. SOM is 
also to the centre of the C cycle with either SOM 
accumulation or CO2 emission. 
 
5. Some of these SOM functions are related to the 

three major international conventions on 
Biodiversity, Desertification, and Climate Change 
and the Kyoto Protocol. 

 
The relations between SOM and biodiversity have been 
previously stated: for example, a source of energy, of 
nutrients, diversity of habitats, etc.  
 
There is a strong link with desertification and erosion (by 
wind or water) which is often a key outcome of and part of 
the desertification process.  Soil cover by vegetation and the 
presence of SOM are linked and play a key role in both the 
degradation process that is desertification and in the 
prevention or remediation of this process. 
 
Concerning the Kyoto Protocol, SOM is the main reservoir 
of C of the continental biosphere, and it can be either a 
source of CO2 during mineralization or a sink if carbon 
sequestration is favoured. 
 
6. The great diversity of situations. 
 
The SOM content and dynamics depend on several factors 
which will be identified by task 2: climate (e.g. temperature, 
water content) which accounts for the C accumulation in the 
soils of the northern part of Europe or with elevation or in 
contrast the low C content of many soils of the 
Mediterranean area; land cover and land occupation which 
explains the high C content of grassland and forest soils; 
land use and cropping practices accounting for the 
important losses of C with cultivation and decrease of SOM 
stocks with tillage. But changes in land use and agricultural 
practices (task 5), increased use of exogenous OM (task 4) 
can increase the SOM content. 
 
7. Which policies and impacts? 
 
First we have to clearly state that the importance of SOM is 
not only with respect to C (in the meaning of Kyoto Protocol) 
but also is one of the main factors influencing soil quality, 
soil health and soil biodiversity.  
 
Task 6 will present the main policies which are available but 
we must have in mind that agricultural and forest 
management is a key element of land management in 
Europe so the some of the proposed solutions may involve 
changes in agricultural policies (task 7). The priority must go 
to the win-win situations which increase SOM but also soil 
biodiversity, soil quality, and decrease soil degradation 
(erosion, desertification). Such elements linking soil quality 
and soil organic matter have to be part of the CAP reform 
but they should be more easily accepted by farmers 
because they concern  both  their  resource and their 
capital. 
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Key Words. Soil organic matter, soil properties, soil 
functions, biodiversity, erosion, desertification, 
carbon sequestration, Kyoto protocol.  

Soil Organic Matter – its nature and role in 
determining soil properties and soil functions. 
Relations with the three international convention 

1. Introduction: soil organic matter origin and 
complexity 

Soil is not simply the product of weathered parent material, 
it is the combined product of climate-driven physical site 
factors and vegetation, affecting soil properties by adding 
organic matter to the soil. Soil development is a complex 
result involving various feedback mechanisms, in which the 
decomposition and accumulation of organic matter is one of 
the key processes. The soil’s physical and chemical 
characteristics can thus be seen as properties resulting to a 
degree from the quality and quantity of organic material and 
the way it is mixed and aggregated with mineral soil 
( organo-mineral complexes). Soil formation and organic 
matter evolution are driven by life, so the interaction 
between soil organic matter and biodiversity is strong. 

The perception of soil organic matter is generally positive 
and is often considered as a major component of soil quality 
and health (Doran et al. 1996). 

 

When we think of soils we generally accept that most have 
an organically enriched topsoil, although we recognise that 
this enrichment may vary considerably amongst soils.   
When we characterise soil at its broadest, we normally do 
so under four major headings; Mineral Matter; Organic 
Matter; Air; and Water.   The proportions of these vary, but 
on a volumetric basis it is likely that in a cultivated medium 
textured topsoil in a temperate environment the proportions 
are of the order: 

45% Mineral Matter  
5% Organic Matter  

 50% Pore Space which is occupied by air and water 
depending on the moisture status of the soil 

 

The Soil Organic Matter (SOM) consists of different fractions 
(Figure 2 ): 

1. partially decayed plant residues generally under 
particulate organic matter (no longer recognisable 
as plant material) 

2. micro-organisms and microflora involved in 
decomposition 

3. by-products of microbial growth and decomposition 
(included soluble fraction and polysaccharides  ) 

4. humus  (or colloidal OM) where the by-products 
have undergone humification 

5. above ground (harvest/crop residues e.g. < 2cm ∅ , 
recognizable leaf and needle litter) and 
belowground necromass (dead fine roots < 2cm ∅ ) 
are not counted as SOM, but are of great 
importance. 

The humus material usually consists of c. 50-58 % Carbon, 
c. 4-5% Nitrogen and c. 1% Sulphur.  This is a relatively 

stable component of the organic fraction, which may persist 
for a number of years (possibly more than a thousand 
years) within the soil, particularly when in intimate 
association with components of the mineral fraction, 
particularly sand and silt sized materials.  The stability of 
materials and their persistence in the soil is discussed in 
more detail below. 

 

Given that soil organic matter is, in volumetric terms, a 
relatively minor constituent, it is perhaps surprising that it is 
such a high priority consideration in most discussions of the 
nature of soil and its sustainable use and features very 
importantly in most discussions of soil protection.  

 

This focus is justified because the organic materials in soil 
firstly, make a large contribution to a wide range of soil 
properties (see Table 1 below) and secondly the nature and 
magnitude of this organic matter fraction is affected to a 
very large degree by our use of the soil.   For example, our 
cropping practices will influence within a few years the 
nature of the materials added to the soil and the nature and 
rate of the processes breaking down and altering the 
organic materials once it is incorporated into the soil. A third 
point is the high degree of interdependence between SOM 
and biodive 

2. The potential roles played by SOM in relation to 
soil properties 

It has been a widespread claim, particularly in the field of 
organic farming, that soil organic matter plays a major part 
in maintaining soil quality.  Further, it is frequently claimed 
that without adequate levels of SOM the soil will not be 
capable of functioning optimally (see for example Oades, 
1988; Paul et al., 1997; Schnitzer, 1991). In recent years 
there has also been recognition that the soil is a major sink 
for carbon in the context of the global carbon cycle, and that 
maintaining or increasing the carbon held in soils will 
potentially have a significant impact on the global carbon 
budget.  

 Table 1, based on Stevenson (1994) lists some of the 
benefits claimed for SOM in soil.  

Whilst the provision of nutrients is important, there are many 
other soil properties, in particular related to soil physical 
conditions, which are influenced by the presence of SOM 
and may be controlled by the presence and amount of SOM.  
The retention and release of water, hydrophobicity, and the 
ability to provide charged surfaces (variable with pH) where 
cations may be retained in a form available to plants are 
vitally important for the production of a good fertile soil. 
 
The simple mixture of low density organic material with the 
mineral fraction lowers the soil’s bulk density (and 
influences workability), but the significant affects are on the 
formation and stability of soil aggregates which   
determine several associated pore related properties, such 
as aeration and water flow through soil. (Tisdall and Oades 
1982) 

Many correlations are made between soil aggregation and 
SOM. Total SOM can still be considered a good parameter, 
but many research results point to a distinction between 
active and passive SOM fractions. Numerous studies 
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demonstrate that aggregate stability is better correlated to 
microbial biomass, hyphal length, and hot water extractable 
polysaccharides (mucilages) than to total carbon. From this 
point of view, these compounds related to biological activity 

are often considered as the active part of OM. For example, 
fresh OM (cover crop) is more effective in this role than 
manure or stabilised compost.  

  

 

Figure 1. Soil organic matter and soil formation (from Swift et al. 1979) 

 

3. Organic matter dynamics and the nature of 
organic residues 

 
 The origin of organic matter is very diverse. In a natural  
carbon cycle , which for example can occur in a forest, 
the main part of plant residues enter into the cycle; in 
agriculture, the  main part of above ground  biomass is 
exported (yield) and there is often a competition for the 
plant residues which represent an important source of C 
(close to 500 Million T in France). This source has been 
considered as exogenous together with manures and 
slurries coming from husbandry and biowastes coming 
from industries or towns which represent an important 
source.  These exogenous sources will include plant 
residues and manures/slurries which are produced locally 
on the farm (direct pool); slurries and manures which are 
moved from one farming enterprise to another; materials 
from urban or industrial sources which are often 
composted prior to application to the soil.  There is 
concern in some parts of the agricultural community over 
whether all these sources should be equally acceptable 
as organic matter additions to agricultural lands. 

The organic fraction of the soil is diverse (Figure 2), 
ranging from fresh clearly discernible plant and animal 
material (called particulate organic matter or POM) 

through to humus where there are no visible signs to 
indicate the plant, animal, or other origin from which the 
material is derived.  The organic matter in soils is subject 
to decomposition, (mainly a reaction of mineralization of 
OM) which is the key determinant of the important role of 
organic matter in soils (Figure 4).The decomposition 
process is very complex. It depends on the type of 
organic residues (OM coming from natural vegetation, 
forest or grassland, agricultural crop, or exogenous OM), 
on the type and properties of soil, on climatic conditions 
and land management (agricultural or forestry) practices.  
Figure 4 presents the main factors which determine SOM 
evolution and steps which are used in some of the models 
of soil organic matter dynamics.  Organic additions to soil 
are important in maintaining the quality of both natural 
and managed soils. SOM composition is very important 
and especially the content of lignin (or polyphenol), 
saccharides and proteins. The composition is often 
represented by the C/N ratio, but the location of the 
residue and its size are also important. Climatic condition 
and especially temperature is one of the main factors 
which determine the mineralization rate.  For soils, the 
aerobic conditions are prevalent and in these conditions, 
the mineralization reaction is by enzymatic reactions:   R-
C(C-4H) + 2 O2 → CO2↑ + energy (478 Kg mol-1 C.  
During this reaction, proteins give amino acids and NH4 or 
NO3 and sulphates. 
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Figure 2   Soil organic matter composition and turnover (from Chenu and Robert, 2003)  

 

 

Figure 3: SOM turnover and property (aggregate stability) from Monnier, 1965

 
The rate of turnover of the organic materials varies 
considerably (Table 2) from less than 1 year to more than 1 
thousand years.  

Task Group 4 has presented a relatively simple model of 
Henin and Dupuis where only two coefficients are 
distinguish: K1 for the formation of humus and K2 for the 
humus mineralization. Several other models have been set 
up including, Century (in US), Roth (developed in 
Rothamsted), and Morgane (France) where different SOM 
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compartments with different residence times are 
distinguished. 

It is often difficult to separate the organic residues 
undergoing decomposition from the soil biota carrying out 
the decomposition and the humic substances resulting from 
the processes. Such residence times are mainly related to 
the chemical composition which determines the resistance 
to microbial decomposition. Another factor recently 
highlighted is the OM physically protected from microbes 
inside soil aggregates which may explain the effect of soil 
perturbation through tillage on increasing C mineralization. 

In anaerobic conditions, with lack of O2, the reaction gives 
different specific organic products (propionate, acetate), but 
the final product will be CO2 and CH4. Concerning nitrogen 
compounds, N2 and N2O can be produced by denitrification. 
Anaerobic conditions furnish products like CH4 or N20 which 
are green effect gas far more effective than CO2. 

The complexity of the nature and pattern of soils 
and soil forming environments 

 SOM organic content depends on many factors (Batjes, 
1999). The soil type and properties (for example soil 
texture) are important  and contribute to an explanation of 
initial C content. Sandy soil are normally low in OM and in 
contrast, many soils rich in clay (eg Vertisol) or amorphous 
products (eg Andosols) can accumulate OM in a stable form 
(humus). 

Climate is also a major factor of soil formation and it has, 
mainly through the influence of temperature, a critical 
influence on C mineralization or accumulation. This 
influence explains the existence, at a certain scale, of a 
climatic gradient north/south with high C content in the 
northern part of Europe and in mountainous areas and lower 
concentrations in the southern part (Mediterranean).   
Another influence is the soil hydrology: organic rich soils (for 
example peats) are normally formed in  anaerobic and wet 
conditions which favour C accumulation. If we refer to Task 
Group 2, 22 million ha of soils have more than 6% organic 
C; in contrast for the southern part of Europe, 74 % of the 
soils have less than 2% organic C. 

Climatic change now has a strong influence on soil carbon 
and will have more influence in the future, because an 
increase in average temperatures will have a major 
influence on C dynamic especially in northern and 
mountainous area. OM is normally found in surface layers of 
the soil, but important stocks of C can be found to depths of 
1m  (e.g. podzols ). 

  Land use, land cover and agricultural practices are the 
main factors governing actual C state in soils (Arrouays et 
al. 2001). With the development of agriculture on natural 
soils (forests, grasslands), an important loss in C (30 to 50 
%) normally occurs in the first few years of this 
transformation, and then an equilibrium seems to be 
reached which is influenced by the nature of the crop 
residues and OM management. 

The main causes of the C loss can be the short fall in OM 
returns, but there also losses due to the soil perturbation 
(with OM deprotection) and mineralization rate increase 
during tillage. (Lal et al., 1994, 1999) 

Forest soils represent an important proportion of soils in 
Europe (32%), a proportion which is increasing. The total 
carbon stocks in these soils are high (100 to 200 T /ha) 
including the biomass, with the C in the above ground 
representing approximately half of this value (70 to 100 t) 
with the above ground proportion normally being higher in 
the north. The most critical events for carbon dynamics in 
forests and forest soils are harvest of the standing crop and 
losses as a result of fire. 

Afforestation of arable lands low in C will generally result in 
an increase in soil C. Another system which may contribute 
significantly to C sequestration is agroforestry. 

Grasslands and pastures are important reservoirs of carbon 
and biodiversity with the majority situated below ground 
where C stocks are similar or higher to forest soils.  The 
area of grasslands has decreased in Europe often replaced 
by arable land with a consequent negative effect on C stock.  
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Figure 4: Model of soil C dynamic (Arrouays et al. 1999) 
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Figure 5: Soil functions (Robert, 2001) 

Can the evolution be reversed with important benefits for 
soil quality and carbon? 

IV Soil Organic Matter and Soil Functions 

Soil organic matter and biodiversity have an influence on 
most soil functions which are presented on figure 5 and is 
thus a key determinant of the soil’s ability to perform these 
functions for a sustainable biomass production taking into 
account environment and ecology. 

The Soil Fertility Function – Sustaining food 
production and soil biodiversity 
 
Figure 6 illustrates the role of organic matter in maintaining 
the necessary physical, chemical and biological conditions 
for sustainable plant production. Organic matter is a 
significant contributor to the overall nutrient demands of 
plants (N, P, and S.) particularly in zero or low external input 
systems.  Before the widespread introduction of 
manufactured fertilisers organic residues were the only 
means of adding many nutrients such as nitrogen to the soil 
in the farming system.  In non-cultivated soils it is likely that 
more than 95% of the Nitrogen and Sulphur is found in the 
soil organic matter, and   possibly more than 25% of the 
Phosphorus; similar percentages are likely to be found in 
organically farmed soils.  

  Table 2 Turnover time of organic fractions in soils 

 

With the advent of manufactured fertilisers and their 
widespread use in farming, there has been less reliance 
upon organic residues as a source of nutrients for plant 
growth.  There are however major differences between 
organic and inorganic sources of nutrients.  In particular 
organic sources of nutrients often consist of a substantial 
pool of relatively slow release materials. Release of 
nutrients from this ‘slow release pool’ is very variable and is 
controlled by: 

a.) The nature of the organic materials  (important are the 
carbon content and the degree of comminution of the 
material) and  

b.) The conditions prevailing in the soil (the soil pH, 
degree of aeration and moisture content have major 
influences on breakdown of materials and release of 
nutrients) 

 
For example, low ratios of Carbon to Nitrogen and Carbon 
to Phosphorus tend to result in faster rates of release from 
these organic sources.  

 A particular importance of soil organic matter is in providing 
the physical environment for roots to penetrate through the 
soil, excess water to drain freely from the soil but for 
sufficient water to be retained to meet the evaporative 
demands of the plants, and the flux of gases through the soil 
to maintain a well aerated environment.   The organic 
fraction also provides a great diversity of habitats and a food 
source for the faunal and floral communities within the soil.  
These communities are important for the breakdown of the 
organic materials and the release of plant nutrients, they are 
also significant contributors to maintaining the physical 
conditions in the soil, and their presence may facilitate the 
plans to access nutrients from otherwise unobtainable 
sources. 

It has to be noted that this natural biological (and chemical) 
fertility has often not been sufficiently considered as 
important by modern agriculture.  

As seen before, the nitrogen cycle is of major concern for 
both agriculture and environment. 
 
The Environmental Functions of Soil 

Figure 7 broadly summarises the role played by soil organic 
matter in the environmental context, stressing the inter-
relationships between the three key environmental 
components: Water, Air and Soil. Within these relationships 
the organic matter often has specific roles to play in 
maintaining the quality of resources and a good and 
sustainable environment. 

 
 

Organic Material Turnover Time (y) 
Litter/crop residues 0.5 to 2 
Microbial biomass 0.1 to 0.4 
Macro-organisms 1 to 8 
Light Fraction 1 to 15 
Stable Humus 20 to 1000 
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Table 1. Benefits of SOM in soils (based on Stephenson,  1994) 

 

 

 

 

 

 

 

 

  

Property Remarks Effects on Soil 

Colour The typical dark colour of many soils is 
often caused by organic matter 

May facilitate warming in spring. Surface accumulation 
plays a  role in albedo 

Soil Biodiversity The organic fraction in soils provides a 
source of food and energy for a diverse
range of organisms.  The diversity of th
organic materials will generally be 
reflected in the diversity of the organism
So 

Many of the functions associated with soil organic matter 
are related to the activities of soil flora and fauna 

Water Retention Organic Matter can hold up to 20 times
its weight in water. 

Humic substances are hydrophobe 

Helps prevent drying and shrinking.  May significantly 
improve the moisture retaining properties of sandy soils.  
The total quantity of water may increase but not necessar
the AWC except in sandy soils 

Combination with clay minerals or bindi
of other particles by Polysaccharides or
living organisms  

Cements soil particles into structural un
called aggregates. 

 Aggregates are the base of soil structure and permit the 
exchange of gases.  Stabilises structure.  Increases 
permeability 

Reduction in the Bulk  

Density of Mineral Soils 

Organic materials normally have a low 
density, hence the addition of these 
materials ‘dilutes’ the mineral soil 

The lower bulk density is normally associated with an 
increase in porosity because of the interactions between 
organic and inorganic fractions. 

Solubility in water Insolubility of organic matter because o
its association with clays.  Also salts of 
divalent and trivalent cations with organ
matter are insoluble.  Isolated organic 
matter is partly soluble in water 

Little organic matter is lost through leaching 

Buffer action Organic matter exhibits buffering in 
slightly acid, neutral and alkaline range

Helps to maintain uniform reaction in the soil. 

Cation exchange Total acidities of isolated fractions of 
organic matter range from 300 to 1400 
cmolc kg-1  

May increase the CEC of the soil.  From 20 to 70% of the 
CEC of many soils is associated with organic matter. 

Mineralisation Decomposition of organic matter yields
CO2, NH4

-, NO3
-, PO3

4- and SO4
2- 

A source of nutrients for plant growth 

Stabilisation of contaminants Stabilisation of organic materials in hum
substances including volatile organic 
compounds(formation of bound residue
with pesticides) 

Stability may depend on the persistence of the soil humus
and the maintenance or increase of the carbon polls within
the soil 

Chelation of heavy metals Forms stable complexes with Cu2+, Mn
Zn2+ and other polyvalent cations 

May enhance the availability of micronutrients to higher 
plants 
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Figure 6: Soil organic matter and food production (Chenu and Robert 2003) 

 

Figure 7.  Role of OM in environmental functions (from Chenu and Robert, 2003) 
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Maintenance of water quality. 
 
SOM plays an important role in both the cycle of water 
(infiltration, runoff) and its quality. In good structured soils, 
with well developed aggregation and porosity, the infiltration 
of water is favoured at the expense of runoff. The role in 
relation to water quality occurs through the adsorption of 
metals and organic materials added to the soil, either 
deliberately (e.g. pesticides) or accidentally as a result of 
spillage. It functions through a role as a buffer, which 
however has its limit through soil pollution and many 
questions have been raised with respect to persistent 
organic  pollutants bound to OM. SOM may also contribute 
to water pollution through nitrate formation during the 
mineralization and loss in leaching waters. 

SOM and air quality  

SOM can be a source of greenhouse gases through the 
formation of CO2, CH4 and N2O. It can be also a sink 
through C sequestration under an organic form. 

Soil as a treatment system for organic wastes 

Soil is a very efficient biological reactor system to mineralize 
organic matter wastes and it has been used historically for 
this purpose by agriculture, industry and many urban and 
rural populations. With the new opportunity on soil 
protection, recycling organic matter in soil  has not only  to 
bring no pollution but has  also to be more integrated in the 
soil protection strategy (see task 4) to optimise its beneficial 
aspects. 

 4. Soil organic matter and the International 
Conventions 

 4.1. Carbon sequestration and Greenhouse Gas 
emission: the soil and the Kyoto Protocol  

A key role concerns the sequestration of atmospheric 
carbon into the soil carbon pool. If the continental biosphere 

is considered, soil represents the highest pool for organic 
matter with a total of 2000 Gt C that is far more than the 
biomass (mainly forest) and the atmospheric stock (Figure 
8). Soil carbon represents either a sink or an emission 
source for CO2 through mineralization. If we refer to 
Houghton (1995), for the last century, soil has been a 
source of CO2  through the transformation of forest soils and 
grassland to agriculture. What must be established is if the 
process can be reversed and what are the practices and the 
policies which can favour C sequestration in the soil system. 

In the conference of Rio (1992) in the context of the global 
climatic change, it was decided to stabilise the greenhouse 
effect gas emissions. The Kyoto Protocol (1997) adopted by 
Europe is a translation for the industrialised countries which 
permits both to limit the emission and increase the sinks. 
The conference of the parties (COP) of Bonn and 
Marrakech (2001) have included the carbon sink in forest 
(article 3.3) and in agriculture (article 3.4) resulting from the 
land use, land use change, and forestry (LULUCF). Several 
expertises (European, French) have evaluated the 
capacities of the different changes in land uses and 
agricultural practices to increase the carbon stocks in soils 
(See tasks 4, 5, 6 and 7) and it is one of the policies which 
has to be developed to encourage the increase of SOM. 
Following the results of the European Climate Change 
programme (ECCP), a policy on C sequestration can 
compensate from 5 to 8 % of CO2 Europe emission, which is 
considered to be good progress. 

4.2. The main role of SOM to prevent erosion and 
desertification:  the soil and the convention 
on desertification 

 
The southern part of Europe (Spain, Portugal, Italy and 
Greece) is actively concerned by the development of 
desertification, and different indexes of sensitivity are 
elaborated taking into account the climate, the soil (texture), 
and the vegetation. An example is presented for Portugal in 
the report of Task Group 3. 

 

 
  
 Figure 8:  Soil carbon and the global C budget (after International Geosphere Biosphere Program, 1998. - The Terrestrial 
Carbon Cycle: Implications for the Kyoto Protocol. Science, 280, 1393-1394). 
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The maintenance of soil structure through aggregation, 
facilitated by O plays a key role for the prevention of erosion 
or to prevent the onset of desertification. Plant residues, 
mulch or particulate organic matter when found at the soil 
surface, play significant roles in soil protection and in 
influencing soil water properties. 

Desertification is a complex phenomenon where both 
climate and man are active drivers. In the process, OM is 
often considered a key factor either in soil degradation and 
in soil rehabilitation (Figure 9) and some threshold values 
(2% ?) have been suggested. It is clear that a link has to be 
established between the conventions on desertification and 
climatic change. 

The International convention on desertification restricted the 
climatic area where desertification was taking place.  The 
area will most likely increase in Europe with changes in 
climate.   

 

Figure 9 The development of desertification process or the 
way for remediation.(from Hillel and Rosenzweig, 2002) 
 

Many of the soils in this zone are the most depleted with 
respect to organic matter.  The example of Portugal 
reported by Task Group 3 provides an indicative guide for 
what may occur in other parts of the Union linked to the 
question of risk. 
 
Soil organic matter and the biodiversity 
 
Figure 10 represents the hierarchical organization of 
biodiversity (Soberon et al., 2000) which will be described 
by Task Group 3.  
 

 

Figure 10.  Illustration of the hierarchical organisation of 
biodiversity (Robert, 2001) 
 
The main factors which determine soil biodiversity are land 
use practices and the input of fresh OM through vegetation. 
The input of OM is the main source of food and energy for 
life. OM provides directly (litter or POM) or indirectly 
(aggregates) habitats for all the organisms. 
 
There are strong relationships between above and below 
ground biodiversity but the lack of knowledge is far greater 
in the soil; for example less than 10 % of soil microflora 
species are known. 

The Convention on Biodiversity will need to take more 
account of soil biodiversity, and consequently it will be 
important to include biodiversity in any soil monitoring 
network.  
 
 
SOM, properties and functions: thresholds values 

Quantitative relationships exist between Soil Organic Matter 
and many soil properties and functions, but these 
relationships are complex in nature and rarely linear in their 
relationships (Loveland and Webb, 2003).  There may be 
threshold values for soil organic matter content above which 
the function may operate optimally, (for example 1,5 % to 
2% C for aggregate stability or desertification ), but  the task 
is to establish the nature of these thresholds and the extent 
to which they vary with nature of the soil mineral fractions 
and environmental context. These thresholds values should 
be defined in the context of a given soil property or function, 
within a climatic zone and on a given soil type (texture). 

As the different SOM fractions do not have the same roles in 
influencing soil properties, a fractionation of organic matter 
may be a way to establish the nature of the relationships 
with soil properties and such an approach will be proposed 
as part of the soil monitoring process. 
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It is also of critical importance to consider SOM 
management, because SOM turnover and OM 
decomposition play significant roles in determining many 
soil properties (e.g. aggregation).  It is important to 
recognise that stabilized composts or manures do not 
necessarily have the same effect on these properties as 
fresh plant residues (figure 3). Some of the new practices in 
agriculture will often leave fresh plant residues at the soil 
surface, such practices may have a role in influencing soil 
physical properties and contributing to soil protection. 

5. General trends on SOM management 

Management of SOM will be identified by this group as one 
of the key aims of sustainable soil management (see Task 
Groups 4 and 5) 
 
The role, status and management of SOM will be different 
according the land use, and we have to consider: 
  
• Across the European Union agricultural surfaces cover 

a substantial proportion of the land area (46 %) with 24 
% of arable lands (including 5,7 % for vineyards and 
orchards) and 19 % of grasslands. 

• The area covered by forests (32%) is increasing 
• Organic soils , peats, are hot spots for SOM   
 
As an initial approach, two cases have to be distinguished: 
natural soils or soils which are rich in OM, and cultivated 
soils which frequently have a low content of OM. 
 
For the first category, the main objective is to preserve the 
high C content from mineralization, so many soils have to be 
protected ( e.g. forest soils, peats, wet land soils and  
grassland soils especially of high altitude..) or managed 
appropriately (see the ECCP European expertise or INRA 
expertise or  IPCC reports and Task Group 5). It is clear that 
climate change (IPCC, 2001) is occurring, with predicted 
increases of temperature, which is the main factor governing 
C mineralization. It is imperative therefore that specific 
attention is paid to these soils. 
 

Cultivated soils frequently have low C content and the 
objective should be to increase OM for a number of 
reasons, including; improved soil protection, C sequestration 
in the context of climate change and practices to improve 
the sustainable use of soil (Rees et al., 2000).  
 
The most effective ways to increase levels of Soil C are to 
change the land use promoting afforestation or the 
establishment of grasslands, either permanent or temporary. 
Other solutions are to encourage practices which protect the 
soil, decrease the losses and increase the inputs of OM. 
(figure 11). All these practices will be considered in some 
detail in the reports of Task Groups 4 and 5 and they have 
specific C sequestration potentials. 
It is important to indicate that all the practices which permit 
C increase in soils are win-win situations for soil protection 
(against erosion and desertification) with often an 
associated increase in soil biological functioning and soil 
biodiversity.  
 
Improving the levels of soil C may also represent a way of 
increasing the resilience of the soil and soil system against 
climatic changes. 
 
It is perhaps interesting to refer to the policies of soil 
conservation in US which were first established to remediate 
to soil erosion in the Great Plains during the 1930s.  Two 
solutions where encouraged by the Farm Bill (with a kind of 
'eco - conditionality'): the first solution for the more sensitive 
areas involved set aside and development of grassland 
(CRP or conservation reserve program) on 15 Millions ha, 
the second approach was conservation tillage developed on 
45 millions ha where the soil cover has to be of 30 %  
minimum. These policies have been successful with respect 
to erosion and indirectly for C increase (6 millions T C/year 
for CRP and 15 millions for conservation tillage). All these 
new agricultural systems which reduce or suppress the 
tillage and insure the soil cover all the year around are now 
regrouped under the name of conservation agriculture 
(Madrid, 2001; Iguacu, 2003). These practices are used on 
more than 70 millions ha in US, Canada, or southern 
countries (Brazil, Argentina,  Australia). Such systems have 
not yet been developed extensively in Europe but specific 
adapted systems have to be found which permit protection 
against erosion and assist SOM increase. 

 
 
 



Soil Thematic Strategy: Organic Matter and Biodiversity 
 

 
Functions, Roles and Changes in SOM 

 
  

Figure 11.  Management of SOM by agricultural practices (from Robert 2001) 
 

6. Conclusions 

Soil organic matter has a diverse and complex composition 
within which many different fractions can be identified.   
These fractions frequently have very different roles in the 
soil and there is an imperative to recognise this diversity. A 
consequence of this diversity of materials and diversity of 
function is that when adding organic materials to maintain or 
improve the soil organic matter content the simple increase 
in the total soil organic matter content may not bring about 
the improvements expected.   It is necessary to consider the 
nature as well as the quantity of the added organic material, 
the turnover and location.  Important considerations in 
organic matter management will be the nature and amount 
of fresh inputs and high flux of labile OM incorporation. 

We are a long way from understanding all the roles of soil 
organic matter and even for those roles where we have 
identified relationships with soil properties and functions, we 
often do not fully understand the nature of the relationships.   

Nevertheless it is clear that organic matter in soils has a 
range of key roles which influence many of the activities 
undertaken on the surface of the earth: global function 
through C cycle, a role in plant nutrition but also an 
important role in relation to all living organisms in the soil 
(biodiversity), and  different functions relative to environment 
and its sustainable management.  
 
It is therefore imperative that we maintain the soil organic 
matter levels and where these have declined significantly 
(e.g. in many arable lands and in many areas of southern 
Europe) we should make every effort to improve these 
levels.  At present there is no clarity on what should be the 
target or threshold levels for Soil OM, but it is universally 
recognised that a key action in most degraded soil systems 
is to add organic materials and improve the Soil Organic 
Matter content with adapted agricultural practices. It has to 
be noticed that most often increase SOM will be 
complementary with 'win - win' situations concerning soil 
protection.  An integrated policy for soil organic matter 
management could be developed encompassing the needs 
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of the CAP, the Kyoto Protocol and other relevant 
conventions (e.g. desertification, biodiversity) and 

agreements (Task  Group 7). 
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Status and Distribution of Soil Organic Matter in Europe 

Objectives 
To appraise the current situation with respect to soil organic 
matter using existing data, information systems and models; 
to establish harmonised criteria and guidelines for the 
development and use of indicators for assessing the present 
status of soil organic matter as well as trends. 
 
Description of the work: 

2.1 Identify different sources and factors affecting soil 
organic matter (SOM) 

− Importance and sources of SOM 
− Factors influencing SOM 
− Processes leading to a decline in SOM 
− Variation in SOM:  

 Influence of climate (temperature & moisture) 
 Influence of soil properties 

 Influence of vegetation & cultivation 
−  
 
2.2 Review and analyse existing studies aimed at 

assessing soil organic matter at European and 
national scales  

− European scale 
− National scale 
− Validation using national organic carbon (OC) data 

 
2.3 Synthesis report of distribution of soil organic 

matter in Europe 

Based on the information derived from the reports in section 
2.2 on the current status and extent of soil organic matter in 
Europe. This section should include the gaps in knowledge 
and uncertainties pointed out in section 2.2. 
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Summary 

1. Soil organic matter and hence organic carbon is 
extremely important in all soil processes. 

2. Organic material in the soil is essentially derived from 
residual plant and animal material, synthesised by 
microbes and decomposed under the influence of 
temperature, moisture and ambient soil conditions. 

3. The annual rate of loss of organic matter can vary 
greatly, depending on cultivation practices, the type of 
plant/crop cover, drainage status of the soil and 
weather conditions. 

4. There are two groups of factors that influence inherent 
organic matter content: natural factors (climate, soil 
parent material, land cover and/or vegetation and 
topography), and human-induced factors (land use, 
management and degradation). 

5. Within belts of uniform moisture conditions and 
comparable vegetation, the average total organic 
matter and nitrogen increase from two to three times for 
each 10 deg. C fall in mean temperature. 

6. In general, under comparable conditions, nitrogen and 
organic matter increase as the effective moisture 
becomes greater. 

7. A sandy soil usually contains less organic matter than a 
soil of finer texture, e.g. heavy loam or clay. 

8. Poorly drained soils generally have much higher 
organic matter and nitrogen contents than their better-
drained equivalents. 

9. Cultivation can have a significant effect on the organic 
matter content of soil. 

10. Experiments conducted in the USA and UK show a 
decline of up to 30% in organic matter content of soils 
that have been cropped over a long period. 

11. After 50 years of continuous wheat cultivation (from 
1843 to 1893) at Rothamsted (UK), a soil that received 
no manure contained 0.89% carbon whilst the same 
type of soil that received 14 tons of farmyard manure 
annually (since 1843) contained 2.23% carbon. 

12. In essentially warm and dry areas like Southern 
Europe, depletion of organic matter can be rapid 
because the processes of decomposition are 
accelerated at high temperatures. 

13. There is a serious lack of georeferenced, measured, 
harmonised data on soil organic carbon available at the 
European level, from systematic sampling 
programmes. 

14. The European Soil Database, at scale 1:1,000,000, is 
the only comprehensive source of data on the soils of 

Europe harmonised according to a standard 
international classification (FAO). 

15. Available as part of this database, is a Soil Profile 
Database for Europe SPADE (v 1), containing data on 
organic carbon in the topsoil (0–30cm) for important 
soil types. 

16. These data are not comprehensive geographically and 
have poor replication. An expanded profile database for 
Europe (SPADE 2) is currently in the advanced stages 
of compilation and, after 2004, this will provide many 
more measured values of OC for European soils under 
different landuses. 

17. OC data for soils in Europe are available from other 
sources: National soil survey archives; the ISRIC-WISE 
database; the ICP Forest Survey; the FOREGS 
Geochemical Baseline Mapping; and the Baltic Survey. 

18. With the exception of national soil survey archives, it is 
not possible to produce distribution maps of soil OC 
from any of these databases that would be accurate 
enough for policy support in Europe. 

19. However, the national data are not generally available 
for use outside the country of origin; the ICP forest 
survey is limited to forested land; the FOREGS 
database is based on only 5 samples per 160km x 
160km; and the Baltic Survey covers only a few 
northern European countries. 

20. All these databases contain OC data that, to a limited 
extent, could be used for validating an OC map for 
European soils. 

21. At the present time, the most homogeneous and 
comprehensive data on the organic carbon/matter 
content of European soils remain those that can be 
extracted and/or derived from the European Soil 
Database and associated databases on land cover, 
climate and topography. 

22. The first attempt to calculate soil OC contents at 
European level used pedotransfer concepts, combining 
the limited measured OC data that are available, the 
relationship of these OC data to soil type (by texture, 
structure, classification), land use/land cover, and 
climatic criteria (temperature). 

23. The results are not considered to give an accurate 
picture of the status of soil organic matter in southern 
Europe. 

24. Consequently, an expert knowledge-based approach 
was adopted for Mediterranean countries, indicating 
that 74% of the land is covered by soils containing less 
that 2% organic carbon (less than 3.4% organic matter) 
in the topsoil (0-30cm). 

25. A number of studies on soil organic matter/carbon have 
been commissioned at national level. As a result, 
Belgium, Denmark, Finland France, Italy, Netherlands, 
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Slovakia, Spain, Switzerland and the UK have 
comprehensive databases on soil OC. 

26. Other countries – Germany, Hungary and Sweden are 
known to have large soil databases, the full details of 
which are still emerging. 

27. However, many of these national data on OC are not 
precisely georeferenced and/or do not provide full 
national coverage. Only Belgium, Denmark, Slovakia 
and the UK are known to have OC data from samples 
taken on a regular grid or from many sites. 

28. A refined series of pedotransfer rules, for calculating 
the organic carbon (OC) contents of topsoils in Europe, 
have been applied recently to a 1km soil data (derived 
from the European Soil Database), an extended 
CORINE land cover database, a DEM and average 
annual temperature data. 

29. The resulting map (S.P.I.04.72) and 1km digital data 
set, covering the whole of Europe, is now available for 
defining the baseline status of organic carbon in 
European topsoils. 

30. These OC values have been compared with measured 
values from >12,000 points in the UK (England and 
Wales) and Italy, giving a coefficient of determination of 
>0.9. These data were collected mostly during 1971-90. 

31. The OC content, particularly in the topsoil, changes 
significantly with land use, and thus utilisation of 
CORINE land cover data (from 1988-92) for producing 
the OC map of Europe defines a suitable 1990 
baseline. 

32. Assigning measured OC data from a small number of 
points deemed to be representative of a particular soil 

type to polygons delineated on a soil map, that 
represent much larger areas where no measurements 
of OC have been made, can introduce serious errors. 
This pitfall has been avoided in constructing the OC 
map of Europe (S.P.I.04.72). 

33. Using temperature data, computed for the period 1980-
89, for correcting the resulting OC distribution, further 
justifies it being considered as a baseline status for OC 
in 1990. 

34. It is recommended that the map and 1km data set of 
OC for topsoils in Europe (see Figure 2.21) be adopted 
for defining the baseline status of organic 
carbon/matter in 1990. 

35. However, the 1km data should be validated against 
other national OC data – such work is ongoing in 
Finland and Scotland – and similar checks should be 
made in other countries, where suitable data for 
comparison exist, e.g. The Netherlands. 

36. In areas with inadequate OC/OM data, e.g. Greece and 
Spain, sampling and measuring programmes should be 
implemented. 

37. Where OC is estimated to be <2%, land use patterns 
should be examined with a view to stabilising or 
increasing OC levels. 

38. Soils high in OM are restricted in extent and should be 
protected from development. 

39. In some areas, for example in Italy and Spain, low 
organic carbon contents correlate with high estimates 
of soil erosion. In other areas, estimated soil loss is low 
where organic carbon is low. These relationships 
should be further analysed by GIS. 
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Introduction 

The need for accurate information on the organic matter 
(OM) content in soils at European, National or Regional 
level has been increasing steadily over the past few years 
(Rusco et al., 2003). This is a result of increasing concern 
about environmental problems such as soil degradation, 
desertification (CEC, 1992; UNEP, 1991; EEA 1995), 
erosion and, at the worldwide level, the impact of climate 
change. 
 
There is some evidence to suggest that the OM content of 
soils in Europe is decreasing, in some cases at an alarming 
rate, and yet OM is vital to sustain many soil functions. For 
example, a decline in OM content is accompanied by a 
decrease in fertility and loss of structure, which together 
exacerbate overall soil degradation. 
 
There are many factors responsible for the decline in soil 
OM and many of them stem from human activity, for 
example: 

1. Conversion of grassland, forests and natural 
vegetation to arable land; 

2. Deep ploughing of arable soils causing rapid 
mineralisation of organic matter, particularly humus; 

3. Overgrazing; 
4. Soil erosion; 
5. Forest fires. 

 
The main objective at present is to identify and to secure an 
existing information base for organic carbon (OC) and 
organic matter (OM) contents of European soils at time T0, 
i.e. to define a ‘baseline (background) or reference level’ 
against which to monitor future trends. Effectively this 
means compiling and analysing data on the organic carbon 
(OC) content because in most cases this is the parameter 
measured. The next objective is to establish the future trend 
in soil OC and OM contents with a view to developing more 
sustainable systems of land management and to avoid or 
reduce further losses. 

2.1 Importance of soil organic matter 

Over the centuries, soil organic matter has come to be 
considered as the ‘elixir of plant life’. At a very early stage in 
history, Human beings discovered that soil colour is closely 
correlated with organic matter derived mainly from decaying 
plant materials. Soils high in organic matter were also found 
to be productive, both for crop production and for providing 
good pasture for grazing animals. 
 
To ensure sustainable management of land, therefore, it is 
imperative that organic matter in the soil is maintained and 
sustained at satisfactory levels. A decrease in organic 
matter content is an indicator of a lowered quality in most 
soils. This is because soil organic matter is extremely 
important in all soil processes. 
 
The benefits of soil organic matter are linked closely with 
the fact that it acts as a storehouse for nutrients, it is a 
source of fertility, and it contributes to soil aeration, thereby 
reducing soil compaction. Organic matter is also an 
important ‘building block’ for the soil structure and for the 
formation of stable aggregates (Waters and Oades, 1991, 
Beare et al., 1994). Other benefits are related to the 

improvement of infiltration rates, and the increase in storage 
capacity for water. Organic matter also serves as a buffer 
against rapid changes in soil reaction (pH), and it is the 
main energy source for soil microorganisms. Without 
organic matter, biochemical activity in soil would cease. 
 
Cultivation can have a significant effect on the organic 
matter content of soil. During field operations, fresh topsoil 
becomes exposed to rapid drying on the surface. Organic 
compounds are released to the atmosphere as a result of 
the breakdown of soil aggregates that are bound together 
by humic materials. Unless organic matter is quickly 
replenished, the system is in a state of degradation, leading 
eventually to un-sustainability (World Bank, 1993). 
 
Formation and behaviour of soil organic matter is a very 
complex subject. Organic material in soil is essentially 
derived from residual plant and animal material, synthesised 
by microbes and decomposed under the influence of 
temperature, moisture and ambient soil conditions. In 
essentially warm and dry areas, like Southern Europe, 
depletion of organic matter can be rapid because the 
processes of decomposition are accelerated at high 
temperatures. Generally, plant roots are not sufficiently 
numerous to replace the organic matter that is lost. 
 
Maintaining soil organic matter is, therefore, of critical 
importance. Furthermore, the decline in organic matter 
contents of many soils, particularly in Southern Europe, is 
becoming a major process of soil degradation. 

2.1.1 Factors influencing organic matter status of 
soils. 

These can be divided in two groups: 
1. Natural factors; 
2. Human-induced factors. 

2.1.1.1 Natural factors 

The most important natural factors are: 
1. Climate: for example, typically reflected in the 

Mediterranean by an irregular pattern of rainfall 
distribution (about 80 percent falling from October 
to April), the high intensity of violent storms, and 
relatively hot summer temperatures; 

2. Soil parent material: acid or alkaline (or even 
saline); 

3. Land cover and/or vegetation type; 
4. Topography: slope and aspect have an influence 

on organic matter accumulation. 

2.1.1.2 Human factors 

Human-induced factors can be summarised as follow: 

1. Land use and nature of farming systems; 
2. Land management; 
3. Land degradation. 

 
There are many factors related to land degradation and 
depletion of organic matter, but the most important causes 
are deforestation, forest fires, desertification, overgrazing, 
accelerated soil erosion, and general mismanagement of 
land. According to UNEP (1991), desertification threatens 
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over 60 percent of the landscapes in Southern Europe, 
which represents one of the biggest environmental threats 
for the countries of the European Union. A recent report of 
the Medalus Project provides a timely update on 
desertification in Europe (Kosmas et al., 1999) 
 
Contrary to the situation in northern Europe, agriculture in 
the Mediterranean is dominated by fruit-trees, citrus, olives, 
vines, vegetables, and cereal crops, such as wheat, barley 
and maize. Pastures and meadows are of limited extent and 
the accumulation of organic matter associated with these 
uses is, therefore, severely restricted. 
 
Identifying these factors is important for a number of areas 
of research: 

1. Carbon sequestration; 
2. Soil fertility; 
3. Pollutant transfer; 
4. Sustainable crop production; 
5. Soil-water relations; 
6. Soil-groundwater relationships. 

 
Of considerable concern at continental and global scale now 
are carbon emissions that influence global warming and 
climate change. Continuously high temperatures during the 
summer in the Mediterranean lead to a rapid decline in the 
organic matter content in cultivated soils. This decline is 
further exacerbated by the removal or burning of crop 
residues. Unless sufficient carbon is returned to the soil to 
offset the loss occurring during mineralisation, the content of 
organic matter will decline. When carbon stocks in the soil 
are in decline, the process is called ‘soil nutrient mining’ 
(Zdruli et al., 1998). 
 
2.1.2 Processes leading to a decline in soil 

organic matter 

Two important processes are soil erosion and leaching. 

2.1.2.1 Soil erosion 

Erosion causes removal of soil particles, particularly from 
the topsoil. This can have a devastating impact on overall 
soil organic matter levels because organic materials are 
concentrated in the surface layer of the soil. Erosion can 
also remove considerable quantities of nutrients, as well as 
sediments. For example, it has been estimated that in 
Albania water erosion washes away 60 million tonnes of 
coarse materials every year. These comprise 1.2 million 
tonnes of organic matter, 100,000 tonnes of nitrates, 60,000 
tonnes of phosphates, and 16,000 tonnes of potassium 
(Laze and Kovaçi, 1996). Losses in areas of France, Italy, 
Greece and Spain bordering the Mediterranean may be 
even higher. Where intensive erosion occurs, more fertiliser 
and organic manure are needed on agricultural land to 
counteract the losses caused by soil erosion, compared to 
the requirements in non-eroded areas. 

2.1.2.2 Leaching 

Leaching of soil nutrients to the groundwater is a problem in 
some areas. Heavy winter rainfall or excess irrigation water 
may exacerbate the problem. Salinity and acidity also have 

devastating effects on the quality and quantity of organic 
matter. 

2.1.3 Sources of soil organic matter 

Major sources of organic matter are derived from plant 
material, crop residues and animal rearing - cattle, poultry, 
and pigs. However, the distribution of agricultural activities 
at national level is not uniform, so in some areas the 
concentration of organic materials is much larger than in 
others. Transportation costs of animal manures are very 
high since the bulk volume to be removed is considerable 
so it is difficult to keep the system in balance. Rarely are 
intensive livestock enterprises juxtaposed with extensive 
arable systems that would benefit from applications of the 
large quantities of the animal manures produced. 
 
Other potential sources of organic materials are sewage 
sludge, urban waste, and litter from forest trees. The use of 
these materials for fertilising soils requires special 
technologies for processing the raw material. Collection of 
plant litter is very labour-intensive with high costs. In the 
case of sewage sludge, transportation is difficult and 
expensive. The vast majority of sewage sludges are 
produced a long distance away from areas that could 
benefit from their application. Contamination of soil is also a 
very serious problem with most animal and industrial 
wastes. Therefore the use of these wastes in replenishment 
of soil organic matter must be carefully researched and only 
adopted with extreme caution. 
 

 

Figure 2.1  General influence of temperature and moisture on soil 
organic matter content in Europe (Adapted from Buckman and 

Brady. 1960) 
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2.1.4 Variation in soil organic matter 

In examining data on soil organic matter and nitrogen 
contents of representative mineral soils, it is clear that there 
are differences between soils of different physiographic 
provinces, but also within particular localities. Heterogeneity 
is the rule and is generally expected by most soil and earth 
scientists. However, there are some broad relationships that 
are helpful in predicting the distribution of soil organic matter 
(Figure 2.1). 

2.1.4.1 Influence of climate 

Climatic conditions, especially temperature and rainfall, 
exert a dominant influence on the amounts of nitrogen and 
organic matter found in soils. When moving from a warmer 
to a cooler climate, the organic matter and nitrogen of 
comparable soils tend to increase. This is because the 
overall trend in the decomposition of organic matter is 
accelerated in warm climates, while a lower rate of 
decomposition is the case for cool regions. 
 
In summary, within belts of uniform moisture conditions and 
comparable vegetation, the average total organic matter 
and nitrogen contents increase from two to three times for 
each 10 deg. C fall in mean temperature (Buckman and 
Brady, 1960, p.152). 
 
Table 2.1. Relationship between organic matter 

(OM) and soil texture (after Buckman and Brady, 1960) 
Texture 
Class 

Topsoil  
OM (%) 

Subsoil  
OM (%) 

Sands 0.80 0.50 
Clay loams 1.30 0.55 
Clays 1.45 0.65 

 
Effective soil moisture also exerts a very positive control 
upon the accumulation of organic matter and nitrogen in 
soils. In general, under comparable conditions, nitrogen and 
organic matter increase as the effective moisture becomes 
greater. This is explained by the fact that microbes are more 
active, and the humification of organic matter more rapid in 
areas of moderate to low rainfall (Buckman and Brady, 
1960), which tend to have scantier vegetation than wetter 
areas. 

2.1.4.2 Effect of soil properties 

Provided other factors are constant, the texture of the soil 
influences the amount of organic matter and nitrogen 
present (Table 2.1). A sandy soil usually contains less 
organic matter than a soil of finer texture – heavy loam or 

clay. This is because the generally lower moisture content 
and greater aeration in sandy soils result in more rapid 
oxidation of organic matter compared with heavier soils. 
Generally, poorly drained soils have high moisture contents 
and low aeration. This results in generally much higher 
organic matter and nitrogen contents in these soils than in 
their better-drained equivalents. 
 
The lime (calcium) content of a soil, the erosion status, and 
the amount of vegetative cover also influence the 
accumulation of soil organic matter. The microbial activity is 
responsible for breaking down organic materials, and this is 
strongly enhanced in soil containing large amounts of 
calcium, resulting in lower organic matter contents than in 
soils with small amounts of calcium. Water and wind erosion 
can be responsible for physically removing organic matter 
from soils, whilst vegetation is an important source for 
replenishment. 

 

Figure 2.2  Effect of long-term cultivation on soil organic matter 
content 

(Adapted from Haas et al., 1957). 

2.1.4.3 Influence of vegetation & cultivation 

When natural or semi-natural habitats are cultivated, new 
and usually lower levels of organic matter and nitrogen are 
established. It is, therefore, normal to find much lower 
organic matter and nitrogen contents (by 30 to 60%) in 
cultivated soils compared to their undisturbed (or virgin) 
equivalents. 
 
However, the fact that crop yields in areas long under 
cultivation have been maintained or raised does not mean 
that organic matter and nitrogen are being maintained at 
satisfactory levels. 
 
 
 

 
Table 2.2. Carbon and nitrogen contents and C/N ratio of some Rothamsted soils 

 
Management/vegetation % C  % N C/N 
Old pasture (8-18cm) 1.52 0.160 9.5 
Old woodland (13-18cm) 2.38 0.250 9.5 
Broadbalk, in 1893, after 50 years in continuous wheat     
   No manure since 1839 (0-23cm) 0.89 0.099 9.0 
   Complete minerals and 185kg (NH4)2SO4 most years  
      since 1843 (0-23cm) 

1.10 0.12 9.0 

   14 tons of farmyard manure annually since 1843 (0-23cm) 2.23 0.22 10.1 
Continued… 
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Table 2.3. Effect of crop rotation on the organic matter content of arable soils 
 

Crops grown since 1894 without fertiliser or manure: weight per acre in top 
17cm of soil 

C (in 1000 lb 
or 454kg) 

N (in 100 lb 
or 45.4kg) 

Initially 1894 20.4 21.8 
After 30 years of continuous maize cropping 2.38 0.250 
After 30 years of continuous wheat cropping 12.8 13.1 
Five course rotation:   
 Maize > oats > wheat > clover > grass (Timothy) 15.5 15.5 
Three course rotation (since 1897):   
 Maize > wheat > clover 17.1 17.8 

 
 

 

Figure 2.3. General influence of cultivation and soil management on 
OC contents at Rothamsted during the past 150 years 
(After Poulton, 1995). 

Experiments conducted in the USA (Buckman and Brady, 
1960) show a decline of up to 30% in organic matter content 
of soils that were cropped over a long period (Figure 2.2). 
This is confirmed by results from Rothamsted Experimental 
Station (Tables 2.2, 2.3) showing that very different forms of 
manuring and cropping rotations have had a very large 
influence on the carbon and nitrogen contents but only a 
small influence on the C/N ratio (Russell, 1961, p.277). 
Jenkinson (1990) and Johnston (1991) describe more details 
of Rothamsted's research into soil carbon. 
 
Goulding et al. (2003) report on trends in organic carbon that 
can be traced from the data above (Table 2.2) until 1990 
(Figure 2.3). 
 

 

Figure 2.4. Data for soil carbon from the Rothamsted ley-arable plots 
(After Poulton, 1995). 

Data also from Rothamsted show the effect on soil carbon of 
ploughing up grassland, and conversely converting arable 
land to grassland (Figure 2.4). Studies by INRA show that 

tillage methods can significantly affect carbon stocks in 
arable soils (Figure 2.5). 

 
 

 

Figure 2.5  The effect of tillage on carbon stocks  
of arable soils (After Arrouays et al., 2002) 

It is not possible to maintain the organic matter and nitrogen 
of cultivated soils at ‘virgin’ levels and nor is it necessary to 
do so. However, a decline in organic matter content of 30 to 
40% has serious implications for soil structure and fertility 
(Russell, 1961, p.293). Such a decrease should not be 
allowed to continue otherwise a serious decrease in crop 
yield and loss of structural stability could result. 
 
In many areas of Europe, not only in the south, where soils 
have been intensively cultivated for long periods, the decline 
in organic matter content is equivalent to a ‘mining’ 
operation. It may be possible to restore organic matter to 
acceptable levels in some soils that have suffered serious 
depletion, but this will be a lengthy and costly process. 

2.2 Assessing organic matter content of 
European Soils 

To avoid further losses of organic matter (OM) from the soil, 
the first stage is to determine the amount of organic matter 
currently stored, identify the sources and discover the 
causes of any decrease. For policy making purposes, it is 
now vitally important to have an accurate picture of the OM 
content in European soils and to understand the 
components of the systems of land management that have 
the greatest effect. 
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In most cases, organic matter (OM) in soil is measured as 
organic carbon (OC), and the values converted to organic 
matter content using a standard conversion ratio OC:OM of 
1:1.7 (or 1:1.72). This conversion is considered to be 
satisfactory for providing data on OM, given OC 
measurements, for input to broad scale modelling and the 
policy making process. However, care is needed when 
converting OM to OC using this ratio, because determining 
OM by loss on ignition leads to overestimation. Therefore, a 
standard procedure for determining OC should be adopted 
for future sampling. 

2.2.1 European Scale 

However, in reality there is a serious lack of georeferenced-
measured data on soil organic carbon at the European level 
(Bullock et al., 1999). To address this problem, and a 
deficiency of data on other soil properties, the European Soil 
Bureau (ESB), based at the Joint Research Centre, Ispra 
(Italy) has been sponsoring the collection of soil information 
throughout Europe for more than ten years (Montanarella 
and Jones, 1999). 
 
The result is the construction of a European Soil Database 
v.1.0 (King et al., 1994, 1995a, 1995b; Le Bas et al., 1998; 
Heineke et al., 1998) from source material prepared and 
published at a scale of 1:1,000,000 (CEC, 1985), 
augmented by data from national soil survey archives. The 
resulting soil data are harmonised for the whole of Europe 
according to a standard international soil classification (FAO-
UNESCO, 1974; FAO-UNESCO-ISRIC, 1990), together with 
analytical data for standard profiles (Madsen and Jones, 
1995). 
 
The spatial component of this database comprises polygons, 
which represent Soil Mapping Units (SMUs). These spatial 
elements are linked to one or more Soil Typological Units 
(STUs). Attribute data exist for STUs, so these data can be 
related to SMUs and consequently to areas on a map. 
 

The Soil Profile Analytical Database for Europe SPADE 1 
contains data on organic carbon in the topsoil (0–30cm) for 
important soil types. Unfortunately, these data are far from 
comprehensive geographically and have poor replication. 
Therefore applying an extrapolation procedure, linking the 
analytical data to areas (SMUs) on a map, was deemed 
unsuitable to build an accurate distribution of soil organic 
carbon for Europe as a whole. 
 
With the support of the European Crop Protection 
Association (ECPA), an expanded profile database (SPADE 
2) is currently in the advanced stages of compilation (J. 
Hollis, pers. comm.). This will provide many more measured 
values of OC for European soils, but it will not be ready for 
use until after 2004. 

There are a number of other sources of information that 
could complement, to a greater or lesser extent, the 
European Soil Database: 

1. National soil survey archives;  
2. ISRIC-WISE database (Batjes, 1996, 1997);  
3. ICP Forest condition survey database (Vanmechelen et 

al., 1997); 
4. FOREGS Geochemical Baseline mapping (Salminen et 

al., in preparation); 
5. Baltic Survey (Reimann et al., 2003). 
6. Organic matter in European Soils (Utermann et al., 

2003). 

Pedotransfer (taxatransfer) functions/rules for application to 
existing data are also available. 
 
At the present time, the most homogeneous and 
comprehensive data on the organic carbon/matter content of 
European soils are those that can be extracted, and/or 
derived, from the European Soil Database at scale 
1:1,000,000 (Figure 2.6). 
 

 

 

Figure 2.6.  The Soils of Europe: classified according to the World Reference Base (WRB) 
 for Soil Resources and the structure of the European Soil Database (inset). 
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The European Soil Database therefore provides a starting 
point for delineating various aspects of soil degradation, 
such as a decline in organic matter, at European level. 

2.2.1.1 Pedotransfer approach for Europe 

Until a better soil profile database has been compiled, and 
many more (standardised) analytical data for soil properties 
become available, organic carbon can be calculated, at 
European level, by pedotransfer, combining the limited 
measured OC data that are available, the relationship of 
these OC data to soil type (by texture, structure, 
classification), land use/land cover, and climatic criteria 
(temperature). 

From Figure 2.7, it can be estimated that 45% of the soils in 
Europe are low (1-2%) or very low (<1%) in organic carbon, 
and 40% have a medium content (2-6%). 

 

Figure 2.7  Distribution of topsoil organic carbon through application 
of the original pedotransfer rule of Van Ranst et al. (1995) – After 

Rusco et al. (2001) 

This procedure uses a series of structured pedotransfer 
rules developed to convert the 1:1,000,000 scale soil map 
units (SMU) into classes of organic carbon content (Van 
Ranst et al., 1995; Jones and Hollis, 1996; Daroussin and 
King, 1997). 
 
The results for OC are output in four classes:  
 

H(igh):            > 6.0% 
M(edium):    2.1-6.0% 
L(ow):          1.1-2.0% 
V(ery) L(ow): < 1.0% 

Figure 2.7 shows the estimated organic carbon level in the 
topsoil (OC_TOP) derived from the European Soil Database, 
using the original pedotransfer rules of Van Ranst et al., 
(1995). These estimates should be considered as giving 
approximate results, suitable only for use at continental 

level. Furthermore, because the results are expressed as 
classes of OC it is difficult to establish the true OC content 
for some European soils. 
 
Table 2.3 Organic carbon content of soils in Europe 

 

Hectares 
(ha) 

OC 
class 

OC 
(%) 

Area 
(%) 

  66,558,238 V <1 13 
163,967,166 L 1–2 32 
232,325,106 M 2–6 45 
22,173,470 H >6   5 

 
For example, peat soils contain much more OC (>15%) than 
the lower limit of 6% of the highest class (OC>6%), 
estimated by the pedotransfer rules and, therefore, this 
analysis does not separate them from soils with less OC that 
fall into the same class. 
 
Many of these soils are in agricultural use, and Table 2.3 
shows the proportion of Europe estimated to fall into the 
different OC classes. 

2.2.1.2 Expert judgement applied in southern Europe 

In response to the concern about low organic matter levels 
in Mediterranean soils and, to provide better guidance for 
policy makers, the European Soil Database was used in 
another study to make preliminary estimates of the organic 
carbon contents of topsoils in southern Europe (Figure 2.8). 
 
 
The original pedotransfer rules of Van Ranst et al. (1995) 
were not found to give good results for southern Europe, 
where the criteria used do not relate well to soil organic 
carbon content. To overcome this problem, the soil map 
units (SMU) on the southern part of the European Soil Map 
were assigned to one of 2 classes of organic carbon (OC) – 
OC≤2% and OC>2% – using an expert knowledge base 
(Zdruli et al., 2004). 
 
The results (Figure 2.8) show that 74% of the land in 
southern Europe has a surface soil horizon (0-30cm) that 
contains less than 2% OC (3.4% OM). This is an important 
statistic and it is now clear that the decline in organic matter 
contents of many soils in Southern Europe, as a result of 
intensive cultivation, has now become a major process of 
land degradation. Table 2.4 highlights the low organic 
carbon content that afflicts the countries of southern Europe. 

2.2.1.3 ICP Forest survey 

The International Co-operative Programme (ICP) on 
Assessment and Monitoring of Air Pollution Effects on 
Forests was launched in 1985, strictly to evaluate the effects 
of air pollution on forest condition, though later soil 
investigations were added. The original idea was to make a 
survey on a systematic trans-national grid of 16 km x 16 km 
throughout Europe (Vanmechelen et al., 1997). This 
specification was agreed by all participating states of the 
European Union and Figure 2.9 shows the distribution of the 
Level I plots in the EU Member States. 
 
The second level of monitoring (Level II) has been running 
since 1994, in selected forest ecosystems in Europe. On 
these plots (Figure 2.10), soil and soil-solution chemistry, 
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foliar nutrient status, increment, meteorological conditions, 
ground vegetation and deposition of air pollutants have been 
measured, in addition to the annual crown condition 

assessments. Surface soil samples were analysed for 
organic carbon (Van Ranst et al., 1998). 

 

Figure 2.8  Estimated organic carbon contents in topsoils of southern Europe (Zdruli et al., 2004). 

 
 
 
 
 

Table 2.4 Estimated Organic Carbon (OC) content  
              in the topsoils of Southern Europe 

 
Country Total area Very low to Low (OC <= 2%) Medium to High (OC>2%) 

          km2          km2 %              km2 % 

Albania 28,704,567 21,575,076 75.2 6,788,233 23.6 

Bosnia 51,524,030 34,453,723 66.9 16,898,412 32.8 

Croatia 56,191,096 28,030,731 49.9 26,903,652 47.9 

France (S of 45°N) 196,550,777 116,603,968 59.3 78,371,704 39.9 

Greece 133,007,789 126,841,043 95.4 4,868,798 3.7 

Italy 300,453,890 259,601,949 86.4 37,341,722 12.4 

Montenegro 13,792,171 7,012,719 50.8 6,531,899 47.4 

Portugal 89,335,536 51,026,010 57.1 37,944,766 42.5 

Slovenia 20,235,843 11,615,170 57.4 8,375,443 41.4 

Spain 498,914,695 378,630,678 75.9 117,451,853 23.5 

Southern Europe 1,388,710,394 1,035,391,069 74.6 341,476,480 24.6 
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Figure 2.9  The ICP Level I forest plots: the dark dots are where the 
soil condition is monitored  (Vanmechelen et al., 1997). 

One of the main problems in using the data from the ICP 
Forest survey is absence of precise georeferencing of the 
plots investigated. The ICP forest survey was set up on a 
regular 16 km grid, but not all the participating countries 
followed the procedures rigorously. In some places, different 
grid spacings were used, e.g. Italy chose a grid that is a 
multiple of 3km (12km x 15km, 15km x 18km etc.). 

In addition, the regulation 926/93 defines the starting point of 
the grid but does not define the spheroid, datum and 
projection that are necessary for its unique definition. Better 
georeferencing of the experimental plots is needed for any 
future surveys, e.g. by differential GPS. 

 

Figure 2.10  The ICP Level II forest plots: (Vanmechelen et al., 
1997). 

Wiedermann et al. (2001) made a study confronting the 
Forest Condition Level I Database with the European Soil 

Database (v1.0) and concluded that comparability of the two 
data sets is limited. 

2.2.1.4 FOREGS Geochemical Baseline Mapping 

The Geochemistry Working Group of the Forum of European 
Geological Surveys’ Directors (FOREGS) has carried out a 
Geochemical Baseline programme in 26 European 
countries. 
 
The FOREGS project began in 1998, following specifications 
recommended by UNESCO’s International Geological 
Correlation Programme IGCP 259, for the Global 
Geochemical Baseline Mapping project (Darnley et al., 1995; 
Plant et al., 1996). A variety of standard reference materials 
will be collected from some 5,000 cells, each 160 km x 160 
km (area 25,600 km2), over the entire land surface of the 
globe using a catchment basin approach. The Geochemical 
Baseline Atlas of Europe is expected to be ready for 
publication by the end of 2004 (Salminen et al., in 
preparation). 

Residual soil samples from 925 sites of mainly forested and 
mountainous pasture areas were collected from two layers, 
surface 0-25 cm, and from the C-horizon. Samples from the 
surface layer (0-25 cm) of alluvial/agricultural soils were also 
collected from 925 sites (see Annex 1). 

The total organic carbon (TOC) contents of European 
surface soils, sampled from mainly forested and 
mountainous pasture areas (Figure 2.11), were found 

 

Figure 2.11  Total organic carbon contents in surface soil (0-25cm) in 
Europe from the FOREGS Project (Salminen et al., in preparation) 
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to be relatively high (>4% TOC) in Ireland, United Kingdom, 
Sweden, Finland, Estonia, Germany, The Netherlands, 
Slovakia, Switzerland, parts of Austria, France, Portugal, 
Italy, Greece and Norway. 
 
The TOC values in surface forest/pasture soils were found to 
be low in Poland, northern Norway and Sweden, Denmark 
and central France. 
 

 

Figure 2.12  Total organic carbon contents in subsoil (>50cm) in 
Europe from the FOREGS Project (Salminen et al., in preparation) 

The map of TOC in subsoil samples (Figure 2.12) shows 
comparatively high values (>4% TOC) in Ireland, United 
Kingdom, southern Norway, northern and southern 
Germany, Switzerland, and parts of Austria, France and 
Spain.  
 

2.2.1.5 Baltic Soil Survey 

The Baltic Soil Survey (1996-2003) was a collaborative 
project of 10 countries surrounding the Baltic Sea (Belarus, 
Estonia, Finland, Germany, Latvia, Lithuania, Norway, 
Poland, Russia and Sweden) with the objective to map the 
chemical composition of agricultural soils (Reimann et al., 
2003). Samples were collected from 748 sites over an area 
of 1,800,000 km2, an average sampling density of 1 site per 
2,500 km2 (50km x 50km). 
 
Samples from agricultural soil were collected from two layers 
(ploughed layer, Ap-horizon usually 0-25 cm and substrate, 
B- and/or C-horizon, usually 50-75 cm) were only collected 
from ploughed fields. Large composite samples (8 litres 
each) were taken from a field with a defined minimum size 
and landscape position to minimise local variability  

Loss on ignition (LOI) was determined on 748 surface (TOP) 
and 747 sub-surface (BOT B/C-horizon) samples at a 
temperature of 1030oC (gravimetric) (Reimann et al., 2003). 
Figure 2.13 shows that high values predominate in the 
Nordic countries, especially in Finland, where peat lands 
have been converted in to farmland. In Norway, the highest 
values occur in the south-west of the country, where 
precipitation is high. A wet, cold climate delays the decay of 
organic matter. Sweden shows high values along the coast 

of the Baltic Sea, but lower values occur in the southern 
part. 

2.2.1.6 Organic matter contents in European soils 

In 1999, the European Commission’s DG ENV and the 
German Federal Environment Agency commissioned a 
feasibility study on trace element and organic matter 
contents of European soils. The background to this request 
was, amongst others, the imminent revision of the Sewage 
Sludge Directive 86/279/EEC. Initiated by the Scientific 
Committee of the European Soil Bureau (ESB), the working 
group “Heavy metals in European Soils” was formed with 
representatives from the EU-15 countries. 
 
A questionnaire-based study was undertaken to elicit the 
available information and relevant data in the European 
countries (European Soil Bureau, 1999). The appraisal 
turned out to be complex and difficult. Hence, a specific 
working programme at different time scales was proposed. 
The purpose of the programme is to provide both, meta-
information on available data and evaluation approaches for 
compiling background values of heavy metal and organic 
matter contents. The results are reported by Utermann et al. 
(2003)  
 
Organic matter contents were evaluated in relation to soils 
from different groups of soil parent material (MAT 11 level), 
identified in the European Soil Database, and land use. 
Comparable information about organic matter or organic 
carbon contents is likewise available for eleven countries. 
The results are shown in Figure 2.14. The 50 percentile 
values of organic matter were classified into five classes  
 
Class OM Description 
            Mass 

1 ≤ 2 Low humus content 
2 >2 – 4 Middle humus content 
3 >4 – 8 High humus content 
4 >8 – 15 Very high humus content 
5 > 15 Extremely high humus content 

The Norwegian data were not included in the map, because 
CORINE data were not available and land use has a major 
influence on the organic matter contents in soils. This 
becomes obvious in Figure 2.14, where the spatial 
distribution of the organic matter contents to some extent 
follows the land use units. Effects of climatic conditions 
(another main factor) are also recognisable to a certain 
extent. 

The stratification according to parent material and land use 
gives a first idea of the distribution of organic matter 
contents in European soils. However, soil organic matter is 
much more closely related to soil type and land use than to 
parent material. Therefore, the distribution shown in Figure 
2.14 should not be regarded as truly representative. Data for 
Norway, Slovakia and the UK (England & Wales) will be 
incorporated in the database later this year. Work done 
recently by Jones et al. (2003), based on soil types in the 
European Soil Database and CORINE land use, provides a 
more realistic distribution of organic matter for Europe as a 
whole . 
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Figure 2.13  LOI – Loss on ignition, determined at 1030oC (gravimetric) in agricultural soil, Ap (TOP) and B/C-horizon (BOT), as an indicator of 
organic matter content, Baltic Soil Survey (From Reimann et al., 2003). 

2.2.2 National Scale 

A number of studies on soil organic matter/carbon have 
been commissioned at national level. The following sections 
describe briefly the results that have come to light from 
Belgium, Denmark, Finland, France, Italy, Netherlands, 
Slovakia, Spain, Switzerland and UK. Other countries – 
Germany, Hungary and Sweden – are known to have large 
soil databases containing information on OC but the details 
are still being clarified. 

2.2.2.1 Belgium 

Sleutel et al. (2003) have estimated the carbon stock and 
potential changes in the cropland of Belgium. Over 210,000 
topsoil (1-24cm) measurements were made in the 
agricultural land of Belgium between 1989 and 1999. The 
data are available for 7 agro-pedological regions and for 
three periods, 1989-91, 1992-95 and 1996-99. The 
measurements were extrapolated to 1m depth using an 
exponential soil organic carbon depth distribution model 
based on another large data set of over 5184 fully described 
soil profiles on cropland. 
 
The full Belgian profile data set, covering all land uses, totals 
6169 fully described georeferenced soil profiles dating back 
to the National Soil Survey (1947-1962). In a recent study 
based on 13,000 geo-referenced soil profiles, excavated by 
Belgium’s soil survey between 1950-70, Lettens et al. (2004) 
constructed a generalised map of soil organic carbon (0-
100cm) for Belgium. 

2.2.2.2 Denmark 

Hermansen (2002) has estimated the organic carbon stocks 
in the topsoils of Denmark using two European soil 

databases and the original pedotransfer rule of Van Ranst et 
al. (1995). The estimates obtained vary from 0.286 to 0.385 
Pg. Using national data, Krogh et al. (2002) estimated stocks 
of 0.347 Pg in Danish topsoils. 
 
 

 
 

Figure 2.14  Organic Matter Contents in European Soils according to 
Parent Material and Land Use 
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2.2.2.3 Finland 

In the cool/cold and humid climate of Northern Europe, 
organic matter has accumulated in soil to such an extent 
that Histosols – organic soils – are dominant. Thick mires 
(several metres of organic matter) are formed, which are not 
used for in human activities, but they are used for peat 
mining. On the other hand, peat soils with a thin (<1m) layer 
of organic matter are successfully used for forestry and 
even for agriculture. Also many mineral soils, such as 
Podzols and Gleysols, have histic epipedons – soil horizons 
containing relatively large amounts of organic material – that 
cover 28% of the land surface. These horizons are not thick 
enough to classify the soils as Histosols, but they are 
essentially peaty. 
 
In Northern Europe, the vast majority of carbon storage 
occurs in peat soils, and podzolised mineral soils being the 
second largest reserve. Agriculture utilises only a minor 
proportion of these soils, but owing to oxidation of organic 
matter caused by intensive tillage, organic soils in 
agricultural use can be major sources of greenhouse gases. 
 
The following sections describe the carbon storage in soils 
of Finland, which is located between the 60°N and 70°N 
where soils are subjected to mean annual air temperatures 
between +6°C and –2°C 
 
Most of Finland is forested. Mineral forest soils cover 57% 
and peatlands cover 28% of the total land area. Half of the 
peatlands is used for productive forestry, and half is open 
peat moor or forest of very poor quality. The major reserve 
of carbon is in the peat deposits. As much as 46,000 km2 of 
the peatlands are artificially drained, which substantially 
influences their native state and may contribute to carbon 
dioxide and methane emissions. 
 
Owing to the abundance of organic soils, almost 80% of the 
carbon storage in Finland occurs in the peatlands, with a 5% 
of carbon stored in agricultural soils. 
 
In mineral forest soils, about 30% of carbon is contained in 
the humus layer, 70% being in the mineral subsoil (mainly in 
the spodic Bhs horizon). The carbon storage in mineral 
forest soils decreases from south (5-6 kg C/m2) to north (1-3 
kg C/m2). 
 
Owing to the fact that only 8% of land in Finland is in 
agricultural use, only a minor proportion of carbon reserves 
is attributed to agricultural activity. Organic soils with a 
variable thickness of organic material constitute 10-20% of 
agricultural area. The estimates of the area of organic 
agricultural soils, and their carbon storage, are mostly based 
on expert judgement. In spite of their rather small extent, 
they contain more carbon than mineral agricultural soils. 
They are also the major source of carbon dioxide emissions 
within agriculture, since drainage and cultivation contribute 
to the oxidation of organic matter. 
 
It has been estimated that the emissions from a cultivated 
peatland are 4,000 kg C ha-1 yr-1. Subsidence of organic 
soils is a well-known feature, and over time the area of 
organic soils, identified in soil surveys has decreased, owing 
to the degradation of organic matter. The area of organic 
soils in agricultural use has decreased since the 1970’s, 
owing to set-aside policy and abandonment of agricultural 
land. More details can be found in Annex 1. 

2.2.2.4 France  

Arrouays et al. (2001) have studied the carbon content of 
topsoils in France and plotted its geographical extent using 
georeferenced databases (Figure 2.15). The organic carbon 
content was estimated for the upper 0-30cm in forest and 
grassland soils, and for 0-25cm in arable soils.  

 

Figure 2.15  Estimates of mean organic carbon stocks in French soils, for 
soil-land use combinations at 8km resolution  [Arrouays et al., 2001] 

The data for forest soils were extracted from the ICP Forest 
database that was set up to monitor forest conditions in 
Europe (Vanmechelen et al., 1997). A second database, 
complied from soil surveys throughout France, provided 
organic carbon contents for agricultural and forest soils. The 
third source of data contains information from 5000 
agricultural fields irregularly spread across the country. 
 
Analysis shows that the main factors controlling carbon 
distribution are land use, soil type (in some cases), clay 
content and elevation. Total carbon stocks in France were 
found to be about 3.1 Pg (1015g) or Gt. 
 

 

Figure 2.16  Change in organic matter content by commune, in 
Brittany, between 1980-85 and 1990-95 [Walter et al., 1996] 
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Changes in organic matter have also been monitored in 
France and Figure 2.16 shows that in Brittany, there was a 
reduction in OM throughout the region between the two 
decades 1980-85 and 1990-95 (Walter et al., 1996). 

2.2.2.5 Italy 

A large database of measured OC contents in agricultural 
soils exists for Italy (E. Rusco, pers. comm.). The 
distribution of sampling sites (6586) is shown in Figure 2.17. 
Since these data do not systematically cover the whole 
country, they cannot be used directly for estimating national 
carbon stocks. However, they represent a very important 
information base and they have been used to validate the 
Italian part of the OC map of Europe (Figure 2.21). 

For further studies of OC in Italy, the European Soil 
Database has been used by Rusco et al. (2001) to calculate 
the organic carbon stocks for the country. This analysis was 
made using the median value of each of the classes of OC 
content. For the class OC>6% a median value of 10% was 
chosen for linking with the Soil Mapping Unit. 

 

Figure 2.17  Location of sampling sites for determining organic 
carbon in agricultural soil of Italy [E. Rusco, pers. comm.] 

The result of this analysis was compared with results from 
external studies, for example the “Assessment of Carbon 
sinks in vegetation and soil for the European Union” (CNIG, 
2000). 
 
In the CNIG study, the soil carbon stock was derived using 
the World Inventory of Soil Emission (WISE) Potential 
database prepared by ISRIC – Batjes (1996, 1997). The 
results are compared in Table 2.5. 
 
It should be emphasised that both these databases were 
compiled at the continental level and contain data collected 
several decades ago. 

 

 

Table 2.5 Estimated soil organic carbon stocks in 
Italy 

 

OC data source Carbon stock (Pg 
[1015 g]) 

European Soil Database 2.289 
ISRIC-WISE Database 2.278 
Difference 0.011 (0.5%) 

2.2.2.6 Netherlands 

A detailed study on the carbon stocks in the soils of the 
Netherlands has been conducted by Kuikman et al. (2003). 
Their research is based on the Soil Map of The Netherlands 
at 1:50,000 scale and maps of carbon stocks under arable, 
grassland and semi natural vegetation have been 
constructed. These data will be used to validate the OC for 
The Netherlands on OC map of Europe (S.P.I.04.72). 

2.2.2.7 Slovakia 

The Landscape Atlas of the Slovak Republic (2002, p.105) 
contains a map of humus content in agricultural soils of 
Slovakia at 1:1,000,000 scale. This map is based on 
detailed soil survey data, at scales from 1:5,000 to 
1:200,000, and a database containing information on more 
than 13,000 soil profiles. 

2.2.2.8 Spain 

Organic carbon contents under different types of land use 
and soil in peninsular Spain are reported by Rodrigues-
Murillo (2001). 

2.2.2.9 Switzerland 

Most of the soil organic carbon (SOC) in Swiss agriculture is 
stored in permanent grasslands, which account for more 
than 70% of the total agricultural area (Leifeld et al., 2003). 
Leifeld et al. (in press) have calculated carbon stocks in 
Swiss agricultural soils by combining georeferenced data for 
land use, topography and soil profiles (544). The mean soil 
organic carbon content of the 0-20cm layer ranged from 41 t 
ha-1 for arable land to 63–117 t ha-1 for grassland. Organic 
soils account for <3% of the total area but store about 28% 
(47Mt) of the total SOC stock of 170Mt. 
 
Land-use type, clay content and altitude were identified by 
Leifeld et al. (in press) as the main SOC predictors in 
mineral soils. Clay content explained 44% of the variability 
in SOC and it has been estimated that about 16% of the 
national SOC stock has been lost historically due to 
peatland cultivation, urbanisation and deforestation. 

2.2.2.10 United Kingdom 

In the UK, a National Soil Inventory – NSI–(McGrath and 
Loveland, 1992) was undertaken on a 5km x 5km grid with 
sampling made for the first time in 1981-83 and then a re-
sampling in 1995-97. 
 
Figure 2.18 shows the NSI OC data for England and Wales 
linked to the SMU from the European Soil Database (P.J. 
Loveland, pers. comm.). 
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Comparison of the OC contents from these two periods 
(Figure 2.19) shows that there has been a decline in the soil 
organic carbon content in England and Wales under 
different land uses. It is important to appreciate that in the 
UK the climate should be more favourable to the 
accumulation of OC in the soil than in other parts of Europe. 

 

 

Figure 2.18  Mean Organic Carbon content from UK National Soil Inventory 
[after P.J. Loveland, pers. comm.] 

 
These results, the first attempt to monitor OC in the UK, 
suggest that the major causes for a decline in OC are 
cultivation, resulting in oxidation of organic matter, and land 
use change, e.g. the conversion of permanent grassland to 
arable use. Howard et al. (1995) published a definitive study 
describing the soil organic carbon and its geographical 
distribution in the UK. In addition, Bullock and Burton (1996) 
describe organic matter levels and trends in England and 
Wales and Smith et al. (2000a, 2000b) have recently 
computed carbon stocks for agricultural land in the UK. 
 

 

Figure 2.19  Change in organic carbon content in England & Wales from UK 
National Soil Inventory 

 [after P.J. Loveland and R.I. Bradley, pers. comm.] 

2.3 Current distribution of soil organic matter 
in Europe 

The pedotransfer rules defined by Van Ranst et al. (1995) 
for calculating the organic carbon (OC) contents of soils in 
Europe have been refined by Jones et al. (2003, and in 
press). 
 
These refined rules have been applied to a 1km x 1km soil 
data set derived from the European Soil Database, a 
geographically extended CORINE land cover data set 
(Hiederer, 2001; Hiederer and de Roo, 2003), a digital 
elevation model (DEM) and accumulated average annual 
temperature data from the MARS Project (Vossen and 
Meyer-Roux, 1995) together with processed data from the 
Global Historical Climatology Network – GHCN (Easterling 
et al., 1996). The 1km soil data were produced using a 
weighting procedure, taking into account soil type variability 
within the SMUs at European level. 
 

  

Figure 2.20  National Soil Inventory sites (>5500) in England & Wales, 
overlaid on the map of OC classes for Europe [after Jones et al. in press] 

 
The effect of climate on OC content was accounted for by 
applying a temperature correction (TEMPcor) in the form of a 
sigmoidal function of the type:  

( ) ctfTEMP n
AAATcor += cos*  

where AAAT is the average annual accumulated 
temperature above 0 degC. 

 

Final calculated OC values (Figure 2.21) were compared 
with measured values from >12,000 points in UK (England 
and Wales) and Italy – see Figures 2.17 and 2.20. The 
coefficient of determination was found to be 0.9, indicating a 
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good correlation between calculated and measured OC 
values. 
 
Because OC content, particularly in the topsoil, changes 
significantly with land use, any attempt to map the 
distribution of soil organic carbon in Europe must be based 
on accurate land use/land cover data. Thus using CORINE 
land cover data for the period 1988-92 is consistent with 
defining a reasonably accurate OC baseline in 1990. 
 
Assigning measured OC data from a small number of 
points, deemed to be representative of a particular soil type 
to polygons delineated on a soil map, that represent much 
larger areas where no measurements of OC have been 
made, introduces serious errors. This is important in view of 
the well-known fact that organic carbon contents can vary 
significantly within pedological units on a soil map. The work 
of Batjes (1996, 1997) confirms this, by calculating 
coefficients of variation (CV) in topsoil OC contents of 
between 50 and 150% for the same pedological soil group. 
This pitfall was avoided in the construction of the OC map 
and associated 1km data set for Europe. 
 

Incorporating temperature in the analysis takes account of 
climate and using data for the period 1980-89, for correcting 
the resulting OC distribution, further justifies its 
consideration as a baseline status for OC in 1990. 
 
Therefore until better data become available at European 
level, the existing map of OC for topsoils in Europe 
(S.P.I.04.72 – Figure 2.21) should be adopted for defining a 
preliminary baseline status of organic carbon/matter in soils 
at 1990. However, these data, at 1km resolution, must be 
further validated against national OC data – such work is 
ongoing in Finland and Scotland – but similar checks should 
be made in other countries where suitable data for 
comparison exist. 
 
It has been proposed that the FOREGS soil organic 
carbon/matter data from the 1850 sites (grid resolution of 10 
sites per 160km x 160km) could be used as a 2000-baseline 
for comparison with the 1990 baseline (Figure 2.21) to study 
possible changes in SOM. 
 
Figure 2.22 shows organic carbon stocks in topsoil (0-30cm) 
for the enlarged Europe. 

 

 

Figure 2.21  Organic carbon contents of topsoils  
(0-30cm) in Europe 

[After Jones et al., 2003, 2004  & in press] 

 Organic Carbon 
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Figure 2.22  Organic carbon stocks in topsoils (0-30cm) in Europe 
computed from the 1km data portrayed in Figure 2.20 

 

2.3.1 Relationship between organic carbon 
and erosion 

A visual comparison of the organic carbon content and 
estimated soil erosion losses produced by PESERA 
(Gobin et al., 1999; Kirkby et al. 2004) shows that for Italy 
(Figure 2.23) and Spain (Figure 2.24) some areas of low 

organic carbon are associated with high estimates of soil 
loss by water erosion. However in some respects, there 
appears to be a better correlation between organic carbon 
contents and soil loss by water erosion in France (Figure 
2.25). These relationships should be examined 
quantitatively in future using GIS. 
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2.4 Conclusions and Recommendations 

The status of soil organic matter (SOM) is known locally 
in many European countries. However, existing national 
data must be harmonized and new data collected for 
regions where SOM data are scarce before a new 
European map can be produced. The OC map of Europe 
provides a general picture of the OC/OM status 
throughout the continent. It is clear from this distribution 

that the soils in northern countries contain proportionately 
much larger contents of OC/OM than southern Europe. 
Furthermore, the areas where calculated OC contents in 
the topsoil are less than 1.0% should be regarded as 
particularly vulnerable to further degradation by other 
means and should be managed very carefully in future. In 
the light of these conclusions, the following 
recommendations are identified for future action: 

 

 

Figure 2.23  Organic carbon in topsoils (0-30cm) compared with erosion estimates by PESERA, for Italy 

 

Figure 2.24  Organic carbon in topsoils (0-30cm) compared with erosion estimates by PESERA, for Spain 
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Figure 2.25  Organic carbon in topsoils (0-30cm) compared with erosion estimates by PESERA, for France 
 

1. Currently, the topsoil OC map of Europe (S.P.I.04.72 
– Figure 2.21) provides the best basis for 
underpinning policy making with respect to SOM. 

2. Those Member States with adequate national data 
sets on OC and OM should release/make available 
national records for validating and improving the OC 
map of Europe (as already has been done by UK, 
Italy and Finland). 

3. Those Member States with inadequate national data 
sets on soil OC and/or OM should implement 
sampling programmes immediately to define the 
existing status. 

4. Organic matter status depends on soil type, climate, 
land use and human activities. Hence land-use 
patterns in areas where the OC Map of Europe 
identifies soil OC (OM) <2.0% (3.4%) should be 
critically examined, with a view to proposing changes 
in land management to stabilise or increase soil 
OC(OM) levels. 

5. The relationship between soil sealing and soil 
organic matter should be carefully examined, using 
terrestrial databases and remote sensing for 
example, with the aim, where economically possible, 
of protecting soils with high organic matter levels 
from further urban and industrial development. 

6. Organic carbon/organic matter should be measured 
in the soils of Member States, ideally by sampling on 
a 15km or 16km grid, followed periodically 
(approximately every 10 years) by a resampling at a 
statistically significant subset of points (e.g. 10%) on 
the original inventory grid. 
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Executive Summary: 

Soil Biodiversity 

Within the task of the working group the term 
“Biodiversity” is used in its widest sense (Biodiversity 
sensu lato), which means that we are not only interested 
in the diversity of genes, species, ecosystems and 
functions, but in the metabolic capacity of the ecosystem.  

Soil biological activity 

Soil organisms are major components of all soils. Often 
their biomass is low compared with the mineral or humus 
fraction, but the organism activity is absolutely crucial for 
a functioning soil. The organisms decompose the litter, 
create the humus and make the parent mineral material 
into a habitat conducive for soil life and biological activity 
and for plant growth, including aeration, moisture and 
nutrient retention. 

Political importance of soil biodiversity 

The importance of soil biodiversity is acknowledged in 
international treaties (UN-CBD, UNFCCC, UNCCD), by 
international organisations (OECD, FAO, UNEP, CGIAR) 
and by national governments. The UN treaties are 
implemented through national policies, strategies and 
action programmes, in which the role and protection of 
(soil) biodiversity is addressed. However, the scope of 
attention to this issue in each country depends on 
awareness by decision makers, human capacities and 
knowledge, financial resources and priorities. Soil 
biodiversity needs to be protected because of its intrinsic 
value, and its ecological functions in the soil. Moreover, 
through support for appropriate land use systems and 
management practices, soil biological functions can be 
enhanced with multiple benefits in terms of increased 
productivity, increased efficiency of resource use and 
hence reduced costs of external inputs, increased 
sustainability and reduced erosion and pollution. - A 
prerequisite to mobilise such support is to assess the 
importance and value of soil biodiversity and its functions 
in different agro-ecological and socio-economic contexts, 
and to bring the findings to the attention of the range of 
land users, concerned sectors (agriculture, forestry, 
environment, water) and policy makers illustrating the 
local, national and global benefits that could be derived 
from its conservation and sustainable use.    

Soil biodiversity and sustainability 

Protection of soil biodiversity and enhancing its ecological 
functions is necessary for the sustainable use of the soil 
and for the sustained provision of goods and services that 
contribute to the livelihoods of land users. 

Functions of soil organisms 

− decomposition of organic material and production of 
soil organic matter (important for soil fertility and 
prevention of erosion and desertification) 

− nutrient cycling, nutrient mineralisation (soil fertility) 

− degradation of pollutants (important for e.g. clean 
ground water) 

− biological control of agricultural and forestry pests 

− structure formation of the soil (important for 
aeration, water infiltration, water holding capacity of 
the soil, nutrient retention and plant root growth and 
hence prevention of desertification, erosion, floods 
and drought) 

− regulating the fixation and release of CO2 (soil as a 
carbon sink) and other greenhouse gases, e.g. CH4, 
and N2O. 

Recommendations for research 

Value of soil organisms / soil ecological capital 

There is an urgent need to define a common methodology 
to valuate and evaluate soil biodiversity from the 
perspective of various actors and societal goals at 
different temporal and spatial scales. The value of soil 
organisms (ecological capital) comprises the biodiversity 
of genes, species and ecosystems, the amount of living 
species, their interrelations and their role in ecosystem 
processes. In other words, ecological capital sums up the 
total value of the organisms for an ecosystem. 

 Threats to soil biodiversity 

Knowledge of threats to soil biodiversity and opportunities 
from its conservation and improved management is 
mainly qualitative. There is a need for research results 
that make quantification of threats and potential lost 
opportunities possible. This implies research on the 
ecological, economic and social values of soil biodiversity, 
and the positive and negative effects of human activities 
on the functioning of soil ecosystems. This is consistent 
with the overrall objective of the thematic programme of 
work on agricultural biodiversity of the CBD (COP 
decision V/6).   

Many of the questions may be answered by setting-up 
and maintaining “EU coordinated” long term controlled 
field experiments (e.g. Rothamsted) in different places in 
Europe. However this should be necessarily backed up by 
case studies and findings of effects and their implications 
(costs and benefits) from a range of land use systems 
and management practices in various agroecological and 
socioeconomic contexts.  

Development of sampling techniques for monitoring 
activities 

To facilitate reproducibility of sampling and to enable 
comparison of monitoring data standardised sampling 
techniques must be developed and adopted. 

Development of identification and characterisation 
techniques for soil organisms 

To facilitate comparison of monitoring data, fast and 
preferentially automated characterisation and 
identification techniques of soil organisms must be 
developed and adopted. 

For standardisation of the above mentioned techniques 
activities of ISO should be stimulated. Liaison and 
coordination is also required with similar processes and 
activites in other regions of the world such as the 
GEF/UNEP below ground biodiversity project operating in 
7 countries with support of TSBF-CIAT and other 
partners.  
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Derivation of political and managerial information 
from monitoring 

Indicators have to be developed to facilitate assessment 
and promote improved management of soil biodiversity at 
local level (e.g. for farmers, local authorities and 
territories) at regional level (agroecological zones, nature 
development areas), at national level (e.g. spatial 
planning and resource allocation for productive and 
environmental benefits) and on an international scale 
(e.g. evaluation of the success of and progress in 
implementing international treaties) 

Derivation of quality criteria 

To enhance the interpretation of indicator values (high or 
low quality, desired or undesired quality, suitable or not 
suitable for a particular use of soil), an evaluation system 
for soil quality or health has to be derived in conjunction 
with the specific indicators. 

Extrapolation of monitoring data and indicator 
values 

Statistical techniques and models have to be selected 
and used to enhance the assessment of trends in space 
and time 

 
Recommendations for monitoring 
Development of a monitoring system 

A Europe-wide monitoring system must be developed to 
answer both the questions of politicians on status and 
trends in soil biodiversity and their implications, and 
questions of other land users and concerned technical 
sectors on the functioning of soil ecosystems (and their 
plant-water-environment interactions) and actual and 
potential effects of various land management options. 

Measurement of soil biodiversity  

-How to measure: 

There is urgent need of monitoring data on the soil 
biodiversity. Many methods exist, many methods are 
under development. To facilitate comparison and 
exchange of data clear agreements have to be made on 
the use of monitoring and sampling techniques.  

-What to measure 

When monitoring biodiversity, it must be performed on the 
three levels: abundance, diversity, and activity of the 
organisms and resulting functions in the range of 
ecosystem types (taking into account biophysical and 
socioeconomic characteristics and human activity). 

Criteria for selection of items to be monitored in 
relation with biodiversity 

- ease of handling 
- ease of identification 
- ease of measurements 
- robustness of measurements.  

(Ideally all the handlings with organisms must be 
automated as much as possible to maximise the 
reproducibility of the measurements). 

- indicative value of the organisms to be monitored 

- knowledge of ecological properties of the organisms 
involved 

- cost effectiveness of the information obtained 

Set up of the monitoring system 

Ideally the monitoring system is set up in a way that there 
is a general measurement of ecological capital on a grid 
base and on selected locations there is a more specific 
combination of measurements, dependant on the 
combination of soil type and (eventually desired) use and 
the type of information needed. 

Exchange of data 

On a local, regional and national scale, many data are 
collected already, mostly for research purposes. These 
data must be made available for other users. 
(International) Databases must be built to facilitate data 
exchange. 

GENERIC ASPECTS 

European policy interest in soil biodiversity can be traced 
back to the signing of the Convention on Biological 
Diversity by the European Union in 1992. In this 
convention it was stated, that biodiversity needs to be 
protected because of its intrinsic value and because of its 
functions. 

The European Soil Initiative is aiming at a policy directed 
towards a sustainable use of the soil. According to the 
mandate of the working group on “Soil organic matter and 
biodiversity” both soil biodiversity and soil organic matter 
are important, because of their roles in the functioning of 
the soil ecosystem: Their roles to maintain a good 
structure, a good stability, fertility and buffering capacity 
and to thereby influence productivity, hydrological regime, 
atmospherice exchange and risks of pollution. The 
organisms in the soil play a major role in the constitution 
of the soil organic matter which may also be regarded as 
an important carbon sink, with influences on CO2 
emissions and climate change and variability. 

I.1. Biodiversity 

In the Convention on Biological Diversity (CBD) 
Biodiversity is defined as: “the variability among living 
organisms from all sources including, inter alia, terrestrial, 
marine, and other aquatic ecosystems and the ecological 
complexes of which they are part; this includes diversity 
within species, between species, and of ecosystems. 

Biological diversity is a function of several components:  

• The total number of species present, species 
richness; 

• The genetic diversity within species; 

• The diversity of ecosystems; 

• The distribution of individuals among those species, 
e.g. evenness or equitability; 
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Functional diversity (as an additional biodiversity 
descriptor) describes the biological role of species or 
groups of species in an ecosystem. It is a description of 
the different ecological processes, performed by single 
organisms, populations, and communities. 

Within the task of the working group the term Biodiversity 
is used in its widest sense (Biodiversity sensu lato), which 
means that we are not only interested in the diversity of 
genes, species, ecosystems and functions, but also in the 
metabolic capacity of the ecosystem. How much, and 
what kind of compounds and energy can be handled by 
the ecosystem per unit of time? 

E.g. if we are interested in the function “nitrogen fixation 
from the air”, we are not only interested in species 
diversity and abundance, but also in the actual and 
maximal capacity of the ecosystem performing that 
function. 

In this sense, Biodiversity sensu lato may be regarded as 
the ecological capital in the soil. This is a term which is 
inspired by the work of Robert Costanza on the valuation 
of ecosystems. In Costanza et al. (1997) an attempt is 
made to calculate the value of ecosystem services which 
has been criticized by many authors. Later, in 2000, he 
presented the “expanded model of the ecological 
economic system”. This model considers 4 types of 
capital: natural capital, human capital, social capital and 
manufactured capital. For a sustainable society the sum 
of these four capitals should at least be equal in time, or 
must grow. Ecological capital comprises the biodiversity 
of genes, species and ecosystems, the amount of living 
species, their interrelations and their role in ecosystem 
processes. In other words, ecological capital sums up the 
total value of the organisms for an ecosystem. Therewith 
it is part of the natural capital in the above mentioned 
model. Using the word capital also implies that this is an 
asset that can be used – it is not necessarily so that the 
capital always has to be maximised. However, using up 
all capitals would lead to loss of  total value (actual and 
potential) or equivalent bankruptcy.  

There are different attitudes towards sustainability, both 
within and outside economics. Some believe that 
sustainability policy is irrelevant, since, as natural 
resources become scarce, their price will rise and it will 
become profitable to invest in substitutes. Others believe 
that insufficient attention is paid to the fact that natural 
resource stocks represent a type of "natural capital" and 
that depletion of this capital represents a decrease in 
wealth. This should therefore be compensated for by an 
explicit policy of investing at least the value of the 
depleted stocks in alternative stocks of capital. This is 
known as weak sustainability, and does not require that 
the investment be in a substitute for the depleted natural 
resource, but rather relies on the market to direct 
investment to where it will create most economic value. 
This concept has been criticised by those who point out 
that the man-made capital, in which compensatory 
investment would often be made, is usually not a 
substitute for natural resources, but rather a complement 
in production. Thus, they maintain that for true 
sustainability, one should ensure that as non-renewable 
resources are used, investment should be made in an 
asset that actually provides a substitute for the resource 
in question. This is known as strong sustainability. 

I.2. Soil biodiversity and soil organisms 

Soil biodiversity refers to all organisms living in the soil. 
These organisms directly (burrowing, processing of dead 

OM, various nutrient turnover processes) or indirectly 
(feeding mechanisms of trophic chains, modulating 
effects1)) effect pedogenesis. The organisms can be 
divided into permanent, temporary, periodical and 
alternating soil organisms. Depending on the size class 
organisms may be divided into macro, meso and 
microfauna. Beyond that, bacteria, fungi, protozoa and 
algae are grouped as microorganisms. Regarding the 
preferred living environment, above- (e.g. foraging on top 
of the ground, or inside the litter/fine woody debris layer) 
and belowground specialists have to be distinguished as 
well.  

I.2.1. The biological components of soil  

The soil is a very complex and multi-faceted environment. 
This complexity has prompted the evolution and 
adaptation of highly diverse biotic communities, which use 
the soil as its permanent or temporary habitat or refuge. 
Many thousands of species of animals and micro-
organisms can be found in soils, ranging in size from the 
almost invisible micro-biota (such as bacteria, fungi and 
protozoa) to the more conspicuous macro- and 
megafauna (such as earthworms, termites, millipedes, 
moles, rats).  

Soil is one of the most diverse habitats on earth and 
contains one of the most diverse assemblages of living 
organisms. Biological activity in soils is largely 
concentrated in the topsoil. The biological components 
occupy a tiny fraction (<0.5%) of the total soil volume and 
make less than 10% of the total SOM. This living 
component consists of plant roots and soil organisms. 
Soil microorganisms are responsible for a large part of 
biological activity (60-80%) which is associated with 
processes regulating nutrient cycle and decomposition of 
organic residues (see Figure 1). An agricultural soil can 
contain a living biomass in the order of 3 t (fresh weight) 
ha-1. This is equivalent of 4 cows, 60 sheep or 35 farmers 
living under the surface.  

Earthworms often form the major part of the soil fauna 
biomass and can represent up to 50% of the soil fauna 
biomass in some temperate grasslands, and up to 60% in 
some temperate forests. The huge numbers of soil 
organisms are matched by extreme levels of biodiversity: 
particularly at the microbial scale, (104 bacterial species 
g-1 soil), next to hundreds of other species (Ritz et al, 
2003). Just one gram of soil can contain many thousand 
species of bacteria as well as hundreds to tens of other 
species, from fungi to macrofauna. 

I.2.2. Role of soil organisms 

The soil biota can be regarded as the “biological engine of 
the earth” and is implicated in most of the key functions 
soil provides in terms of ecosystem services, by driving 
many fundamental nutrient cycling processes, soil 
structural dynamics, degradation of pollutants, regulation 
of plant communities. Microbially driven soil processes 
play key role in mediating global climate change, by 
acting as C sources and sinks and generation of 

                                                      

1) reaction of change in an environment which persists 
even after the organism has moved on or died 
(accumulative effect) (e.g. stimulation of microbial 
growth by the grazing of micro- and mesofauna) 
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greenhouse gases such as nitrogen oxides and methane 
(Ritz et al., 2003).  

The roles of macrofauna include: (i) direct processing of 
organic matter (e.g. snails, earthworms, enchytraeids, 
millipedes, ants, termites), (ii) predation (e.g. spiders, 
ants), (iii) creation of soil structure (e.g. earthworms, 
termites). The micro- and mesofauna (protozoa, 
nematodes, collembola, mites) are important regulators of 
the bacterial and fungal activities. They predate on these 
organisms and are involved in the decomposition of 
organic matter. Soil nematodes occupy an important 
position in the soil detritus food web and are thus 
significant regulators of decomposition and nutrient 
mineralisation. Earthworms can improve the incorporation 
of organic matter below the soil surface, increase the 
numbers of water stable soil aggregates, improve water 
infiltration, aeration and root penetration and increase 
microbial activity. (Pankhurst, 1997) 

Soil particles may be moved into various positions by 
earthworms, roots, wet-dry and freeze-thaw cycles and 
other forces thus forming soil structure. Production of 
faeces by mesofauna also contributes formation of soil 
structure since both particles and the spaces between 
them are formed. The life-span of newly formed soil 
structure depends upon (i) the capacity of the soil to 
maintain the structures and (ii) the frequency of 
disturbance. The capacity will change as organic 
materials are either formed or destroyed through 
microbial activity. (Elliot, 1997) 

Soil microorganisms perform a wide range of functions: 
they decompose organic matter, release nutrients into 
plant-available forms and degrade toxic residues, they 
also form symbiotic associations with plant roots, act as 
antagonists to pathogens, influence the weathering and 
solubilization of minerals and contribute to soil structure 
and aggregation (Sparling, 1997). The time-table of 
microbial metabolism is also a meaningful one for 
humans with rates of turnover in soil typically being 0.2-6 
years for the soil microbial biomass compared to > 20 
years for the bulk of organic matter. The majority of 
vascular plants is associated with arbuscular mycchorizal 
(AM) fungi or ectomycchorizal fungi (EM) and benefits 
from an increased capacity to extract phosphorus and 
other nutrients from the soil. Mycchorizal fungi thus have 
an important role in plant community development, 
nutrient cycling and the maintenance of soil structure. 
(Pankhurst, 1997) Fungal hyphae and polysaccharide of 
microbial origin play an important role in soil aggregation. 

One of the most essential soil functions controlled by soil 
biota is the recycling of organic matter. Decomposition of 
C compounds such as cellulose, hemicellulose, 
polysaccharides, hydrocarbons and lignin provide energy 
to heterotrophic microorganisms responsible for other 
nutrients transformations, e.g. asymbiotic nitrogen 
fixation, protein and amino acid decomposition, 
mineralisation and immobilisation of nitrogen and mineral 
transformations (such as P, S, Fe, K, Ca, Mg, Mn, Al, As, 
Zn and Se) (Roper and Ophel-Keller, 1997). Soil organic 
matter (SOM) is a direct product of the combined 
biological activity of plants, microorganisms and animals 
plus the myriad of abiotic factors. It is responsible for 
crucial aspects of soil function such as aeration and 
fertility (see Figure 2). 

Production of SOM, including extracellular 
polysaccharides and other cellular debris, increases the 
capacity of the soil to maintain structure once it is formed. 

High clay soils have greater capacity than sandy soils 
(Elliot, 1997). 

The other principle and crucial soil function mainly 
controlled by soil biota is the nutrient supply for plants. 
Driving variables, such as climate (i) directly affect the soil 
biota by determining the soil conditions and (ii) indirectly, 
impinge on the decisions of land managers, consequently 
determining management practices, which eventually 
influences the soil biota as well (Elliot, 1997) (see Figure 
3). 

The mineralization and cycling of nutrients by soil 
microorganisms is an essential function of a healthy soil. 
A large range of soil organisms are able to decompose 
organic N and release ammonium N (ammonification), but 
the subsequent oxidations of ammonium to nitrite and 
nitrate (nitrification) are predominantly performed by small 
specialist groups of chemotrophic bacteria which are 
more fastidious in their growth requirements and are 
active over a much narrower range of soil conditions. 
Mineralization is influenced by pedo-climatic conditions 
(strongly acidic soils, cool temperatures, very dry 
conditions and poorly aerated or water-logged soils inhibit 
mineralization; nitrification is inhibited by poor aeration 
and by both high and low pH), by the presence of 
particular plants (e.g. legumes), or by N fertilizers 
applications.  

Soil microbial biomass can be seen as representative of 
the living component of SOM, although it excludes 
macrofauna and plant roots. Generally soil microbial 
biomass tends to be: 

(i) greater in soils from cooler, wetter regions 
compared to warmer, drier regions; 

(ii) greater in finer texture clay soils than in coarser 
textured sandy soils, within a given climatic region; 

(iii) relatively high, in relation to their modest OM 
content, in heavily weathered tropical clay soils 
(Oxisols) as the microbial fraction in the clay soils 
tends to comprise a greater proportion of the total 
organic C; 

 

(iv) relatively high in volcanic ash soils containing 
allophanic clays (Andosols) but the proportion of 
microbial biomass is often lower than expected in 
relation to the very high SOM, because the 
allophanic clays stabilise a large proportion of inert 
OM, while stabilising the microbial cells; 

(v) relatively low in organic soils, despite the very high 
OM content of these soils (Sparling, 1997).  

I.2.3. Biodiversity 

Except for extreme soil conditions – such as deserts – soil 
harbours the most diverse biotic communities on earth. 
According to Hawksworth and Mound (1991) until now 
only a total of 70000 species of bacteria and fungi have 
been described while an assumed number of up to? 
1530000 species remain undiscovered. This would mean 
that not more than 5% of microbes could potentially be 
identified today? (Anderson and Weigel, 2003) 

Soil biodiversity can be quantified in different ways and at 
different levels taking into account the variety of living 
organisms at genetic, species and ecosystem levels and 
their interactions: 

Enumeration of the number of species or genotypes in a 
biological community is a simple measure of biodiversity. 
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However, the relative abundance of the different 
components within a community and the interactions that 
occur between the components are also important 
attributes of biodiversity. Linkages and interactions 
between the various components of  

 

 

 

 

 

Figure 1: Composition of a typical fertile soil in terms of its biota (Pankhurst et al., 1997; Pankhurst, 1997; 
Bloem et al., 2003). Percentages are expressed as dry weight. 

the soil biota are represented as a decomposer-based 
(detritus) food web (see Figure 4). In functional terms, the 
detritus food web in the soil is made up of primary 
decomposers (bacteria and fungi), herbivores (e.g. plant 
parasitic nematodes), consumers of bacteria and fungi 
(e.g. protozoa, bacterivorous and fungivorous nematodes, 
collembola), saprophagous mesofauna and macrofauna 
and predators (e.g. predacious nematodes and mites). 

Irrespective of the methods used to obtain information 
about the biodiversity of selected taxa, functional groups 
or whole communities of soil organisms, there is a need 
to be able to describe this biodiversity in some way. In 
classical terms, biodiversity is described as a function of 
two components: (i) the total number of species present 
(i.e. species richness or species abundance), and (ii) the 
distribution of individuals among those species (i.e. 
species evenness).  

Soil 

Microorganisms 75-90% Fauna 5-10% Plants roots 5-15% 
(total lenght < 5 m 

g-1 soil) 

Non-living 85% Living 15% 

Mineral components >90% SOM 0.1-10% 
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Inert C 5-20% 
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Protozoa (105 to 106 
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20 µm) 

Earthworms (<103 
individuals m-2; 3000 
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Myriapodes 
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Figure 2: Interrelationship between soil organic matter and biota (Elliot, 1997) 

A large number of indices have been developed to 
describe different facets of biodiversity. However, the 
Shannon diversity index, known with slight mathematical 
variations as the Shannon-Weaver and Shannon-Wiener 
indices, is the most widely used. It has its limitations (e.g. 
quite different communities can have the same index) and 
so, the single values of evenness, richness and diversity 
should be taken in account in order to obtain an objective 
assessment of community structure. (Pankhurst, 1997). 

There are 3 conceptual approaches in characterising soil 
biodiversity (anonymous, 2003): 
− Taxonomic (at species, communities and gene 

levels), 
− Functional (contribution to soil processes), 
− Ecological (resilience to change from anthropogenic 

and environmental stressors); trophic structure 
related to soil food web, i.e. predators, bacterivores, 
fungivores) 

In agroecosystem, two different components of 
biodiversity can be recognized: 
• Planned biodiversity is the biodiversity associated 

with crops and livestock purposely included in the 
agroecosystem by farmers, this biodiversity depends 
on management. 

• Associated biodiversity, is the other biota, above- 
and belowground, which is promoted by the planned 
biodiversity and by the management activities. 

The associated biodiversity is positively related to the 
planned species diversity. It maybe also influenced by 
interactions with neighbouring non-agricultural 
ecosystems. Associated biodiversity may have positive or 
negative effects on the planned biodiversity according to 
the abiotic conditions and human management practices. 
The desired functions of associated biodiversity are the 
achievement of greater resource use efficiency and the 
achievement of stable and 
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Figure 3: conceptual model showing the various factors mediated by the soil biota that affect the supply of 
essential nutrients to plants (Elliot, 1997) 

sustainable resistance to biotic stress, including the 
suppression of harmful effects, pests and diseases. Soil 
biodiversity may be regarded as associated biodiversity, 
when the plant-roots of the “planned biodiversity” are not 
taken into account.  

I.3 Soil Biodiversity and SOM in relation to 
soil function 

I.3.1  Definition of soil quality and soil health 

Soil quality is the ability of soil to perform various intrinsic 
and extrinsic functions meeting human needs. Quality is 
represented by a suite of physical, chemical and 
biological properties that together provide a medium for 
plant production, and other services beneficial to humans, 
such as regulation and partitioning of water flow and 
storage and attenuation of pollution (Larson and Pierce, 
1994; Doran and Parkin, 1994; Rapport et al., 1997). The 
Soil Science Society of America defined the soil quality as 
“the capacity of a specific kind of soil to function, within 
natural or managed ecosystem boundaries, to sustain 
plant and animal productivity, maintain or enhance water 
and air quality and support human health and habitation” 
(Sparling, 1997). Quality is then dependent on the 
intended land use. 

Doran and Parkin (1994) used a similar definition of soil 
quality: ‘The capacity of a soil to function within 
ecosystem boundaries to sustain biological productivity, 
maintain environmental quality, and promote plant and 
animal health’. Ecological capital can thus be seen as a 
major contributor to soil quality, but the latter term also 
includes soil abiotic components. 

Soil health can be defined as the continued capacity of 
soil to function as a vital living system, within ecosystem 
and land-use boundaries, to sustain biological 
productivity, promote the quality of air and water 
environments, and maintain plant, animal and human 
health. For Rapport et al. (1997), soil health should strictly 
include only those characteristics which can be affected 
by management at scales relevant to managers, e.g. over 
years, not centuries and they underline that soil health 
includes factors which may be unrelated to the 
achievement of human objectives. For Pankhurst et al. 
(1997), it focuses more on the soil’s continued capacity to 
sustain plant growth and maintain its functions and it 
includes the ecological attributes which are chiefly those 
associated with the soil biota, its biodiversity, its food web 
structure, its activity and the range of functions it 
performs. For example biodiversity is not a soil property 
that is critical for the production of a wheat crop per se, 
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but it is a property that may be important for the continued capacity of the soil to produce wheat. 

 

Figure 4: Simplified functional food web for detritus-based systems in soil (Pankhurst, 1997) 

I.3.2 Soil functioning 

The relationships between soil biodiversity and the 
functioning of soil are very complex and they have not 
been fully understood yet. Nevertheless it is supposed 
that diverse and functioning communities of soil biota are 
necessary for sustainable soil use and that enhanced 
species richness is beneficial for ecosystem performance. 
Organisms do not perform alone but exist in a complex 
foodweb, which is responsible for the performance of 
functions. In the nineties of the last century many models 
were produced, that concluded, that the more species 
were involved in the webs, the more stable the web 
functions (e.g. Polis 1998; Hanski, 1997). Functional 
rather than taxonomic diversity may provide greater 
insight to roles of soil organisms in ecosystems. 

I.3.3 Resistance against anthropogenic stress 

Resistance, which is defined as the ability of an 
ecosystem to withstand severe disturbance, depends on 
diversity of the ecosystem. The greater degree of 
biodiversity, the greater probability that the community will 
contain organisms resistant to stress. It means that 
genetic variability presents the potential for resistance. 
Nevertheless it is apparent that diversity of soil organisms 
does not follow easily predictable directions, and can be 
either enhanced or reduced by perturbation. A key issue 
is to define the minimum number of functional groups and 
species within functional groups to ensure resistance 
against disturbance and stress.  

In case of soil micro-organisms, this issue is connected 
with the question of functional redundancy. Maybe the 
number of species of soil organisms required for 
adequate functioning of the soil subsystem is well below 
that, which usually occurs naturally. As only a minority of 

soil microbial functions is known, it is necessary to 
discuss redundancy with caution. Although redundancy of 
a single function may be common among many soil 
organisms, the suite of functions attributable to any one 
species is unlikely to be redundant. Furthermore, 
functionally similar organisms often have different 
environmental tolerances, physiological requirements and 
preferences. As such they are likely to play quite different 
roles in the soil system. A question is which part of the 
soil community must be maintained in order to retain the 
particular soil function. Species richness of soil organisms 
may be a determinative factor of soil processes in the 
systems with low diversity. On the other hand there are 
so-called “keystone species” which are determinative for 
ecosystem functioning because they have unique 
properties (e.g. N fixation). 

I.3.4. Relationships between soil biodiversity 
and (soil) ecosystem function 

Three hypotheses about the relation of biodiversity and 
the functioning of ecosystems (i.e. soil) exist: 

• Biodiversity enhances ecosystem function because 
different species perform slightly different functions 
and all together function better than some subset of 
species. 

• Biodiversity is neutral because of redundancy of 
functions. 

• Biodiversity enhances ecosystem function on a long-
term basis because species that are redundant at 
one point in time may become important when some 
environmental changes occur. 

In the case of decomposition of organic matter, the 
majority of heterotrophic soil micro-organisms have some 
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involvement in the process. The loss of species that may 
be sensitive to a particular disturbance (e.g. application of 
a particular herbicide or a change in plant species) may 
be of little consequence as less sensitive organisms are 
supposed to take their place. In the case of processes 
that have a more restricted involvement of micro-
organisms, such as symbiotic nitrogen fixation by 
Rhizobium / Bradyrhizobium spp., or P uptake by 
arbuscular mycorrhizal fungi, loss of biodiversity within 
the population may have more serious implications. 

It is widely believed that soil biodiversity as displayed by 
the complexity of the soil food web, is fundamental for the 
resistance, resilience and recovery of soil functions to 
environmental perturbations in the short term. Much of 
this research is still in its infancy but has obvious 
implications for the importance of soil biodiversity and 
maintenance of soil functions in agricultural soils (Black et 
al., 2003). 

I.4 Role of Soil Biodiversity in sustainable land 
use (agriculture and forestry)  

What kind of information may be obtained from the state 
of soil biodiversity? There are great knowledge gaps on 
the quantitative relationships between biodiversity (sensu 
lato) and the functioning of soils. 

A survey of reports on “sustainable land use”, “soil 
fertility”, “soil biodiversity” which are published by United 
Nations Convention secretariats, OECD, and FAO and 
other international organisations leave the impression that 
soil fertility is controlled by soil biodiversity. In essence 
this would mean that low soil fertility occurs with a 
decrease in soil biodiversity. Here is the point where 
assumptions and scientific evidence are far apart with 
respect to below-ground biodiversity. For both biological 
entities, no concrete soil function can be addressed to 
species diversity per se (Anderson and Weigel, 2003). 
Nonetheless, the importance of the diversity of soil biota 
to the integrity, function and long-term sustainability of 
natural and managed terrestrial ecosystems is presumed. 
However, the negative effects of an imbalance of soil 
populations has been shown  e.g nematodes, excessive 
structures formed by dominant earthworm species in a 
poorly managed grassland in Brazil has been shown. 
Moreover, there are many examples of the recovery of 
soil life (range of species) and hence its functions and 
resilience to stress, including its capacity to sustain 
productivity and to enhance rainwater infiltration and 
hence reduce erosion, to enhance water and nutrient 
retention, carbon sequestration and so forth.   

Our knowledge of the functional processes carried out by 
the soil biota at an individual species and at functional 
groups level (e.g. biochemical cycling of nutrients, 
maintenance of soil structure, degradation of pollutants, 
OM decomposition, N fixation, water infiltration or pest 
control) has steadily improved over the last half century.  

What is the role of soil biodiversity for land managers / 
farmers? In general they know that organisms are 
involved in soil processes. The quantitative relationships 
between the presence of specific organisms and the 
functioning of the soil are more and more clear. There are 
examples where farmers have their soils investigated to 
determine the presence of unwanted biodiversity (plant 
parasitic nematodes, fungi (Fusarium) and bacteria (e.g. 
Ralstonia, Burkholderia)). However, every farmer can tell 
you that the presence of earthworms has a positive effect 
in the soil structure and the Rhizobium species in nitrogen 

fixing plants are very important for the enrichment of the 
soil. A major challenge of the research on soil biodiversity 
is to produce guidelines on how to manage the soil in a 
way that maximal use can be made of the organisms 
present in the soil. 

The activities of soil biota contribute to many critical 
ecosystem services, including: 

− soil formation; 

− organic matter decomposition and thereby nutrient 
availability; 

− carbon sequestration (and conversely greenhouse 
gas emissions); 

− nitrogen fixation and plant nutrient uptake; 

− suppression or induction of plant diseases and 
pests; 

− bioremediation of degraded and contaminated soils 
(through detoxification of contaminants and 
restoration of soil physical, chemical and biological 
properties and processes). 

The effects of soil organisms also influence water 
infiltration and runoff and moisture retention, through 
effects on soil structure and composition and indirectly on 
plant growth and soil cover. These services are not only 
critical to the functioning of natural ecosystems but 
constitute an important resource for sustainable 
agricultural production. 

Farmers’ management practices and land use decisions 
influence ecological processes and soil - water - plant 
interactions. Indeed, farmers’ decisions are made to 
manage soil processes in such a way as to achieve 
desirable effects on short- and long-term soil productivity 
and “soil health”. The processes of land utilisation and 
agricultural intensification are a significant cause of soil 
biodiversity loss and related impacts on ecosystem 
function and resilience. A better understanding of the 
linkages among soil life and ecosystem function and the 
impact of human interventions will allow not only the 
reduction of their negative impacts, but also, the more 
effective capture of the benefits of soil biological activity 
for sustainable and productive agriculture.  

I.5 Human practices that threaten soil biodiversity 

Soil management strongly influences microbial properties 
in the agricultural ecosystem. Different practices cause a 
shift in habitat and in substrate availability, which results 
in changes in abundance of individual species.  

A question is which management practices threaten the 
functioning of agroecosystems. Many processes carried 
out by soil microbiota persist from native ecosystem to 
intensively cultivated soil. It is not known to what extent 
these changes are accompanied by changes in spectrum 
of soil microorganisms responsible for these processes. 

Figure 5 presents the most important factors relevant 
affecting the soil biodiversity - the present soil fauna 
species composition and abundance, and the living and 
feeding conditions for its survival. 

 Reduction in biological diversity of soil macrofauna is one 
of the most profound ecological consequence of modern 
agriculture, as an example, native earthworm species 
have largely disappeared from agriculture soils and have 
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been replaced by about a dozen peregrine species that 
may cause severe problems of soil compaction (Chauvel 

et al., 1999). 

 

 

Figure 5: Driving factors of composition and functioning of the edaphon (Baritz 2003 unpublished) 

 

The biodiversity of the soil microbiota lead to the control 
(natural biological suppression) of plant root diseases. 
The management practices used in many 
agroecosystems (e.g. monocultures, extensive use of 
tillage, chemical inputs) degrade the fragile web of 
community interactions between pests and their natural 
enemies that lead to increased pest and disease 
problems.  

Decline in soil biodiversity is expected to affect soil 
turnover, decrease aggregation, increase crusting, reduce 
infiltration rate and thus exacerbate soil erosion 
(anonymous, 2003). 

The main driving forces that influence soil biodiversity are 
the agriculture management practices: 

- Intensification of land-use. The introduction of 
agriculture and its expansion have changed the diversity 
of habitats, and thus the number of species occurring in 
the environment at the landscape scale. The increasing 
intensity of land use on the other hand has destroyed 
habitat and thus has substantially decreased biodiversity. 

- Influences of crops. Systems that increase belowground 
inputs of C and N through inclusion of legumes or fibrous 
rooted crops in rotations may increase microbial 
populations and activities in comparison to application of 
commercial fertilisers. The chemical composition of crop 
residues may have a significant effect on the structure of 
decomposer communities. Also, the application of animal 
manure generally increases the abundance and activity of 
soil biota. 

Plants have an impact on soil microbial communities 
through C flow and competition for nutrients. It has been 

shown that there are distinct differences in bacterial 
community structure between the bulk, non-rhizosphere 
and rhizosphere soil. Numbers of bacteria in the 
rhizosphere are greater than numbers in non-rhizosphere 
soil. Bacterial activities are stimulated in this area 
because of the nutrients provided by roots. The variability 
in chemical composition of root exudates may also 
influences the composition of soil microbial communities. 
The lack of reproducible sampling methods of rhizospere 
and non-rhizosphere soils prevents determination of how 
particular plant species drive its own rhizosphere 
microbial community. Reduction in above ground plant 
diversity decreases soil microbial diversity. Crop rotation 
is a key component, which influences the composition of 
the soil microbial community. The fact that crop rotation 
can change aggressiveness of pathogens approves 
changes in soil microbial diversity and function because 
of management. Another consequence of agricultural 
practices is the loss of trees and surface litter and 
consequently of the groups of macrofauna dependant on 
trees and surface litter (e.g. termites, ants, soil-dwelling 
insect larvae).  

- pH, influence of fertilisers. Application of fertilisers and 
the soil pH both influence the structure of the soil 
microbial community. Low pH favours fungi over bacteria, 
and high nitrogen concentrations result in increased 
bacterial concentrations.  

- Tillage. Periodic tillage reverts soil to an earlier stage of 
ecosystem succession. Physical disturbance caused by 
tillage is a crucial factor in determining soil species 
diversity in the agroecosystem. Tillage causes the loss of 
stratified soil microhabitat, which results in decreasing of 
the density of species that inhabit the agroecosystem. 
Tillage also aerates the soil and causes rapid 
mineralisation of organic matter and release and often 
substantial loss of nutrients in warm, moist environments 
Activity and diversity of a soil microbial community is also 
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influenced by distribution of crop residues. Soil tillage can 
indirectly impact physical processes in soils through 
changes in the diversity and activity of microbial 
communities. Reduced tillage with surface placement of 
residues creates relatively a stable environment, which 
results in more diverse decomposer communities and 
slower nutrient turnover. No-till system favours fungi over 
bacteria, because an increasing proportion of 
decomposition occurs on top odf the soil.  

- Pesticides application. Pesticides have both targeted 
and non-targeted effects that may cause a shift in the 
composition of microbial communities. Some 
microorganisms can be suppressed and others can 
proliferate in the vacant ecological niches. The effect of 
pesticides strongly depends on soil physical and chemical 
properties, which affect their availability. Because 
pesticides often affect only some specific groups of micro-
organisms, the shift in the composition of the microbial 
community is stronger tool for estimation of non-target 
effect than measurement of total biomass or overall 
activities.  

I.5.1 Influence of pollution on soil biodiversity 
and functioning (ecotoxicology studies). 

Pollutants have an influence on the organisms living in 
the soil. Exposure of organisms to sub-lethal doses of 
stress (e.g. a pollutant chemical) over a long time period 
results in many interactions. (i) Initially these interactions 
may occur at the level of biochemical and cellular 
processes and lead to physiological effects such as 
disruption of respiratory, excretory, locomotory, feeding, 
circulatory, reproductive and neural phenomena in 
animals and photosynthetic, transpiratory, respiratory, 
growth and reproductive processes in plants and 
microorganisms. (ii) The structure of the DNA and 
chromosomes in the organism may be affected in the 
organism, leading to modification and eventual evolution 
of organisms which are capable of withstanding the 
stresses. (iii) This pattern of evolution of resistance or 
tolerance to the stress factors also occurs in entire 
communities (e.g. shifts in the composition of plant 
communities in the vicinity of polluted sites, which could 
result in the evolution of plant species that accumulate 
metals) (Mhatre and Pankhurst, 1997). 

In soils contaminated by heavy metals, the total biomass 
C content does not  change as compared to non-
contaminated soil. However, the ratio of the resistant and 
sensitive bacteria increases in the contaminated soil, and 
the metal-resistant bacteria are much less effective in the 
decomposition of a number of organic pollutants than the 
trace elements sensitive bacteria. (Kubat, 2003)  

The pressures may sometimes interfere. As an example, 
species diversity of nematodes is greatest in successional 
agricultural treatments (least human intervention), 
whereas nematode abundance was highest in the high 
input (e.g. after the addition of metal contaminated 
sewage sludge to soils) and organic agricultural systems. 
Closer examination of nematode biodiversity in metal 
contaminated soils (e.g. in a Cu, Cr, As contaminated 
pasture study), does however reveal that the diversity 
(described using the Shannon-Weaver index) declined 
with increasing levels of metal contamination, that there is 
a shift in dominance from plant-feeding and omnivore 
nematodes to bacterial-feeding nematodes and that there 
is a general increase in the proportion of predatory 
nematodes (from the less to the greatest contamination). 
The change in relative abundance of different nematode 

trophic groups appears to be largely related to changes in 
the amount of available nutrients in the soil. 

II. ROLE OF SOIL BIODIVERSITY IN 
ENVIRONMENTAL PROTECTION POLICY 

II.1 Role of soil biodiversity in current 
environmental protection policy 

II.1.1 EU member states 

Ecological functions of the soil play a role in the 
legislation of different European Countries. E.g.: 
According to the German soil protection Act the following 
ecological functions of the soil can be distinguished: (§ 2 
Act): 

• as a basis for life and a habitat for people, animals, 
plants and soil organisms (habitat function); 

• as part of natural systems, especially by means of its 
water and nutrient cycles; 

• as a medium for decomposition, balance and 
restoration as a result of its filtering, buffering and 
substance-converting properties, and especially 
groundwater protection. 

The Dutch Soil protection act mentions the definition of 
soil as: “The solid part of the earth including liquid and 
gaseous compounds and organisms therein”. The 
importance of soil protection comprises: “The importance 
of prevention, reduction or undoing of changes in the 
quality of the soil that imply a reduction or threat to the 
functional properties that the soil has for man, plant and 
animal.” 

II.1.2  Europe 

European soil policy is aiming at a sustainable use of the 
soil (e.g. resolution European Parliament 19 November 
2003). It is thought that the development of the ecological 
quality of the soil might be a good measure for the extent 
of the sustainability of the soil use. This asks for 
possibilities to measure such quality, including its 
chemical, physical and biological aspects. 

Monitoring of biodiversity is incorporated into the list of 
indicators for sustainability developed by the 
Ministerial Conference for the Protection Forests in 
Europe, and will be implemented in the work towards a 
convention for forests, and is already part of 
regional/national sustainability and forest programmes. In 
these cases no particular reference was made for soil 
biodiversity. 

The European Union has tools to assess the possible 
effects of pollutants on ecosystems. The most important 
is EUSES, the decision support system (DSS) of the 
European Union for the Evaluation of Substances. 
Dependent on physico-chemical characteristics of 
contaminants, the environment and the specific 
organisms may, or may not, be exposed to a specific 
chemical, and this chemical may have an effect. The 
concept used to assess exposure to and effects of 
pollutants is based on the determination of species 
sensitivity distributions (SSDs) (Posthuma et al., 2002), 
wich can be derived from laboratory toxicity tests. 
Therewith environmental quality criteria can be derived. 
Further research is needed to validate these insights with 
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monitoring data and to assess the influence of soil 
pollution of soil biodiversity. This is also necessary to 
validate the environmental quality criteria that have been 
derived. 

II.1.3  UN conventions and other trans-European 
initiatives 

UNCBD = United Nations Convention on Biological 
Diversity 

The convention was launched in 1992, and refers to the 
necessity of biodiversity protection. The process became 
re-emphasized at the summit in Johannesburg in 2002. 
Detailed criteria referring to the protection of biodiversity 
based on intrinsic and functional values is mentioned 
earlier in this report. 

UNFCCC = United Nations Framework Convention on 
Climate Change 

The preparation of scientific guidance for the integration 
of biodiversity considerations in the implementation of the 
UNFCCC and its Kyoto Protocol requires an 
understanding of the relevant provisions of those two 
instruments, and actions taken to implement them. The 
UNFCCC and its Kyoto Protocol aim to reduce the 
impacts of climate change and promote sustainable 
development. They provide both for mitigation of climate 
change (including through reduced emissions of 
greenhouse gases, and increased removals of such 
gases from the atmosphere by sinks, such as forests), 
and for adaptation to the adverse effects of climate 
change. Scientific understanding of the interlinkages 
between climate change and biological diversity is 
important in respect of each of these aspects. 

The ultimate objective of the UNFCCC is the stabilisation 
of greenhouse gas concentrations at a level that would 
prevent dangerous anthropogenic interference with the 
climate system. According to article 2 of the Convention, 
such a level should be achieved within a time-frame 
sufficient, inter alia, to allow ecosystems to adapt 
naturally to climate change. Therefore, although the 
UNFCCC makes no specific reference to biological 
diversity, its objective contributes to the objectives of the 
Convention on Biological Diversity. Article2 of the Kyoto 
Protocol also recognises the aim of promoting sustainable 
development.  

Scientific understanding of the natural adaptability of 
ecosystems, and their constituent organisms, and the 
functions and interactions of biological diversity at 
ecosystem, species and genetic levels, could 
substantially contribute to the interpretation of this 
objective, and, therefore, help decision makers clarify the 
actions required. These may include: (i) actions to 
maximise the contribution of ecosystems to adaptation for 
socio-economic benefits; and (ii) any human interventions 
necessary to adapt ecosystems to climate change 
(http://www.biodiv.org/programmes/cross-
cutting/climate/integration.asp) 

Differential responses to climate change by species in 
ecosystems may lead to disruption of important functional 
interactions, with potentially highly serious consequences 
for the provision of ecosystem services such as pest 
control, pollination, seed dispersal, decomposition and 
soil nutrient cycling. In addition to the effects on natural 
ecosystems, these could have socio-economic 
consequences for agriculture. 

UNCCD = United Nations Convention to Combat 
Desertification 

The UNCCD Convention text states that “The Parties 
shall encourage the coordination of activities carried out 
under this Convention and, if they are Parties to them, 
under other relevant international agreements, particularly 
the United Nations Framework Convention on Climate 
Change and the Convention on Biological Diversity, in 
order to derive maximum benefit from activities under 
each agreement while avoiding duplication of effort. The 
Parties shall encourage the conduct of joint programmes, 
particularly in the fields of research, training, systematic 
observation and information collection and exchange, to 
the extent that such activities may contribute to achieving 
the objectives of the agreements concerned” 
(http://www.unccd.int/convention/text/convention.php?ann
exNo=-2). 

OECD (Joint Working Party on Agriculture and 
the Environment) 

One of the major recommendations of the OECD meeting 
in Zurich 2001 was that Agri-Biodiversity Indicators should 
be developed supporting the functioning of ecosystems 
and production support systems critical to agriculture, 
such as soil fertility, protection through soil microbial 
activity, pollination, nutrient cycling, water filtration, and 
climate influence. In the agri-biodiversity indicators 
framework there is special mentioning of the “production 
support species (e.g. soil biodiversity).” (OECD, 2003). In 
March 2003 a conference was held in Rome to discuss 
the development and application of indicators for soil 
biodiversity. 

FAO (United Nations Food and Agriculture 
Organisation) 

http://www.fao.org/sd/epdirect/EPre0065.htm 

Agricultural biodiversity refers to the variety and variability 
of animals, plants, and micro-organisms on earth that are 
important to food and agriculture which result from the 
interaction between the environment, genetic resources 
and the management systems and practices used by 
people. It takes into account not only genetic species and 
agro-ecosystem diversity and the different ways land and 
water resources are used for production, but also cultural 
diversity, which influences human interactions at all 
levels. It has spatial, temporal and scale dimensions. It 
comprises the diversity of genetic resources (varieties, 
breeds, etc.) and species used directly or indirectly for 
food and agriculture (including, in the FAO definition, 
crops, livestock, forestry and fisheries) for the production 
of food, fodder, fibre, fuel and pharmaceuticals, the 
diversity of species that support production (soil biota, 
pollinators, predators, etc.) and those in the wider 
environment that support agro-ecosystems (agricultural, 
pastoral, forest and aquatic), as well as the diversity of 
the agro-ecosystems themselves. 

FAO, together with specialised organisations and on the 
basis of case studies by countries, compiled and provided 
to the Conference of the Parties (COP) of the UN 
Convention on Biological Diversity information a review of  
the importance of soil biodiversity for sustainable 
agriculture and the need for its consideration as part of 
the thematic programme of work on agricultural 
biodiversity. This led to the establishment under COP 
decision V/6 of  the International Initiative for the 
conservation and sustainable use of Soil Biodiversity and 
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invitation to FAO, together with other organisations, to 
coordinate this Initiative. 

The FAO international technical workshop among 
representatives of regions and organisations in Londrina 
(FAO, 2002) agreed on a strategy for the implementation 
of this initiative. Two main objectives were formulated for 
the Soil Biodiversity Initiative. Firstly, promoting 
awareness, knowledge and understanding of the key 
roles of functional groups and of the impacts of diverse 
management practices in different farming systems and 
agro-ecological and socio-economic contexts. Secondly, 
and even more important, promoting ownership and 
adaptation by farmers of integrated soil biological 
management practices as an integral part of their 
agricultural and sustainable livelihood strategies (FAO, 
2002).  

RESEARCH RECOMMENDATIONS 

III. QUANTIFICATION OF SOIL 
BIODIVERSITY 

III.1 Determination of soil biodiversity 
III.1.1 Species diversity 

Soil biodiversity comprises many different types of 
organisms: bacteria, fungi, protozoa, nematodes, 
enchytraeids, earthworms, mites, springtails, etc. In 
Appendix 3, a  first list of techniques is presented that 
may be used to characterise the microbial community. 
Also for the higher organisms there are different 
techniques that are well-described (see also Schinner et 
al., 1996). All these techniques are widely applied, 
especially in the field of microbiological research, with 
modifications and recent new method developments. 
Using them in a harmonised and comparative manner 
requires method comparisons and standardizations. 
However the most substantial research gap currently 
relates to the lack of knowledge regarding the link 
between organism type, indicator species/soil biological 
parameters and soil function 

III.1.2  Soil biological activity 

Soil organisms are major functional components of all 
soils. Often their biomass is low compared to the soil 
mass or humus fraction, but the organism activity is 
absolutely crucial for soil functioning, particularly for 
nutrient cycling. Organic matter decomposition, nutrient 
mineralisation etc. are processes driven by the 
organisms, and when organism activity is restricted (e.g. 
by water-logging) the processes slow down and organic 
matter is accumulated. Even there, the composition of the 
decomposer community and its activity is optimised in 
relation to nutrient take-up by vegetation and sustainable 
storage needs for nutrients (e.g. in naturally N-limited 
forest ecosystems). However, the functional role of soil 
biodiversity is difficults to quantify. Due to the high 
variation in environmental conditions in the soil in space 
and time (daily and seasonal courses, water content, 
temperature, vegetation), the activity is also variable and 
not easy to measure in a comparable manner between 
different (national or local) inventory systems and 
research projects. First solutions can be found e.g. to 
determine soil respiration, potential nitrogen or carbon 
mineralisation. 

Models also become more and more important. However, 
they require data  of the abundance and diversity of 

organisms (e.g. Hunt and Wall, 2002), the such data are 
scarceand urgently needed. 

A major problem with regard to the set up of a soil 
biological monitoring programme: e.g. with respect of 
sampling frequency, spatial set up, selection of the type of 
monitoring sites and sampling techniques. Also statistical 
techniques to interpret the monitoring data have to be 
developed. All these frame conditions of course initially 
depend on the monitoring objectives and targets. 

III.1.3 Modelling 

New approaches have been proposed to determine the 
potential occurrence of soil biota as a function of soil 
attributes (e.g. particle size, organic matter), land use 
types, management practices and environmental 
attributes (Römbke et al., 2000; Fox et al., 2003). The 
modelling approach by Fox et al. 2003 has been tested in 
two counties in eastern Ontario (Canada) for mapping 
potential earthworms occurrence from the Canada Soil 
information system (used parameters are: parent 
materials, % silt, % clay, % organic C). In the case of 
Römbke et al. (2000), humus content, C/N, pH, soil 
texture and soil moisture were mapped based on the 
German national soil map and regionalized soil 
monitoring data in order to derive biologically relevant site 
types. These types were then validated on the basis of 
soil biological measurement. These fairly cheap 
approaches can provide the means to be able to assess 
status of soil biodiversity in terms of temporal and spatial 
changes in land use or management systems on regional 
levels, facilitating the ability to identify potential areas of 
concern of increased risks. They can help to determine if 
land use changes have resulted in enhancements in soil 
biodiversity. Nevertheless, it is still under development, 
and it needs more research and ground verification of the 
model. Also, the classes behind the selected soil 
paramerters do not necessarily reflect soil biological 
thresholds. Representative regional areas (i.e. level 2 
type sites), watersheds or specific agroecosystems within 
the landscape could be identified for detailed evaluation 
for the verification process. The same approach is applied 
in The Netherlands to obtain general insights in the 
relations of land use management and soil biodiversity 
(Mulder et al., 2003; Breure et al., 2003). 

Resistance is measured as the degree of impairment of 
response relative to control; resilience as the rate and 
extent of recovery. Recovery may be incomplete within 
the measured time-scale. 

 

III.1.4 Resistance and resilience as indicators 

Another emerging concept in assessing soil health is that 
of resistance and resilience of soil processes. Resistance 
is defined as the degree to which a prescribed function is 
impaired following a perturbation or stress to the soil; 
resilience is defined as the rate of recovery of such a 
function following such a perturbation or stress event (cf. 
Figure 6). Approaches to measure resistance and 
resilience of soils are being increasingly refined, for 
example by measuring the time-course of recovery of 
potential degradation of grass following heat or trace 
element treatment. The concept can be extended beyond 
the measurement of processes and the extent to which 
community structure changes and reverts to former state 
could also be used as a potent indicator. (Ritz et al., 
2003) 
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Figure 6: graphical representation of trajectory of resistance and resilience in perturbated systems (Ritz et al., 
2003) 

 

III.2 Indicators for soil biodiversity in monitoring 
programmes 

Aframework  is needed for evaluation and standards of 
soil quality and health to identify problems in production 
areas, to make realistic estimates of sustainable food 
production, to monitor changes in environmental quality 
as related to agriculture management and to assist 
government agencies in formulating and evaluating 
sustainable agriculture ant other land-use policies (Doran 
and Safley, 1997).  

A huge number of methods to investigate soil organisms 
activity, biomass, biodiversity, toxic effects or 
bioaccumulation exists (cf. Appendix 3), but for reasons of 
cost efficiency, inventory quality, and inventory 
“repeatability”, only a few of them can be selected as 
indicator parameters. In many cases the selection of 
indicator or flagship species helps to come to an eficcient 
operational system (e.g. Graefe 1993, 1997). 

In general, a broad range of desired properties related to 
indicators has to be distinguished (Rapport et al., 1997):  

- some are useful for diagnostic purposes 
(identifying the potential causes of particular 
dysfunction),  

- some are useful for general screening purposes 
(overall assessments of soil health),  

- some are useful for risk assessment (to evaluate 
potential losses which may not yet have surfaced, 

as a result of particular types of stresses 
impacting the environment). 

There are specific needs for soil biodiversity indicators 
depending on the interests involved (anonymous, 2003), 
e.g.: 

- national / international (OECD, UN-CBD, national 
governments policy needs, state of the environment 
reports), 

- research (research knowledge on soil biodiversity, 
process studies, impact studies), 

- public/farmer’s needs for enhancing production, best 
practices, protection of the environment, part of 
countries’ heritage. 

Indicators should: 

- correlate well with ecosystem processes (reflect the 
structure and/or function of ecological processes in 
soils), 

- respond to changes in soil health, 
- integrate soil physical, chemical and biological properties 

and processes and serve as basic inputs needed for 
estimation of soil properties or functions which can 
not be measured directly, 

- have a short response time, 

they should be: 

- based on available technologies, 
- interpretable, 
- easy to use under field conditions and be assessable 

by both specialists and producers, (at least it is 
desirable that samples can be taken by a non-
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scientist at a reasonable cost), especially if there is a 
large number of samples, 

- sensitive enough to reflect the influence of 
management and climate on long-term changes in 
soil quality but not be so sensitive as to be influenced 
by short-term weather patterns and robust enough not 
to give false alarms, 

- components of existing soil data bases where 
possible (availability of references). 

- low cost approaches, especially if there is a large 
number of samples, 

- meaningful, 
- resonant and easy to understand, 
- generally applicable to all soil types and geographic 

locations (accuracy and precision), 
- relevant to the ecosystem(s) under study and to the 

objectives of any assessment programme, 
- environmentally benign, 
- scientifically valid (with some theoretical basis for the 

utility of the measurement). 

Such indicators must be robust and not subject to rapid 
(and unstable) rates of change. This relates to the basic 
methodological problem that soil biodiversity is highly 
dynamical. In soil monitoring, at least at a large spatial 
scale with low measurement intensities, measures are 
needed which areindicative of some more or less 
permanent or semi-permanent state, meaning 
representative for a typical state at the time of the 
invenstigation. 

A first operational soil biological evaluation system for soil 
quality assessment is currently being designed by the 
German Soil Association (Working Group Soil Biological 
Evaluations Methods; www.bvboden.de [in German]), 
using the Graefe (1993; 1997), Graefe and Beylich 
(2003), and Sommer et al. (2002) as a starting point. It is 
stressed that the indicator function e.g. of Nematodes has 
intensively studies recently, and that certain taxa are 
limited to certain soils, independent of its land use. In 
other cases, specialists for e.g. grassland, or groups 
indicating acidic or wet conditions are also found. 

IV MONITORING ACTIVITIES 

Studying soil biodiversity is based on the interpretation 
and combined evaluation of various parameters, some of 
them which can be incorporated in monitoring (e.g. 
LEVEL I, Appendix A1.1). Throughout Europe, two 
monitoring systems have been established: ICP Forests 
Level I and Level II, and for agricultural soils: LUCAS. All 
other systems must be regarded national systems. None 
of the systems have mandatory parameters related to soil 
faunistic or microbiological activity. 

Appendix 1 presents an overview of parameters that ware 
partly already implemented in LEVEL I. Others have been 
recently started to be discussed (Baritz, 2003), but need 
to be further investigated with regard to a standardised 
macro-morphological approaches in the field.  

National monitoring programmes have also been already 
established in various countries. Bloem et al. (2003) lists 
a number of them: 

− Netherlands: bacterial biomass, bacterial growth rate, 
bacterial functional diversity (measured with Biolog 
plates), bacterial genetic diversity (DNA profiles), 
potential C and N mineralization, abundance and 
diversity of nematodes, mites, enchytraeids and 
earthworms, 

− Germany: microbial biomass (SIR), respiration, soil 
enzymes, 

− Switzerland: earthworms, microbial biomass (CFE), 
respiration and N mineralization, 

− The Czech Republic: C, N microbial biomass, basal 
respiration, respiration curves, anaerobic N 
ammonification, nitrification, 

− United Kingdom: microbial biomass (CFE), respiration 
and microbial diversity (CLPP, PLFA), 

− New Zealand: microbial biomass (CFE), respiration 
and N mineralization. 

In France, a monitoring concept was developed that looks 
at the effects of applying of sewage sludges to forest soils 
at LEVEL 2 sites: microbial biomass, respiration, specific 
respiration, N mineralization, nitrification, microbial 
activity, phenotypic diversity (Biolog) and genotypic 
diversity (DNA & ARDRA / RISA) (cf. Appendix 2). 

France is also in the process of setting up a national 
monitoring programme on a grid of 16 x 16 km where 
abiotic and biotic parameters of soil are monitored, 
including microorganisms and meso- and macro-fauna 
(Robert et al., 2003). In Germany there are different soil 
monitoring systems, but a very important one with regard 
to soil biological activity is the BBSK system (Römbke et 
al., 2002). 

It appears that microbial biomass, respiration and 
potential N mineralization are commonly regarded as part 
of a minimum data set, to which the main functional 
groups of the soil food web should be added in order to 
be able to better describe biodiversity, and to relate the 
structure of the soil community to functions. In forests 
soils, these methods can be interpreted in a meaningful 
way on the basis of humus forms, but not on a more 
refined way. Despite similar soil chemical conditions, 
respiratory parameters as well as macro-morphological 
parameters differ quite clearly, but the indicator function is 
difficult to assess if these parameters are solely derived 
from forest floor humus layers (Baritz, 2003). The cited 
authors notice also that whilst in most countries a 
relatively small amount of variables is monitored, usually 
at a relative large number of sites (up to 500 in New 
Zealand). In some other countries, in contrast, a large 
number of methods and variables are used at a limited 
number (e.g. USA with 21 long term ecological research 
sites). These approaches may correspond to LEVEL 1 
sites (1st case) and LEVEL 2 sites (2nd case). However, 
while the first set of countries has very little information 
about the soil biological community, the other set very 
little information about how the biological soil conditions 
looks at the regional or country scale. Therefore, a 
sophisticated integration of LEVEL II and I is needed. 

Some examples of monitoring programmes are given in 
Appendix 1 and 2. 

 
IV.1.1 Organisms with indicator function for soil 
monitoring 

Soil ecosystems are complex and cannot be monitored 
meaningfully with only few simple tools, or with only a few 
a priori selected indicators supposed to be the most 
sensitive ones. Many different aspects need to be 
measured and it is important to use a set of various 
indicators. Some indicators are more sensitive to 
contamination (e.g. bacterial growth rate), others are 
more sensitive to differences in soil fertility and agriculture 
management (e.g. N mineralization) (Bloem et al., 2003). 
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The complexity of soil biodiversity implies that time and 
money are major impediments for thorough monitoring. 
Many techniques are available (cf. Appendix), but 
intensive monitoring is expensive. 

Two measurement intensity LEVELS be distinguished for 
monitoring purposes: 

- LEVEL 1 sites allow for the observation of general 
trends of soil quality and the mapping and statistical 
treatments at a national or regional level. These sites 
may be placed in a grid, e.g. 16 x 16 km, as has been 
chosen in France, or in the ICP Forests soil condition 
monitoring. 

- LEVEL 2 sites, selected on a thematic basis (e.g. 
pesticides effects on soils, atmospheric deposits, 
sewage sludge spreading, tillage and residue 
management), less numerous and more heavily 
instrumented than LEVEL 1 sites, which allow the 
understanding of processes, causes and impacts. 
These sites could also valuable experiments objects 
that are needed for the development, calibration and 
validation of new methodologies and procedures. 

The two levels must be complementary: a grid of LEVEL 
1 sites, combined with large-scale maps (e.g. soils, 
climate, land use), would allow the upscaling and regional 
evaluation of what has been measured and observed at a 
more intensive (and expansive) LEVEL 2 network. Both 
levels must be established for long-term monitoring 
purposes. 

Biological indicators which have to be measured at 
LEVEL 1 sites, must be developed and observed in a 
representative manner for all dominant soil types, climatic 
conditions (pedo-climatic fitness) and land uses. The 
system must cost-efficient and not too dense (because of 
the large number of sites, which could make it 
economically impossible). The selected parameters must 
be easy to investigate in the field and to sample, and 
must not be restricted to scientists solely, but must be 
assessable to consultants and soil mappers as well. It 
must also be possible to take samples during long 
measurement campaigns throughput the year (to make it 
possible to study a large number of sites in a given 
period). They should also be readily available and 
(almost) standardised, be resonant, be easy to 
understand and be meaningful. 

Below a proposal for soil biodiversity monitoring is given. 

The highest amount of the soil ecological capital is in the 
form of microbial biomass (bacteria and fungi). The 
absolute and the relative amount of these organisms give 
a good indication of the activity and stability of the 
ecosystem. Both can be determined in one measurement, 
e.g. by automised spectroscopy. 

When the monitoring activity will be on a large scale, it is 
possible to do these measurements very well 
standardised and automised with standardised 
microscope and computer equipment. (e.g. confocal laser 
scanning microscopy). 

A minimal (and immediate) bioindicator set for level 1 
sites could be composed of: 

− Soil microbial biomass, 
− Soil basal respiration, 

Which have already gained broad acceptance, are being 
successfully applied in soil quality monitoring and satisfy 
general and technical requirements for biological 
indicators (cf. chapter III.2.) included being already 
standardized. 

Additional information on the metabolic state of soil 
microbial communities and on C availability can be 
obtained from these two parameters: 

- The microbial quotient, obtained from the 
measurements of microbial biomass and total SOM. 

- The respiratory quotient, obtained from the 
measurements of respiration and microbial 
biomass. 

For the evaluation of measurements of these two 
parameters, reference systems are needed. A reference 
system is a database, which allows measured values to 
be referred to and compared with. It consists of the 
definition of “normal” (reference) values and “normal” 
spatial and temporal variation of these values. It leads to 
“optimum” (upper limit) and “threshold” (lower limit) 
values. This reference system has to be developed, 
rapidly and at a European level for different soil types, 
climatic conditions, land-uses (e.g. agricultural soils and 
forest soils cannot be usefully compared, as litter has 
disappeared from agricultural soils; for agricultural soils 
there is a need to consider how soil quality is influenced 
by human activities) and in some cases for different 
crops. 

Genetic and physiological characterisation of microbial 
communities gives the opportunity to distinguish different 
communities, but does not give direct information on 
trends in biodiversity. 

To complete the soil microbial biomass and soil basal 
respiration, it is necessary to get tools to detect 
biodiversity of soil microorganisms. As the detection of 
diversity at species or even at the strain level is not 
feasible, since detailed knowledge on the microorganisms 
is still missing and the available tools are not applicable 
for these analyses, soil microbial ecologists introduced 
“operational taxonomic units” (OTUs) which can be used 
for diversity analysis. Typical examples of such OTUs are 
the fingerprint information obtained with Biolog, DNA 
techniques and FA techniques (cf. Appendix 3). Each tool 
has its specific advantages and limitation and does not 
meet yet most of the criteria for robust and applicable 
indicators (Widmer and Oberholzer, 2003). Focused 
European research needs to be rapidly initiated to select 
one of these techniques and to improve it. Then, if it 
satisfies general and technical requirements for biological 
indicators (i.e. robust, meaningful, not too expensive, 
easy to handle), it could be standardised and 
incorporated in the set of bioindicators for level-1 sites, 
after initiation of a European reference database. 

On the other hand, if information is necessary whether or 
not a specific enzyme is present in the soil and whether or 
not a specific reaction can take place on a specific spot, 
such characterisation methods are very useful. 

It has to be discussed whenever soil microbial and 
enzymatic activities are relevant for level 1 sites and if so, 
which ones (I do not feel it is necessary for level 1 but it 
could be in certain cases interesting for level 2)). 
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To be more complete, one or more indicators for soil 
fauna would be useful for level 1 sites. A lot of research 
has been done, several indexes and methods have been 
proposed (cf. Appendix 3), but it does not seem to be a 
general accordance on which tools could be used for 
monitoring (at least at level 1 like - sites) and several tools 
are still under development. One of the attempts is the 
combination of biological, chemical and physical soil 
attributes to develop a synthetic index (Lavelle, in 
preparation). Thus focused European research is needed 
to ameliorate, test and eventually select tools (the tools 
have to satisfy to requirements for biological indicators…) 
for level 1 sites. A European reference database is also 
needed, as for other bioindicators. 

Diversity of organisms in the soil might better be 
monitored using higher (eukariotic) organisms: 

Two groups of organisms are very indicative for the status 
of the soil: 

* Nematodes, They are present in high numbers, 
have a high species diversity and the relative and 
absolute amounts give good information of the 
diversity and stability of the ecosystem. The 
organisms are easy to handle and there are many 
companies who have the possibility to do the 
taxonomic work routinely. 

At the moment there are different groups who are 
developing genetic tools to identify nematode 
species. That will also give information of the genetic 
diversity mentioned in the biodiversity treaty, and it 
helps to simplify the taxonomic work. 

* Earthworms: They may be present in high numbers, 
are not very diverse, so easily characterised, and also 
easy to count. They are very appealing to: 

- farmers, who know that earthworms are important 
for the structure of the soil and who have the 
(essentially good) idea that more is better, so that 
they can see by their own hands and eyes whether 
management practices have a positive or negative 
impact on the soil 

- nature conservationists: earthworms are the main 
food source for many aboveground living animals 
(birds, badger, etc) 

- ecotoxicologists: Earthworms are good organisms 
to determine whether or not pollutants are present 
in a form that the organisms living in the soil 
experience their negative impact. 

- Organic matter suppliers: Earthworms play 
important roles in the degradation and transport of 
organic matter in the soil. 

The above does not mean that other groups of organisms 
are not good indicators for soil quality: 

Enchytraeids, springtails, mites, pseudoscorpions, 
flagellates, are also important, and perhaps in specific 
areas better indicator organisms (see also appendices). 

The first types of information that must be obtained are 
status and trends. The type of data obtained with the 
measurements indicated above will be sufficient to derive 
such information. 

When the information of the monitoring data is translated 
in an indicator value, the managerial and political value 
increases very much when the indicator value can be 
compared with standards. That means, that standards 
have to be derived from the initial monitoring programme 
and ecological know how. A second aspect is that the 
managerial value of an indicator increases, when it is 
possible to influence it. That means, that it is clear what 
has to be done, once the indicator value is at an 
undesired level, or e.g. the land use is to be changed. 
The above mentioned organisms all potential for such 
opportunities. 
In managed environments, the neighbouring effect of 
adjacent habitat of different quality (mediating effects, re-
establishment effects) as well as storage effects 
(ecosystem resilience – seed banks) have to be 
considered when soil biodiversity is investigated at 
particular individual sites/inventory plots. Therefore, the 
investigation of soil biodiversity also has various 
dimensions/scales: 

The parameters to describe the composition, size and 
functioning of the edaphon (or specific indicators for soil 
biodiversity) depend on the possible sampling/monitoring 
intensity. Direct measurements of species composition 
and of the physiological status of the edaphon, are costly 
and time consuming, and are usually restricted to specific 
experimental plots. There is a substantial research deficit 
in connecting indicator species, structural soil indicators, 
etc. with species richness. Species-diversity indicators 
can be defined as taxa, whose diversity (population 
status) correlates with the diversity of the whole edaphon. 
In correspondence, structural indicators can be called 
those parameters describing the habitat of such an 
indicator taxon. In this context, very little information 
exists at the species level rather than at the level of 
functional groups or taxa (e.g. epigaeic predatory 
arthropods, soil engineers) or taxa (earthworms like 
lumbricids and enchytraeids, nematodes, 
microarthopodes, etc.). 

The different methods and procedures selected for level 1 
sites should be investigated, tested, evaluated and 
selected in view of their complementary standpoints. 
Whichever bioindicators selected for level 1 sites, it is 
important to be aware that more fundamental research is 
needed on the relation between “soil biodiversity” and soil 
functions, and that standardisation and the building of 
reference databases are urgent. 

In addition to the bioindicators set selected for level 1 
sites, several sets of biological indicators have to be 
determined and added for level 2 sites, depending on the 
thematic. For example we could imagine that for sites 
devoted to trace elements contamination, several specific 
bioaccumulation and toxic effects measurements (plants 
and meso- or macrofauna), bacterial nitrogen fixation, 
specific soil enzyme activities, algae and protozoa 
populations, nematode functional or trophic diversity, 
earthworm composition and abundance… could be 
useful. For comparing different agricultural practices, 
other bioindicators may be selected. As for level 1 sites, 
we need to select sets, to enhance research to ameliorate 
tools and the understanding of links between soil 
biodiversity and soil functions, to standardise and to build 
up European reference databases for level 2 sites. 

As a conclusion, it is important to be aware that to make 
progress with monitoring and understanding the 
complexity of soil life, it is necessary to start. Many 
methods are already available (cf. Appendix 3). 
Differences between methods and laboratories occur with 
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any variable, and can be minimised by using a limited 
number of specialised laboratories for each variable, by 
using standardised methods (e.g. ISO) and/or by training 
of laboratories and ecological consultants. Inter-
calibration is also necessary. Learning by doing is 
inevitable; thus long term and extensive monitoring 
programmes need to be flexible. As the value of a 
biological indicator is affected not only by soil type, but 
also by land-use, vegetation and climate, therefore 
references values have to be deduced from many 
observations. Monitoring programmes may start relatively 
simple with a limited number of bioindicators, which 
should be increased when possible (after more research 
and after standardisation). Better one indicator than 
nothing, but the more “the better” (Bloem et al., 2003). 

IV.1.2 Abiotic parameters to be monitored 

In the frame of large-scale monitoring, the main focus is 
steered towards parameters connected to the specific 
living and feeding conditions of indicator species. These 
are mainly morphological and soil chemical 
characteristics that are often already part of soil 
mapping/monitoring (see Appendix 1). The corresponding 
parameters refer to the analysis/description of humus 
horizons, the habitat compartment of soils: the top mineral 
soil (A horizon) and litter layers/forest floor humus 
horizons. 

 

Table 1: soil physical and chemical properties of relevance as indicators of soil health and useful to interpret soil 
biological properties 

Soil description Physical indicators Chemical indicators 
Soil type (classification) 
Ground water level 

Bulk density 
Water holding capacity 
Soil structure (porosity / aggregation...) 
Soil texture (particle size distribution) 
 

pH 
electrical conductivity 
CEC 
SOM / POM / humus type 
Major elements (N, P...) 
Trace elements 

Table 2: Other information needed to interpret soil biological properties 
Site information Land use information 
Mean annual temperature 
Mean annual precipitations 
Elevation 
Slope 
Exposition  

Broad land use (forestry, grassland, arable land, orchards, horticulture...) 
Organic and inorganic fertiliser inputs (N and P fertilisers, manure...) 
Tillage, pesticides and other management practices (date, doses...) 
Actual and precedent crop (for agriculture) or vegetation type (e.g. for forestry: 
dominant tree species and ground vegetation) 
Canopy cover and ground vegetation cover (%) for forestry 
Cattle density (for grassland) 

 
Indirect indicators of soil health may be derived from the 
measurement of the influence of soil biota on other parts 
of the system. SOM and soil structure may serve 
particularly well for this function. POM (particulate organic 
matter in soil or light organic fraction) has the potential to 
serve as an indirect measure of soil health, because the 
turnover time allows enough sensitivity to detect changes 
within a few years and POM dynamics are not large over 
the growing season, except perhaps in highly degraded 
soils, so the method is relatively insensitive to time of 
sampling. It may also integrate responses over a number 
of years. Other indirect indicators of biota influence are: 
measures of porosity or aggregation, which are used to 

define soil structure, bulk density, water holding capacity. 
(Elliot, 1997) 

On the other side, some abiotic parameters are relevant 
to interpret biological data in monitoring systems: soil 
texture, soil type, soil pH, major and trace elements levels 
in soil, climatic parameters, land use. 

Abiotic conditions to be monitored are proposed in  and 
Table 2. (Pankhurst et al., 1997; Widmer and Oberholzer, 
2003) 
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APPENDIX 1: PROPERTIES OF FOREST HUMUS HORIZONS WITH  
 RELEVANCE FOR SOIL BIODIVERSITY (LEVEL I and LEVEL II)  

 the methods which need to be listed may need to address to the overview given in Figure 5; some of the required 
information e.g. habitat (soil structure, degree on compaction, tillage/residue management system, etc.), resources 
(crop/litter type, etc.), can be derived from existing large-scale monitoring instruments (e.g. ICP Forests LEVEL I soil 
condition monitoring) – however they are lacking trans-national comparability because of its qualitative nature (e.g. 
humus form, fabric of litter/crop residues, etc.): indirect parameters (examples for forest soils see: A1.1 – most of the 
parameters can be applied for agricultural soils as well) 

 another set of methods refers to direct measurements of the edaphon (direct parameters – mostly describing the 
existing soil biotic community as referred to in Figure 5). This approach implies a monitoring concept more addressed 
to few long-term observation sites (e.g. LEVEL II); specific methods can be added into an A1.2). 

 a third set of methods/parameters might need to refer to biocoenotic approaches i.e. to assess the relationship of 
what is measured in the context of ecosystem functions/dynamics, observed and investigated at the ecosystem scale 
(LEVEL III) 

 
A1.1 : Parameter list “Soil Biodiversity” LEVEL I (Baritz 2004, for this report) 
structural 
indicators 

morphological parameters describing the complexity of the habitat (x)mandatory parameters derived from 
Schaefer and Alphei, 2001 and Schaefer, 2001) 

mandatory − soil type 

− humus type (I am involved in the further work towards a European approach) 

− vegetation type (e.g. forest type: dominant tree species) 

− slope x) 

− exposition x) 

− elevation x) 

− canopy cover [%]x) 

− presence/absence of understorey x) 

− cover of ground vegetation x) 

− thickness of the forest floor humus layer x) 
optional − “microspatial index” (to be developed) 1) 

− presence/abundance of faeces/faunal droppings (to be elaborated) 1) 

− presence/abundance of signs of bioturbation (to be elaborated) 1) 

− presence/abundance of visible litter residues/roots in the H and A horizon (to be elaborated) 1) 

− direct counts: presence/abundance of larvae/earthworms/div. imagines (to be elaborated) 1) 

− degree of horizon transition (to be elaborated) 1) 

− diversity of ground vegetation 
(species composition and abundance of ground vegetation (indicator) species) 
− forest stand type (see ground vegetation) 

− (coarse) woody debris (fallen logs: size class, %cover, decay class) 

− litter (fine woody debris/m2, degree of decomposition; identification and proportion of 
leave/needle/ground vegetation litter) (to be elaborated) 1) 

− humus quality/SOM descriptors 
(thickness and texture/fabric of humus horizons; amount of fine humus, amount of roots, proportion of fungal 
mycelia) 

− soil water (ground water level in spring) 

− present/historic management system (regeneration/silvicultural system) 

− disturbance regime (return interval of fire, etc.) 
soil chemical 
indicators 

soil chemical parameters describing the nutrient status of humus horizons  

mandatory − Pb in the H layer (Pb can be toxic for certain soil invertebrates, Tyler 1992) 

− C/N ratio 

− pH (H2O) 

− base saturation 
optional − pH (KCl/CaCl2) 

− (hot) water soluble nutrients (standardised method needed) 
soil 
biodiversity 

biodiversity parameters to determine the status and trend in soil biodiversity on species diversity, activity 
and abundance 

mandatory − amount and ratio of fungi/bacteria 

− nematode abundance and diversity 

− earthworm abundance and diversity 
other ? − ? 
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1) Most of the important morphological field parameters still require the development of a standardised approach (in form 
of a technical annex/approach to be tested before the introduction into the new manual). Such a technical approach, as 
well as the list of parameters, should be elaborated separately for all measurement Levels. 

This Table may be used for soil biodiversity in forests but it has to be adapted for agricultural areas where extra 
properties come in - such as type of land use (grasslands, arable land and horticulture), fertiliser use (phosphorus 
nitrogen), pesticide use, amount of organic manure and, cattle density. For other types of soil use (e.g. recreation areas, 
wetlands, residential areas), perhaps even additional properties need to be identified. 

 
A1.2: Parameter list “Soil Biodiversity” LEVEL II 
presence of indicators  − soil engineers (earthworms, enchytraeids, ants, scarabeid beetles) 

− epigaeic predatory arthropods (imagines) 

− lepidoptera (measured as imagines, larvae have indicator status) 
microbiological parameters Cmic and “mineralisation” intensity, quantification of the microbial use of different C sources  
functional and genetic 
diversity of bacteria /fungi 

microbiological methods: basal respiration, respiratory quotient 

maturity index / plant 
parasitic index / channel 
index 

nematodes 

vegetation dynamics  
ecosystem structure, 
composition of trophic 
groups, foodweb analysis 

- structure of functional groups or ecological categories 
- species assemblages 
 

Note: Level II soil zoological control parameter – in combination with model for OM turnover 



Soil Thematic Strategy: Organic Matter and Biodiversity 

 Soil Biodiversity 

APPENDIX 2: THE EXAMPLE OF THE “SEWAGE SLUDGE – FOREST” MONITORING PROGRAMME IN 
FRANCE  

Put aside experimental sites, measurement of “soil 
ecological capital” is quite rare in monitoring systems in 
France. Among these monitoring systems, the biological 
parameters measured on the “sewage sludge spreading 
in forest” one1will be detailed. 

In this monitoring system, there are 2 levels for sites 
(“light sites” = LEVEL 1 & “heavy sites” = LEVEL 2). 

 

A2.1. Biological parameters (soil microflora) – LEVEL 
2 sites only 

To be able to verify that the spreading of sludges in 
forestry will not lead to a deterioration of the soils in an 
irreversible way and will, on the contrary, conserve or 
improve their microbiological properties, several 
approaches are advised: 

* global methods for assessing the biological functioning 
of soils, at the level of populations and activities linked to 
biogeochemical cycles (e.g. C, N); 

* methods, still under development, to receive 
information on microbial diversity, which is supposed to 
be linked to soils “resilience” (i.e. resistance to 
disturbances and aptitude to return in a stable state of 
satisfying functioning). 

- Microbial biomass (= “living organic matter”): 
fumigation – extraction method (ISO 14240-2 or 
modified method, Chaussod et al., 1988 and 2000). 

- C mineralisation (= respiration): incubation method 
(ISO 14239 or modified method, Chaussod et al., 
1986). 

- Specific respiration (= apparent renewal rate of 
the microbial biomass): calculated from respiration 
measures and biomass size (Chaussod et al. 
1986). 

- N mineralisation: incubation method (ISO 14238 
or modified method, Drouineau and Lefèvre, 1949). 

- Nitrification: NH4 oxidation test method (ISO 
15685). 

- Microbial activity: specific substrate assimilation 
or degradation. 

- Phenotypic diversity (= Biolog): Garland and Mills, 
1991 

- Genotypic diversity (bacteria and fungi): direct 
extraction of soil DNA and diversity study (ARDRA 
& RISA) - Martin-Laurent et al., 2001; Ranjard et al., 
2001. 

The enzymatic activities tests are not recommended in 
this monitoring system because the interpretation of 
results is difficult, and because their practical interest is 
limited. For example, usually a reduction of alcaline 
phosphatase activity is observed when P is brought under 

                                                      

1 INRA, 2002. Epandage expérimental de boue sur 
parcelles boisées. Recommandations pour la conception 
et le suivi de dispositifs expérimentaux. 

an available form (e.g. sludge or P fertiliser). This 
reduction is not due to the alteration of microflora but is 
due to the inducible character of the enzymatic synthesis 
according to P availability. 

 

A2.2. Soil fauna – LEVEL 2 sites only 

Several tools are proposed: 

- Encaging: for earthworms (measures: individuals 
number, individuals size, individuals and total 
biomass), or snails or micro-mammals (Cortet et 
al., 1999; de Vaufleury and Pihan, 2000; Pugh 
and Ostfeld, 1998; Stuffield and Lochmiller, 
2001). 

- In situ: soil invertebrates (lumbricians, micro- and 
meso-arthropods, collemboles...) – Martin, 1977, 
or micro-mammals. 

A2.3. Vegetation – LEVEL 2 and LEVEL 1 sites 

Several tools are proposed (additionally to trees 
measures) on accompanying vegetation: 

- Phyto-sociological statements on unit pieces 
(height, covering, species lists, abundance-
dominance and sociability coefficients) – 
Guinochet, 1973. 

- Seed bearer potential of soil (= potential flora): 
counting of seeds on pre-concentred phase 
(germination in pot). 

- Chemical composition of leaves (trace 
elements) of the different stages (herbaceous, 
shrubs), in order to assess the importance of 
accumulation of trace elements in plants which 
are consumed by fauna, and in order to assess 
the risk of contamination of food chains. 

- Chemical composition of mushrooms (trace 
elements) and identification / enumeration / 
biomass measurement for each species, in order 
to assess the importance of accumulation of trace 
elements in the mushrooms which are consumed 
by fauna or humans, and to assess the risk of 
contamination of food chains. 
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APPENDIX 3: CHARACTERISATION OF SOIL ECOLOGICAL CAPITAL 

Soil ecological capital can be monitored at different LEVELS: (i) as separate species, community (species assemblage), 
genes; (ii) as an entity, biomass C, total fauna; (iii) as a measure of overall activity in soil. 

A3.1 Soil microorganisms 

List of tests 
Organisms Method Normalised ? Still research ? 

Normalised: 
*ISO 14240-1 (substrate induced respiration - SIR) 
*ISO 14240-2 (fumigation-extraction) 

Soil microbial 
biomass  

Calculated: 
*Microbial quotient 
Research: 
*Fumigation-incubation 
*Specific group biomass (e.g. ergosterol determination for fungi) 
*Physiological method (initial rate of mineralisation of glucose added to soil) 
*ATP method (measurement of adenosine triphosphate concentration in soil) 
Normalised: 
*ISO 15685 (nitrification - NH4 oxidation test method) 
*ISO 14238 (N mineralisation & nitrification - incubation method) 
*ISO 14239 (C mineralisation = respiration - incubation method) 
*ISO 16072 (basal respiration of soil heterotrophs) 
*ISO 17155 (respiration curves) 
Calculated: 
*Respiratory quotient 
*Fungal/bacterial respiratory ratio 
Research: 

Soil microbial 
activity 

*Denitrification (eg N2O production – anaerobic conditions) 
*N fixation (eg C2H4 production – incubation – nitrogenase activity) 
*Mycorrhizae (percentage of root colonised by mycorrhizae in a test plant) 
Normalised: 
*ISO 23753-1 (dehydrogenase activity – triphenyltetrazolium chloride / TTC method)  
*ISO 23753-2 (dehydrogenase activity – iodotetrazolium chloride / ITC method) 

Micro-organisms 

(global methods to 
assess soils 
biological 
functioning) 

Soil enzymatic 
activity 

Research: 
*Enzymatic activity tests (other than dehydrogenase: phosphatase, sulphatase, peptidase, 
urease, esterase, cellulase, amylase, xylanase, laccase, peroxydase, maltase, 
saccharase, cellobiase) 
*Enzyme index 

Root pathogens Root pathogens Research: 
* Detection of root pathogens 
Research: 
*Community-level physiological profiles / CLSU (Biolog microplates = phenotypic diversity 
– metabolic microbial fingerprints) 
*Nucleic acid analysis (genotypic diversity - direct extraction of soil DNA... & PCR, RFLP, 
DGGE, SSCP, ARDRA, RISA...) 
*Dilution plating & culturing methods (culture dependent method -only 1 to 10% soil 
microorganisms are culturable – bacteria, fungi, actinomycetes, algae) 

Micro-organisms 
(microbial diversity) 

Soil microbial 
diversity 

*Measurement of ester-linked fatty acids (FAME, MIDI, PLFA, SLB – chemical microbial 
signatures) 

 

References 

Microbial biomass and activities: 

Anderson and Domsch, 1978; Anderson, 1982; Bentham 
et al., 1992; Brundrett and Abbott, 1994; Chaussod et al., 
1986, 1988 and 2000; Degens and Harris, 1997; Doyle 
and Stotzky, 1993; Drouineau and Lefèvre, 1949; Insam, 
1990; Jenkinson and Oades, 1979; Jenkinson and Ladd, 
1981; Martens, 1995; Sparling and Ross, 1993; Visser 
and Parkinson, 1992; Anderson, 2003; Bloem and Breure, 
2003; Schloter et al., 2003. 

Microbial diversity: 

Garland and Mills, 1991; Holben, 1994; Insam, 2000; 
Martin-Laurent et al., 2001; Olsen et al., 1991; Ranjard et 
al., 2001; Torsvik et al., 1990; Tunlid and White, 1990; 
Zelles et al., 1992. 

 

A3.1.1 Soil microbial biomass and activity 

Soil microbial properties have been mostly estimated at 
the process level in studies concerning the functioning of 
ecosystem. Soil microbiota have been regarded as a 
black box and only inputs and outputs have been 
determined. Estimation of total biomass and biomass of 
some specific groups, overall activities (e.g. C and N 
mineralization) and activities performed by specialised 
groups (e.g. nitrification, N fixation, enzyme activities) is 
an example of this approach. The concept of soil 
microbial biomass based on assumption that soil biota 
can be treated as single entity has been successfully 
applied in studies of impact of external factors to some 
key soil functions as nutrient cycling. Nevertheless any 
soil process can be carried out by more species. Because 
of the functional redundancy of soil microorganisms the 
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measurement of the soil microbial properties mentioned 
above cannot reveal a fine shift in the soil microbial 
community. Parallel application of different approaches 
including measuring of biomass, various activities as well 
as determination of diversity is the best way to more 
profound understanding of the functioning of soil 
ecosystem. New molecular techniques can contribute to 
this effort and, for unculturable organisms are essential. 

* Soil microbial biomass can be measured with many 
methods, such as fumigation-extraction, fumigation-
incubation, physiological method (initial rate of 
mineralisation of glucose added to soil), substrate 
induced respiration (SIR) or adenosine triphosphate 
(ATP). Sparling (1997) suggests that: (i) the 
measurement of soil microbial biomass can be useful to 
reveal effects of forest management (as the amounts of 
available nutrients in such soils are low, with a high 
proportion of the nutrients immobilised in the living 
biomass). It permits comparisons between soils of natural 
ecosystems, with those that have been modified under 
agriculture use (tillage systems, fertilisation, crop 
rotations); (ii) the trends in the microbial biomass contents 
of soils will predict longer term trends in total SOM; (iii) it 
is not useful to monitor pesticides effects (except if they 
are added at more than the recommended dosage). 
Pankhurst et al. (1997) propose that it can usefully reveal 
trends within 1-5 years rather than decades after changes 
in land management. Direct measurements of fungal 
biomass in soils can be made using ergosterol, the 
predominant sterol in most fungi, and changes in 
ergosterol content in soil may reflect qualitative changes 
in the fungal population (Roper and Ophel-Keller, 1997). 

* Soil microbial respiration is a well established 
parameter to monitor decomposition, but it is also highly 
variable and shows wide natural fluctuation depending on 
substrate availability, moisture and temperature. That 
means that this measure taken alone is very difficult to 
interpret in terms of soil health and that respiration 
measurements must be made under controlled laboratory 
conditions for valid comparisons between soils (Sparling, 
1997). Interpretation of respiration depends on the soil 
functions we want to underline: rapid decomposition of 
organic residues is not necessarily desirable because 
stable SOM has an importance role in soil physical and 
chemical characteristics and on the other hand this 
decomposition leading to the release of nutrients at time 
of plant demand, may be a desirable characteristic. 

The fungal / bacterial respiratory ratio (Anderson and 
Domsch, 1975) is an additional, but more time-consuming 
physiological method. Normal agricultural soils would 
have a respiratory ratio where fungal respiration is 80% 
and bacterial respiration is 20% of total respiration. This 
ratio will change if one microbial fraction is injured or 
loosed. In this respect, this quotient reflects changes in 
diversity, for instance a decrease in bacterial respiratory 
activities with decreasing soil pH. (Anderson and Weigel, 
2003) 

As the absolute microbial biomass of a soil is of limited 
value as an indicator of health (because it differs from soil 
types even in a similar land use and in a similar climatic 
region and because microbial biomass comparison 
across soils with different OM contents is problematic), 
Sparling (1997) suggested (i) to have some soil-specific 
baseline for comparison (this “target” / “reference” value is 
normally derived from the same soil under alternative land 
management for example) and, also, the use of 2 derived 
indices: (ii) the microbial quotient, which is the 
proportion of the total soil organic C represented by the 
microbial C (or ratio of microbial biomass to total SOM) 
and (iii) the respiratory quotient (qCO2) which is the 
specific rate of respiration per unit of microbial biomass. 

Chaussod et al. (1986) recommend a similar derived 
index: the specific respiration, which is the apparent 
renewable rate of microbial biomass and which is 
calculated from respiration measures and biomass size. 
However, care is necessary when using the microbial 
quotient to compare soils of differing mineralogy, with 
soils such as Andosols having generally lower microbial 
quotients than Oxisols, and it is again necessary to select 
a “target” value from a reference soil of the same type. 
Care is also necessary when using respiration quotients, 
essentially when the quality of the C substrate or soil type 
differ (Sparling, 1997). 

The microbial quotient is a good indicator of soil biological 
activity and its relationship to long-term accumulation of 
total SOM under different cropping systems. It is a more 
useful measure than either microbial biomass or total C 
considered individually. The respiratory quotient could be 
a more sensitive index of soil metal contamination or pH 
changes than either the soil biomass or respiration 
considered alone. Mhatre and Pankhurst (1997) suggest 
the use of the specific respiratory activity (ratio of 
microbial respiration / microbial biomass C) and of the 
microbial quotient (ratio of biomass C / total organic C) to 
monitor metal contaminated soils (the SRA increases, 
whilst the MQ decreases as metal concentration in soils 
increases). 

The microbial quotient should be constant if the system is 
stable. It reflects the availability of the soil C for the 
microbes. In the temperate zone it is about 2,5%. Any 
deviation from an established constant would indicate a 
state of increasing or decreasing OM stability. Higher 
values of this quotient usually indicate the establishment 
of equilibrium between the input of OM and the 
mineralising activity of the microbial biomass. The 
biomass C and the microbial quotient are generally lower 
if the site is under a stress (e.g. grazing or tillage) or the 
influence of a pollutant. On the contrary, the respiratory 
quotient values should be lower in soils where the 
microbial biomass is more efficient at conserving organic 
C, and decline when passing through younger 
ecosystems to more mature ones. Furthermore, they 
should increase under anthropogenic / natural soil – 
disturbing events (i.e. compaction, organic pollution, 
tillage, grazing). (Benedetti et al., 2003) 

* The mineralization of organic N reflects previous 
biological activity in the soil, general decomposer activity 
(ammonification) and the activity of specialist groups 
(ammonium and nitrite oxidisers) and could be an 
indicator of soil health. High N mineralization rates 
indicate a rapid decomposition of soil organic N and an 
active microbial population. The major limitation to their 
application to assess soil health is that we do not know 
what are the “ideal” values for a healthy soil. These 
values would depend of (i) soil type, (ii) land use, (iii) soil 
function we intend to protect or maintain (e.g. a farmer will 
approve a rapid N mineralization, whilst a hydrologist 
would prefer low N status and immobilisation to decrease 
the risk of nitrates leaching into ground water), and (iv) 
regional climatic conditions. The establishment of such 
baselines needs more research. (Sparling, 1997) 
Measurement of nitrification is recommended as a key 
test for assessing changes in soil health as a 
consequence of agrochemicals applications and of “acid 
rains” (Roper and Ophel-Keller, 1997). 

* The symbiotic nitrogen fixation measurements can be 
useful as an indicator of soil stresses resulting from 
pesticides or trace elements. The diversity of Rhizobium 
species declines with decreasing soil pH and in presence 
of trace elements. Another study shows that strains of 
Rhizobium leguminosarum bv. Trifolii isolated from a 
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metal-contaminated soil were found to be wholly 
ineffective in N2-fixation on white and red clovers thus 
they lost those agronomically important strains. The 
asymbiotic nitrogen fixation measurements are in 
general, less sensitive to perturbations as populations 
may contain organisms from a number of different 
families. Nevertheless they may be sensitive to trace 
elements. (Roper and Ophel-Keller, 1997) 

* Denitrification is regarded as having a moderate 
sensitivity to perturbations in the soil (Roper and Ophel-
Keller, 1997). 

* Vesicular arbuscular (VA) mycorrhizae, which forms a 
symbiosis with the roots of a host plant, play a significant 
role in the delivery of nutrients to the plant (especially P), 
may increase the resistance of the plant to soil-borne 
pathogens and to abiotic environmental stresses (e.g. low 
temperatures, drought, salinity). Mycorrhizal development 
is modified by soil properties and by land management 
practices (e.g. integration of crops, which do not form 
mycchorrhizas such as lupins and canola, into crop 
rotations, physical disturbance through cultivation). 
(Roper and Ophel-Keller, 1997) Cropping sequence and 
addition of fertilisers and pesticides to soil can have a 
major influence on the density and/or species composition 
of AM fungal communities. (Pankhurst, 1997) 

A3.1.2 Soil enzymatic activities 

* Soil enzymes are the mediator and catalysts of most soil 
processes and hence have potential to provide an 
integrative assessment of soil health. Methods for 
measuring the activity of over 50 different enzymes are 
available. Soil enzyme activities are used successfully 
to discriminate between a wide range of soil management 
practices (e.g. vegetation management, crop succession, 
tillage, soil amendments and, above all, for assessing the 
impact of pollution, especially for metals and 
hydrocarbons), but only when a reference (baseline) 
value is available for comparison (as soil enzyme 
activities naturally vary widely as a function of soil type). 
More research is needed across a range of soil types, 
ecosystems and soil management practices to calibrate 
soil enzyme activities or to develop relative soil enzyme 
indexes that are interpretable and independent of soil 
type and environments (example might include ratios of 
enzyme activity to other enzymes, total C or microbial 
biomass C). The major advantages of enzyme assays are 
that (i) they can be made with high precision (an error 
within 10% is common), (ii) they do not require 
sophisticated instrumentation, (iii) they can sometimes be 
done on air-dried samples (which makes easier handling 
and storage), (iv) relatively large numbers of assays can 
be completed on a daily basis. (Dick, 1997) These assays 
have also disadvantages: (i) results interpretation is 
difficult and (ii) enzymatic activities present limited 
practical interest in several cases (for example, a 
reduction of alkaline phosphatase activity is usually 
observed when P is brought under an available form (e.g. 
sludge or P fertiliser); this reduction is not due to the 
alteration of microflora but is due to the inducible 
character of the enzymatic synthesis according to P 
availability). 

A3.1.3 Soil microbial diversity 

There are two approaches to estimation of soil microbial 
diversity: culture-dependent and culture-independent 
methods. To better understanding of different aspects of 
biodiversity it is recommended to combine both 
approaches. 

a. Culture-dependent methods 

• Dilution plating and culturing methods 

According to numerous estimations, only 1-5% of soil 
microorganisms are culturable on available media. It is 
impossible to prepare growing media for all members of 
the soil microbial community. Species that can grow on 
these media cannot be the most abundant and the most 
important species for functioning of the agroecosystem. In 
addition to that slow growing species can be out-
competed during incubation. All culture-based methods 
are also selective. This conclusion is supported by 
repeated finding different results based on plating and 
molecular analyses. 

* Roper and Ophel-Keller (1997) emphasize that the poor 
culturability of most soil microorganisms (less than 10% of 
soil microflora is culturable), as well as the spatial and 
temporal heterogeneity make it nearly impossible to use 
absolute value of microfloral populations as direct 
bioindicators of soil’s health. However, changes in 
microbial populations or in specific functional groups 
(nitrifying bacteria, nitrogen fixing bacteria, and root 
nodule bacteria, mycorrhizal fungi) can be used as 
measures of the impact of chemical pollution in soils 
(Mhatre and Pankhurst, 1997). Based on the classification 
of Domsch et al. (1983), Roper and Ophel-Keller (1997) 
pointed out that: (i) highly sensitive microorganisms or 
functions could be useful in detecting small changes in 
soil health resulting from minor perturbations (e.g. 
nitrifying bacteria, Rhizobium, actinomycets, rates of OM 
degradation and nitrification), (ii) whereas changes in 
populations or functions of low sensitivity should indicate 
larger perturbations with potentially longer term effects 
(populations of Azobacter, ammonifiers, protein 
degraders, anaerobic nitrogen-fixing activity), (iii) medium 
sensitivity groups and functions are general populations 
of algae, bacteria and fungi, soil respiration, denitrification 
and ammonification. Mhatre and Pankhurst (1997) point 
out that generally algae and photosynthetic bacteria 
appear to be more sensitive to trace elements than other 
groups of microorganisms and that actinomycetes, 
saprophytic fungi and heterotrophic bacteria appear to be 
less affected (possibly because the population density of 
predators such as protozoa was suppressed. Plate count 
techniques are only useful in comparative studies of 
specific microbial populations. 

 

* The large number of microorganisms present in some 
soils, their high diversity, their difficulty to culture and the 
problems of adequately defining species of different 
microorganisms, has led to approaches to measuring 
biodiversity based on communities rather than species 
(Pankhurst, 1997). New techniques for measuring the 
structure and functional diversity of microbial 
communities (e.g. FAME, Biolog, and DNA techniques) 
offer new and largely unexplored dimensions for using 
microbes as bioindicators. 

• Community-level physiological profiles 

For analysing community level substrate utilisation 
(CLSU) fingerprints, soils suspensions containing total 
soil microbial communities are inoculated to multi-well 
plates containing a selection of specific substrate. As an 
example, Biolog system provides information about the 
metabolic function of the soil as a whole rather than about 
specific functions. (Roper and Ophel-Keller, 1997) Biolog 
is a simple approach to examining the functional diversity 
of microbial communities. Biolog Microplates containing 
95 (GN,GP Microplates) or 31 (EcoMicroplates) different 
substrates (i.e. 95 or 31 wells of which each well contains 
a different sole C source and nutrients, plus a 96th or 32th 
well which contains neither C source nor nutrient and acts 
as a control) that are utilised by a microbial community in 
a defined habitat. They are used to estimate metabolic 
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diversity of the microbial community by means of 
measurement of carbon sources utilisation. The metabolic 
pattern may be connected with functional diversity. The 
application of Biolog to community analysis has the 
capacity to produce a rich data set that is ideal for 
detecting site-specific differences in the functional 
diversity of soil bacteria and for evaluating the relationship 
between biodiversity and the expression of function in a 
natural ecosystem. (Pankhurst, 1997; White and Mac 
Naughton, 1997) 

Multivariate statistics are then applied to analyse the 
potential metabolic similarity of microbial communities. 

b. Culture-independent methods 

• Fatty acids analysis 

Community structures in different soils have been 
examined by identification of phospholipid signatures, i.e. 
measurements of ester-linked fatty acids extracted from 
soil (FAME - fatty acid methyl ester). It is important to 
differentiate between free fatty acids, ester-linked fatty 
acids, amide linked fatty acids and vinyl ether linked fatty 
components. The FAMEs are measured using gas 
chromatography and may be analysed using the MIDI 
reference system. The MIDI system measures fatty acids 
from both membrane lipids and lipopolysaccharides. 
Bacterial isolates are identified by comparing their fatty 
acid profiles to the MIDI database, which contains over 
8000 bacteria. However, if the MIDI system was 
successfully developed to identify clinical 
microorganisms, its application to the analysis of 
environmental samples (e.g. soil microbiota) has 
significant drawbacks. Moreover, in this kind of approach 
specificity is lost due to the lack of knowledge as to where 
the FAMEs reside in the microbial cell. The soil FAME 
profiles tend to be complex because many fatty acids are 
common to different microorganisms and interpretation 
may be difficult. 

Restricting the analysis of soil fatty acids to only those 
derived from phospholipids (PLFA – phospholipid ester-
linked fatty acids) and/or lipopolysaccharides in the soil 
markedly increases the capacity to detect differences in 
soil microbial community structure in soils subjected to 
various agricultural practices and soil exposed to various 
pollutants (such as trace elements). Shifts in community 
composition as a result of exposure to pollutants was 
shown to reflect increased proportions of PLFA 
characteristic of Gram-negative heterotrophs, and in type 
II methane-oxidising bacteria in soil. Although the PLFA 
analysis does not allow for the detection of all the species 
present in soils, it provides an overview of the community 
as a whole and allow for detection based on specific 
physiological traits. The determination of the total PLFA 
provides a quantitative measure of the viable or 
potentially viable biomass. 

The specificity of the lipid analysis can be increased 
further by use of the assay of a larger proportion of the 
cellular components of the microbiota, namely the 
signature lipid biomarker (SLB) analysis. The SLB 
analysis includes other classes of lipids in addition to the 
PLFA and provides a quantitative definition of the 
microbial community structure. The analysis of specific 
lipids such as sterols (for fungi, algae and protozoa), 
glycolipids (phototrophs, Gram-positive bacteria) or 
hydroxyfatty acids from the LPS Lipid A (Gram-negative 
bacteria) can provide an even more detailed community 
structure analysis. FAME and PLFA do not liberate the 
amide-linked fatty acids that could be present in 
lipopolysaccharide or other extractable lipids. The SLB 
methodology is not widely utilised because lipid 

extraction, fractionation and derivation procedures are 
time consuming and labour intensive and more research 
is needed to produce an automated SLB analytical 
system, to lower the coast, to increase its sensitivity, 
selectivity and specificity and to speed up the analysis. 
Further fractionation and analysis of individual fatty acids 
(“signature fatty acids”) permits identification of specific 
functional groups of microorganisms (bacteria, fungi, 
actinomycets) from the fatty acid profiles and provides 
information about the nutritional status (degree of stress) 
of the microbial community. Differences in FA-fingerprints 
may be interpreted with respect to alterations of microbial 
community structures and microbial physiology in a soil. 
More research is needed because signatures do not exist 
for many genera of soil microorganisms. (Pankhurst, 
1997; Roper and Ophal-Keller, 1997; White and 
MacNaughton, 1997) 

Phospholipid fatty acids (PLFA) are exclusively present in 
the membranes of all living cells and they are rapidly 
degraded in dead cells. They are signature molecules of 
specific groups of microorganisms (e.g. aerobes, 
anaerobes, sulphate-reducing bacteria, methane-
oxidising bacteria, psychrophilic bacteria, cyanobacteria, 
actinomycets, and fungi). Whole soil FAME (Fatty acids 
methylesters) detects lipids from both living and dead 
microorganisms, other macroorganisms, and humic 
materials. 

• Nucleic acid analysis 

Several approaches based on DNA technology have 
been successfully used for measuring different aspects of 
the biodiversity of soil organism communities: (I) use of 
DNA probes to identify community members, (ii) 
estimations of total genetic diversity via DNA re-
association kinetics, (iii) estimations of genetic diversity 
within groups of organisms via the construction and 
analysis of ribosomal DNA libraries (which relies on the 
cloning either directly or after amplification via polymerise 
chain reaction – PCR – of DNA coding for RNA from 
whole soil DNA) and (iv) a wide range of DNA 
hybridisation techniques. Severe limitations exist to DNA 
techniques as amplification and cloning contain their own 
biases (e.g. method-dependent differences in the 
composition of cyanobacterial libraries, PCR may 
preferentially amplify some sequences making 
quantitative comparison of sequence abundance 
unreliable, the method has also limited quantitative use 
because the relative abundance of rRNA is uncultivated 
species is not known). (Pankhurst, 1997) After direct 
extraction from soil, the soil DNA can be further analysed 
for specific marker gene pools. Combinations of specific 
polymerase chain reaction (PCR) amplification of target 
gene pools and genetic fingerprinting techniques, such as 
restriction fragment length polymorphism (RFLP) 
denaturant gradient gel electrophoresis (DGGE) or single 
strand conformation polymorphism (SSCP) are applied. 
These analyses yield DNA bending patterns (genetic 
fingerprints) which can be quantified and compared 
among different soil samples. (Widmer and Oberholzer, 
2003) Some of the DNA techniques may provide an array 
of sensitive new tools for analysis of the effects of trace 
elements on soils and their functioning (Mhatre and 
Pankhurst, 1997). 

Analysis of 16S rRNA has been proved as a convenient 
tool for characterisation of genetic diversity of soil 
bacterial communities. Analysis of 18S rRNA genes and 
the internal transcribed spacer (ITS) are used in the case 
of soil fungal communities. Microbial cells have to be 
lysed, DNA is extracted, amplified by means of 
polymerase chain reaction (PCR) and amplicons are 
separated and analysed. Primers can be designed either 
for specific phylogenetic groups or for a particular 
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species. Apart from characterisation of soil microbial 
diversity, DNA analysis could help us to understand 
ecology of non-culturable species. Although it is 
straightforward to determine the amplified sequences and 
compare them with those in databases, it is not the way to 
describe diversity of the whole microbial community. 

Electrophoretic methods applied for this purpose are:: 

a) Denaturing Gradient/Temperature Gradient Gel 
Electrophoresis (DGGE/TGGE). 

b) Single Strand Conformation Polymorphism (SSCP). 

c) Amplified Ribosomal DNA restriction Analysis 
(ARDRA). 

d) Terminal Restriction Fragment Length Polymorphism 
(T-RFLP). 

e) Ribosomal internal spacer analysis (RISA). 

f) Separated bands of DNA can be sequenced or specific 
hybridisation probes can be applied. 

Not only rDNA genes but also rRNA directly can be 
analysed. rRNA reflects microbial activity and can therefor 

be used for discrimination between active and dormant 
microorganisms. 

The objective to include soil biodiversity into soil 
monitoring is to observe and to understand the impacts 
of humus activities on important soil functions, to observe 
the ability of soils to maintain these functions, and to 
investigate the role of management to improve the 
conditions for specific ecosystems. The composition and 
diversity of biotic soil communities (e.g. microbial 
populations) is controlled by the type and condition of 
habitat available. 

A3.1.4 Root pathogens 

* Pankhurst et al. (1997) point out that root pathogens 
currently per se are not an  bioindicator of soil health. 
However the presence of disease may indicate the 
existence of soil health problem (e.g. inadequate residue 
inputs, nutrient imbalance). Therefore it provides the 
presence of disease may be used as an indicator. The 
development of new techniques for rapid detection of root 
pathogens directly in soil will help to promote this 
strategy. 

A3.2 Soil fauna 

List of tests 
Organisms Method Normalised ? Still research ? 

Sampling & 
extraction of 
nematodes 

Research: 
*Active migration techniques (eg Baermann funnel technique) 
*Mechanical elutriators 

Protozoa & nematodes 
(microfauna) 

-Abundance 
-Biodiversity 
(functional or 
trophic) 

 Research: 
*Culture techniques (for protozoa) 
*Direct count (for protozoa) or counting after extraction (for nematodes) 
*New techniques (RFLP patterns / primers for 18S or 5S rRNA genes-molecular 
technique; FAME) 
*Nematodes maturity index (MI) and weighted coenotic index (WCI) 
*Proportion of plant-feeding, bacterial-feeding, omnivore & predatory nematodes 
*Ratio Colpodida / Polyhymenophora (protozoa) 

In situ sampling Being normalised: 
*ISO 23611-1 (hand sorting & formalin extraction of earthworms) 
*ISO 23611-2 (sampling & extraction of mesofauna (collembola & acarida)) 
 Research: 
*Electrical expulsion (for earthworms) 
*Litter-bags (for soil fauna living in litter, eg some microarthropods) 

Encaging Research: 
*Laboratory grown animals are brought on site and are encaged during several 
weeks (polyethylene tubes introduced in soil for earthworms or inox or plastic 
cages for snails) 

Bio-accumulation  Research: 
*Laboratory analysis of pollutant in tissues of sampled individuals or of encaged 
individuals. 

Soil invertebrates (meso & 
macro-fauna): micro-
arthropods (eg collembola), 
earthworms (eg lumbricus 
rubellus or eisenia sp.), 
isopods (eg porcellis scaber), 
gasteropods (eg helix 
aspersa), enchytraeids, macro 
coleoptera, mites… 

Abundance & 
biodiversity 

Research: 
*For microarthropods: species composition of a community (single indicators 
species, community structure, multivariate analysis of communities) or ecological 
grouping of species (life-history classification, feeding types, ecophysiological, 
ecomorphological classifications). 
*For sampled meso- & macrofauna individuals: total number of species present (ie 
species richness or species abundance) & distribution of individuals among those 
species (ie species evenness or species equitability); abundance of earthworms; 
global indexes… 

Soil invertebrates (meso & 
macro-fauna): some 
earthworms (eg Lumbricus 
terrestris), some snails (eg 
Helix aspersa), some isopods 
(eg porcellio scaber), somes 
cetoines (larva)… 

Toxic effects 
measurement 
 

Research: 
* Microcosms (eg tubes, cages) are introduced in soil. Several individuals of the 
studied soil fauna species are introduced in microcosms. After several weeks toxic 
effects parameters are noted. Pathology, growth inhibition, mortality, alimentary 
behaviour, fecundity, locomotion, activity, illness, organic dysfunctioning. 

References 
Behan-Pelletier,1999; Cortet and Poinsot-Balaguer, 
2000 ; Cortet et al., 1999 and 2002 ; Crossley and 
Hoglund,1962; De Vaufleury and Pihan, 2000; Didden, 
2003; Höss and Traunspurger, 2003; Köhler, 1999; 
Lavelle, 1988; Martin, 1977; Paoletti, 1999; Yeates and 
Bongers, 1999. 

A3.2.1 Microfauna 

* Despite their dominant role as consumers of microflora, 
protozoa are poorly known taxonomically and isolation 
and identification are exceptionally tedious. Protozoa 
respond rapidly to environmental changes. Because of 
their rapid growth and delicate external membranes, 
protozoa (especially ciliate protozoa and testate 
amoebae) are sensitive bioindicators of trace elements in 
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soils (Mhatre and Pankhurst, 1997). On the contrary, a 
great deal of knowledge exists on taxonomy and feeding 
roles of soil nematodes and the distribution of nematodes 
in the soil is such that adequate samples can be taken 
with reasonable effort. Then nematodes seem to be the 
best organism group to use for community indicator 
analysis (Gupta and Yeates, 1997). Productivity of the 
below-ground system as a whole may be indicated by the 
number of bacteriophagic nematodes present as 
compared with direct measures of bacteria, which do not 
necessarily reflect total production if they are heavily 
predated (Elliot, 1997). Measurement of total soil 
populations of protozoa or nematodes is only likely to 
be useful as an indicator in extreme situations such as in 
contaminated soils (Gupta and Yeates, 1997). The major 
constraint to using either protozoa or nematodes as 
bioindicators is the fact that identification to species level 
requires a high level of technical expertise. Diversity 
studies however, have shown that identification to genus 
or family level may be adequate as this data gives trends 
similar to those achieved if species level identification is 
carried out. Thus, based on nematodes, indices such as: 

- Shannon-Weaver diversity index (H’), 

- the nematode maturity index (MI), which is based 
upon relative selection of fast (coloniser / high 
colonisation ability, short generation time, large 
population fluctuations, forms of dauer larvae that 
bridge unfavourable conditions, large gonads, 
production of very small eggs, viviparity) versus slow 
(persisters) growing forms of nematodes, 

- the weighted coenotic index (WCI), 

may become very useful in summarising information on 
the abundance and diversity of soil microfauna in relation 
to soil health. (Gupta and Yeates, 1997) 

Thus functional or trophic diversity of nematodes and 
protozoa would appear to be the most useful attributes 
that could be used as a bioindicator of soil health, 
essentially to monitor soils contaminated by trace 
elements (increased abundance of predatory nematodes) 
or by some residues of some herbicides (decline in 
diversity of protozoa). It could also be used as 
bioindicators of other human impacts: tillage and residue 
management (e.g. in soils subjected to minimum tillage 
and residue retention, the soil microflora is fungal 
dominated, which is reflected in a predominance of 
mycophagous protozoa and fungivorous nematode), 
manure management (e.g. when liquid manure 
applications are higher than what would normally be used 
for fertilizer application, significant changes in numbers 
and composition occurred) and cropping systems (e.g. 
total numbers, numbers in various functional groups and 
relative numbers in various functional groups differ). More 
generally, bacterial- and fungal-feeding forms increased 
as plant feeding and predacious forms decreased in 
ecosystems representing increasing human intervention 
(Elliot, 1997). The ratio of Colpodida (C) to 
Polyhymenophora (P), both protozoa, is characteristic of 
different ecosystems and are useful as a bioindicator for 
agricultural ecosystem (high input agricultural systems 
usually have a C/P ratio >1, whereas low input systems 
have a C/P ratio <1). (Pankhurst, 1997) 

Several techniques used for the microbial diversity, may 
also be used for soil micro-fauna (RFLP patterns, primers 
for 18S or S rRNA genes-molecular techniques, FAME). 
They are still under development. 

A3.2.2 Meso- and macrofauna biodiversity 

* Many soil arthropods (Collembola, Oribatida, Isopoda, 
Diploda) live a rather sedentary life and therefore reflect 
the local conditions of a habitat better than organisms 
with a high dispersal capacity, such as many flying 
insects. While microarthropod taxa are well known, 
sampling and extraction procedures are time consuming. 
They are often patchily distributed so one must take many 
cores in order to achieve a realistic result. However, 
microarthropods may be easily manipulated in laboratory 
experiments and are large enough that body burdens of 
pollutants can be determined at the species level (Elliot, 
1997). Two microarthropods sampling techniques exist: (i) 
the litter-bag technique, which does not give a good 
image of the community but gives information on the 
capacity of microarthropods to colonize a new media; (ii) 
the soil coring technique which gives a good indication on 
the diversity but needs sorting by specialists. The two 
techniques give different community structures. (Chabert 
et al., 2002) 

Collembola as a group are less sensitive to trace 
elements than other soil animals because of their efficient 
excretion or avoidance mechanisms. There are however, 
differences in the sensitivity of single species which 
enable their use as bioindicators of trace element 
pollution (e.g. in Cu polluted soils, the abundance of 
Mesaphorura krausbaueir and Onychiurus armatus 
increases when Cu increases, whilst Folsomia 
quadrioculata and Isotomiella minor was reduced or 
disappeared). (Mhatre and Pankhurst, 1997) 

Microarthropod species have different sensitivity to 
agricultural pressures and distinctions may be done 
among them between: (i) r strategy taxa (such as 
Actinedida and Acaridida) which are adapted to 
permanent fluctuations of their life media (little individuals, 
rapid capacity of dispersion, weak degree of alimentary 
specialisation, short life cycles, short nymphal stages) 
and (ii) K strategy taxa (such as Oribatids, except 
Brachychthoniidae, Tectocepheidae and Oppiidae which 
are intermediate) which are sensitive to perturbations and 
may not avoid stresses (low fecundity rate, long immature 
stages, long life cycle, slow capacity of population 
development, weak metabolism, sedentary comportment, 
slow locomotion) (Chabert et al., 2002). Gardi et al. 
(2003) show also, based on the analysis of single eu-
edaphic taxa, that some groups (Acari, Collembolans) are 
not or weakly affected by land use type, while Protura, 
Diplopoda, Chilopoda and Pseudo-scorpionida are 
strongly affected. 

As a consequence, the composition (species distribution) 
of collembolans and mites has been used successfully 
as an indicator of soil health, particularly in relation to soil 
pH, soil C/N ratio and trace elements contamination. 
Community composition analysis was shown to be more 
useful than single species analysis as an indicator of soil 
health. Other ways of classifying soil arthropods 
(ecological grouping) are based on the diversity within 
their life histories (based on reproduction, fertility, and 
mortality, turnover of population...), feeding type and 
physiotype (ranking in response to a particular ecological 
factor, e.g. soil pH). The combination of physiotype 
approaches and multivariate statistical analysis showed 
the greatest promise (Pankhurst et al., 1997).  
Relationships between soil factors and community 
structure must be known (and need research) before one 
can convert them into a bioindicator system (Van 
Straalen, 1997). For Chabert et al. (2002), the specific 
diversity using all collembolan species (Shannon H’x) is 
less interesting than an index of difference of biodiversity 
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based on 3 microarthropods taxa (Collembolans, 
Oribatida and other Acarina) and 5 ecological parameters 
(number and average abundance of taxonomic groups, 
samples number, Shannon index of taxonomic diversity 
and of coenotic diversity), in the case of comparing 
different agricultural practices (more or less pesticides 
and more or less ploughing). 

As an example, in Italy, a new approach, named QBS 
(Biological Quality of Soil index), is being tested (Parisi et 
al., 2003; Gardi et al., 2003). It is based on the biological 
forms of edaphic microarthropods. A first QBS index, 
named QBS-ar, is based on microarthropod groups 
present in a soil sample. Each ecological form receives a 
score from 1 to 20 (EMI = Ecomorphological Index), 
according to its adaptation to soil environment. As a 
general rule, eu-edaphic (i.e. deep soil living, e.g. Protura 
and Diplura) forms getting higher EMI score and epi-
edaphic (surface-living) getting lowest EMI score. 
Collembola and Coleoptera display a large range of EMI 
values. The QBS index sums up these scores, thereby 
characterising the microarthropod community. Because 
collembolans are the most abundant soil microarthropods 
and have shown to be very sensitive to variations in soil 
environment, a second index, QBS-c, is based specifically 
on collembolan eco-morphological forms. Collembolans 
are separated into 6 groups (Podurid, Onychiurid, 
Isotomid, Entomobryd, Neelid and Smithurid) and, for 
each group, the biological form with the higher EMI value 
is recorded and the sum of EMIs for the 6 groups is the 
value of QBS-c index. Compared to other indexes or 
single taxon methods, QBS is innovative, since its 
calculation does not require counting, neither the 
individual specimens of every group, nor single species 
present in the sample, it does not require a species-level 
diagnosis and is therefore considered as an appropriate 
tool for large-scale monitoring on a great number of 
samples. Values of QBS-c seem to be more related to the 
OM content and soil aggregate stability with respect to 
QBS-ar. Arable lands shows lower QBS values than 
permanent grasslands and forest soil and among the 
arable lands, the agricultural system (i.e. conventional / 
organic) determines significant differences in QBS values, 
however these differences are larger for the most 
intensive crops (QBS is higher for organic farming and/or 
low input crops). 

* Soil macrofauna (animal >2mm) include ants, termites, 
amphipods, isopods, centipedes, millipedes, adult and 
larval stages of root-feeding insects, earthworms, 
enchytraeid worms, slugs and snails. Commonly their diet 
consists of primary decomposers (e.g. bacteria, fungi and 
actinomycetes) and secondary consumers (such as 
protozoa) and so their abundance reflects an integration 
of a range of biological processes occurring in soils. Soil 
macrofauna functions have a prominent place in 
promoting processes, which are considered to be linked 
to soil health (e.g. organic decomposition, beneficial soil 
structures, nutrient turnover, and disease control). A lot of 
information exists for earthworms. (Doube and Schmidt, 
1997) Soil macrofauna are often not ubiquitous due to 
vagaries in biogeography and contagion and are therefore 
problematic for use as general community structure 
indicators across a wide variety of ecosystems (Elliot, 
1997). 

Amongst the soil macrofauna, only earthworms seem of 
sufficiently wide distribution in natural and agricultural 
soils to act as universal indicators of soil’s health for all 
land-uses. 

However it is also possible to develop separate sets of 
bioindicators for agricultural and wooden environments 

and to have bioindicators including macrofauna 
dependant on surface litter when comparing minimal 
tillage or trash retention to more “classical” agricultural 
practices. 

The primary factors which limit the abundance of 
earthworms are soil type (pH, texture…), food, organic 
status of the soil, soil depth, soil moisture holding 
capacity, climate (temperature, rainfall), predation and 
parasitism; while secondary factors (i.e. land 
management, cultivation, crop type, crop residues, tillage, 
fertiliser) induce correlated changes in a suite of these 
primary factors. Earthworms are very patchily distributed 
and changes in abundance occur at a time scale 
appropriate for an indicator (1-3 years). Owing to their 
size, earthworms can be easily observed, handled and 
identified (at least as adult specimens). Their taxonomy is 
relatively simple and does not require specialised 
technical equipment and so are accessible to the non-
taxonomists. Even if the presence of earthworms was 
commonly associated with improved soil structure and 
their abundance is promoted by conservation 
management practices, there was rarely any consistent 
association between earthworm abundance and crop-
yield. It is clear that the key agronomic factors, which 
determine plant yield and soil conservation, are not 
necessarily those which influence earthworm abundance. 
There are some factors (e.g. chemical fertiliser, 
waterlogging, root disease, pesticides) which can be of 
overriding importance in determining yield and 
conversely, there are other factors (organic residues, soil 
pH, rotations) which can be of overriding importance in 
determining earthworm abundance and which do not 
have a corresponding on yield. Abundance of 
earthworms may be measured numerically or as biomass 
of individual species or pooled over species (sometimes 
they are fragmented and corrections of total biomass are 
necessary). Earthworms can be scarce or absent from 
highly acidic soils (pH<4) or alkaline soils (pH>8), from 
soils treated with ammonium salts, from sandy soils... 
Species are more or less tolerant to soil acidity (e.g. 
Aporrectodea tuberculata and to a lesser extent 
Lumbricus festivus and Lumbricus rubellus were tolerant 
of acidic soil conditions, whereas Aporrectodea chlorotica, 
Eisenia (Aporrectodea) rosea and Octalasion Cyneum are 
reduced in acidic soils). (Doube and Schmidt, 1997) 
Earthworms are also sensitive to soil particle size, and for 
example, in Prescott – Russel (Canada), favour marine 
and lacustrine sediments over the coarser till and fluvial 
sediments. 

Earthworms are also sensitive to several trace elements 
and may also accumulate metals in their tissues. They 
are therefore potentially useful as bioindicators of high 
levels of metal contamination (lower abundance) and of 
low levels of metal contamination (concentration of metal 
in their tissues or casts). For example, a decline in 
earthworm abundance along a Cu/Zn gradient can be 
observed, with surface dwelling species (e.g. Lubricus 
rubellus) at highest risk of extinction. (Mhatre and 
Pankhurst, 1997) Enchytraeid worms make up only a 
tiny proportion of the biomass of soil fauna but their 
abundance in acidic soils (where earthworms are scarce) 
give them some value as potential indicators in restricted 
soil conditions. (Doube and Schmidt, 1997) 

Meso- and macrofauna biodiversity could be useful 
for monitoring agriculture practices (cultivation, crop type, 
crop residues, tillage, pesticides, fertilisers…), sewage 
sludge application in agriculture and forestry, forestry 
management practices (cuts…), pollutants monitoring 
(trace elements…), effects of the Bordeaux mixture on 
vineyards soils... Meso- and macrofauna biodiversity can 
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be quite simple (depending on the method) and it is more 
or less global. Soil macrofauna can usually be collected 
quantitatively, many may be identified to species and their 
ecological roles in the soil are generally known. Micro- 
and mesofauna (protozoa, nematodes, collembolans, 
mites) can be extracted from soil with varying degrees of 
success, but knowledge of their ecological function in the 
soil is less well understood. Some groups of collembolans 
and mites are well characterised but less is known 
taxonomically about many groups of the protozoa, 
rotifersand nematodes. Their ecological role and to a 
certain extent their biodiversity are based on trophic 
group analysis. (Pankhurst, 1997) The limits of using 
meso- and macrofauna is that it can be quite complicated 
and time consuming (when exhaustive) and that some 
soil fauna species may be dependant to soil conditions 
(porosity, pH…). However, these measurements may be 
done on a specific soil fauna group (e.g.: only on 
earthworms, which is common and well documented, or 
only on microarthropods…) or on key groups (selected 
because they are sensitive to different stresses) which 
permit to calculate a global index. 

Through extensive studies the IBOY-Macrofauna Network 
has confirmed that macrofauna is relatively easy to collect 
(even by farmers). The standard TSBF method (Tropical 
Soil Biology and Fertility Programme) was used for 
collection of soil invertebrates in more than 1000 sites 
with a focus on tropical areas. A data base was produced 
and more than 42 taxonomic groups of invertebrates and 
associated site variables (cropping system, management 
practices, season, climatic region, soil type, depth...) were 
characterised. Results have shown that macrofauna 
functional groups correlated very well with different soil 
chemical and physical situations as well as management 
conditions (in particular OM inputs and mineral 
fertilisation). Further analyses promise the identification of 
groups that are specific indicators for a given type of 
system, including development of an index considering a 
set of variables. 

In the continuation of this programme, a synthetic 
bioindicator is being set up in France (Robert et al., 
2003), based upon the study of macroinvertebrate 
populations and a two step analysis of data: 

- separate groups based on large taxonomic units 
(families, orders) using multivariate analyses, which 
gives a general index of biodiversity / quality, 

- separate indicator species for each group, 
which gives an indicator taxon extracted with 
the Indval index (Dufrêne and Legendre, 1996). 

* In general for soil meso- and macrofauna, the major 
limitations to using species abundance as a bioindicator 
are the unpredictability of the response of the community 
to the perturbation, taxonomic difficulties and the time 
required for sampling, extraction and sorting the 
organisms. Also the choice of diversity index to quantify 
or describe the change in community diversity may pose 
difficulties. However, if the changes in the community 
structure are based simply on the loss of sensitive 
species or increase in abundance of tolerant / resistant 
species in response to a soil perturbation, then this form 
of analysis has potential for bioindication. (Pankhurst, 
1997) 

A3.2.3 Meso- and macrofauna bioaccumulation 

* Meso- and macrofauna bioaccumulation 
measurements should be useful for: (i) pollutant 
monitoring (trace elements, some organic pollutants), (ii) 
sewage sludge application in agriculture and forestry, (iii) 
atmospheric soil pollution along roads or near industries. 
The measurements of pollutant in the soil fauna will give 
better information on pollutants bioavailability than 
chemical analysis of soil do. For earthworms, functional 
differentiation within groups provides the capacity to use 
different types of the same animal group to monitor 
pollutants in different soil niches (e.g. epigeic – surface 
living – earthworms are directly exposed to biocides and 
contaminants applied to the soil surface, whereas 
endogeic – soil dwelling – species are exposed to 
accumulated substances in the soil matrix (Doube and 
Schmidt, 1997). The limits of bioaccumulation are that 
they could be more or less expensive, depending on what 
is analysed. It has also to be noticed that these methods 
are only possible for sufficiently “big” soil fauna species, 
such as snails or earthworms (e.g. it is quite impossible 
for nematodes and acarians, because there are too 
small).

A3.3 Flora 

List of tests 
Organisms Method Normalised ? Still research ? 

Bio-accumulation Research: 
*Laboratory analysis of pollutant in the entire plant or in organs of the plant 
(for passive or active monitoring) 

Toxic effects 
measurement 

Research: 
*Observation of pathology, biomass… (for passive or active monitoring) 

Any terrestrial plant 
species 

Biomarker  Research: 
*Biochemical markers (peroxidase, phytochelatine...) (for passive or active 
monitoring) 

Any terrestrial plant 
species of natural or 
semi-natural 
ecosystems 

Biodiversity  Research: 
*Total number of species present (i.e. species richness or species 
abundance) & distribution of individuals among those species (i.e. species 
evenness or species equitability) (for passive monitoring) 

References 

Guinochet,1973; Dobremez et al., 1997. 

A3.3.1 Flora biodiversity 

* Some would argue that plant growth is the ultimate 
indicator of soil health. Whilst plant growth is extremely 
sensitive to many chemical, physical and biological 
attributes of the soil, these attributes can easily be 
masked by anthropogenic inputs such as fertilisers, 
pesticides and water. It may thus be difficult to use plants 
per se as indicators of soil health in cropping systems. 

However, in natural ecosystems (such as grassland or 
forestry) the composition of plant communities / plant 
species or plant associations or the presence or absence 
of particular plant species / ecotypes may be useful as 
indicators. (Pankhurst et al., 1997) It could be useful 
for natural or semi-natural ecosystems management (e.g. 
fertiliser, OM / C storage, forestry management…); 
sewage sludge application in forestry or grassland; 
atmospheric soil pollution (e.g. “acid rains”). 
Phytosociological statements on unit pieces (height, 
covering, species lists, abundance-dominance and 
sociability coefficients...) could be used for forests; as well 
as seed bearer potential of soil (= potential flora) which 
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consists in counting seeds on pre-concentred phase and 
germination in pot. 

* The changes in plant community composition, caused 
by pedo-climatic factors, are usually monitored by means 
of mapping the relative abundance of single plant 
species. Two processes modify the floral composition of 
plant communities: (i) the extinction or recession of 
sensitive species or (ii) colonisation or increased 
dominance by tolerant species. As an example the 
vegetation of metal-enriched areas commonly comprises 
herbs and shrubs, but few trees and is characterised by 
the presence of endemic plant species (i.e. metal-
resistant species restricted to metal-enriched soils) and 
metal-resistant ecotypes of plant species which also 
occur on the surrounding non-toxic substrates. If endemic 
species are useful as bioindicators of soils with high metal 
levels, resistant ecotypes of common plant species are 
not because they are usually morphologically identical to 
the corresponding non-tolerant genotypes found in the 
surrounding non-mineralised soils. Some examples of 
metal indicator species: Armeria maritima, Minuartia 
verna and Viscaria alpina (for Cu), Alyssum bertolonii (for 
Ni), Thlaspi calaminare and Viola calaminare (for Zn). 
When plants are exposed to high concentrations of trace 
elements (such as in areas polluted by mining activities, 
smelting), changes to plant communities take several 
years: accompanying the disappearance of sensitive plant 
species is the colonisation by metal-tolerant species of 
few grasses. In the case of less contaminated areas, such 
as that produced by agriculture activities or by long 
distance aerial deposition, a detectable change in 
vegetation structure and floristic composition of the plant 
communities may not occur, although some plants may 
show symptoms of metal toxicity. (Pandolfini et al., 1997) 

* A distinction may be done between (i) passive and (ii) 
active monitoring with plants. Passive biomonitoring is 
defined as the use of native and cultivated vegetation 
present in the study area, whereas active biomonitoring is 
carried out by introducing test plants which are commonly 
selected on the basis of their sensitivity (to the soil 
contaminant for example). Passive monitoring is the most 
suitable method for retrospective analysis of soil, as well 
as being a relatively cheap, method. Active monitoring is 
a much more instructive method because selected plants 
of genetic uniformity which posses specific sensitivities 
can be grown under standardised and known conditions. 
Vegetation, as a means of biomonitoring soil health can 
be studied at a variety of spatial scales, namely at the 
ecosystem, population, organism, tissue, and organ or 
cell scale. (Pandolfini et al., 1997) 

A3.3.2 Flora bioaccumulation 

For terrestrial plant bio-accumulation, 3 kinds of 
purposes can be distinguished: 

− (i) plants used to quantify soil pressure (e.g. lichens 
or bryophytes to measure atmospheric deposition of 
trace elements in an atmospheric soil pollution 
monitoring programme), 

− (ii) plants used to quantify part of the outputs from 
the soil (e.g. contents of trace elements, PAH… in 
edible parts of cultivated plants, grass in 
grassland… in sewage sludge monitoring 
programmes), 

− (iii) plants used to assess environmental and 
production functions of soil, i.e. to assess the 
importance of accumulation of trace elements in 
plants which are consumed by fauna and to assess 
the risk of contamination of food chains (e.g. risks 
of contamination by trace elements, PAH, dioxins, 

furans, radionucleids… of the edible part of 
cultivated plant, aerial parts of grass, leaves of 
shrubs or fruiting bodies of higher fungi 
(mushrooms) in forest… in sewage sludge 
monitoring programmes; in atmospheric soil 
pollution monitoring programme near roads or 
industries). 

Pankhurst et al. (1997) notice that genetically uniform 
material and standardised method of exposure and 
sampling are now available for several species of higher 
plants employed as accumulative bioindicators of trace 
elements. If the aim of biomonitoring is to assess the level 
of contaminant in the soil, then the bioindicator should be 
a plant species, which is able to accumulate the 
contaminant without showing toxic symptoms. Depending 
on the purpose of the monitoring activity, different parts of 
the plant can be used as bioaccumulators. Roots and 
rhyzomes are suitable for determining soil-borne 
substances or when metals with high affinity for cell wall 
components are studied (e.g. Cr, Pb). Using unwashed 
leaves is preferable when the contribution of aerial 
pollution to soil pollution is being evaluated, when metals 
are readily translocated from the roots to the shoots (e.g. 
Cu, Zn) or when the effect of a contaminant on the trophic 
chain is being considered. If the aim of the monitoring 
activity is to obtain a chronological profile of metal content 
in the soil, tree bark represents the best organ. Plant 
bioaccumulation is a useful tool for evaluating 
contaminant bioavailability and mobility in soil. Both lichen 
and mosses have several advantages: they possess a 
marked capacity for bioaccumulation of a variety of 
compounds (e.g. Zn, Pb, Cd, Hg, Ni), they have widely 
distributed in nature and they show minimal seasonal 
variation in biomass and morphology and their response 
to environmental contaminants is more sensitive and 
rapid than that of most flowering plant species. They can 
be used for both passive and active monitoring. On the 
other hand, the physiology and ecology of the majority of 
higher plants are better characterised than that of 
cryptogram plants. Populus nigra ‘Italica’ is an effective 
accumulative bioindicator because of its genetic 
homogeneity; its world-wide distribution and its large 
capacity to absorb trace metals. Other trees have also 
been proposed, such as Picea abies and Pinus sylvestris. 
Crop plants (such as barley, legumes that are more 
sensitive indicators of soil metals levels than cereals) 
have been used frequently because of their importance in 
the food chain. (Pandolfini et al., 1997) 

A3.3.3 Flora toxicity 

Terrestrial plant toxic effects measurement could be 
useful for monitoring sewage sludge spreading in 
agriculture or forestry (made on cultivated plant or on 
forestry settlement which is studied); atmospheric soil 
pollution (made on sensitive species brought on the 
studied sites e.g.: ray-grass is sensitive to trace elements, 
bean and nettle are sensitive to NOx, gladiolus is 
sensitive to F, alfalfa is sensitive to SO2… or made on 
endogenous species). When sensitive plant species are 
exposed to pollutants, numerous symptoms or types of 
damage to the plant may occur. For crop plants or natural 
herbaceous species, the most common adverse effects of 
trace elements are: inhibition of root growth / elongation 
(e.g. Al) followed by stunting or dwarfing (e.g. Cu) of root, 
inhibition of germination and of early growth of seedlings 
(e.g. Hg, Pb, As), leaves necrosis (e.g. Ni), leaves scorch 
(e.g. Al), blotching of leaves (e.g. B, Mn), browning or 
darkening of leaves (e.g. B, Fe), general leaves chlorosis 
(e.g. Cr, Co, Cu, Mn, Mo, Ni, Zn), other anatomic and 
morphological abnormalities (such as variation in flower 
colour or abnormal fruits for U or abnormally coloured 
shoots for Mo), decrease of the harvested weight and of 
the growth rate (for most trace elements except U which 
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can stimulate growth). Other parameters may also be 
measured: foliar biomass, root biomass, grain number... 
For trees, the studied parameters could be decrease of 
survival, of circumference or basal area, of total height, of 
height at the base of the top, bad sanitary state, bad 
nutritional state (monitored by foliar diagnostic). 

A3.3.4 Flora biomarkers 

Finally Pankhurst et al. (1997) notice that biochemical 
markers, such as stress marker enzymes (e.g. 
peroxidase) or induction of proteins and polypeptides with 
metal binding capacity, also have potential as indicators 
of soil contamination, as some biochemical alterations 
may be detectable before the symptoms become visible 
on plants. Biomarkers are specific compounds that are 
produced, accumulated or activated by a plant in 
response to stress. Biomarkers represent a promising 
method for the early detection of changes in soil 

character. The main disadvantage of using such 
biomarkers is their low specificity, due to the fact that 
similar responses occur to other stresses factors (e.g. 
SO2 or O3 atmospheric pollution, drought, salinity...). Most 
metal, such as Cd, Ag, Bi, Pb, Zn, Cu and Hg induce the 
synthesis of heavy metal-binding polypeptides in plants, 
which have been designated “phytochelatines”. The use 
of phytochelatines levels in plants can be considered as a 
biomarker of metal stress, rather than a measure of 
metal-tolerance. Metals inhibit the activity of many 
enzymes, and, on the contrary they can stimulate the 
activity of some other enzymes (e.g. peroxidase, 
catalase, superoxide dismutase, malate dehydrogenase 
and malic enzyme). The polyamines (such as putrescine) 
and the amino acid proline are products of secundary 
plant metabolism and may accumulate in plants following 
trace element stress. (Pandolfini et al., 1997) 

A3.4 Micro-mammals 

List of tests 
Organisms Method Normalised ? Still research ? 

 

- Capture 
- Encaging 

Research: 
*Several capture technics exist for wild animals 
*Laboratory grown animals are brought on site and are encaged 
during several weeks 

Bio-
accumulation 

Research: 
*Laboratory analysis of pollutant in tissues of sampled or 
encaged individuals 

Species which live and get their food 
on the studied site (vital area not too 
large): brown rat (rattus sp.), mole 
(talpa sp.), shrew (blarina 
brevicauda), field-mouse (apodemus 
sp.), vole (microtus pennsylvaticus)… 

Toxic effects 
measurement 

Research: 
*Observation of pathology, fecundity, weight and size… of 
sampled or encaged individuals 

References 

Golley et al.,1975; Pugh and Ostfeld, 1998; Sheffielf and 
Lochmiller, 2001. 

Micro-mammals may be used in large-scale monitoring of 
soil pollution. They represent very integrative bio-
indicators of soil quality. 

A3.4.1 Micro-mammals bioaccumulation 

* Micro-mammals bioaccumulation measurements may 
be useful for pollutants monitoring (trace elements), 
atmospheric soil pollution in urban or industrial areas and 
near motorways, sewage sludge application in forestry. 
Their advantages are: (i) bioaccumulation and 
biomagnification of pollutants in terrestrial trophic chains 
can be studied in a more realistic way than in laboratory 
mesocosms or laboratory toxicity tests, (ii) integrative 
approach if species from different trophic levels are 
chosen (herbivorous, carnivorous, omnivorous…), (iii) 
large scale integration (larger than the soil fauna 
bioaccumulation studies). 

The limits are: (i) it may be expensive (depending of the 
number of studied species and pollutants), (ii) variability. 
At last, one may say that several terrestrial fauna 
(producer, consumer I and II, predator, decomposer) may 
give important information concerning pollutant transfer in 
the trophic chain and the bioaccumulation measurements 
are complementary to toxic studies. 

A3.4.2 Micro-mammals toxicity 

* Micro-mammals toxic effects measurement (e.g. 
observation of pathology – locomotion activity, illness, 
organic dysfunctioning... - mortality, weight, size, 
fecundity, morbidity...), may be useful to monitor 
atmospheric soil pollution in urban areas, sewage sludge 
application in forestry Their advantages are: (i) some 
small mammals may be used for extrapolations to human; 
(ii) in the case of brown rat, a lot is known in laboratory 
studies which are made on the same species. Their 
limits are the great variability. 
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APPENDIX 4: RESEARCH NEEDED TO ASSESS AND COMMUNICATE ABOUT “SOIL ECOLOGICAL 
CAPITAL” 

A4.1 Research needs 

There are major conceptual and practical issues that 
need to be addressed and significant knowledge gaps 
that need to be further researched before we can usefully 
use bioindicators. Several research needs can be listed: 

 Development and validation of sets for assessing 
“soil ecological capital” - specific indicators. 
Indicators at an individual, population, and/or 
sometimes community level. Such indicators exist 
(earthworms, enchytraeids, nematodes, 
collembolans, micro- and meso-arthropods, 
functional diversity of microflora...) and are used in 
experimental sites and sometimes in monitoring 
systems for certain purposes (to compare, for 
example, simplified farming techniques with “normal 
techniques”, or to compare “exogenous organic 
matter” land spreading with mineral fertilisers use). 
A pre-normative research is necessary to compare 
these indicators and to select 1 or several set(s) of 
indicators for monitoring purposes (one simple 
battery for level 1 monitoring sites and others more 
complete sets for level 2 monitoring sites). 
Research must lead to pre-normative protocols, 
which may be standardised at CEN and/or ISO 
levels (sampling, measuring…). The indicators have 
to be simple to use, robust, ecologically relevant, 
repeatable, reproducible, sensitive... and able to be 
used in varied cases (arable lands, pastures, 
forest... whenever the stresses are caused by). 
Other research works are needed to develop 
specific indicators for species not often studied, 
such as soil algae and symbionts. Soil microflora 
biodiversity may be approached by DNA 
techniques, Biolog or FA techniques. It is necessary 
to select one of these techniques and to improve it 
(as they are still costly, labour, time consuming…). 
Then a referential interpretation guidelines must be 
defined (including baselines for each species and 
seasonal variation / soil variation /... threshold 
values depending on soils typology...). Pre-
standardisation for analysis and interpretation of 
soil biodiversity data is needed. 

 Development and validation of “soil ecological 
capital” global indexes. Indicators at an ecosystem 
and/or sometimes community level. Such indexes 
exist for water quality (e.g. one index for aquatic 
invertebrates, another for aquatic algae, and one for 
fishes) and must be developed for soils. For each 
index, all the concerned species in soil don’t need 
to be studied and a selection must be done. At least 
an index for soil micro- and meso- or macro-
invertebrates may need more pre-normative 
research (sampling, measuring…). Then referential 
interpretation guidelines must be defined. 

 Typological classification of soil ecosystems for 
monitoring. Soils are very different all around 
Europe and what is found “normal” in a sub-boreal 
acidic Swedish soil (at an ecosystem organisation 

level) will not be “normal” in a Mediterranean 
calcareous Spanish soil (biomass, productivity, 
present species... will differ). It is thus necessary to 
distinguish some soil ecosystem types to be able to 
compare what is measured on a monitoring site 
with what could be “normal” (non disturbed) in a 
similar situation. It is similar to what is done for 
water bodies. 

Pankhurst (1997) listed also other research needs: 

- More information about linkages between soil 
biodiversity and the biodiversity of above 
ground plant communities and plant production. 

- More information concerning the response of 
soil biodiversity to perturbations (e.g. soil 
pollution). 

- More information concerning the relationship 
between soil biomass, biodiversity and soil 
biotic activity. 

- Better understanding of the complex 
interactions between soil organisms and how 
this affects soil biodiversity and soil functional 
processes. 

- Better understanding how biodiversity at one 
spatio-temporal scale may affect biodiversity at 
other levels of organisation. 

- More information about the minimum 
requirements for biodiversity and ecosystem 
functioning and how to maintain biodiversity. 

- Prediction what degree of human-induced 
disturbance on the soil is needed to reduce 
biodiversity to the point where soil functional 
proceed at reduced efficiency. 

A4.2 Communication and training needs See FAO 
webpage on soil biodiversity 

For communication on “soil ecological capital”, there 
are: 

 Needs for training! formation of ecological 
consultants. The ecological consultants which will 
have to use the “soil ecological capital” indicators 
and indexes in the monitoring system, will need to 
be formed to be able to sample, count, recognize... 
soil organisms and to treat and interpret data. 

 Great needs for school education and sensitising of 
farmers about “soil ecological capital”. Soil is a 
living medium; soil “is” an ecosystem; what are the 
organisms living in soils? What are the food chains 
existing in soils? How soils organisms participate to 
elements biogeochemical cycles? Why is it 
important to protect the “soil ecological capital”? 
Tools exist in some countries (e.g. buses with 
earthworms in Germany, soil organisms “safari” in 
UK)... they can be adapted, translated in other 
languages and widened to Europe. 
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APPENDIX 5: DESERTIFICATION (BY CLAUDIA BRANDAO) 

A5.1. Definition 

The term desertification has an array of definitions, but we 
can select two of them: 

1-A comprehensive expression of economic and social 
processes those natural or induced ones, which destroy 
the equilibrium of the soil, vegetation, air and water in the 
areas subject to edaphic and/or climatic aridity 
(FAO/UNEP, 1984). 

2-The degradation of land in arid, semi-arid and dry sub-
humid areas resulting mainly from adverse human impact 
(UNEP, 1991) which was adopted at the UNCED meeting 
in July of 1992. 

In searching for a definition it is clear that we are dealing 
with a phenomenon that is relative to particular 
geographic and physical conditions; desertification 
process is a function of local biotic and abiotic exchanges 
at the regional level and human activity at the local level. 

A5.2.Framework 

Desertification has been identified as a global problem 
since the 1970’s, and was brought to the forefront of 
world attention due to the devastation impacts of 
recurrent drought. For the European Mediterranean 
region, these issues are particularly acute; this semi-arid 
region is one of the most fragile on the globe. It is 
characterised by ecological conditions such as aridity, 
irregular but intensity precipitation, frequent extreme 
events, such droughts and flows, all of which combine to 
generate sensitivity to physical land degradation, erosion 
and deterioration of soil structure and vegetation cover. 

Nowadays the patterns of land-use, in European 
Mediterranean, no longer reflect the traditional methods of 
agriculture. Instead they result from of manager 
concerning the expected financial returns of different 
crops and of locational decisions relating to the 
distribution centres of industrial and commercial firms, 
new urban developments and infrastructure, motorways, 
leisure facilities, tourist holiday centres. These practices 
are divorced from any serious consideration of their 
hydrological, ecological and climatic impacts or of the 
effects on soil (including soil and biodiversity losses). 
Even the patterns of land-use are generated more by the 
effects of subsides and specific tax concessions than by 
questions of sustainable agricultural practices. 

In addition, the transformation of traditional methods of 
agriculture, hunting and forestry, to intensive mechanised 
agriculture systems and increased grazing pressure on 
marginal soils, has been exacerbated by growing 
populations whose ever increasing consumptive needs 
have contributed excessive pollutants to the environment. 
These behaviour speed and intensity the process of 
environmental degradation and requires urgent 
conservation measures. 

A5.3.Desertification versus degradation process 

In attempting to assess the most obvious signs of 
desertification, we might initially split the problem into 
three sets of interlinked processes: physical, biological 
and socio-economic. 

 

The most prominent physical indicators are those relating 
to soil structure degradation, reduction capacity and 
salinization. These processes generally appear in concert 
with an increase in the severity of erosion, as well as 
changes in groundwater and surface water quality. It 
should be noted that hydrological processes are a key 
determinant of the increase of erosion. For example the 
reduction of plant cover permits the increase of soil 
exposed to the extreme precipitation that conduce to high 
runoff rates and sediment transport. 

As result, the biological potential of the soil is severely 
reduced, and can decline drastically, leading to the 
irreversible state associated with “badland” development. 
The biological processes can be divided into those 
processes, which have direct effects on vegetation and 
animal population dynamics. 

The principal socio-economic processes on desertification 
are to be seen in a number of related processes. One of 
the most obvious processes is related with the 
intensification of land use largely as a consequence of the 
innovations in mechanisation of agriculture, urban growth 
and the development of tourism. Touristy construction 
have in many cases replaced prime agricultural land and 
indirectly lead to land abandonment, as people have 
taken opportunities to move to the relatively more 
lucrative jobs in tourist activities, rather than the 
uncertainties of subsistence farming in low-wage rural 
environments. The resulting abandonment of terraced 
landscapes has severely increased the risk of erosion of 
soils. These changes in land-use lead to a change in the 
allocation of water, with the demands of the tourist sector 
being fulfilled, often at the expense of local agricultural 
needs. 

A5.4. Causes of desertification 

The United Nations programme on desertification has 
been directed to come to terms with those processes of 
land degradation and desertification. While a wide variety 
of empirical evidence has been generated by field 
observation so that processes of degradation can be 
monitored, the causes may nevertheless be difficult to 
determine with any degree of confidence. One reason for 
this is that the causal chains underlying desertification 
events are often the result of positive feedbacks, which 
reinforce or amplify natural and human-induced 
processes. The mains causes of desertification can be 
divide into two groups, natural causes and human 
induced causes (next table). 

 

Natural causes: 

a) Climatic 
conditions 

b) Topography; 

c) Geology; 

d) Erosion; 

e) Vegetation 
cover; 

 

Human induced causes: 

a) Cultivation 
practices; 

b) Grazing 

c) Deforestation; 

d) Irrigation 
management 

e) Tourism and 
indirect cause. 

f) Fire 
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A5.5. Indicators of Desertification 

In 1994 it was created, by the United Nations, the 
Convention to Combat Desertification. At 1996 Portugal 
confirm this convention and compromise to elaborate the 
Action National Program to Combat Desertification, that 
was present in1999 (PANCD). This program suggests a 
methodology for identification of regions with different 
degrees of land degradation. The goal of this identification 
is to achieve a methodology that is easy to apply 
(required readily available basic data), scientifically 
based, on the causes of degradation, and portable to 
others countries, helping in turn to reach a harmonised 
description of the phenomenon. 

 

The Portuguese proposal is based on the combination of 
three indicators, each of one reflecting specific processes 
related with the desertification and link with the water 
domain: 

-Climatic Index. 

This index gives a measure of average water availability 
within a region, if possible reflecting the moisture 
conditions in the soil and stress attached to its deficiency. 
This index was defined as being the ratio of average 
annual rainfall to the average annual potential 
evapotranspiration calculated by Penman method (Figure 
1); 

 

Figure 1 –Climatic Index 

 

One of the extension of the proposed methodology is thus 
to re-define it in terms of number of months when the 
precipitation totals plus the soil moisture amounts could 
not overcome the atmosphere evaporation potential. This 
new methodology was already tested and one other kind 
of Climatic Index was developed (Figure 2). 

 

 

Figure 2- Average month number on water stress. 

 

-Soil loss Index. 

This index gives a measure of soil loss and it is obtained 
through a product of four components related with land 
cover, soil type, slope and rainfall erosivity (Figure 4). The 
four components are: rainfall erosivity (described through 
30-min rainfall intensity with 100 years of return period), 
edaphic component (soil type), vegetation cover 
(permanent or no permanent cover) and slope component 
(Figure 3); 

 

 

Figure 3- Soil Loss Index component 
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Figure 4 – Soil Loss Index 

 

-Drought Index. 

This index gives a regional description of drought 
phenomenon and its severity (Figure 3). Drought is 
probably the better natural phenomenon for describing 
the desertification process. Since drought characterisation 
suffers from degree of subjectivity a simple methodology 
was used based on a threshold below which a point 
drought occurs (a certain non-exceedence probability of 
annual precipitation, 1%, 5% or 10 %). The drought was 
characterised by the average number of years under 
drought (ratio of number of drought years to the total 
numbers of years considered). 

 

Figure 5 – Drought Index 

 

The combination of the three indices through the GIS 
processes it is possible to obtain the Desertification Index 
that can be related to Biodiversity (Figure 6). 

 

 

Figure 6- Desertification Index 

 

In this way the most sensitive areas to the desertification 
processes identified were the zones in Alentejo, in south 
eastern Portugal and in some zones further north. 
Moderate risk to land desertification is observed in 60% of 
the Portugal territory. 
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Executive Summary And Recommend ations 

Definition, sources and production of EOM 

This report considers Exogenous Organic Matter (EOM) 
as all organic matter that is returned to the soil for the 
purpose of growing crops, improving soil quality and in 
restoring or reclaiming land for future use.  EOM includes 
a very wide range of biowastes (or biodegradable wastes) 
from a considerable variety of sources.  In this report, the 
term EOM does not include organic matter that is already 
present in the soil. 

EOM is ‘exogenous’ to soil in that it comes from external 
sources such as urban areas, municipalities, agriculture, 
forestry and industry sources. Enormous quantities of 
EOM are produced within the EU. Current estimates are 
that in excess of 1.6 billion tonnes are produced in the EU 
each year, from which 61% is animal wastes, 25% crop 

residues1, 7% industrial wastes and 7% urban and 
municipal wastes (sewage sludge, biowastes and green 
wastes). It is estimated that sewage sludge represents 
approximately 1%, industrial wastes 2% and animal 
manure and slurries 97% in terms of weight of material 
spread on land.  

How much of this EOM will continue to be used in future 
to protect or improve soils largely depends on its quality 
and the confidence of farmers, retailers and the public. 
However, landspreading is expected to increase following 
the introduction of Community and national regulations 
which divert organic-rich materials from landfill. 
Furthermore, the amount of sewage sludge is projected to 
increase due to the progressive implementation of the 
Urban Waste Water Treatment Directive 91/271/EEC. 
Food processing and paper sludge are also very 
significant organic waste streams.  

Use of EOM 

EOM and their derived products can provide a wide 
variety of products for a wide variety of markets. They can 
improve and condition soils, supply nutrients, substitute 
for soil, act as top dressing or mulching material and 
provide multi-purpose growing media for horticulture, etc. 
The final destinations may be agriculture, horticulture, 
landscaping, professional gardening, private gardening, 
etc. 

The fundamental question is how to derive most benefit 
from EOM within the EU such that soils are protected and 

                                                 

1 It was discussed whether crop residues should be 
considered as EOM or not and whether they would 
fall under the scope of Task Group 4. Crop residues 
generally return to the soil. They are organic 
materials, which may have amending and, to a less 
extent, fertilising,) properties similarly to urban, 
industrial or animal EOM, which can be 
characterised in the same way (for N, P, OM, etc.), 
for which agronomic advice and approach 
(modelling, etc.) are similar. This is the reason why 
Task Group 4 has included crop residues in this 
Report. However, the management of crop residues 
(straw, green manure, etc.) is strongly linked to the 
cropping system and thus crop residues also feature  
in the reports of Task Group 5 on land use practices 
and Task Group 6 on policy responses in Europe. 

used sustainably. EOM is viewed in this report both as a 
way to afford soils protection and to improve their quality. 

Recommendations concerning soil 
improvement and other environmental benefit 

This report concludes that EOM use should be viewed as 
a positive activity that is to be recommended in production 
systems where good practices, soil and EOM quality 

issues are fully observed and accounted for2. 

The authors of this report acknowledge the potential of 
other soil, crop and livestock management techniques to 
maintain or increase soil organic matter and that EOM 
use needs to compliment these to confer benefit to the 
soil. An important consideration is that farmers and their 
advisers will need to be equipped with information on the 
types of EOM that are available to them and the way in 
which these materials can be used for wider benefit. 

1. The application of EOM on soil is in principle 
recommended if it is of an appropriate quality and if it 
is applied according to good practices. 

2. If these two requisites are fulfilled, the application of 
EOM is recommended because it can contribute to 
maintaining adequate soil organic matter levels and 
to managing soil organic matter and assist with 
reducing soil erosion particularly in areas where 
degradation of soil is an issue. It can supply stable 
and non-stable organic matter to soils in support of 
important soil functions. 

3. Contrary to mineral fertiliser which does not contain 
organic matter, the application of EOM can also 
enhance biological activity in soil, which induces 
better aggregation and/or better porosity of soils. 

4. The application of EOM can thus improve tilth and 
workability, increases buffer capacity, may reduce 
nutrient leaching, improves water retention, etc. of 
treated soil. 

5. All of which impinge upon savings of energy, savings 
of non renewable resources (such as mineral 
phosphates), protection of organic soils from peat 
production (as compost can be added to soil 
improvers and growing media, replacing partially 
peat) and sustainable management of croplands. 

6. The application of EOM is also recommended 
because it can close nutrient cycles, contribute to 
reduce nutrient leaching and less reliance on non-
renewable materials such as mineral phosphates. 
EOM contains nutrients (mainly nitrogen and 

                                                 

2 This Report reflects the broad consensus of the Task 
Group members in considering the use of EOM as 
soil amendment and fertiliser to be beneficial. 
However, it is acknowledged that different views on 
the matter have been expressed by some Member 
States and organisations (for example, Germany has 
a strongly conservative approach to the use of EOM, 
which was expressed by the German representative 
in the Task Group; the same applies to 
EuroGeoSurveys with its representative in WG OM 
and its written comments after the Advisory Forum 
meeting of April 2004). 
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phosphorus) in different forms, quantities and 
availability according to the type of EOM. 

7. Applying composted EOM to soils should be 
recommended because it is one of the effective 
ways to divert carbon dioxide from the atmosphere 
and convert it to organic carbon in soils, contributing 
to combating greenhouse gas effect. 

8. Composting or anaerobic digestion of animal manure 
and slurry together with straw, green wastes or other 
EOM, in vulnerable areas, could also be useful to 
move the excess of nutrients from surplus nitrogen 
areas to deficient areas. Through composting or 
anaerobic digestion a stabilised organic amendment, 
whose weight is reduced (to 1/5 – 1/4 of the raw 
materials for composting), is obtained, which makes 
storage possible and transport easier. 

9. The application of limed sewage sludge, which 
brings organic matter, should also be recommended 
as a mineral amendment to correct soil pH. 

Recommendations for ensuring good quality of 
EOM and soil protection and for policy 

The quality of the EOM is of paramount importance when 
recommending its application to soil. The authors of this 
report recommend going for a consistent approach for the 
safeguarding of long-term sustainable application of any 
type of EOM on land. A consistent holistic (not necessarily 
identical) approach (i.e. for heavy metals, drug residues, 
organic contaminants, nutrients losses, OM management, 
sanitisation, etc.) is needed for all materials applied to 
soil, whatever is the source of the material. 

1. In the short term Soil Protection Strategy should 
support the recycling of clean EOM on soils, and 
support the initiatives, in the frame of EU waste 
legislation of revision of the Sewage Sludge 
Directive and a Biowaste Directive along the lines 
already discussed in previous Working Documents. 

2. Slurry and manure should be considered within the 
broad suite of EOM. In the medium term, a legal 
framework for slurry and manure is needed to control 
the spreading of these EOM on land and prevent 
long-term soil contamination. 

3. It means that the concepts used to choose priority 
contaminants and to derive limit values for 
contaminants must be the same for all EOM, and 
more generally for all fertiliser and amendments (as 
well for organic ones, as for mineral ones such as 
phosphate). 

4. In order to prevent soil contamination (heavy metals 
and organic compounds), several source prevention 
actions are recommended (e.g. separate collection 
of biowaste, separate roadways streaming / storm 
overflow from urban waste water in the sewerage 
systems, sewerage systems police force, separate 
collection of toxic wastes from householders and 
artisans, reducing quantities of Cu and Zn added to 
the diet of bovines and pigs and improving their 
bioavailability and assimilation). 

5. In order to prevent soil contamination from a part of 
organic compounds and to prevent pathogens 
dissemination, appropriate treatments must be 
promoted to sanitise EOM before use. 

Recommendations for proper/good practices 

The authors of this report recommend the application of 
EOM on soils if it is carried out according to good 
practice. 

1. This means that the application of EOM to the soil 
takes into account the needs of the soil, the soil use 
and the climatic conditions. This should include, for 
the EOM, the nutrient supply (e.g. nitrogen, 
phosphorus and potassium), organic matter 
characteristics (i.e. stable and non-stable OM) and 
the potential impact of contaminants (such as heavy 
metals and organic compounds). It is important to 
have a proper fertilisation plan at the farm parcel 
level and to take into account all the fertilisers inputs 
(i.e. inorganic fertiliser and EOM input of nutrients). 
This last point is of great importance in vulnerable 
areas with high concentration of breeding animals, 
where nitrate pollution of water courses and 
eutrophisation of surface waters are problematic 
(Nitrate Directive). 

2. In order to achieve the previous recommendation, 
better characterisation of the nutrients and organic 
matter kinetics, it is also recommended to get good 
tools and to train agronomists giving advice to 
farmers. It means that it is necessary to have 
normalised tests, “simple” models and references 
data bases to be able to give good advice to farmers 
(or other users), to get a proper fertilisation plan, to 
avoid nutrients losses, such as N and to adapt the 
type of OM from the used EOM to the soil function 
which is to be improved. In order to be able to use 
models, softwares could be promoted. Several 
methods exist to characterise the form of OM in the 
EOM: (i) Van Soest derived methods which 
determine a labile fraction (carbohydrates, proteins, 
cellulosic polysaccharides) an intermediate fraction 
(non-cellulosic polysaccharides, proteins) and a 
stable fraction (lignin, creatin), (ii) soluble C, (iii) 
respirometry incubation test, etc. Characterisation of 
the organic matter in EOM is a very important 
consideration so that the timescale over which 
benefits are delivered can be better understood.  
This is an area where novel techniques are being 
developed and where there is potential for 
harmonisation of approaches across the EU. 

3. It also means that the application of EOM must be 
done within clear guidelines and restrictions (i.e. 
restriction on period of application such as not on 
frozen ground, not within a certain distance from the 
water course, not on natural forests, no grazing 
period immediately after application, injection of 
untreated EOM, etc.) and that quality assurance 
scheme / certification scheme for collection, 
treatment and landspreading must be promoted. 

4. An advisory service to farmers or other users 
(landscape gardener, etc.) must be promoted. This 
should include agronomic advice and also advice 
concerning possible pollutants and hazardous 
substances 

Conclusions 

EOM use has a very positive role to play at an EU level. 
With specific reference to the EU Soil Thematic Strategy, 
EOM application to soil can contribute to maintaining 
adequate soil organic matter levels and to managing soil 
organic matter, assist with reducing soil erosion 
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particularly in areas where degradation of soil is an issue.  
Continuously, and intensively, cultivated arable land is 
seen as a particular priority in terms of promoting organic 
inputs. Prevention, precaution and sustainable soil 
management should be at the core of soil protection and 
sustainable land use policies.  Degraded soils have a 
reduced potential to perform key functions, and because 
soil is essentially non-renewable, may not regenerate or 
recover.  This requires a longer term view to be taken in 
view of the fact that the build-up of organic matter in soils 
is generally much slower that its decline. EOM has the 
potential to address both short and long term objectives 
for soil protection including contributing to an 
improvement in soil biodiversity. However, establishing a 
single threshold value for soil organic matter content at an 
EU level is not considered to be appropriate or desirable 
given the diversity of soil types, climatic conditions and 
multiplicity of soil functions across Europe. This is better 
carried out at a local scale to assess status and 
necessary actions to address any concerns. 

With specific reference to the Kyoto Protocol relative to 
the Climate Change, EOM application to soil can maintain 
or increase organic carbon in soils, permitting 
biosequestration of carbon in soils. 

This report also stresses how significant EOM additions to 
soils are to the management of waste in Europe. 
Integrated EOM management can make a substantial 
contribution to sustainable development targets. So far as 
is possible, as much of society’s resources should be 
recycled to allow completion of nutrient cycles, so long as 
this is done in a responsible manner. Protecting non-
renewable mineral resource such as mineral phosphates 
and peat are also issues that the use of EOM can help to 
address for wider benefit.  

The positive role of EOM on soils requires policies that 
encourage this to happen. The key to integrate waste 
management into soil protection policies. A considerable 
challenge exists in terms of balancing agricultural, energy 
recovery, waste management and soil protection policies, 
however. 

As EOM of inappropriate quality may participate to the 
contamination of soils, waters and more generally 
environment, a comprehensive approach is required to 
ensure protection of soil, water and air quality from the 
production and use of EOM. Consideration needs to be 
given to the overall environmental impact (i.e. air, climate 
change, soil, water, living organisms, etc.) of encouraging 
EOM recycling (for example: would the increased loss of 
ammonia and subsequent impacts on air quality that 
would result from composting of manure and slurry 
outweigh the benefits of stabilising the OM?). Research 
work should be undertaken to make this type of 
assessment. 

It is necessary to think more holistically about measures 
to manage EOM and to first consider the potential 
negative or positive impacts and the effectiveness of 
current or projected measures and whether these may 
deliver the necessary benefits (for example, IPPC 
Directive, regulation for the authorisation of additives in 
feeding stuff belonging to group of trace elements, project 
of Directive for limiting the Cd content in phosphates, 
Nitrates Directive, measures to tackle diffuse pollution 
within the Water Framework Directive, CAP reform, 
project of Directive on biowaste, project of revision of the 
Directive on sludge, Animal By-product Regulation, 
Directive on renewable energy sources, Landfill Directive, 
etc.). In particular, this will require continued 
implementation of existing Directives, for example the 
Nitrates Directive, as well as the Commission advancing 
Directives for Sludge and Biowaste respectively. 

Key Words: 

Exogenous Organic Matter, biowaste, biodegradable 
waste, soil organic matter, organic carbon, soil quality, 
soil protection, soil conditioning, soil erosion, EU Soil 
Thematic Strategy, waste management, sewage sludge, 
compost, land treatment, greenhouse gas effect. 
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Introduction 

The products from which biowastes (biodegradable 

wastes)3 are eventually generated have their origin, one 
way or the other, from agricultural or forestry activities 
(except for marine resources like fish). The meat that we 
eat, the vegetables that garnish our dishes, the paper on 
which this document is written – all originate from the 
exploitation, either directly in case of plant growth or 
indirectly in case of animal husbandry, of agricultural land 
and forests. More specifically, they come from the topsoil 
on which agricultural land and forests lay. The origin of 
biowaste is the soil and its “natural” destiny is the soil 
again. In a rural and underdeveloped society this would 
be a matter of course. At the beginning of the 21st century, 
in our developed and modern societies, this simple truth 
needs reminding. Thus, we should not ask if this should 
happen, rather how this should happen, under which 
conditions and after what kind of treatment. With the 
recycling of biowaste on soil, materials that otherwise may 
be placed into landfills or present environmental pollution 
problems, can contribute to soil protection and possibly 
create potential markets. Nevertheless, biowaste 
materials have to fulfil quality criteria. The goal should be 
to stress the potential of biowaste to maintain and 
increase soil organic matter, keeping in mind that its use 
could be beneficial or detrimental depending not only on 
biowaste characteristics, but also on the way it is applied 
to soil. In this context, high quality compost should play a 
major role as a good supplier of stable organic matter. 

The aim is to achieve an integrated organic matter 
management for different biowastes (separately collected, 
controlled, treated or untreated), leading to a high level of 
protection and conservation of soil organic matter in the 
different types of European soils. The development of a 
quality-orientated biowaste recycling in the whole of 
Europe is a substantial contribution to sustainable 
development targets. 

1. POLICY DRIVERS 

An increased awareness of the harmful effects on the 
environment of waste mismanagement led the 
Community to adopt a Waste Management Strategy in 

1989.4 The strategy set out four strategic guidelines listed 

                                                 

3  Biodegradable waste is defined in the Landfill 
Directive 1999/31/EC (Article 2(m)) as “any waste 
that is capable of undergoing anaerobic or aerobic 
decomposition, such as food and garden waste, and 
paper and paperboard” (cf Annex I of this paper). 
“Biowaste/biodegradable waste” is used as a generic 
term, which covers different waste sources - 
agriculture and forestry, municipalities and 
industries. It includes sewage sludge as a biowaste 
from the category municipal waste. However, 
“biowaste” is also used as a specific term when it 
designates food and kitchen waste from separate 
collection. In this paper, the reader should be able to 
distinguish from the context between these two uses 
of the word “biowaste”. Treated biowaste includes 
waste after composting, anerobic digestion, 
mechanical/biological treatment or any other process 
sanitising biowaste. 

4  European Commission, Communication from the 
Commission to the Council and to the European 
Parliament on a Community strategy for waste 
management, SEC(89) 934 final of 18.09.1989. 

in order of priority (the so-called waste hierarchy): 
prevention, re-use and recycling, optimisation of disposal 
as well as regulation of transport of waste. The main 
strategic guidelines were maintained in the 1996 review of 

the Community Strategy,5 adding that preference should 
in general be given to the recovery of material over 
energy recovery. More recently, the Commission has 
stated that “Measures to prevent waste generation and to 
re-incorporate waste in the economic cycle (“closing the 
materials loop”) i.e. waste recovery, are therefore an 
important element of a comprehensive approach to 

resource management”.6 

The European Commission observes that despite the 
waste hierarchy and the Landfill Directive, the proportion 
of biodegradable municipal wastes being diverted from 
landfills through composting or anaerobic digestion is 
increasing very slowly. It has consequently decided to 
present a Proposal for a Directive on the biological 
treatment of biodegradable waste to be adopted by the 
end of 2004. This Proposal is part of the Soil Thematic 
Strategy as outlined in the Communication of the 
Commission “Towards a Thematic Strategy on Soil 

Protection”7. 

Soil is essentially a non-renewable resource with 
potentially rapid degradation rates and extremely slow 
formation and regeneration processes. The amount of 
land and thus soil available for food production per person 
is limited. Where degradation and/or contamination of soil 
occurs, the overall potential to perform its functions is 
reduced. Therefore prevention, precaution and 
sustainable soil management should be at the core of soil 
protection and sustainable land use policies. Although 
reliable statistics are lacking, it is estimated that sludge 
represents about 1% (in weight) of the waste that is 
brought to land. Industrial wastes account for another 2%, 
while animal manure and slurries make up the difference 

(97%).8 

In the Communication on soil protection the Commission 
highlighted the important role of organic matter in the soil, 
as it plays a central role in maintaining a multitude of key 
soil functions. Among these, soil organic matter plays an 
essential role with respect to soil erosion resistance and 
soil fertility. Soil organic matter also assures the binding 
and buffering capacity of soil, thus contributing to limit 
diffusion of pollution from soil to water. Despite the 
importance of maintaining the organic matter content of 
soil, there is evidence that decomposing organic matter in 
the soil is frequently not sufficiently replaced under certain 
arable cropping systems which are tending towards 
greater specialisation and monoculture. Specialisation 

                                                 

5  European Commission, Communication from the 
Commission on the review of the Community 
Strategy for Waste Management, COM(96) 399 final 
of 30.7.1996. 

6  European Commission, Towards a thematic strategy 
on the prevention and recycling of waste, 
COM(2003) 301, 27.5.2003 
(http://www.europa.eu.int/comm/environment/waste/
strategy.htm). 

7 COM(2002) 179 final, 16.4.2002. 
8 A Gendebien et al., Survey of wastes spread on 

land, WRc, report on behalf of DG Environment, July 
2001 
(http://europa.eu.int/comm/environment/waste/studie
s/compost/landspreading.htm). 
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and intensification in farming has increasingly led to the 
separation of livestock farming from arable agriculture. In 
certain regions, rotational practices involving grassland, 
grazing and animal manure, which contribute to soil 
organic matter content, are often no longer a feature of 
farming. 

Soil organic matter may act as a source or a sink of 
atmospheric CO2 and management practices may 
increase or decrease soil C (carbon) reserves. Within 
Kyoto Protocol the Bonn and Marrakech agreements, 
signed in 2001, precise the modalities for taking into 
account C sinks in two articles (3.3 and 3.4). The article 
3.3 of Kyoto Protocol concerns afforestation, 
reforestation, and deforestation. It is obligatory. The 
article 3.4 concerns other natural area management, 
without soil use change: forestry management, arable soil 
and grassland soil management, revegetalisation. The 
accounting of the different activities within article 3.4 is 
optional. 

The addition of suitably treated biowaste to soils could be 
necessary in the case of cultivation systems (e.g. 
ploughing) that lead to a harmful reduction of organic 
matter content in soils. The amendment of quality assured 
by biowaste and green waste compost leads to replenish 
the soil organic matter level and it also locks organic 
carbon into soil which otherwise would disperse into the 
atmosphere. The build-up of organic matter in soils is a 
slow process and is generally much slower than the 
decline in organic matter. This process can be enhanced 
by a number of positive farm management techniques 
(see report of Task Force 5), which may include the use 
of biowaste of suitable quality. This process would only 
become sustainable in combination with different 
supporting farm management techniques. To be 
beneficial in terms of soil organic matter build-up, 
biowaste may need to be treated, for instance by 
composting, to ensure the presence of an appropriate 
level of stable organic matter. According to a recent 

estimation,9 up to 8% of the organic carbon present in 
compost could be locked in the soil within 100 years from 
landspreading. 

In terms of existing EU legislation, the Waste Framework 
Directive 75/442/EEC sets out the principles of the 
necessary controls where waste materials are to be 
recycled to the land but there is a case for introducing 
more specific controls to ensure a high level of 
environmental protection. More specific controls for 
landspreading of wastes could be compiled from the 
European Waste Catalogue (classification) and from 
Directives 86/278/EEC on landspreading of sewage 
sludge and 91/676/EEC on protection of waters against 
pollution caused by nitrates from agricultural sources. 
These two Directives, and extended guidance for their 
implementation which is available in most Member States, 
contain much of relevance to the landspreading of 
wastes. 

                                                 

9 See Appendix 5 in A Smith, K Brown, S Ogilvie, K 
Rushton, J Bates, Waste management options and 
climate change, Final report to the European 
Commission, DG Environment, July 2001   
(http://europa.eu.int/comm/environment/waste/studie
s/climate_change.pdf). 

2. BIOWASTE SOURCES & PRODUCTION IN THE EU 

It is expected that landspreading will increase, following 
the implementation of Community and national 
regulations which restrict disposal of organic-rich 
materials in landfills and which require treatment of 
organic-rich industrial effluent from different branches of 
the food and drink production industry and other sectors. 

If carried out satisfactorily, landspreading of wastes can 
be a valuable and cost-effective recycling of nutrients and 
organic matter to soil. However, it needs to be carried out 
in a manner that protects human health and the 
environment and that ensures sustainable development. 

As noted by the Commission in its Communication 
“Towards a thematic strategy on the prevention and 

recycling of waste”,10 total waste generation in the EU is 
about 1.3 billion tonnes per year (excluding agricultural 
waste). This means that total waste, which includes 
municipal solid waste, industrial waste, etc, amounts in 
the EU to approximately 3.5 tonnes per capita and year. 
According to information published by the European 
Environment Agency (EEA), five major waste streams 
make up the bulk of total waste generation in the EU: 
manufacturing waste (26%), mining and quarrying waste 
(29%), construction and demolition waste (C&DW) (22%), 
municipal solid waste (MSW) (14%), and agricultural and 
forestry waste whose estimation of amounts is particularly 

difficult.11 MSW generation is about 180 million tonnes 
per year, which means an EU-average of about 500 kg 
pro capita. 

There are three main sources of biodegradable wastes 
that can be identified: 

• agriculture and forestry – crop residue, vine shoot, 
slurry and manure, spent mushroom compost, 
pruning waste, forests maintenance waste, avoid-fires 
maintenance waste, bark and wood chip from 
sawmills and wood industry etc; 

• municipalities – food waste, green waste, septic tank 
sludge, sewage sludge; 

• industries – food processing waste and sludge, paper 
mill sludge, wool waste, leather waste etc. 

2.1. Agriculture and forestry 

2.1.1. Animal manure and slurries 

It is very difficult to estimate the production of slurries and 
manure in the EU, as only a few Member States have 
published data (see Tables 1 and 1bis in Annex I). One 
can nevertheless affirm that much more than 900 million 
tonnes are produced, as data from important countries 
are missing. Slurries and manure are probably applied in 
agriculture in their entirety. 

2.1.2. Crop residues 

Other agricultural waste to be considered is crop 
residues. For the main crop types, one can estimate that 

                                                 

10  See footnote 4. 
11  Waste generated in Europe, data 1985-1997, 

Eurostat, 2000, p.37. 
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the crop residues produced in the EU are about 415 
million tonnes per year (see Table 2 in Annex I). In 
general, crop residues are returned to soil, with the 
possible exception of cereals residues like wheat straw, 
oat straw, barley straw, rye straw. For instance, it is 
estimated that only 40% of these crop residues are 
brought back to the soil, the reminder being exported as 
animal litter, used as bio-fuel or burnt on site. 

2.1.3. Other fruit & vegetable residues 

Several residues are generated on production area (such 
as fields, orchards or greenhouses) or result from market 
withdrawals (during prices supports). The total amounts of 
these residues is very difficult to estimate, due to 
variability from one year to another (changing climate 
conditions, world trade, etc.).  

2.2. Municipalities 

2.2.1. Sewage sludge 

In the year 2000 the total generation of sewage sludge 
from urban waste water treatment plants in the EU was 
about 7.2 million tonnes (dry matter). Roughly 40% of this 
is applied to agricultural land (see Table 3 in Annex I). 
The rest is mainly landfilled or incinerated in varying 
proportion in the different Member States of the EU. 

Due to more stringent demands for treatment of urban 
waste water due to the progressive implementation of 
Directive 91/271/EEC concerning urban waste water 
treatment, many new treatment plants are due for 
completion by 2005. The amount of sewage sludge is 
thus expected to increase in the near future, sometimes 
sharply for certain Member States. 

2.2.2. Biodegradable fraction in MSW 

In 1998 almost 180 million tonnes of municipal solid waste 

were produced in the Community.12 Depending on local 
conditions, food and drink habits, climate, degree of 
industrialisation and gardening possibilities, between 30 
and 50% of municipal solid waste consists of 
biodegradable waste. In the EU the total amount of 
biowaste and green waste that have been collected 
separately from the residual municipal waste can be 
expected to be of the order of 15 million tonnes (see 
Table 4 in Annex I). The actual potential is estimated to 
be 55 million tonnes, with a theoretical compost 
production of up to 20-25 million tonnes of compost from 
source separated wastes. 

Regarding the production of high quality compost, this 
high amount of biodegradable waste in MSW must be 
separated from the whole waste components in order to 
avoid contamination with other potentially polluting 
wastes. 

                                                 

12  Eurostat, Environment statistics: pocketbook 2000, 
Luxembourg, OPOCE, 2000. 

2.3. Industries13 

A wide range of wastes and by-products of industrial 
processes are produced in the EU. The total amount is 
estimated to be greater than 107 million tonnes. While in 
few countries, like France, a large part of it (~75% of food 
industry biodegradable wastes and by-products) is 
valorised as animal nourishment (cattle, pet food), in the 
great majority of EU countries, wastes and by-products of 
industrial processes are incinerated, landfilled and spread 
on the land in agriculture, forestry and land reclamation 
operations (see Tables 5 and 5bis in Annex I). Various 
control regimes apply to the practice of landspreading but 
most share the underlying assumption that it is for the 
benefit of the soil and it is a low cost disposal option. 

2.3.1. Fruit and vegetable processing 

The fruit and vegetable processing industry is a major 
water consumer, producing large volumes of wastewater. 
A significant proportion of the water consumed is used for 
washing purposes. For example, the preserves industry 
consumes 10 to 50 m3 of water per tonne of new material 
processed. The effluent generated from the food industry 
is either spread directly on agricultural land or treated in 
an on-site or municipal (domestic/industrial) wastewater 
treatment plant. A company choice between installing an 
effluent treatment plant on site or spreading it directly is 
not solely dictated by economic factors but also by the 
local agricultural situation. 

Two processing activities commonly relying on the 
agricultural outlet for their waste are the sugar beet 
processing industry (important industry for the Northern 
countries) and the olive oil sector (for the Southern 
countries). There are numerous other specialised sectors 
which also potentially rely on the agricultural outlet such 
as processing of tomatoes or potatoes, manufacturing of 
jam, fruit juices, etc. The quantities of waste generated 
and the percentages recycled to land have been 
estimated for these different other sectors together. 

2.3.2. Abattoirs and rendering plants 

It was reported that about 21% of an animal is waste 
when processed. Wastes from abattoirs include blood, 
bones, feathers, stomach and bowel contents, manure, 
wash waters and sludge from dissolved air flotation 
treatment where this process has been used to separate 
solids from liquid waste materials of the abattoir. In the 
UK, between 5 to 10% of abattoir waste is landspread 
after composting or without any treatment. This is mainly 
gut contents which consists predominantly of partly 
digested feed or vegetable matter. The wash water from 
holding areas and vehicles is also typically landspread or 
discharged to sewer. The Regulation (EC) No 1774/2002 
laying down health rules concerning animal by-products 

not intended for human consumption14 has banned the 
landspreading of blood as from 1 May 2003. 

                                                 

13  Unless otherwise indicated, the information in this 
section comes from the report mentioned in footnote 
6. 

14  OJ L 273, 10.10.2002, p. 1. 
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2.3.3. Pulp and paper 

The paper industry includes two types of manufacturing 
process: 

• Pulp production (chemical or mechanical); and 

• Paper (newsprint, graphics, tissue, packaging 
papers) and cardboard production using virgin fibre 
and/or recycled fibre. 

Both processes are large consumers of water. Most 
plants have primary treatment of effluents and in some 
cases secondary treatment which generate sludge. When 
virgin wood fibre is used to produce paper, this produces 
liquid effluent and sludge mainly containing lignin and 
cellulose. The process of reusing fibre from recycled 
paper produces larger amounts of sludge. De-inking and 
bleaching is required and sludge will contain colour, 
chemical and bleaching residues which might impair 
further re-use of sludge on land. The wastewater and 
therefore the characteristics of the sludge produced are 
dependent on the production processes used in paper 
manufacturing. The paper industry also generates other 
wastes such as wood wastes (bark, wood chip) and ash 
from the burning of bark and sludge on site. 

2.3.4. Leather production 

The tannery operation consists of transforming the raw 
hide, a highly putrescible material, into leather, a stable 
product which can be conserved indefinitely and which 
has a significant commercial value, by a sequence of 
chemical and mechanical processes. Tanning is the most 
important step in the production of leather and is carried 
out in an aqueous environment in rotating drums. During 
tanning operation, collagen, the principal protein of the 
skin, will fix the tanning agents, thus stopping the 
putrefaction phenomenon conferring to leather its stability 
and essential characteristics. Leather needs then to be 
dyed with colouring agents and soaked with natural or 
synthetic fats in order to render the product flexible. 

The leather manufacturing activity generates a large 
amount of organic wastes. The wastes from tanneries 
consist of hair, green and limed fleshing, green, limed and 
tanned splits and shavings, fats, grease, oil, and sludge 
from wastewater treatment. These wastes can be 
composted or anaerobically digested. The application of 
the waste to land require a sophisticated separation of 
chromium-free and chromium-containing waste, if the 
chromium content is too high. The chromium-containing 
wastes can be otherwise disposed of. Other by-products 
such as glue and gelatine are also generated from non-
tanned waste. Collagen can be used in food and 
cosmetics industry. 

In 1998, there were around 3 000 tanneries in Europe. 
Italy is the biggest leather producer in Europe with 190 
million m2 of leather produced per year corresponding to 
more than 1 million tonne of raw hide processed. It is 
followed by Spain, Portugal, Germany, the UK and 
France. A large proportion of waste generated by the 
leather industry in Italy is re-used in fertiliser production. 
In France, the most common disposal route for tannery 
waste is landfill as it can be contaminated by chromium 
used in the tanning process. Based on figures available 
for Italy and France, it has been estimated that between 3 
to 9 kg of sludge is produced per square metre of leather 

produced amounting to a total of 900 000 tonnes of 
sludge per annum. 

2.3.5. Textile production 

The textile industry is sub-divided into various sectors 
such as shearing, washing and combing of wool, spinning 
and textile processing. The wool washing and textile 
processing activities use large volumes of water which 
can vary from 10 to 30 l/kg of wool for wool washing and 
150 l per kg for textile processing. Textile processing 
requires up to ten successive treatments such as pre-
washing, bleaching, dying, soaping, rinsing, etc. The 

IPPC Directive15 imposes that the least polluting 
processes be adopted in the textile industry before 2007 
which should help in reducing water consumption of these 
activities. Some companies have their own biological 
treatment to treat their effluents or are connected to sewer 
but small units usually discharge directly into the 
environment.  

2.3.6. Other industrial sectors 

The main biodegradable wastes from dairy, cheese, 
drinking and fat industries are sludges, which are 
principally land spread. The other sectors generating 
organic waste which are recycled to agriculture on a case 
by case basis are wood processing, basic organic 
chemical industry and pharmaceutical industry. The 
estimates of waste arising and recycled to land are 
presented in Table 5bis in Annex I. 

2.4. By way of conclusion 

More than 1647 million tonnes EOM are produced in EU, 
from which 61% is animal wastes, 25% crop residues, 7% 
industrial wastes and 7% urban sewage sludge and 
municipal green wastes and biowastes. More than 90% of 
the waste spread on land is farm waste and 
predominantly animal manure and animal slurry. Of the 
remainder, the most important are food production wastes 
and paper waste sludge. Leaving aside farm wastes, it 
would require access to only about 1% of agricultural land 
in the EU to landspread the industrial wastes to the 
current extent. 

3. SOME CONSIEDERATIONS RELATIVE TO EXOGENOUS 

ORGANIC MATTER MANAGEMENT 

Each EOM stream has its own specific characteristics 
regarding to organic matter and nutrient contents and 
behaviour in soil. Fruit and vegetable wastes, mainly 
composed by sugars and starches are easily degraded 
when applied to soil whereas other residues such as 
leaves, bark and straw with higher contents of cellulose, 
hemicelluloses and lignin decompose very slowly. In 
contrast to fresh plant residues, composted organic 
materials decompose slowly when added to soil because 
they have already undergone a significant amount of 
decomposition during the composting process. 

                                                 

15  Council Directive 96/61/EC of 24 September 1996 
concerning integrated pollution prevention and 
control (OJ L 257, 10.10.1996, p. 26). 
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There are three main effects than can be achieved 
through the incorporation of EOM into the soil: build up 
organic matter, supply of nutrients and quick improvement 
of soil structure. 

(1) Stable organic amendments like compost build up soil 
organic matter and improve soil characteristics due to 
their high content of stable organic matter with humic-
like substances. Composting raw biowaste transforms 
these raw wastes into biologically stable organic 
matter, minimising, during the process, many of the 
problems associated to the application of raw 
materials to soil such as: 

• phytotoxicity, due to release of metabolites (e.g. 
ammonia and volatile fatty acids) during 
degradation of biodegradable volatile solids still 
included in an unstable material; 

• leaching, denitrification and volatilisation of N; for 
a well stabilised organic material, generally, more 
than 90-95%  N is organic slow-release nitrogen, 
the remainder being mostly nitrate-N and 
ammonia-N (see also section 5.1). In general, 
nutrient (N, P, K) contents are lower than in 
untreated biowaste and less available. Focusing 
on N, in particular, it should be remarked that only 
minor percentage of it (depending on the level of 
stability) gets released during first year and this 
behaviour should be taken into account whenever 
“good agricultural practices” are invoked. In 

particular, the Nitrates Directive16 should 
consider this slow-release effect taking into 
account in the calculations of yearly N loads that 
only a minor percentage of N is released from 
stable materials. However, the process of 
composting should be controlled in such a way 
that no major N losses (by denitrification, 
ammonia volatilisation or leaching) occur. 
Otherwise, losses upon field application would 
simply be swapped to losses during composting. 

(2) Raw manure, slurries, sewage sludge and wastes 
from food industry can be mainly considered as 
nutrients supplier due to their high nutrient contents, 
but repeated application over time also increase soil 
organic matter content and soil nutrient pool. 

(3) Wastes from wood industries and crop residues can 
be considered as an organic amendment whose main 
effect is the improvement of soil structure. But their 
high C:N ratio can result in severe and long lasting N 
tie-up in the soil. To avoid this, these materials can be 
composted before being applied to the soil. 

(4) In case of use of lime treated sewage sludge, a fourth 
effect could be added, namely the correction of the 
soil acidification trend by raising the soil pH due to the 
lime content. 

On the basis of what has been reported above, organic 
matter characterisation plays an important role in the 

                                                 

16  Council Directive 91/676/EEC of 12 December 1991 
concerning the protection of waters against pollution 
caused by nitrates from agricultural sources (OJ L 
375, 31.12.1991, p. 1). 

management of biodegradable wastes since it affects 
plant nutrition, soil amendment and ecologically carbon 
related issues (greenhouse gas effect) as a whole. 
Although there has been a lot of research on this subject, 
so far there are no standardised methods widely accepted 
by all EU countries. As an example, the Van Soest 
derived methods may be used to characterise the organic 
matter form in EOM in order to predict the possible 
increase of SOM or the possible C biosequestration in  
soil induced by the application of the studied EOM. This 
method is based on the laboratory measurement of 
simple biochemical fractions : (i) labile fraction 
(carbohydrates, proteins, cellulosic polysaccharides), (ii) 
intermediate fraction (non-cellulosic polysaccharides, 
proteins) and (iii) stable fraction (lignin, creatin). Many 
other methods exist, such as the analysis of soluble C, 
etc. A more in-depth discussion on this particular topic is 
presented in Annex II. 

4. POSITIVE ASPECTS OF RECYCLING EXOGENOUS 

ORGANIC MATTER ON SOILS17 

4.1. Organic matter recycling & soil depletion 

In order to underpin the sustainable development of 
society, as much as possible of our resources have to be 
recycled, and recycled responsibly. The agricultural sector 
needs a secure, long term supply of nutrients and organic 
matter (humus) to compensate for losses through harvest, 
grazing and leakage into surface water, groundwater and 
the atmosphere. The trend towards continuous cropping 
reinforces the need of nutrient recycling. Organic wastes 
and residues serve both purposes, primarily as a supplier 
of micronutrients and humic-like substances – such as 
humic and fulvic acids – but also, to a lesser extent, as a 
supplier of nutrients such as nitrogen, potassium and 
phosphorus.  

Recycling biodegradable wastes and residues in 
agriculture is considered a way of maintaining or restoring 
the quality of our soils because of the unique properties of 
the humified organic matter contained in the final product 
of biodegradable waste composting. It has a special 
relevance in the southern regions of Europe where it is a 
valuable instrument for fighting against soil organic matter 
depletion, desertification and soil erosion but also in areas 
continuously used in arable production where organic 
matter levels are decreasing (causing erosion). For 
example, 16% of the agricultural soils in Brandenburg and 
Mecklenburg-Western Pomerania are degraded by water 
erosion and 8% by wind erosion. In Saxony, 60% of 

agricultural soils are potentially at risk of erosion.18 

Composting of biodegradable waste and use of the 
resulting compost on arable land provides, one of the 
keys to solve the progressive impoverishment of 
agricultural soils. It has not only the advantage of 
replenishing organic matter levels but it also locks, into 
the soil, organic carbon, that otherwise would be emitted 
into the atmosphere. 

                                                 

17  F Amlinger, P Dreher, S Nortcliff and K Weinfurtner 
(eds), Proceedings of the Seminar “Applying 
compost – Benefits and needs”, 22-23 November 
2001, Brussels (in print). 

18  Bundesregierung Deutschland 2002: 
Bodenschutzbericht der Bundesregierung für die 14. 
Legislaturperiode. 
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The overexploitation of agricultural soils in the EU is of 
great concern both to agronomists and soil experts. 
Intensive arable agriculture relies on mineral fertilisers 
application to soil. Whilst mineral fertilisers ensure that 
nitrogen, phosphorus, potassium and other essential 
nutrients are given back to the soil, they cannot provide 
another vital ingredient to healthy soils, namely organic 
matter. Moreover, all production of mineral fertiliser 
increases the global nutrient pool, which is already 
problematically large in much of the EU. 

Many soils in the EU, especially those in southern 
regions, may need additional organic matter. It should be 
pointed out that organic matter and soil type are related. 
Any soil needs the correct content of organic matter in 
order to be productive, not absolutely a high content in all 
cases. In addition, climatic conditions have to be 
considered when estimating minimum or optimum soil 
organic matter levels in terms of self-sustaining soil 
productivity and fertility (from the agronomic standpoint). It 
has been sometimes proposed that a level of organic 
matter ranging between 2.5 and 3% in soil is the bare 
minimum for long term use of agricultural soils, however 
soils with less than 1% organic matter are not uncommon 

in the EU. Preliminary estimates19 indicate that 74% of 
the land in Southern Europe is covered by soils 
containing less that 2% organic carbon (less than 3.4% 
organic matter) in the topsoil (0-30cm). Certain 
agronomists would consider that soils with less than 1.7% 

organic matter are in a pre-desertification stage.20. This 
limit is not widely accepted and there are many regions 
like in Eastern Germany, where 60% of the arable land 

has less than 2% of organic matter in the top soil21. In 
these areas no indication of pre-desertification nor 
degradation has ever been reported. In any case, 
desertification is such a complex process that cannot be 
individuated or monitored by the use of just one soil 
parameter. 

In order to determine the optimal content of organic 
matter for any specific site, soil type, climate, groundwater 
quality, land use and land management (grassland, 
arable land, horticulture) should be taken into account (as 
a research project is doing at the moment in Germany). 

There are figures from the United Kingdom which show 
that the percentage of soils with less than 3.6% organic 
matter rose from about 35% to about 42% in the fifteen 

years to 1995. It has been estimated22 that in France the 
areas where the soil is deficient in organic matter 
represent 6 to 7.7 million hectares of agricultural land 
(39.5% of the total agricultural land).  

                                                 

19  P. Zdruli, R. Jones, L Montanarella, Organic Matter 
in the Soils in Southern Europe, Expert Report 
prepared for DG XI.E.3 by the European Soil Bureau 
(JRC – Ispra), 29 April 1999. 

20  COM(2002) 179. 
21  German Federal Institute for Geosurvey and Natural 

Ressources 2003: Personal Communication; Dr. 
Jens Utermann. 

22  O. Roussel, E. Bourmeau and C. Walter, 2001. 
Evaluation du déficit en matière organique des sols 
français et des besoins potentiels en amendements 
organiques; Etude et gestion des sols, volume 8, 1, 
pp. 65-81. 

In the soil survey system of Lower Saxony (Germany), as 
a consequence of a low input of residues (e.g. maize 

cultivation), losses in soil organic matter are expected.23. 
The adverse balances of organic matter are caused by 
agricultural practices. In this case, the lack could be 
compensated by the application of exogenous organic 
matter according to the requirements of good agricultural 

practices.24 

In Spain two pilot projects have determined soil organic 
matter in some agricultural soils. The first one was 
conducted on 600,000 ha of vineyard’s soils located in an 
arid region of central Spain. Resulting figures showed that 
90% of these soils had less than 1.7% of organic matter 

content.25 The second one was carried out on 554,445 
ha of agricultural soils and pastures in the north-east of 
Spain. Data revealed that 31% of the soil samples 
presented values of 1.7% of organic matter content or 
below. In 35% of the samples organic matter content was 
between 1.7-2.3%. Only 15% of the samples had organic 

matter content higher than 3.4%.26  

In order to decrease the rate of soil depletion, organic 
matter application to agricultural soils should be 
supported. This can be done readily through the use of 
biowastes and through the production of compost out of 

separately collected biodegradable waste.27 The 
composting process mimics what happens to decaying 
organic matter in nature and ensures that the organic 
matter needed by soils is not fully destroyed, but 
significantly transformed into a slowly-decaying storage of 
carbon. Indeed, biodegradable waste is transformed into 
a humus-like product that is extremely valuable as a soil 
improver. It is important that compost is produced from 
separately collected waste to ensure a high degree of 
purity and quality. 

                                                 

23  Höper, H. and B. Kleefisch: Untersuchung 
bodenbiologischer Parameter im Rahmen der 
Boden-Dauerbeobachtung in Niedersachsen. 
Bodenbiologische Referenzwerte und Zeitreihen. 
Arbeitshefte Boden, Heft 2001/4, 94 Seiten, 2001. 

24  Overesch, M, Broll, G. und Höper, H.: 
Humusversorgung von ackerbaulich genutzten 
Dauerflächen in Niedersachsen. Möglichkeiten des 
Einsatzes von Kompost. ISPA Weiße Reihe Band 
21, 2003. 

25  Estudio de los niveles de metales pesados en las 
parcelas de viñedos de la Comunidad de Castilla la 
Mancha. MAPA. Junta de Comunidades de Castilla 
la Mancha y laboratorio de análisis y fertilidad de 
suelos. Madrid, 2000. 

26  Estudio de niveles de metales pesados en la 
provincia de Lleida. MAPA. Madrid, 2000. 

27  Without forgetting that the most effective way for 
maintaining a good content of organic matter is 
through appropriate agricultural practices such as 
correct crop rotation, mulching, intercrops, specific 
root crops etc. There is plenty of possibilities which 
are, unfortunately, not always used. This is to be 
resolved on a regional basis (better distribution of 
livestock per hectare) but also has some complex 
implication of agricultural funding/subsidy 
programmes in relation to achievable market prices. 
There is a link to ecologically sound CAP needs. 
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4.2. Carbon sink and the greenhouse gas 
effect 

Organic matter is principally composed, by definition, of 
carbon. When it is incinerated or combusted, carbon from 
organic matter combines with oxygen in the atmosphere 
producing carbon dioxide (CO2). Carbon dioxide, along 
with other gases (for instance water vapour, methane, 
nitrous oxide, ozone), is a greenhouse gas responsible for 
the greenhouse effect, a driving force of global climate. 
The incineration of organic matter does not lead to any 
saving in overall CO2 emissions if there is no energetic 

valorisation. However, several studies28 show that 
towards greenhouse gas effects, composting of urban 
biowastes has : 

• a real benefit effect when compared to wastes 
landfilling (as organic wastes are responsible for 
biogaz production in landfill), 

• a less evident benefit effect, when compared to 
wastes incineration with optimized energetic 
valorisation (which is not, however, the most current 
case).   

Of course, the heat thereby released might be exploited, 
displacing fossil fuels, but the net energy recoverable 
from many types of biowaste, and namely food waste and 
most of garden waste (e.g. grass clippings) is 

questionable, due to their high water content29. 
Moreover, it seems that anaerobic digestion with 
energetic valorisation and then digestates spreading (for 
animal & food industries effluents and municipal 
biowastes) is very interesting because of avoided 
greenhouse gazes emissions.  However, the picture is 
different when biodegradable waste is used in agriculture, 
and even more when it is composted. Although there are 
carbon dioxide emissions into the atmosphere due to the 
partial decomposition processes that take place within the 
soil after incorporation or within the composting heap, a 

                                                 

28 P. Bajeat, 2002. L’effet de serre dans les filières de 
gestion de déchets. Actes du colloque européen 
“gestion des déchets et changement climatique”, 21 
& 22 novembre 2002. 

29  For a comprehensive assessment of benefits of 
proper management of biowaste through composting 
and anaerobic digestion, see the study “Waste 
management options and climate change” prepared 
by AEA Technology on behalf of DG Environment, 
whose executive summary reads: “The study has 
shown that overall, source segregation of MSW 
followed by recycling (for paper, metals, textiles and 
plastics) and composting /AD (for putrescible 
wastes) gives the lowest net flux of greenhouse 
gases, compared with other options for the treatment 
of bulk MSW. In comparison with landfilling 
untreated waste, composting / AD of putrescible 
wastes and recycling of paper produce the overall 
greatest reduction in net flux of greenhouse gases. 
(…) Diversion of putrescible wastes or paper to 
composting or recycling from landfills operated to 
EU-average gas management standards decreases 
the net greenhouse gas flux by about 260 to 470 kg 
CO2 eq/tonne of MSW, depending on whether or not 
the negative flux credited to carbon sequestration is 
included.” 

part of the organic matter is locked into the soil under 
humified forms and the compost ‘locks’ also a significant 
part of the initial organic carbon in the form of humified 
and slow-release organic matter. The use in agriculture or 
any other use in soil of organic wastes and residues 
(including compost) contributes on the one hand to the 
fight against soil depletion, and on the other to build-up of 
organic carbon content in soils. 

A recent study about the influence of different treatments 
of biodegradable waste shows that the anaerobic/aerobic 
treatment of separate collected biowaste leads to a CO2 
reduction between     12 200 and 14 300 kg CO2-
equivalent per hectare. In aerobic composting processes 
6 700 to       8 500 kg CO2-equivalent per hectare can be 

economised depending on the technique.30 

It has been calculated31 that an increase of 0.15% of 
organic carbon, i.e. 0.26% organic matter, in Italian arable 
soils would lock in soil and soil biomass the same amount 
of carbon that is currently released into the atmosphere in 
one year in Italy by the use of fossil fuels. The entire 
Austrian CO2 emissions would be offset by an increase of 
0.43% or 0.25% soil carbon respectively for arable or 

agricultural land.32 It can be assumed that similar 
proportions are valid for the whole of the Community, at 
least at similar conditions of anthropic density per unit 
arable land area. From this it follows that applying organic 
wastes and residues in agricultural soils (overall after 
composting) is an effective and environmentally 
conscious means of diverting carbon dioxide from the 
atmosphere and converting it into organic carbon in soils. 
However, the above mentioned increases of organic 
carbon content are large. These values would be reached 
only in the long term, and would still compensate for as 
little as one year of CO2 emissions from fossil fuel. The 
real issue is therefore to stop the decline in organic matter 
in agricultural soils. 

The decomposition rate of the organic matter in compost 
has been estimated at around 30-40% during the first 
year and at a decreasing rate in the following years. A 

recent study33 has estimated that, over a 100-year 
period, the use of compost as a soil amendment would 
store 54 kg CO2-equivalent per tonne of compost used, or 
some 22 kg CO2-equivalent per tonne of putrescible 

waste34 prior to composting. Naturally, to amend soil with 

                                                 

30  R. Widman, J. Schubert, C. Rohde, I. Steinberg and 
A. Bockreis: Beurteilung der Bioabfallverwertung mit 
Hilfe der CO2-Äquivalenz unter Einbeziehung 
weiterer Dünger. – EdDE-Dokumentation 6, S. 55, 
2003. 

31  Speech given by Professor Paolo Sequi at the 
Compost Symposium, Vienna, 29-30 October 1998 
(unpublished). 

32  Florian Amlinger (personal communication, June 
2003). 

33  Smith, A., K. Brown, S. Ogilvie, K. Rushton, J. Bates, 
Waste Management Options and Climate Change, 
Final report to the European Commission, DG 
Environment, by AEA Technology, 2001   
(http://europa.eu.int/comm/environment/waste/studie
s/climate_change.htm). 

34  The authors of the study have defined putrescible 
waste as the easily fermentable fraction of 
biodegradable waste. They have considered that 
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compost once every century does not make agronomic 
sense. If we amend a soil once in 100 years the organic 
matter residue will be almost negligible. On the other 
hand, it has been proved in long term trials carried out in 
Rothamsted (see Table 1), that if we amend a soil every 
year with a low agronomic dose of manure, soil organic 
matter will increase year after year. If, after a while, we 
stop amending that soil, soil organic matter will decline 
rapidly (because even well stabilised biowaste organic 
matter is not as stable as humus in soil). Although these 
figures are subject to a number of assumptions and 
considerations that suggest that they should be used with 
prudence, it can be said that the use of compost from 
municipal biodegradable waste has the potential of 
storing 1.4·Mt CO2-equivalent per year in the EU (if the 
whole putrescible fraction of MSW generated in the EU 

were to be composted in all Member States).35 

Another important remark is that the new pattern of build-
up – or depletion – tends to reach a new steady-state in 
the long-run. This means that the difference actually 
concentrates during first years/decades, thereby helping 
the lock-up of carbon (or halting its transfer to the 
atmosphere in the overall balance) above all during the 
first commitment period. 

Table 1: Findings of organic Carbon content in the 
topsoil in long-term field trials under different 
agricultural use in Rothamsted (UK) 

Type of vegetation or 
cropping 

% C 

Pasturelands 1.52 
Under a forest 2.38 
After cropping wheat 
continuously for 50 years, 1893 

 

No manure added since 
1839 

0.89 

Only chemical 
fertilisation since 1843 

1.10 

14 tonnes manure 
yearly since 1843 

2.23 

Thus, the key issue is not to increase soil organic matter, 
but to stop soil organic matter decline for the sake of 
contributing to the reduction of GHG emissions. In some 
areas where the decline is very acute an increase of soil 
organic matter should be considered. In any case, an 
agreement on “good soil quality” concerning site-specific 
contents of organic matter in soils is needed. 

More detailed information on modelling carbon 
sequestration and on the research and study activity at 
Member State and European level are reported in Annex 
III. 

                                                                      

31% of MSW is putrescible waste and that 29% is 
paper waste (EU average). 

35  To give a term of comparison, the share of waste 
management in reaching the Kyoto target can be 
estimated at about 13 Mt CO2-equivalent per year, 
as waste management contributes to about 4% of 
EU emissions and the Kyoto target for the period 
2008-2012 is a global EU reduction of 331 Mt CO2-
equivalent per year. 

4.3. Resources and energy saving, nutrient 
supplies and other benefits 

A part of EOM can be considered as an organic 
amendment with a fertiliser value : urban sewage sludge, 
most of slurries. They have a high proportion of readily 
available nutrients (nitrogen, phosphorus and, to a lesser 
extent, potassium and sulphur) and therefore they have a 
direct short term effect on plant growth and can substitute 
to some extent mineral fertilisation.  

When urban sewage sludge is not composted, the labile 
fraction of organic matter it provides to soil after its 
application, increases the soil micro-organisms activity, 
improving the aggregation of soil and thus soil quality 
(increase of the water holding capacity, better porosity 
and structure and thus decrease of the sensitivity to 
erosion or compaction). 

More detailed information on the fertiliser value of EOM 
are reported in Annex VI. 

When sludge is limed, it can act as a mineral amendment 
to correct the pH of acidic soils, improving soil quality and 
enhancing soil fertility. This improvement in soil fertility 
results in higher plant growth and crops yields in acidic 
soils. 

Compost is generally considered as an organic 
amendment that mainly acts as soil improver because it 
has a high concentration of stabilised organic matter and 
because it has a low level and a low short-term availability 
of nutrients : biowaste compost, green waste compost... 
However, even if low, the provide of nutrients must be 
taken into account into the nutrient balance. 

Coarse size compost may in fewer cases be used as 
mulches (for example in vineyards) to cover soils in order 
to fight erosion. 

The use of exogenous organic matter in agriculture may 
have other benefit effects, as: 

• (partial : up to 20%) substitution of peat in certain 
uses (e.g. growing media) and then saving peat bogs 
and protecting those organic soils from over 
exploitation (peat bogs are rare and fragile 
ecosystems which need protection, these organic 
soils are also sinks for CO2), 

• (partial) substitution of mineral fertilisers and then 
saving non renewable mineral resources (e.g. 
phosphates) and saving energy (to produce mineral 
fertilisers), 

• saving energy during cultivation, due to the 
improvement of tilth, water retention and workability, 
increasing of buffer capacity of cultivated soils, that 
EOM induce, 

• fighting against endogenous phytopathogens (true 
disease suppression effects for composts), 

• enhancing biological activity in soil. 
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5. POTENTIAL ENVIRONMENTAL PROBLEMS DUE TO 
THE APPLICATION OF EXOGENOUS ORGANIC 
MATTER ON SOILS 

The application of exogenous organic matter on soils can 
pose certain environmental problems mainly due to the 
misuse of untreated and treated biowastes (type, doses, 
period of application) or to the low quality of the applied 
product itself. These potential environmental negative 
effects associated to biowaste use on soils are mainly 
related to: 

– excessive and unbalanced supply of nutrients, and 

– the introduction of contaminants in soils such as 
heavy metals, organic compounds and pathogens. 

The main contaminants for soils are trace elements (so-
called "heavy metals") and organic compounds. 
Depending on their intrinsic characteristics (e.g. pKa, 
Kow, valence, solubility, reactivity, half-life) and the soil 
conditions (e.g. pH, clay and organic matter content, 
redox potential, temperature, adapted microflora 
presence), heavy metals and organic compounds may: 

• accumulate in soils (essentially “heavy metals” and 
persistent organic compounds), 

• be degraded (less or non persistent organic 
compounds), 

• be transferred to water, cultivated plants, livestock 
(e.g. cadmium in kidney, lipophylic organic 
compounds such as PCBs, dioxins and PAHs in milk), 
air (volatilisation, e.g. Hg, volatile organic compounds) 
and ecosystems. 

Some biodegradable wastes (such as urban sewage 
sludge and animal wastes) may contain drugs residues 
which may have a negative impact on soil micro-
organisms when they are spread. It may be necessary to 
study more in details these last aspects (soil micro-
organisms, drugs residues and water) and also to build up 
a monitoring systems to be able to verify the 
harmlessness of biodegradable wastes on a long-term (as 
almost all existing or past sites lasted 1 to 8 years only 
and as it is not sufficient for long-term prediction). 

In any case, it is important to underline that the use of 
biodegradable wastes is not the only cause of a potential 
increase of heavy metals in soil and that mineral 
fertilisers, pesticides and atmospheric deposition are 
responsible for the great majority of Cd, Cu and Pb loads 
to agricultural soils as reported in Annex IV for French 
soils. 

5.1. Nutrients36 

The nutrient content of biowastes varies sharply 
depending on their origin. For compost (matured compost 
and fresh compost) there is plenty of evidence that due to 
high proportion of organic N, the danger of leaching is 
very low. Fresh compost with a C:N > 15 can immobilise 

nitrogen temporarily.37 In addition compost does not 
have “high” amounts of mineral nitrogen. In general 
ranges are 200 – 1000 mg NO3/kg. This is 2 to 10 kg 
nitrate/ha at an application rate of 10 t/ha. In other words, 
only 1 to 6 % of total nitrogen. Factors influencing the N-
mineralisation are the maturity degree of compost, the 
climatic conditions and the soil type. The application of 
fresh as well as mature compost leads to a low rate of N-
mineralisation in the first year which allow compost 
application to agricultural soils throughout the whole 

year.38,39 

In order to protect water from nitrate accumulation, in 
vulnerable zones, as defined in Article 3 of Directive 
91/676/EEC concerning the protection of waters against 

pollution caused by nitrates from agricultural sources,40 a 
ceiling to nitrogen application (normally 170 kg per 
hectare each year) should be respected. Origin and 
treatment greatly influence the fertiliser value and nutrient 
availability in the year of biowaste application and the 
following years, and factors such as application timing 
and techniques, soil type and climatic conditions further 
affect nitrogen availability and losses to the environment. 
Depending on soil type, setting a ceiling for nitrogen 
application, while avoiding nitrate pollution, could also 
avoid excessive phosphorus application. For compost the 
availability of phosphorus and potassium is more of 
interest than nitrogen. Because of the minor N effect in 
the year of application a supplemental application of 
mineral fertiliser is necessary, while phosphorus and 

                                                 

36  Although an excessive use of nutrients can be an 
environmental problem, it is a basic agronomic 
requirement to know the nutrient content and nutrient 
availability in the specific organic fertiliser or soil 
improver considered for an application in agriculture, 
gardening and recultivation. The rules of good land 
use practice, which consider the nutrient demand of 
the plants and the nutrient content of the soils, 
should be used. In this case, the presence of 
nutrients is a positive rather than a negative aspect 
of biowaste. The substitution of mineral fertilisers 
with the application of biowaste can make a 
contribution towards sustainable agriculture and 
environmental protection. 

37  AID/KTBL 2003: Kompost in der Landwirtschaft. Aid-
Heft Nr. 1476/2003, S. 35. 

38  AID/KTBL 2003: Kompost in der Landwirtschaft. Aid-
Heft Nr. 1476/2003, S. 35. 

39  Siebert, S.; J. Leifeld, J. and I. Kögel-Knabner 1998: 
Nitrogen Mineralization of Biowaste Compost with 
Different Maturity after Application on Arable and 
Recultivated Soils. Z. f. Kulturtechnik und 
Landentwicklung 39, 69-74. 

40 OJ L 375, 31.12.1991, p. 1. 
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potassium from compost can be fully incorporated into the 

calculation of fertiliser rate.41 

Therefore, straight application of limit loads of N of 
Directive 91/676/EEC may lead to a paradox, inasmuch 
as considering 100% of N included in stable organic 
fertilisers may 

1. hinder application of mineral N, which is 
actually needed to supplement the low N 
release from stable organic fertilisers, 

2. constitute anyway the limiting factor for 
beneficial application of composts, given that 
considering 100% N in the calculation of the 
yearly N load  implies loads of organic matter 
which may be less than needed, above all in 
depleted soils and for particular fertilisation 
regimes (as e.g. the “enrichment” of organic 
matter before implanting fruit trees). 

Given the foregoing, it is advisable that in further 
application of the Nitrate Directive only a minor amount of 
N be considered “available” in the calculation of the yearly 
N load. However, this should not lead to applying more N 
than needed in a systematic way and for a long period, as 
then imbalances could occur and N would be at risk of 
being lost from the soil. Moreover, the main problem in 
many areas will not be so much the N, but rather the P. 
Care should be taken to avoid an over-application of P 
when only N is taken into account for determining the 
amount to be applied. 

5.2. Heavy metals 

The top layer of soil is of crucial importance for the well 
being of soil micro-organisms, plants and animals. Some 

heavy metals42 may have the effect of impairing the 
natural mechanisms through which soil microbes 
reproduce and therefore deplete the bio-potential of the 
soil eco-system. Moreover, if the concentration is high 
enough heavy metals can penetrate the natural barriers in 
plant roots and end up in the edible part of vegetables. 
Some heavy metals can then accumulate in animal and 
human organs and cause poisoning effects, induce 
cancer or produce mutagenic changes. 

The spreading of biowastes on land could result in an 
increase of the concentration levels of heavy metals in 
soil. In order to ensure that agricultural and indeed any 
other kind of soil is protected from the long term effects 
caused by the slow build-up of heavy metals in soil, it is 
necessary to control heavy metals in soil and in 
biowastes. 

It was observed that trace elements accumulate on soil 
when massive doses (e.g. 70 to 340 t dm.ha-110 y-1) of 
heavily contaminated wastes (with heavy metals level 2 to 
100 times the authorised limit values) were spread to soil, 
while, on the opposite, application of sewage sludge in 

                                                 

41  Ebertseder, T. and R. Gutser, 2003: Nutrition 
Potential of Biowaste Composts. In: Applying 
Compost - Benefits and Needs. pp. 117-128. 

42 Although strictly speaking the concept of “heavy 
metal” is not scientifically correct, the expression has 
become so common in national and Community 
legislation and even in scientific papers that has 
been used throughout this paper. 

conformity with the actual regulations and according to 
good agricultural practices showed neither impact on 
cultivated plants (accumulation in edible parts or 
phytotoxicity), nor soil accumulation. 

Soil physico-chemical characteristics like pH, phenomena 
of synergy or antagonism (between trace elements and 
phosphorus) and the organic matter inputs themselves 
can play important role in the final impact of sewage 
sludge application to soil. This is the reason why, for 
example, some Member States exclude sewage sludge 
spreading if the pH of soil is between 5 and 6, unless the 
sludges are treated with lime or with a pH above 6. 

5.3. Organic compounds 

There are thousands of chemically synthesised 
compounds that are used in products and materials 
commonly used in our everyday life. Many of them end up 
in waste water and are potential contaminants of sewage 
sludge and biowaste, although, due to their low 
concentration or easiness to be broken down by micro-
organisms, they do not cause a threat to the environment. 
However, there are some organic compounds that are not 
easily broken down during waste treatment and tend to 
accumulate or may pollute ground- and surface water, 
causing potential problems due to the eco-toxicity of these 
compounds or to their bio-accumulation in plants, animals 
or man. 

There are usually three main reasons why a compound is 
specifically targeted: 

(a) its break down by soil micro-organisms is slow 
(from some months to many years) and therefore 
there is an actual risk of build-up in the soil; 

(b) it can bio-accumulate in animals and therefore it 
poses a serious threat to man; 

(c) its degradation products are more toxic than the 
initial compound. 

It is essential to address the presence of organic 
compounds in biowaste in order to ensure that the 
agronomic benefits ensuing from their use in agriculture 
are not written off by the chemical contamination that 
could follow. Restrictions could focus on bio-accumulative 
compounds spread on grazing land such as PAHs, PCBs 
and PCDD/Fs (dioxins and furanes) in order to reduce the 
risk of livestock contamination by organic pollutants. 

A study carried out by the State Institute for 

Environmental Protection of Baden-Württemberg43 also 
shows an accumulation of organic non-ubiquitary 
pollutants (such as organotin compounds, polycyclic musk 
fragrance compounds and dioxins and furanes) in arable 
soils, caused by the long-term application of sewage 
sludges. Additionally, current discussions in the context of 
the revision of both the German Ordinance and the EU 
Directive on sewage sludge have touched upon other 
substances (DEHP, LAS, nonylphenol and organotin 
compounds) for which it has to be proven whether or not 
they can cause any harm to soil. If they do, these 

                                                 

43  State Institute for Environmental Protection Baden-
Württemberg: Schadstoffe in klärschlammgedüngten 
Ackerböden Baden-Württembergs. (2003, in press). 
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compounds should be considered for the derivation of 
eco-toxicological trigger values for soil quality. 

5.4. Pathogens 

Much has been done to minimise the potential 
transmission of pathogens by reducing waste through 
effective treatment processes and then matching 
efficiency of pathogen removal to operational restriction 
on application practices and land use. When the land is 
worked for sowing, for instance, there is a risk that they 
could contaminate crops or workers.  

The rate of pathogen die-off during the period of 
constraint is influenced by a number of factors. Some of 
these are unpredictable, e.g. sunlight, temperature and 
moisture. In practice this dual-barrier approach has 
worked well but has been difficult to police, particularly 
with respect to casual access to land by persons pursuing 
recreational activities. Also, wildlife has not been 
protected. 

For solid wastes, the important influence factors for 
pathogen die-off is the couple time-temperature during 
the sanitation process. To avoid spreading of diseases, 
the requirements on the process time and temperature 
have to be determined in details. Tests are needed to 
prove the elimination of pathogens during the process 
and to prove the absence of pathogens in the end-
products. These requirements should prevent the 
spreading of diseases to human, animals or plants. 

There is little evidence of disease in man or animals 
arising from land application of biowaste, including 
sludge. The few documented cases have occurred when 
local regulations or codes of practice have not been 
observed. However, generally the source of isolated 
cases of infection are not investigated or identified. A 
monitoring of health effects on animals due to the 
spreading of sewage sludge exists since 1987 in France. 
From 1987 to 1991, only one case of animal pathology 
was raised: a hearth of bovine tuberculosis in a herd 
grazing in edge of an abattoir sewage sludge storage 
area. Between 1991 and 1999, only another case was 
announced: the death of mare (storage of sludge and 
hiding not in conformity). In both cases, the evaluation of 
the facts showed that the general hygienic and prevention 
rules were not respected. 

During the last decade there has been an increased 
public awareness of the importance of food hygiene and 
the food chain has been identified as a major route of 
transmission of some of the more recently acknowledged 
pathogens, e.g. Escherichia coli type O157. Current 
thinking, therefore, is to subject biowaste to more 
stringent treatment processes such that the level of 
pathogens in material applied to land does not increase 
the numbers already in the environment. As far as animal 
by-products are concerned, Regulation (EC) No 
1774/2002 lays down certain sanitation requirements and 
end-product standards based on Salmonella and 
Enterobacte--riaceae. 

6. THE APPLICATION OF THE PRECAUTIONARY 
PRINCIPLE TO THE RECYCLING OF EXOGENOUS 

ORGANIC MATTER44 

Once problems related to soil have been identified by the 
Communication “Towards a Thematic Strategy for Soil 
Protection” [COM (2002)179], policy should be formulated 
on the basis of the best available knowledge and 
information in the framework of a holistic and integrated 
approach to soil environmental related issues. As a 
general criterion, Community environmental policy should 
always be based on certain basic principles, among 
whom the Precautionary principle is probably the most 
often invoked. Unfortunately, the precautionary principle is 
too often misinterpreted, misused and invoked for dealing 
with environmental issues which could be better managed 
by science-based measures. Since, at national and 
international level, different groups of interest, for the sake 
of environmental protection, could consider the 
precautionary principle as the best tool also for reducing 
the potential risk of introduction of contaminants through 
the application of exogenous organic matter, it seems 
important to understand which are the real fields of 
application of this basic principle (see Annex V). 

6.1. The application of the precautionary 
principle to soil environmental issues 

According to what reported in the Communication from 
the Commission on the precautionary principle (2000) and 
in the reports from Renn and Klinke (1999), Stirling (1999) 
and Rip (1999) (see Annex V), the invocation of the 
precautionary principle is not just a matter of wise 
application of every day common sense. Moreover, no 
arbitrary decision can be taken, for any environmental 
issue, under the shield of a vague principle of precaution 
since the precautionary principle application must comply 
with the five general principles which are usually applied 
to all risk management measures. The considerations 
reported above should be taken into account whenever 
the application of precautionary principle to soil 
environmental issues is invoked. The risk classification 
proposed by Renn and Klinke (1999) is not complete and 
exhaustive of all the typologies of risk, but can represent 
an important tool for risk appraisal and for the 
individuation of the more appropriated strategies and 
instruments for reducing the level of uncertainty relative to 
the probability of occurrence and the extent of damage of 
any technology impacting soil ecosystem. 

In principle, there are no significant differences, either in 
the expected benefits or in the feared risks, among the 
different substances that may be added to the soil, except 
for the order of the amounts considered (Sequi, 2003). 
We know that even water, nitrogen, or magnesium 
contents may be excessive. It must be underlined that the 
zero level has no scientific grounds. The Earth’s crust is 
composed of many tens of major chemical elements and 
all of them are dangerous above some specific 
concentrations and deficient (or of negligible importance) 
below some other specific concentrations. We cannot 
maintain that the validity of the zero level concept is the 
best: we must define a critical level and state a cautionary 
level to be applied. This cautionary level could reveal to 
be low (never zero) for some elements (like Pb, Cd or 
Hg); appropriate (never low or zero) for all the other useful 

                                                 

44  The references relative to this section are the end of 
Annex V. 
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elements, including Zn, Cu, Cr, and Ni, taking into 
account their own specific behaviour in soil. 

6.2. Neglected issues 

A scientific approach to fixing limits for metals that can be 
applied to soils with organic biomasses should take into 
consideration both pedoclimatic conditions and the 
accurate balance of each given heavy metal in the 
particular area envisaged. Both issues have been 
disregarded or at least not sufficiently considered until 
now. 

Some related agronomic and environmental implications 
have been reviewed by Sequi and Voorburg (1993) and 
by Sequi (1998). In the humid climates of Central (and 
Northern) Europe, prevalence of acid and sandy soils can 
be expected, while in Southern Europe Mediterranean 
countries, non acid, often calcareous and clay soil 
characteristically prevail. In Central Europe soils typically 
develop in the presence of humic substances that 
decompose slowly; heavy metals may migrate with water 
percolating along the soil profile and cannot accumulate 
in soil even after major supplies, while they are easily 
absorbed by plants. In Mediterranen countries, soil 
characteristics typically include high metal adsorption and 
fixation capacity. So, the entire issue of heavy metals 
applied with the organic biomasses should be 
reconsidered. 

6.3. Should we apply the precautionary 
principle? 

It seems reasonable to affirm, on the basis of the 
consideration reported above and in Annex V, that the 
risk associated to the potential contamination of soil (due 
to heavy metals) as a consequence of exogenous organic 
matter application belongs to the normal area risk 
category which is characterised by little statistical 
uncertainty, low catastrophic potential, low extent of 
damage, low probability of occurrence and high potential 
of mobilisation (Tittarelli, 2002). 

Without undervaluing the problem, it is not possible to 
invoke precautionary measures for dealing with this risk 
class, while risk-benefit analysis, building confidence 
through the establishment of independent institutions for 
information and international control and the improvement 
of certainty of assessment appear more appropriate 
instruments. 

6.4. A sustainable management of organic 
waste: the holistic approach and the basic 
principle of rectification of pollution 
/degradation at source. 

In order to implement a sustainable management of 
organic waste which is able to protect the environment 
from potential contamination and, at the same time, to 
provide soil with the necessary amount of organic matter, 
we need a holistic and integrated approach, as strongly 
stressed by the Commission. Future EU directives setting 
restrictive limits for certain contaminants in compost or 
other organic material to be applied to soil, will not 
contribute to reduce the level of soil contamination in the 
mid-long term. A clear example of what has been just 
stated, is given by the contradiction of the normatives 
which rule the application of livestock wastes (e.g. slurry 
and manure) as such to soil and the application of a 
compost produced utilising livestock wastes as a matrix. 
In many European countries the maximum concentration 
of copper and zinc allowed in Class 1 compost, the one 

which can be used according to the best agronomic 
practice without any specific restriction, is so low that 
livestock wastes cannot be used as matrix. It is known, in 
fact, that pigs and cows are usually fed with fodder 
integrated with the addition of micronutrients (mainly 
copper and zinc) in order to improve their productive 
performances and consequently their faeces are 
“enriched” in copper and zinc. Since during the 
composting process practically any element is subjected 
to a natural process of concentration, the final product of 
a composting process based on the utilisation of livestock 
wastes would be out of law in terms of heavy metals 
content. So, livestock wastes cannot be composted. Since 
livestock slurry and manure are not landfilled, they are 
applied to soil as such, with no restriction in terms of 
copper and zinc load to soil.  

Simply applying the consistency principle, which states 
that any measure should be consistent with measures 
already taken in similar circumstances and/or adopting 
similar approaches, the risk management measure based 
on the restriction of copper and zinc concentration in high 
quality compost should be rejected. 

It is possible to solve contradictions like the one just 
mentioned above only by applying the principle of 
rectification of pollution to source (Sequi, 2003). Only by 
limiting the amount of mineral integrators added to the 
diet of bred animals it will be possible to reduce the final 
concentration of copper and zinc in livestock wastes and 
consequently in the compost produced. 

There is a need of a holistic and integrated approach to 
environmental problems related to the management of 
wastes. Organic matter recycling, is the unique option 
available if a holistic and integrated approach to waste 
management is really pursued. Reduction of potential 
contamination risk can only be achieved in the mid-long 
term by a rectification of polluting input at source. More 
efforts must be made in order to improve the quality of 
original wastes. Elimination of possible excess of 
extraneous metals must be foreseeable in the short term, 
like has happened for lead and cadmium. Polluting 
sources and not biomasses must be banned in 
perspectives. 

7. RECOMMENDATIONS 

7.1. Soil improvement and other positive 
environmental benefit 

The application of EOM on soil is in principle 
recommended if it is of an appropriate quality and if it is 
applied according to good practices. 

If these two requisites are fulfilled, the application of EOM 
is recommended because it can contribute to maintaining 
adequate soil organic matter levels and to managing soil 
organic matter and assist with reducing soil erosion 
particularly in areas where degradation of soil is an issue. 
A site-specific minimum level of SOM is a key element to 
the maintenance of different soil functions. Contrary to 
mineral fertiliser which does not contain organic matter, 
the application of EOM can also enhance biological 
activity in soil, which induces better aggregation and/or 
better porosity of soils. Microbial activity, which plays an 
essential role in the decomposition of exogenous organic 
matter, is influenced by soil pH. Soils in Central and 
Northern Europe may have a natural trend toward acidity; 
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in these situations lime treated sewage sludge may help 
to enhance pH. 

The application of EOM can thus improve tilth and 
workability, increases buffer capacity, may reduce nutrient 
leaching, improves water retention, etc. All of which 
impinge upon savings of energy, savings of non 
renewable ressources (such as mineral phosphates), 
protection of organic soils from peat production (as 
compost can be added to soil improvers and growing 
media, replacing partially peat) and sustainable 
management of croplands 

The application of EOM is also recommended in order to 
complete nutrient cycles, as EOM contains nutrients 
(mainly nitrogen and phosphorus) in different forms, 
quantities and availability according to the type of EOM. 

Phytopathogens (e.g. Phytophthora, Phythium or 
Rhizoctonia), may develop in soils and growing media. 
The incorporation of mature composts may inhibit the 
development of these pathogens. 

The application of composted EOM is recommended 
finally because it can be an effective way to divert carbon 
dioxide from the atmosphere and convert it to organic 
carbon in soils, in order to combat greenhouse gas effect. 

Biowastes and their derived products (e.g. compost) can 
be used as soil improvers, soil conditioners, organic 
fertilisers, mulch, soil substitute, as part of top dressing, 
potting or seed compost, as a part of growing medium in 
grow bags etc. The final destinations may be agriculture, 
horticulture, landscaping, professional gardening, private 
gardening, etc. 

However, the suitable final use of biowastes depends on 
many factors, including organic matter nature (degree of 
maturity), granulometry, nutrient content and nutrient 
availability, cropping system, climatic conditions and the 
soil properties. Each of the possible uses of biowastes 
present some environmental advantages when compared 
with the available products competing on the market. It is 
necessary to adapt the quantities of exogenous organic 
matter applied and to adapt their choice to the soil and 
cropping systems needed, as not all types of exogenous 
organic matter have the same effects and act the same 
way on soil functions. Many studies have been carried out 
on the cropping systems requirement of organic material 
and on the action of organic matter application to different 
types of soils. More detailed information on these issues 
is reported in Annex VI. 

In order to build up organic matter in soils it is necessary 
to well characterise the organic matter content and form 
(i.e. stable or non-stable) in the specific EOM (manure, 
biowaste compost, sewage sludge, etc.) which is intended 
to be used. 

In any case, as reported above, there is no general rule to 
be applied, but good agricultural practices must be strictly 
related to any specific pedoclimatic condition. 

It is recommended not to burn in the open air cereal straw 
because it is a valuable EOM, which may return to soil 
directly or indirectly (mixed within farmyard manure) and 
because it may release CO2, which is a greenhouse gas, 
when burnt in the open air. 

Lastly, composting or anaerobic digestion of animal 
manure and slurry together with straw, green wastes or 
other EOM, in vulnerable areas, could also be useful to 
move the excess of nutrients from surplus nitrogen areas 
to deficient areas. Through composting or anaerobic 
digestion a stabilised organic amendment, whose weight 
is reduced (to 1/5 – 1/4 of the raw materials for 
composting), is obtained, which makes storage possible 
and transport easier. However, transport has to be 
optimised in order to minimize additional energy use and 
CO2 emission. 

7.2. Requirements for ensuring good quality 

The quality of the EOM is of paramount importance when 
recommending its application to soil. It is recommended to 
go for a consistent approach for the safeguarding of long-
term sustainable application of any type of EOM on land.  

• In the short term Soil Protection Strategy should 
support the recycling of clean EOM on soils, 
and support the initiatives, in the frame of EU 
waste legislation of revision of the Sewage 
Sludge Directive and a Biowaste Directive 
along the lines already discussed in previous 
Working Documents. 

• Slurry and manure should be considered within 
the broad context of EOM management. In the 
medium term, a legal framework for slurry and 
manure is needed to control the spreading of 
these EOM on land and prevent long-term soil 
contamination. 

The quality of biodegradable wastes (sewage sludge, 
biowastes) is directly dependent on the efforts which are 
made upstream to prevent contamination (e.g. prevent 
contaminated effluents in the sewers in the case of 
sludges and separate collection system for biowaste). 
Several source prevention actions, as listed below, could 
be suggested (to be at least promoted, or otherwise to be 

mandatory)45: 

• Actions on the type of sewerage systems: 
privileging the separative ones (i.e. separate 
roadways streaming / storm overflow from urban 
waste water). 

• The sewerage systems police force: a responsibility 
for the local authorities (i.e. authorisation of 
industrial effluents discharge). 

• Prevention of industrial, artisan, commercial, 
medical contamination in the collective sewerage 
systems (e.g. pre-treatment of the wastewater, 
“clean technologies”, separate collection of toxic 
wastes). 

• Separate collection of biodegradable fraction of 
municipal wastes instead of unsorted, mixed 
fraction of municipal wastes. It is a precondition for 
producing a high quality compost material to 
implement a separate collection system for 
biowaste to ensure a high level of protection for the 
environment as a whole. The difference in quality 
(i.e. impurities, pollutants, nutrients) between 
compost of “residual municipal waste” (i.e. the 
unsorted, mixed fraction of municipal waste) and 

                                                 

45  Les boues d’épuration municipales et leur utilisation 
en agriculture. Comité National des boues. 
http://www.ademe.fr/partenaires/boues/default.htm. 
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compost of biowaste / greenwaste from separate 
collection influences and restrict the possible end-
use of these materials. This means that the use of 
“residual municipal waste” composts should be 
restricted to landfill cover (provided that landfill is 
not intended for banalisation when closed), whereas 
the use of household biowaste and municipal / 
household greenwaste compost should not a priori 
be restricted (provided that the expected high 
quality is reached, that they are applied according 
to good practices…). 

• Reducing quantities of Cu and Zn added to the diet 
of bovines and pigs and improving their 
bioavailability and assimilation 

• Increasing consumer responsibility towards the 
environment (e.g. choose of “eco-products”, 
separate collection of household toxic wastes). 

• Link up to the air protection strategy, in order to 
prevent diffuse contamination (which accounts for a 
major share of “pollution” to farmlands) and improve 
quality of crop residues and food commodities. This 
would therefore improve further achievable quality 
of food scraps and of composts from source 
separated materials. 

Details regarding each action are reported in Annex VII. 

In addition to the recommendations of prevention, it is 
necessary to adopt common concept to choose priority 
contaminants and to derive limit values for contaminants. 
This concept must be the same for all EOM, and more 
generally for all fertiliser and amendments (as well for 
organic ones, as for mineral ones such as phosphate). 
Several approaches exist and a choice has to be done. 
The three main kind of concepts are : (i) the precautionary 
principle (no long-term accumulation of contaminants in 
soil), (ii) the risks assessment principle which can be used 
to calculate acceptable critical loads of chemical 
contaminants or biological contaminants (zoopathogenic 
and phytopathogenic germs) in EOM (at a farm parcel 
level), (iii) the concept of “holistic and integrated 
approach” (see chap. 6).  In the case of risks assessment 
of persistent contaminants (heavy metals, persistent 
organic compounds), it is necessary to take into account 
the total contaminant inputs (biodegradable wastes, 
complementary fertilisers, atmospheric depositions, etc.) 
and to take into account a long-time period (e.g. potential 
accumulation of heavy metals during several hundreds 
years).   

7.3. Requirements for proper/good practices 

It is also important to adopt a proper fertilisation plan at 
the farm parcel and to take into account all the fertiliser 
inputs (i.e. inorganic fertiliser and EOM input of nutrients). 
The nutrient content and the nutrient availability of the 
different EOM is different for each EOM and from a 
conventional inorganic fertiliser.  

In some vulnerable areas, with high concentration of 
breeding animals, the landspreading of manure and slurry 
is not always compensated by the reduction of the use of 
chemical fertilisers and the manure and slurry are not 
always characterised before application (from a nitrogen 
and phosphorus point of view). This situation leads to the 
nitrate pollution of water courses and by the 
eutrophisation of surface waters. In order to respect the 
Nitrate Directive, it is thus recommended to better 
characterise manure and slurry (N and P concentrations 

and availability) before use, to adopt a proper fertilisation 
plan and to reduce the quantity of mineral fertilisers when 
there is no additive need. 

It is also necessary to reduce the exposure by proper 
procedures of handling, of transport and of formalised 
spreading in guidelines and/or regulations and to impose 
them to all the operators (landspreading operators, 
farmers, etc.) as good spreading practices. The 
restrictions on spreading (prohibitions on market 
gardening of vegetables for non sanitised EOM, 
prohibitions on frozen soils, distances limit to water 
courses or habitations to respect, sanitary times before 
grazing or harvesting for non sanitised EOM, ploughing in 
untreated wastes, etc.) make it possible to reduce the 
exposition to pathogenic germs and to reduce the risk of 
leaching of nutrients.  

Moreover, the treatments applied to biodegradable 
wastes (e.g. anaerobic digestion, lime stabilisation, 
composting) before their use have a significant role in 
eliminating or reducing certain pathogens and organic 
compounds (essentially easily biodegradable ones, but to 
a lesser extent also some of the “persistent” ones such as 
low-chlorinated PAHs and PCBs).  

Lastly, it is necessary to promote: 

- Quality assurance schemes / certification scheme for 
collection, treatment / transformation (e.g. 
composting) and landspreading of biodegradable 
wastes.  

- An advisory service to farmers, which should include 
agronomic advice and also advice concerning 
possible pollutants and hazardous substances. The 
more appropriate level is local. 

- Better understanding of the nutrients and organic 
matter kinetics, getting good tools and training of 
agronomists giving advice to farmers. It means that it 
is necessary to have normalised tests, “simple” 
models and references data bases to be able to give 
good advice to farmers, to get a proper fertilisation 
plan, to avoid nutrients losses, such as N and to 
adapt the type of OM from the used EOM to the soil 
function which is to be improved. In order to be able 
to use models, software could be promoted. Several 
methods exist to characterise the form of OM in the 
EOM : (i) Van Soest derived methods which 
determine a labile fraction (carbohydrates, proteins, 
cellulosic polysaccharides) an intermediate fraction 
(non-cellulosic polysaccharides, proteins) and a 
stable fraction (lignin, creatin), (ii) soluble C, (iii) 
respirometry incubation test, etc. Details and 
examples regarding the characterisation of OM are 
reported in Annex II. 

Monitoring veterinary surgeon of EOM (e.g. sewage 
sludge, animal effluents) landspreading  (as for poisoning, 
a phone number could be available to contact veterinary 
centres if a cattle health problem is suspected to be in 
relation with EOM landspreading). 
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7.4. Specific comments from the Task Group 4 
“Exogenous organic matter” on the Draft 
discussion document for the ad hoc 
meeting on BIOWASTES and SLUDGES 
15-16 January 2004, Brussels 

One of the main problems for a fruitful discussion on the 
role of EOM in soil protection comes from a lack of a 
general perspective of environmental protection initiatives. 
In this sense, overall message could be structured around 
two basic ideas: 

a. Effective soil protection requires an effort of integration 
among legal instruments which come from different areas. 

It makes sense to speak on waste management options 
when an initiative on soil protection is on the table 
because at the same time that we are providing the 
opportunity to improve essential features of soil (structure, 
organic matter content, nutrients cycling, etc), we are also 
being consequent with general principles of EU 
environmental policy by means of recycling organic 
wastes instead of other options such as incineration or 
landfilling. Moreover according to soil communication win-
win initiatives in relation with soil protection should be 
promoted.    

b. Use of EOM involves certain risk but… 

The regulations on sludge & biowaste provide an effective 
instrument to guarantee that the use of such materials on 
soils is done in a safety manner (by improving quality of 
materials to be applied along with application conditions), 
minimising in this sense negative consequences such as 
soil contamination. 

In the case of land-spreading of EOM, the right balance 
must be found between: 

- having an overly cautious approach towards protecting 
soils from contamination (which would probably exclude 
virtually a great part of EOM, thus depriving soils of 
valuable OM), and, 

- allowing all EOM to be applied to land, irrespective of its 
quality (which would result in widespread contamination 
and would not be sustainable in the long-term). 

Both scenarios will probably adversely affect soils, but in 
different ways. 

Task Group 4 supports the integration of the proposals for 
a Biowaste Directive and for the revision of the Sewage 
sludge Directive within the framework of the developing 
Thematic Strategy on Soil. 

The forthcoming Biowaste directive and revised Sewage 
sludge Directive therefore needs to set in place 
mechanisms to simultaneously: 

- promote the sustainable application of sludge and 
compost to land (optimise re-use of OM), 

- protect soils against contamination. 

In the following some positive and negative aspects 
related with compost & biowaste  

 

 

7.4.1. BIOWASTE 

POSITIVE ASPECTS 

Biowaste compost is an organic amendment that mainly 
acts as soil improver because it has a high concentration 
of stabilised organic matter. In addition, biowaste 
composts have a low fertiliser value (depending of the 
type of composted material) due to its low level of 
nutrients (N, P) and its low level of short-term available 
nutrients (especially N).  

Compost builds up soil organic matter quickly, improving 
the quality of soil (increase of the water holding capacity, 
better structure and thus decrease of the sensitivity to 
erosion or compaction, increase of the cation exchange 
capacity, stabilisation of contaminants, chelation of heavy 
metals, buffer action, darker colour and thus unable the 
warming of soils in critical seasons) and thus its capacity 
to perform its functions. Soil fertility and carbon 
sequestration are enhanced by the use of compost. This 
improvement in soil fertility results in higher plant growth 
and crops yields.  

These effects are especially relevant in Southern Europe 
where mineralization rates of organic matter are very high 
due to climatic conditions and intensive agriculture. It may 
be also relevant, in other parts of Europe, for loamy soils 
which are sensitive to compaction and erosion and which 
are highly cultivated. 

Coarse size compost may in fewer cases be used as 
mulches (for example in vineyards) to fight erosion. 

Role of compost & composting in vulnerable areas 

The use of compost in vulnerable areas can play an 
important role improving soil characteristics, as the 
sensitivity to erosion and thus diminishing the risk of 
nutrients run off. The use of compost in these areas must 
be done in a proper way, in order to respect the total load 
of N permitted in the Nitrate Directive.  

Composting of animal manure and slurry together with 
other biowaste, in these areas, could also be useful to 
move the excess of nutrients from surplus areas to 
deficient areas. Through composting a stabilised organic 
amendment whose weight is reduced to 1/5 - 1/4 of the 
raw materials is obtained, which makes storage possible 
and transport easier. 

Conclusion: Composting helps to optimise nutrient 
management and the application of compost can be used 
to combat SOM decline, soil erosion which are two of the 
main soil threats in Southern Europe. 

In relation to soil contamination 

As long as the regulation addresses the lowering of heavy 
metals and impurities content in biowaste the risk of soil 
contamination is low. It is possible to do that through the 
implementation of separate collection systems. The 
available data of many countries and regions where 
separate collection is a reality indicates that heavy metals 
concentrations are significantly higher when mixed waste 
is mechanically separated and composted. In Southern 
European countries with soils showing alarming low levels 
of SOM and intensive erosion in part of their surface, 
compost is mainly obtained from mixed wastes. As a real 
demand of organic amendments exists, these low quality 
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composts are applied to the soil (leading to soil 
contamination). By introducing provisions that enhance 
separate collection of wastes and setting quality 
standards that ensure that compost only come from clean 
raw materials, compost would not pose a risk for soil in 
terms of diffuse contamination. 

Provisions on the composting process also ensure that 
sanitation (pathogens and weeds) and stabilisation of 
organic mater are achieved, resulting in good quality 
compost and therefore in crop and soil protection. 

Provisions for standardised sampling & analytical 
methods guarantee the right assessment of compost 
quality. 

Provisions to ensure that low quality composts (e.g. 
composts of non source separated municipal wastes) are 
only used in certain areas where there is a low risk for soil 
(i.e. only for landfill cover) are also oriented to guarantee 
soil protection. 

Conclusion: Through the establishment of quality 
standards of compost, the implementation of separate 
collection systems and controlled application of treated 
biowaste, soil protection is improved. 

What happens if we don't have a Directive? 
There is more risk to soil because: 

Quality and application criteria would not be guarantied 
and such materials especially where they are more 
necessary, would still end up in the soil resulting in less 
soil protection. 

7.4.2. SLUDGE 

POSITIVE ASPECTS 

It could be said that sludge is an organic amendment with 
a fertiliser value. 

Sewage sludge has generally a high proportion of readily 
available nutrients (nitrogen, phosphorus and, to a lesser 
extent, potassium and sulphur) and therefore it has a 
direct short term effect on plant growth and can substitute 
to some extent mineral fertilisation.  

When sludge is composted, its application leads to the 
long term increase of soil organic matter, improving soil 
quality (increase of the water holding capacity, better 
structure and thus decrease of the sensitivity to erosion or 
compaction, increase of the cation exchange capacity, 
stabilisation of contaminants, chelation of heavy metals, 
buffer action, darker colour) and thus its capacity to 
perform its functions. 

When sludge is not composted, the labile fraction of 
organic matter it provides to soil after its application, 
increase the soil micro-organisms activity, improving the 
aggregation of soil and thus soil quality (increase of the 
water holding capacity, better porosity and structure and 
thus decrease of the sensitivity to erosion or compaction). 

When sludge is limed, it can act as a mineral amendment 
to correct the pH of acidic soils, improving soil quality and 
enhancing soil fertility. This improvement in soil fertility 
results in higher plant growth and crops yields in acidic 
soils. However, liming may also lower the phytoavailability 
of phosphorous in short term, this has to be considered. 

Conclusion: application of sludge is a way of fighting 
against SOM decline (when composted), soil compaction 
and soil erosion which are three of the main soil threats in 
Southern Europe. 

In relation to soil contamination 

Through the lowering of the permitted heavy metal 
contents in SS envisaged by the revision of the SS 
Directive the risk of diffuse contamination is reduced. The 
available data on heavy metals concentration nowadays 
show that they are lower than when the 86/278 Directive 
was approved (due to prevention measures essentially). 
This means that many Member States have reviewed and 
improved community legislation in their countries, 
changing the limits on heavy metals contents, to adapt 
the old Directive to the actual situation. 

OTHER ASPECTS 

Provisions on the SS treatment processes ensure that 
sanitation (pathogens and weeds) and stabilisation of 
organic matter are achieved, resulting in good quality 
sludge and therefore in crop and soil protection.  

Through the restriction of the application rates the correct 
supply of nutrients, avoiding leaching and run off of N and 
accumulation of P in soil, is guarantied. 

Provisions for standardised sampling & analytical 
methods guarantee the right assessment of SS quality. 

Conclusion: all these provisions are oriented to obtain 
good quality SS that can be applied to soil minimising the 
risk of soil contamination. 

What happens if we don’t revise the Directive? 
There is more risk to soil because: 

Sludge treatment is not well defined, pathogens will 
remain uncontrolled, thresholds for heavy metals will be 
higher than necessary, unbalanced quantities of nutrients 
will be applied to soil and data concerning sludge 
properties may not reflect the actual characteristics of 
such material. 

Even more if the sludge Directive is not revised sludge will 
still end up in the soil but with worst quality resulting in 
less soil protection. 

FEARS 

The revision doesn't mean that more sludge ends up on 
the soil but that only good quality sludge is applied to the 
soil. An efficient control of the sludge that is spread into 
soil by the revision of the Directive will give security to the 
users. 
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ANNEX I 
BIOWASTE SOURCES AND PRODUCTION IN THE UE 

Table 1: Slurries and manure - Total generation in the European Union 
 Cattle Cattle Pig Pig Sheep Sheep +goat 

Member State slurry  
+ liq. Manure + urine 

(tonnes /year) 

solid manure 
+ deep litter  

(tonnes /year) 

slurry 
+ liq. Manure + urine 

(tonnes /year) 

solid manure  
(tonnes /year) 

slurry 
(tonnes /year) 

solid manure  
(tonnes /year) 

A - Austria / / / / / / 

B - Belgium / / / / / / 

D - Germany 90 670 000 
+ 8 500 000 

31 750 000 63 650 000 
+ 4 600 000 

11 200 000 / / 

DK - Denmark / / / / / / 

E - Spain (**) 36 028 288 44 035 235 41 097 905 / / 19 783 149 

EL - Greece / / / / / / 

F - France 51 427 000 165 988 000 25 698 000 / / 13 950 039 
+ 1 508 061 

FIN - Finland / / / / / / 

I - Italy 42 053 000 48 418 000 33 348 000 0 848 000 1 595 000 

IRL - Ireland 14 491 000 12 440 000 3 223 000 / / 902 000 

L - Luxembourg / / / / / / 

NL - Netherlands 56 240 000 2 960 000 15 105 000 795 000 / / 

P - Portugal 14 253 000 2 031 000 6 001 000 570 000 798 000 266 000 

S - Sweden 7 700 000 
+ 800 000 

+ 2 180 000 

4 880 000 
+ 330 000 

2 450 000 
/ 

+ 340 000 

760 000 / / 

UK - United Kingdom 34 033 200 40 831 600 3 916 200 7 979 100 / (*) 1 805 300 

European Union / / / / / / 

(*) Sheep & goats (**) Estimation elaborated from statistical data on livestock production (Ministry of Agriculture, Fisheries and Food, 2001). 

Table 1bis: Slurries and manure - Total generation and recycling in the European Union46 47 48 

 Horses Poultry Poultry Other Other Total 

Member State solid manure 
(tonnes /year) 

slurry 
(tonnes /year) 

solid manure 
(tonnes /year) 

slurry 
(tonnes /year) 

solid manure 
(tonnes /year) 

(tonnes /year) 

A - Austria / / / / / / 

B - Belgium / / / / / / 

D - Germany / / / 2 200 000 8 000 000 220 570 000 

DK - Denmark / / / / / / 

E – Spain (***) 2 171 750 / 3 430 098 / / 146 546 966 

EL - Greece / / / / / / 

F - France 4 538 118 4 747 000 1 818 000  (**) 1 773 700 / 271 447 918 

FIN - Finland / / / / / / 

I - Italy / 2 695 000 1 785 000 (*) 1 481 000 (*) 711 000 132 934 000 

IRL - Ireland 228 000 171 000 171 000 / / 31 626 000 

L - Luxembourg / / / / / / 

NL - Netherlands / 720 000 1 680 000 / / 77 500 000 

P - Portugal / 1 024 000 345 000 / / 25 288 000 

S - Sweden / / / / 640 000 20 080 000 

UK - United Kingdom / / 4 499 600 / 13 900 93 078 900 

European Union / / / / / >1 billion 

(*) equine & rabbits         (**) rabbits               (***) Estimation elaborated from statistical data on livestock production (Ministry of Agriculture, Fisheries and Food, 2001).  

                                                 

46  Source (Germany, Ireland, Netherlands, Sweden, UK, Italy) : Sommer S.G., Hutchings N.J. (coordinators). Ammonia losses from field-applied animal 
manure. Proceedings of workshop I of the EU-concerted action : TEAGASC, Wexford, Ireland, 30 september - 1 october 1999. 

47  Source (Portugal) : Bicudo J.R., Svoboda I.F., Jones A., 1996. Déjections animales - un bref aperçu de la situation au Portugal. Ingénieries eau - 
agriculture - territoires, n° spécial 1996. 

48  Source (France) : Feix I., 1999. 
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Table 2: Crop residues - Total generation in the European Union 

Crop Crop production (tonnes) 

(in EU-15 in 2000)49 

Crop residues (nature) Ratio crop residues / crop 

production50 

Crop residues (tonnes) 

Wheat 105 505 068 straw 1.25 131 881 335 

Barley 52 016 692 straw 1.08 56 351 416 

Oats 6 693 451 straw 1.27 8 518 938 

Rye 5 636 935 straw 1.36 7 686 730 

Triticale 4 716 216 straw 1.33 6 288 288 

Rapeseed 9 174 998 straw 1.86 17 039 282 

Maize 38 694 457 straw 1.19 45 949 668 

Sunflower Seed 3 294 520 straw 2.00 6 589 040 

Potatoes 49 013 883 haulms 0.28 13 614 968 

Sugar Beets 112 630 100 leaves 0.83 93 858 417 

Beets for Fodder 8 569 547 leaves 2.50 21 423 868 

Tobacco Leaves 349 023 trunks 1.20 418 828 

Peas, Dry 3 121 329 straw 1.00 3 121 329 

Peas, Green 1 520 304 residue 0.46 701 679 

Soybeans 1 202 480 straw 1.00 1 202 480 

Total    414 646 263 

Table 3: Sewage sludge - Total generation and recycling in the European Union51 

 
Member State 

Year Total generation 
(tonnes dry matter) 

Recycling in agriculture 
(tonnes dry matter) 

Percentage of 
recycling 

A - Austria 2000 401 867 40 455 10% 

B - Belgium 2000 98 936 10 733 11% 

D - Germany 2000 2 297 460 858 801 37% 

DK - Denmark 1999 155 621 95 500 61% 

E - Spain 2000 853 482 454 251 53% 

EL - Greece 2000 66 335 0 0% 

F - France52 
2001 913 159 508 203 56% 

FIN - Finland 2000 160 000 19 000 12% 

I - Italy 2000 779 220 217 805 28% 

IRL - Ireland 2000 35 039 14 109 40% 

L - Luxembourg 1999 7 000 5 600 80% 

NL - Netherlands 1999 242 36 15% 

P - Portugal 2000 238 680 37 176 16% 

S - Sweden 2000 220 000 35 000 16% 

UK - United Kingdom 2000 1 066 176 584 233 55% 

European Union  7 235 058 2 924 699 40% 

 

                                                 

49  Sources (crop production) : FAO, http://apps.fao.org/, FAOSTAT Agriculture Data. 
50  Sources (ratio crop residues/crop production) : Leclerc B., 2001. Guide des Matières organiques. 2ème édition. ITAB 

édition. 329 p. 
51  European Commission, Report from the Commission to the Council and the European parliament on the 

implementation of Community waste legislation for the period 1998-2000, COM(2003) 250 final, 19.5.2003 
(http://europa.eu.int/comm/environment/waste/reporting/index.htm). 

52 Modifications for France from I. Feix, 2003. 
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Table 4: Total biowaste and green waste arising in the European Union (1 000 t/y)53 54 

Country Municipal solid waste 
production 

Biowaste actually collected Greenwaste 
actually collected 

Biowaste potentially 
collectable 

Greenwaste potentially 
collectable 

Austria 4 110 880 
(*) 580 

850 1 220 1 020 

Belgium-Flanders (***) 4 781 330 390 900 

Belgium-Wallonia  120 160 

Germany 48 715 12 000 14 000 

Denmark 2 787 280 490 50 550 

France 24 000 127 1 900 9 006 7 000 to 9 000 

Finland 2 100 100 600 

Spain 14 296 (**) 60 / 6 600 

Greece 4 200 / / 1 800 

Italy 27 000 (****) 1 100 / 9 000 

Ireland 1 848 / / 440 

Luxembourg 299 30 60 

Netherlands 8 480 1 500 800 2 500 1 000 

Portugal 3 600 / 10 1 300 

Sweden 3 998 130 150 970 530 

United Kingdom 28 989 39 860 3 200 

European Union 176 303 15 854.3 54 806 

(*)  Biowaste of industrial origin; (**) Catalogna; (***) Belgium total; (****) Italy: CIC and Italian Environmental Agency data for 
2002. 

Table 5: Estimates of waste quantities produced from main industrial sectors (t/year)55 

 Pulp and paper 
production  (1) 

Sugar  
beat 
(2) 

Olive oil  
liquid waste 

Olive oil  
solid waste 

Other fruit and 
vegetable 

Other food 
and drinks 

(3) 

Leather 
and skin 

Total 

Austria 600 000 300 000 0  540 000  100  
Belgium 140 000 400 000 0  1 200 000  700  
Denmark 40 000 300 000 0  2 800 000  ND  
Germany 2 500 000 0 0  3 000 000  13 000  
Greece 100 000 0 1 400 000 800 000 1 000 000  300  
Spain ND 9 000 000 2 800 000 1 600 000 3 000 000  270 000  
Finland 900 000 300 000 0  3 000 000  400  
France 1 340 000 4 000 000 ND  3 000 000  700  
Ireland 5 000 0 0  1 000 000  10  
Italy 2 000 000 300 000 1 400 000 1 600 000 3 300 000  580 000  
Luxembourg 0 4 000 000 0  500 000  0  
Netherlands 500 000 300 000 0  3 000 000  600  
Portugal 500 000 0 200 000 100 000 1 000 000  5000  
Sweden 1 470 000 120 000 0  900 000  300  
United Kingdom 710 000 9 000 000 0  3 000 000  30 000  
Total 10 000 000 25 000 000 7 000 000 4 100 000 30 000 000 40 000 000 900 000 >107 000 000 

1.- data include total of paper sludge and de-inking sludge 
2.- total of lagoon sludge and lime sludge 
3.- including: dairy products, breweries/distilleries and abattoirs (meat production industry) 

                                                 

53  J. Barth, An estimation of European compost production, sources, quantities and use, EU Compost Workshop 
“Steps towards a European Compost Directive”, Vienna, 2-3 November 1999. 

54  Modified for France by I. Feix. Data from Germany are from the report Bundesgütegemeinschaft Kompost: 
Verzeichnis der Kompostierungs- und Vergärungsanlagen in Deutschland, 2003. 

55  Ibidem. 
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Table 5bis: Estimates of waste quantities recycled to land from main industrial sectors in fifteen Member States 
(x106 tonnes on a fresh weight basis) 

 Paper 
produc-tion 

Sugar beat 
proces-sing 

Olive oil 
produc-tion 

Other fruit and 
vegetable 
proces-sing 

Other food 
and drink 
sectors 

Leather 
produc-tion 

Textile 
produ-
ction 

Other 
sectors 

A - Austria 0 0.1 0 0.03  0   
B - Belgium 0.1 0.4 0 0.06  0.0016   
D - Germany 0 1.6 0 0.15  0.01   
DK - Denmark 0 0.1 0 2.1  0.0028   
EL - Greece 0.01 0 0.6 0.05  0.00009   
E - Spain 0.1 0 1 0.15  0.08   
F - France 0.8 2 ND 0.15  0.001   
FIN - Finland 0 0.1 0 0.15  0   
I - Italy 1 1.1 0.6 0.2  0.16   
IRL - Ireland 0 0.1 0 0.1  0   
L - Luxembourg 0 0 0 0.02  0   
NL - Netherlands 0 0.1 0 0.15  0   
P - Portugal 0.05 0 0.1 0.05  0.0015   
S - Sweden <0.07 0.12 0 0.05  0   
UK - United Kingdom 0.3 2 0 0.15  0.003   
Total 2 8 3 3 1 0.25 0.1 4 
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ANNEX II 

CHARACTERISATION OF ORGANIC MATTER IN 
BIOWASTES 

Scope of this section is to give an idea of the organic 
matter content of different types of biodegradable wastes 

and their ability to increase organic matter levels in the 
soil. 

The total organic matter content of different types of 
biowastes is variable (Table 1). 

Table 1: Total organic matter content of various biodegradable wastes and residues 

OM content (% dm) Biodegradable wastes and residues 
France – Average 
[1st decile - 9th decile] 

International values 

Composts 56  57 
-green waste compost 46.9 [31.4-65.3]  B med. 35; DK av. 20; NL av. 27; S av. 45; USA av. 35 
-households biowaste compost 38.8 [25.0-54.7]  A av. 38.7; D med. 36 
-MSW compost 42.6 [25.2-57.8]  USA av. 37.6 
-sewage sludge compost 68.1 [43.8-89.1]  USA av. 52.5 
-animal effluent compost 
       *bovine 
       *pig 
       *poultry 

51.5 [30.9-78.5] 
60.2 
46.7 
50.5 

  

Urban sewage sludge58 
aerobic stabilisation 
digestion 
thermal treatment 
liming 
composting 

 
 
 
 

4659 

  
60-70 % 
40-50 % 
< 40 % 
30-50 % 
50-85 % 

Animal slurry 60 61  
-rabbit   70  
-bovine  53 45.8-71.3  
-pig   66.7-87.5  
-chicken   70.5-72.4  
-turkey   82.3  
Animal manure    
-bovine  70.8 62.5-72  
-sheep  75.7 76.7  
-goat  70.6   
-pig   76.2  
-horse   75.9  
-chicken   82.8  
-turkey   79.6  
 

                                                 

56  C. Charonnat, I. Déportes, I. Feix, J.M. Mérillot, 2001. Approche de la qualité des composts de déchets en France. 
Résultats d’une enquête en 1998. Collection compost et compostage. ADEME – AVAL. ADEME édition. 

57  A, B, D, DK, NL: ADEME, 2001. La gestion de la qualité dans la filière organique en Europe – état de l’art et fiches 
techniques. ADEME édition. 

58  M. Linères (INRA France). 
59  Enquête nationale ADEME 1993-1994. 
60  A. Plateau, 2001. Effluents d’élevage – élaboration d’un référentiel national – paramètres agronomiques classiques 

et éléments traces métalliques des effluents d’élevage bovin, ovin et caprin. Stage ESA Angers – ADEME. 
61  D. Ziegler, M. Heduit, 1991. Engrais de ferme – valeur fertilisante, gestion, environnement. ITCF – ITP. 

However, the total organic matter content of these wastes 
is not sufficient to predict the evolution of organic matter 
in the soil. 

Investigations on the composition of the organic fraction in 
composts with different maturity degrees with the Van 
Soest method show that during process of composting the 

labile fraction (carbohydrates, proteins, cellulosic 
polysaccharides (cps)) and the intermediate fraction (non-
cellulosic polysaccharides (ncps), proteins) are degraded 
by 80 and 73%. In the stable fraction (lignin, creatin), 
there is only little change perceivable (Table 2). 
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Table 2: Organic fractions of biowaste composts62 

Fraction after Van 
Soest method 
(modified) 

Immature 
compost 
(after 4 weeks 
of composting) 

Mature 
compost 
(after 21 
weeks of 
composting) 

Labile fraction 24.2% 13.3% 
Intermediate fraction 17.0% 9.7% 
Stable fraction  18.8% 19.7% 
Mineral fraction 40.0¨% 57.3% 
 

Biowaste compost is a heterogeneous mixture of organic 
fractions at different states of decomposition. By compost 
amendment, soil organic matter becomes enriched in 
microbial biomass and in aromatic, lignin-derived 
components. A higher maturity degree of compost is 
characterised by lower amounts of micro-organisms and 
larger amounts of lignin. The main organic fractions that 
are mineralised after the addition of composts to soils are 
the microbial biomass itself and - with less significance - 
lipids and cellulosic polysaccharides (cps). During the 
humification process after the addition of compost to soils, 
lignin, other aromatic compounds, aliphatic compounds 
and products of microbial metabolism, like non-cellulosic 
polysaccharides (ncps), are enriched. Enrichment of 
aliphatic compounds seems to be typical for the 
humification process. The increase of lignin and other 
aromatic compounds are a specific phenomenon of 
compost amendment. The stability of soil organic matter 
after compost amendment is mainly a result of the 
enrichment of refractory aromatic and aliphatic 
compounds and of microbial products (ncps). The 
stabilisation process is influenced by the soil texture and 
the microbial life which are in direct relation to its pH. 
Soils with higher amounts of clay seem to be mainly 
stabilised by the production of microbial metabolism than 

by plant derived compounds.63 Proteinaceous, lignin and 
aliphatic compounds of biowaste are extensively 
incorporated into native soil organic matter in forms 

relatively resistant to further decomposition.64 

The aptitude of biowastes to form stabilised organic 
matter in the soil is very often measured within field 
experiments in association with a mathematical model. 

                                                 

62  B. Gallenkemper, G. Becker, und A. Kötter: 
Bewertungskriterien für die Qualität und 
Rottestadium von Bioabfallkompost unter 
Berücksichtigung der verschiedenen 
Anwendungsbereiche. In: Umweltbundesamt (hrsg.): 
Neue Techniken zur Kompostierung. Verwertung auf 
landwirtschaftlichen Flächen, TV 7, S. 1-133, 1998. 

63  Leifeld, J: Einfluß von Kompostanwendung auf den 
Umsatz der organischen Substanz in Böden. 
Ergebnisse aus Modell- und Feldversuchen. 
Dissertation Ruhr-Universität Bochum, 101 Seiten, 
1998; Kögel-Knabner, I., Leifeld, J. und  Siebert, S.: 
Humifizierungsprozesse von Kompost nach der 
Ausbringung auf den Boden. In: Umweltbundesamt 
(hrsg.): Neue Techniken zur Kompostierung. 
Verwertung auf landwirtschaftlichen Flächen, TV 13, 
S. 1-174, 1998. 

64  Senesi, N. and Brunetti G.: Chemical and Physico-
Chemical Parameters for Quality Evaluation of 
Humic Substances Produced during Composting. In 
. De Bertoldi et al (eds): The science of composting , 
Part 1, pp.195-212, 1996. 

The most well-known is the method developed by S. 

Henin and M. Dupuis,65 which calculates the organic 
matter level to which the soil tends (at equilibrium state). 

dB = (K1*A - K2*B) x dt 

where: 

K1 = isohumic coefficient = percentage of the organic 
waste or residue organic matter which is able to form 
humus in soil 
K2 = mineralisation coefficient of the soil C = annual soil 
organic stock destruction rate 
dt = time period 
dB = variation of the soil C stock 
A = applied organic matter quantity 
B = soil organic matter mass 

K1 and K2 are generally measured during long term field 
trials. 

As this model needs very long experiments and it is 
difficult to generalise to all pedo-climatic and cropping 
conditions, the need for a simple, rapid and standardised 
method appeared. One of the more used in France is the 

ISB (biochemical stability index) method.66 

The ISB is calculated after a laboratory measurement of 
simple biochemical fractions (soluble substances, hemi-
cellulose, cellulose, lignin) of the biowaste. This index, 
with a value varying from 0% to 100%, is comparable to 
the K1 coefficient. It gives the proportion of the waste 
organic matter that is more resistant to degradation in % 
of organic matter. This method is adapted from the Van 
Soest and the Weende methods. 

ISB (% organic matter) = 2.112 - (0.02009 x SOL) - 
(0.02378 x HEM) + (0.00840 x LIC) - (0.02216 x CEW) 

where  :  CEW = cellulos; HEM = hemicellulose; SOL = 
soluble substances 
LIC = lignine + cutine 

Table 3 and figure 1 give several ISB and K1 values.

                                                 

65  S. Henin & M. Dupuis, Essai de bilan de la matière 
organique des sols, Ann. Agron. (nouvelle série) (3), 
pp. 17-29, 1945. 

65  M. Linères and J.L. Djakovitch, 1993 (16-18 
November). Caractérisation de la stabilité biologique 
des apports organiques par l'analyse biochimique. In 
: Matières organiques et agriculture. 4èmes journées 
de Blois GEMAS - COMIFER, France. 
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Table 3: ISB and K1 values for different organic wastes and residues 

Experiment / source Organic waste or residue ISB 
(dry matter) 

K1 

Near Nantes (France) Grape marc 90% 65% 
CTIFL Greenwaste compost 36% 35% 
 Sewage sludge + greenwaste compost - a. 

 - b. 
32% 
41% 

32% 
25% 

 Dehydrated cattle manure 37% 29% 
 Farm manure (1/3 cattle, 1/3 poultry, 1/3 horse) 7% 5% 
Near Lyon (France) Cattle manure 23% 27% 
SERAIL Biowaste + turkey manure + wood chips compost 48% 25% 
 Cattle manure 33% 24% 
 Greenwaste compost 38% 22% 
 Leafy trees bark + poultry manure 18% 21% 
 Greenwaste compost 20% 18% 
 Cattle manure 20% 18% 

Chambre d'Agriculture  Mature manure  50% 
de l'Aude (France) Less mature manure  40% 
 Strawy manure  25% 
 MSW compost  25% 
 Sewage sludge  20% 
66

M. Linères and J.L. Djakovitch, 1993 (16-18 November). Caractérisation de la stabilité biologique des apports organiques par l'analyse biochimique. In : Matières organiques et agriculture. 
4èmes journées de Blois GEMAS - COMIFER, France. 

Figure 1: Different ISB (“biological stability index” in % of organic matter) values(M. Linères (INRA), 2001.) 
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For a sustainable addition of biowaste to achieve an optimal organic matter content in soils it seems to be necessary to 
take account on the entirety of land management practices and to make a humus balance for agricultural soils. 

Reproduction factors for soil organic matter out of biowaste are mentioned in several publications. (M. Linères (INRA), 2001.) 
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ANNEX III 

MODELLING CARBON SEQUESTRATION 

Soil mineralisation rate of compost is by far higher than 
that of humus, but this does not imply that its contribution 
may be considered as trivial. In a model developed by E. 

Favoino and D. Hogg,67 it was considered a 
mineralisation rate of 20% in South Europe and a 
mineralisation rate of 15% in North Europe for well-cured 
compost. As can be seen in Figure 1, the contribution of 
compost over time resulted very important. The most 
important was the difference between curves describing 
build-up and depletion at different yearly application 
loads. The model for North European conditions assumed 
a staring organic matter concentration of 4%. With a 
yearly loading of 5 tonnes of compost per hectare, there is 
almost no increase in the concentration, but what matter 
is the difference with the “no-application” scenario (last 
curve). Even more impressive is the difference between 
the “no-application” and the “10 (or 15) t/ha load” (first and 
second curves, top of Figure 1). 

Figure 1: Simulation of organic matter concentration 
in agricultural soils with or without addition of 
compost (0, 5, 10, 15 t.ha.y-1)  

 
Such outcomes are – on the other hand - highly 
consistent with long-term field trials which have already 
been run by the Rothamstead Agricultural Experimental 
Centre for more than one century, surveying long-term 
effects of different agronomic practices about the build-up 
or decrease of organic matter in the soil. Outcomes in 
Rothamstead (reported in 4.2) clearly show that giving up 
organic fertilisation determines a big loss of organic 
matter in the soil, which causes a net transfer of carbon 
(as carbon dioxide) to the atmosphere. The application – 
continued with time - of organic soil improvers (manure in 
the trial, but outcomes would hold similar with compost) 
makes it possible to keep concentrations of carbon at 
those levels that are typical of natural background 
concentration - or to increase the concentration in those 
soils already depleted. This could make the soil a 
powerful “sink” for carbon. Numbers show a loss of 1-
1,5% carbon from the soil in just 50 years (and it must be 
further noted that cropping conditions were not yet so 
intensive as modern ones, this latter leading probably to a 
even higher and faster mineralisation of organic matter); 
this is of utmost importance considering the relationship 
between carbon lost from the soil and the increasing 
amount of carbon dioxide in the atmosphere.  

                                                 

67  E Favoino and D Hogg, Biowaste and Climate 
Change: a Strategic Assessment of Composting. 

Biodegradable wastes are a potential source of carbon for 
soils and they can enhance its accumulation in soils. 
Nevertheless, the most efficient wastes are the ones 
which can be classified as organic soil improvers. This 
includes green wastes composts, household food-wastes 
composts, urban sewage sludge composts and manure 
composts. The urban sewage sludge or farm slurries, if 
not composted, do not lead to a great carbon 
accumulation in soils. 

French greenhouse gas emissions were estimated to be 
148·106 t C/year in 2000 (i.e. ~550·106 t CO2). To comply 
with the commitments to the Kyoto Protocol, France has 
undertaken to maintain in 2010 its greenhouse gas 
emissions at their 1990 level. This objective will 
nonetheless require efforts to compensate for increasing 
emissions from sectors as transport and buildings (16·106 

t C/year). In a recent study, INRA estimated68 that the 
soil C stocks in mainland France (in the upper layer 0-30 
cm) is approximately 3.1·109 tonnes. Therefore, French 
emissions are equivalent to approximately 4.9% of the soil 
organic pool. An annual increase in these stocks of 0.2% 
(6·106 t C/y) would compensate for 4% of gross annual 
greenhouse gas emissions and for 38% of needed efforts. 
INRA estimated also that the potential additional C 
storage for the next 20 years, for the whole mainland 
France, is 1 to 3·106 t C/year. It is only equivalent to 1 to 
2% of French greenhouse gas emissions, but it is not 
negligible as it may represent a large proportion of the 
efforts required. The actual C storage potential is ~0.1·106 
t C/year for urban biodegradable wastes and ~5.8·106 t 
C/year for animal effluents (see Table 9), but as the 
effluents are already all spread on agricultural land, they 
are considered to represent a nil potential for 
supplementary C accumulation. Nevertheless, it seems 
that modifying manure management (spreading on soils 
with low organic matter levels for example) could lead to 
an additional C storage. Concerning crop residues, as 
they already almost return to soil, it is assumed that the 
possibility of enhancing C stocks is therefore very small. 

For French urban biodegradable wastes, two 
hypothesises could be made: 

- low hypothesis, if all of the wastes being actually 
incinerated without energy production, were 
composted (meaning doubling composting), then the 
additional C storage would be ~0.1·106 t C/year in a 
20 years scenario (i.e. 3 to 10% of the total potential 
additional C storage in France); 

- high (but realistic) hypothesis, if the amount of 
wastes being composted is multiplied by 3, then the 
additional C storage is ~0.2·106 t C/year in a 20 
years scenario (i.e. 7 to 20% of the total potential 
additional C storage in France). The amount of 
wastes being composted could be much higher (x 
10?) if the landfilling prices in France strongly 
increase. 

For the second hypothesis, it means a 0.6 t C/ha/year 
additional C stock accumulation (in the 20 years 
scenario). 

                                                 

68  D. Arrouays, J. Balesdent, J.C. Germon, P.A. Jayet, 
J.F. Soussana, P. Stengel; October 2002. 
Contribution à la lutte contre l'effet de serre - stocker 
du C dans les sols agricoles français ? Expertise 
collective. Rapport d'expertise réalisé par l'INRA à la 
demande du MEDD. 
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At European level, the ECCP - Working Group "Sinks 
related to agricultural soils" listed several measures for 
increasing soil C inputs which can enhance C 
sequestration. (ECCP (European Climate Change Programme) - Working Group 
"Sinks related to agricultural soils", Final report 

(http://europa.eu.int/comm/environment/climat/agriculturalsoils.htm)Among them, 

there is better use of a) animal manure, sewage sludge or 
compost (by applying all available material on cropland 
instead of grassland) and b) crop residues (Table 10). 

 

Table 1: Actual estimated C storage potential from exogenous organic matter in France 

Biodegradable wastes Produced quantities of 
biodegradable wastes (103 
t/year) 

K1 
(estimated from ISB) 

Total produced C (103 t 
C/year) 

Annual C storage potential in 
soils 
(103 t C/year) 

-Urban sewage sludges composts 110 0.3 (0.2-0.5) 18 19.1 
-Green wastes composts 900 0.7 (0.6-0.8) 117 64.4 
-Separately sorted households biowastes 
composts 

40 0.6 5 2.4 

-MSW composts 630 0.7 83 9.9 
Total urban 1 680  223 95.8 
Animal effluents 275 000  25 000 5 800 
 (of which 86% manure) 236 000  22 656  

Table 2: Measures for increasing soil C stocks in agricultural soils and potential yearly soil C sequestration rates 
in Europe 

Measure Potential soil C 
sequestration rate  
(t CO2.ha-1.y-1) 

Estimated 
uncertainty (%) 

Ref. / 
notes 

Limiting factor Soil sequestration 
potential (106 CO2.y

-1) 
given limitation 

Ref. / 
notes 

Animal manure 1.38 > 50% 1 Manure available = 385.106 t dm.y-1 86.83 4 
Crop residues 2.54 > 50% 1 Surplus straw = 5.3.106 t dm.y-1 90.46 5 
Sewage sludge 0.95 > 50% 1, 2 Sewage sludge available in the mid-time 

(2005) = 8.3.106 t dm.y-1 
6.30 6 

Composting 1.38 or higher >> 50% 3, 2 Potential production of composted 
materials present in MSW = 13 to 22.106 t 
dm.y-1. Figures include processing of 
biowaste from agro-industrial by-products, 
but neither manure, nor crop residues. 

11 7 

 

-1. Smith et al. (2000); per hectare values calculated 
using the average C content of arable top soils (to 30 cm) 
of 53 t C.ha-1; Vleeshouwers and Verhageb (2002), cf. 
table 5. 

-2. The sequestration values are based on a load rate of 1 
t ha-1.y-1, which was the lowest safe limit in place (in 
Sweden) at the time of analysis for this figure (1997). A 
higher loading rate would give a higher sequestration rate 
per area. As the limiting factor for the application of 
compost is the amount of producible compost, a higher 
loading rate on a certain area would imply that a more 
limited area could be treated. 

-3. Assumed to be the same as animal manure figure of 
Smith et al. (2000). 

-4. Total figure for EU15 calculated from figures in Smith 
et al. (2000). Total amount of manure available from 
Smith et al. (1997). 

-5. Total figure for EU15 calculated from figures in Smith 
et al. (2000). Total amount of surplus cereal straw 
available from Smith et al. (1997). 

-6. Total figure for EU15 calculated from figures in Smith 
et al. (2000). Total amount of sewage sludge available 
from Smith et al. (1997) and European Commission 
(1998). 

-7. Total figure for EU15 based on per ha value assumed 
to be the same as animal manure, though the stabilisation 
of organic matter that occurs throughout composting 
should affect positively its tendency to humify instead of 
being mineralised. Values of 1st figure: total compost dry 
matter excluding sewage sludge derived compost figure 
of 160.106 t dm.y-1 from Hargreaves (2001). For the 2nd 

figure, total compostable materials in MSW (excluding 
sewage sludge and agro-industrial by-products) from DHV 
(1997) and EEA-ETC waste (2002), do not include other 
biodegradable materials, such as paper, which are 
compostable but usually get recycled as secondary raw 
materials in the same sector. No reliable and comparable 
EU-wide estimate is available for agro-industrial by-
products (dairy industry, wood processing industry, paper 
factories, wine processing industry, etc.) though in some 
country-specific surveys the quantities of compostable 
waste thereof is reported at 1 upper order of magnitude. 
This would imply a ten-fold magnitude, or so, of 
achievable effects. As the limiting factor for this measure 
is the amount of compost producible, the overall 
sequestration potential is rather independent on the 
loading rate per area. 

The factors limiting C sequestration in soils are sink 
saturation, non-permanence of sequestration (soil C is 
lost more rapidly than it accumulates if agricultural 
management or land use change) and availability of 
suitable land / soils and resources. In the case of sink 
saturation, if it is assumed that organic material, such as 
compost, manure or sewage sludge, is continuously 
applied over an extended period at a constant cost, the 
cost efficiency of this measure would be initially high due 
to a high sequestration rate. The cost efficiency is 
expected to decline with lowered sequestration rate. 
Finally, the measure, and the costs linked to it, have to be 
maintained only to keep an elevated C level in the soil, 
without a continued net sequestration. In the case of 
availability, the restrictions in application of nutrients 
under the Nitrates Directive may limit the amounts of 
manure and sewage sludge than can be applied to land. 

Furthermore, the introduction of composts in organic soil 
improvers, mulches and growing media allows to preserve 
peat and, consequently, C stocks (i.e. peat-bogs).
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ANNEX IV 

HEAVY METALS LOADS IN FRENCH SOILS 

Soil application of biodegradable wastes is not the only cause of a potential increase of heavy metals in soil as the 
examples in Tables 1 to 3 clearly show. 

Table 1: Comparative rates and loads of Cu inputs into French soils69 

  Land surface (%UAA) Mean level of Cu (mg.kg-1 
dm) 

Cu rates 
(kg.ha-1.y-1) 

Cu annual loads (t.y-1) 
over France 

 Urban sewage sludge 1 to 4% 334 0.668 165 
 MSW compost 0.1% 164.4 0.822 47 

Greenwaste compost 0.2% 50.8 0.254 14 Biodegradable 
wastes Households biowaste compost 0.02% 87.8 0.439 1 
 Animal effluents 20-25% Ex.: 52 cattle; 730 pigs 0.7 cattle; 2.3 pigs 4 460 (all an. effl.) 

P fertilisers 80-90% / 0.004 102 Agricultural 
practices Cu fungicides ~3% (vineyards & 

arboriculture) 
/ 0.8 to 14 752 to 13 152 

Atmospheric 
depositions 

 100% / 0.006 to 0.015 185 to 462 

 

Table 2: Comparative rates of Cd inputs into French soils 

 Cd rates (g.ha-1.an-1) 

Urban sewage sludge70 1.9 to 2.4 

P fertilisers71 1.75 to 3 

 

Table 3: Estimation of trace elements inputs by major sources in French soil72 

Trace elements Cu Zn Cd Pb 
Total quantities 5 300 t.y-1 3 200 t.y-1 68 t.y-1 8 300 t.y-1 
Urban wastes 5% 28% 7% 3% 
Agricultural wastes 19% 70%   
Fertilisers and pesticides 76%  89 %  
Atmospheric deposition  2% 4% 97% 

 

Table 1 shows that: 

♦ Cu comes essentially from pesticides (i.e. cupric fungicides) (76%), and also from animal effluents (19%), 

♦ Zn comes mainly from animal effluents (70 %), and from urban wastes to a lesser extent (28%), 

♦ Cd is essentially linked to mineral fertilisers (i.e. phosphates) (89%), and also to urban wastes (7%), 

♦ Pb comes mainly from atmospheric deposition (97%). The decrease of lead content in fuels 
should strongly reduce this contamination source. 

                                                 

69  L. Brun et I. Feix, 2001. Contamination des sols agricoles par le cuivre : certaines pratiques culturales 
y contribuent plus que d’autres … unpublished. 

70  The Cd levels in sewage sludge vary from 1.6 mg.kg-1 dm (4218 samples; Etude ADEME, laboratoires 
Wolff Environnement et laboratoire SAS, 2001) to 2 mg.kg-1 dm (60 samples; Etude AGHTM, 
MEDD, ADEME, Anjou Recherche, SAUR et Ondéo Service, 2002). 

71  Lettre de l’UNIFA n°7, juillet 2002. 
72  Bourrelier P.H. & Berthelin J. (coordonnateurs), 1998. Contamination des sols par les éléments en 

traces : les risques et leur gestion. Rapport n° 42 de l’Académie des sciences. Lavoisier Tec & Doc. 
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ANNEX V 

THE APPLICATION OF THE PRECAUTIONARY 
PRINCIPLE TO EXOGENOUS ORGANIC MATTER 

1. INTRODUCTION 

The use of a generic “precautionary principle”, during the 
last thirty years, has entered national and international 
legislation, but it only aroused public opinion in 1992. The 
most widely accepted definition of the precautionary 
principle comes from Principle 15 of the Final Declaration 
of the United Nations Conference on Environment and 
Development held in Rio de Janeiro (1992) which states 
that: 

”In order to protect the environment, the precautionary 
approach shall be widely applied by States according to 
their capabilities. Where there are threats of serious or 
irreversible damage, lack of full scientific certainty shall 
not be used as a reason for postponing cost-effective 
measures to prevent environmental degradation”. 

By then, the precautionary principle had been integrated 
into numerous international conventions and agreements 
including, among others, the Maastricht Treaty on the 
European Union (1992), playing an increasing role, all 
over the world, in developing environmental policies. At 
the same time, the issue of when and how to use the 
precautionary principle has given rise to much debate. 
This is mainly due to the perception that, sometimes, a 
simplified approach to the precautionary principle could 
allow the adoption of arbitrary decisions and the use of 
non-scientific issues to overrule scientific evidence. The 
scientific community has therefore started to demand and 
help to develop methodologies for the application of the 
precautionary principle, which is not rejected as it is, but 
which is rejected when it is used as a working tool for 
taking arbitrary decision. The risk is that the precautionary 
principle could be interpreted either as the application of 
common sense or, as a basic general law aiming at the 
avoidance of the remotest possibility of harm whenever a 
new hazard-harm relationship is proposed (Rogers, 
2001). According to this interpretation, the precautionary 
principle could prevent most activities in our modern 
society.  

The essential problem is, therefore, the possible misuse 
of the precautionary principle and a critical issue is to 
decide under which conditions it should be applied. Of 
course, the precautionary principle cannot be invoked on 
every occasion that scientific uncertainty exists since 
there is always a degree of uncertainty. 

2. THE COMMUNICATION OF THE COMMISSION ON THE 
PRECAUTIONARY PRINCIPLE 

An important contribution to the ongoing debate on the 
interpretation of precautionary principle and on general 
criteria for its application, has recently come from a 
Communication of the Commission of the European 
Communities (2000) which stressed the need of 
considering the precautionary principle within a structured 
approach to the analysis and management of risk. 

The main aims of the Communication are to establish a 
common understanding of the factors leading to the 
application of the precautionary principle, its place in 
decision making, and to establish coherent guidelines for 
its application. Application of the precautionary principle 

presupposes, according to the Communication, the 
following two points: 

- identification of potentially negative effects 
resulting from a phenomenon, product or 
procedure, 

- a scientific evaluation of the risk which, 
because of the insufficiency of the data, their 
inconclusive or imprecise nature, makes it 
impossible to determine with sufficient 
certainty the risk in question. 

So, the identification of appropriate actions and/or 
measures based on the precautionary principle, should 
always start with a scientific evaluation of available data 
and, whenever necessary, as complete as possible exam 
of evidences, identification of gaps in knowledge and of 
scientific uncertainties. Once the scientific evaluation has 
been made, it may provide the basis for the application of 
the precautionary principle. The application of the 
precautionary principle is ruled by the observations of five 
different principles (usually applied to all risk management 
measures).  

The five general principles are: 

- proportionality, 

- non-discrimination, 

- consistency, 

- examination of the benefits and costs of action 
or lack of action, 

- examination of scientific developments. 

2.1 Proportionality 

According to this principle, measures based on the 
precautionary principle cannot be disproportionate to the 
desired level of protection. Furthermore, they must not 
aim at “zero risk”,  which is, in practice, unattainable. The 
full respect of this principle does not allow, in many cases, 
the total ban of a product or a technology since it could 
not be considered as a proportionate response to a 
potential risk. 

2.2 Non-discrimination 

The principle of non-discrimination refers to the need of 
treating comparable situations in the same way unless 
there are objective reasons for not doing so. All measures 
taken invoking the precautionary principle should never 
apply different treatments in an arbitrary manner. 

2.3 Consistency 

The consistency principle states that measures should be 
consistent with measures already taken in similar 
circumstances and/or adopting similar approaches. In 
other words, if the absence of  sufficient scientific data 
makes it impossible to determine the level of risk, 
measures adopted under the precautionary principle 
should be comparable with those previously taken in 
comparable situations where scientific data are available. 
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2.4 Examination of the benefits and costs of action 
and lack of action 

Any measure adopted should be examined in terms of 
benefits and costs of action and lack of action. Whenever 
feasible and appropriate, economic cost/benefits analysis 
should be carried out. In some circumstances, decision-
makers can be driven by non-economic consideration. 

2.5 Examination of scientific development 

Measures should be maintained as long as scientific data 
are imprecise or inconclusive and as long as the risk is 
considered too high to be acceptable to or imposed on 
society. Anyway, results of scientific research could make 
it possible to complete risk evaluation and, if necessary, 
to review measures adopted under the precautionary 
principle.  

The above guidelines were intended to provide a 
politically transparent application of the precautionary 
principle and to stimulate debate on precautionary 
principle. Indeed, with these guidelines the Commission 
also stated that measures resulting from the application of 
the precautionary principle must comply with general 
principles applicable to risk management.  

The interesting review on risk evaluation and risk 
management by Renn and Klinke (1999) gives an 
important contribution to the issue of risk classification 
and strategies for rational risk management. 

3. RISK EVALUATION AND RISK CLASSIFICATION 

According to Renn and Klinke (1999), the main criteria for 
risk evaluation are the following: 

Extent of damage: magnitude of negative consequences 
of human activities or events, 

Probability of occurrence: regards events of damage 
where information about the frequency of the event are 
given, but where the precise time is still uncertain, 

Certainty of assessment: degree of reliability associated 
to the assessment of the extent of damage and probability 
of occurrence, 

Ubiquity: refers to the geographic dispersion of potential 
damages, 

Persistency: regards the temporal extension of potential 
damages, 

Reversibility: regards the possibility of restoring the 
situation at the state before the occurrence of the 
damage, 

Delay effect: refers to the long time of latency between 
the occurrence of the initial event and the real impact of 
damage, 

Potential of mobilization: the violation of interests and 
values of individuals and/or social groups which 
generates conflicts and reactions by individuals and 
groups who feel to bear the burden of risk consequences. 

Taking into account the extent of damage and the 
probability of occurrence as central criteria for starting a 

rational process of risk evaluation, three categories of risk 
can be distinguished:   

- the normal area, 

- the intermediate area , 

- the intolerable area. 

Risks belonging to the normal area are characterised by 
little statistical uncertainty, low catastrophic potential, low 
values for the criteria of persistency and ubiquity of risk 
consequences and by the reversibility of risk 
consequences. Due to their low complexity, risk 
evaluation major tool for normal risk is risk-benefit 
analysis. The intermediate and intolerable area cause 
more problems. In these cases, the certainty of 
assessment is contested, catastrophic potential can be 
high and no sufficient knowledge about distribution of 
consequences is available. Risk-benefit ratio is 
inadequate because it is not possible to exclude high 
magnitude negative consequences and precautionary 
strategies of risk control (e.g. new strategies of 
containment and risk avoidance) prevail. 

The use of the eight criteria reported above could take to 
the identification of a huge number of risk types which 
would not be useful for the purpose of defining a 
manageable risk classification. So, different risks are 
grouped according to one or more criteria for which they 
reach the extreme values of their range of variation. This 
classification leads to six risk classes which were 
identified by names from the Greek mythology.  

Many different technological risks can belong to each 
category of risk and the examples reported below cannot 
be considered exhaustive.  

Risk class “Sword of Damocles” 

According to the mythology, Damocles was invited for a 
banquet by his king, but his seat at table was just under a 
sharp sword hanging on thin thread. The risk symbolised 
by the Sword of Damocles refers to the possibility that a 
fatal event for Damocles could occur at any time even if 
the probability is very low. So, this risk class is relative to 
risks sources that are characterised by very high potential 
of damage, but low probability of occurrence. Risk 
technologies like large-scale chemical plants and dams 
belong to this class of risk. 

Risk class “Cyclops” 

Cyclops were enormous giants with only one eye. With 
only one eye, only one side of reality can be observed. 
Applied to risks it refers to source of risk of which it is 
possible to ascertain either the probability of occurrence 
or the extent of damage, while the other component 
remains uncertain. Risks belonging to the risk class 
Cyclops are those whose extent of damage can be 
estimated while the probability of occurrence remains 
uncertain. Usually natural events like earthquake, floods 
and volcanic eruptions belong to this risk category. 

Risk class “Pythia” 

In case of uncertainty, ancient Greeks used to ask their 
oracles. Pythia, one of the most famous prophetess, used 
to make ambiguous prophecies regarding great danger 
whose extent and allocation of damage and probability of 
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occurrence remained substantially uncertain. BSE and 
risks associated to human interventions in ecosystems 
belong to this risk class. 

Risk class “Pandora” 

Pandora received by Zeus a box containing evils and 
complaints. As long as the evils and complaints stayed in 
the box, no damages had to be feared, but once the box 
was opened all evils and complaints were released and 
spread persistently all over the world. This risk class is 
characterised by uncertainty in terms of extent of damage 
and probability of occurrence and by a high degree of 
persistency. The production and use of persistent organic 
pollutants can be considered typical example of this risk 
category. 

Risk class “Cassandra” 

Cassandra, prophetess of the Troys, predicted the victory 
of Greeks but was not taken seriously by her people. In 
this class are grouped all risks of which extent of damage 
and probability of occurrence are known and high. 
Moreover, typical of this risk class is a long period 

between the initial event and the moment in which the 
damage impacts on the ecosystem. An example of this 
risk class is the anthropogenic climate change (in the 
broad sense of industrial and soil management derived 
emissions). 

Risk class “Medusa” 

Medusa was one of the three terrifying sisters whose 
appearance turned the beholder to stone. Some of the 
new technologies have the same terrifying effect on 
modern people who reject these innovation despite the 
fact that they can hardly be scientifically considered 
harmful. The characteristic of this risk class is that risk 
sources are unreasonably refused by people (high degree 
in Potential of mobilisation). Risk experts usually locate 
these risk in the normal area and the only way to combat 
the fear they generate is to improve communication in 
public with effective scientific argumentation. 
Electromagnetic fields are considered a typical example 
of this typology of risk. 

A schematic taxonomy of different risk classes and their 
main characteristics is reported in Table A. 

Table A. Schematic taxonomy of risk classes (by Stirling, 1999, modified) 

NAME PROBABILITY MAGNITUDE OTHER EXAMPLES 
Medusa Low Low High mobilisation Electromagnetic fields 
Damocles Low High  Large chemical plants, dams 
Cassandra High High High delay Anthropogenic climate change 
Cyclops Uncertain High  Earthquake, volcanic eruption 
Pythia Uncertain Uncertain  BSE 
Pandora Uncertain Uncertain High persistence Persistent organic pollutants 

(POPs) 

 

4. DIFFERENT STRATEGIES FOR DIFFERENT RISK CLASSES 

The main aim of this classification is to provide a tool to 
risk manager for the definition of specific strategies for 
each risk class. Once the criteria characterising different 
risks are known, it is possible to individuate the 
appropriate strategies for moving risks from the 
intermediate area to the normal area where they can be 
managed by science-based measures. On the basis of 
what stated above, only Pythia and Pandora risks require 
precautionary strategies. Support to basic research, 
subsidies for developing alternative production systems, 
technology transfer, training and strict liability if necessary 
are some of the precautionary instruments available. 

Risks belonging to Damocles and Cyclops need a 
combination of science-based and precautionary 
strategies. Technical measures for reducing disaster 
potential and for calculating the probability of occurrence 
in case of high uncertainty, national and international 
monitoring, implementation of strict liability can be 
considered appropriate measures for these typologies of 
risk. 

Cassandra and Medusa risks represent the classes of risk 
which, for different reasons, should be managed by 
discursive strategies. Cassandra risks, being 
characterised by a long period of time between the initial 
event and the occurrence of damage, need environmental 
education, code of conduct and strengthening long-term 
responsibility for building up consciousness about long-
term hazard. On the other hand, Medusa class represent 
risks of which certainty of assessment is considered 
satisfactory. The main criteria characterising this typology 
of risk is the potential of mobilisation. People are 
frightened by these risk sources and refuse to accept, 

irrationally, the technology which is the cause of their fear. 
Instruments of confidence building and support to basic 
research to improve certainty of assessment are 
measures set to inform correctly people about the real 
probability of occurrence and extent of damage.  
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ANNEX VI 

TECHNICAL RECOMMENDATIONS 

1. Soil improvement 

Dealing with the application of exogenous organic matter, 
it is important to underline the need of  adapting the 
choice of organic material and relative quantities applied 
to any specific cropping systems and soil, since not all 
types of exogenous organic matter have the same effects 
and influence, in the same way, soil functions. Table 1 
gives some examples of choice of organic wastes or 
residues as a function of cropping systems. 

Table 1: Choice of organic wastes or residues needed in different cropping systems 

Cropping system Needed organic matter 

Market gardening (vegetables) Rapidly mineralised organic matter is needed but regular application of long term organic matter is required to maintain soil 
texture and structure characteristics. 

Cereals, maize, sugar beet 
cultures 

Usually crop residues are returned to soil, but they do not compensate for the outputs. Long term organic matter is then 
needed to maintain the soil humus level, appropriate pH management will herewith induce long term soil improvement. 

Vineyards The vineyards soils have generally very low soil organic matter levels (0.7% in SE France for example) and the living soil 
organisms are very rare. Further more, erosion is common. In many areas, stabilised organic matter used as mulch is then 
needed. For plantation, long term organic matter is needed, except in calcareous soils where less advanced organic matter 
could be incorporated. To enhance the biological activity, short term organic matter may be necessary. 

Arboriculture There is almost every time grass under trees. The grass cuts do not participate to the increase of soil humus, but may induce 
surface soil acidification. Short term organic matter is necessary, but regular use of long term organic matter is required to 
maintain soil humus level. In acidic soils, advanced and stabilised organic matter is needed along with calcareous soil 
conditioners. 

  

The choice of the added organic matter will depend on 
the soil properties (see Table 2): 

- In clay soils, as organic matter evolution is slow and 
progressive, the release of mineral elements will 
also be slow and progressive. Short-term organic 
matter is necessary to obtain a “starter” effect, the 
added quantities have to be low but regular. This 
organic matter will stimulate the soil living 
organisms and then activate mineralisation. The 
humus reserves of the soil will decrease and it will 
be then necessary to incorporate long-term organic 
matter (big quantities at once, for example just 
before plantation for permanent culture). This will 
contribute to improve or maintain the soil structure 
and its water retention capacity. 

- In sandy soils, as the evolution of organic matter is 
rapid, long term organic matter is regularly needed 
and in little quantities. 

- Weak filtering soils, as the evolution of organic 
matter is slow, need to be stimulated by short-term 

organic matter. However, as the soil humus stock 
must not be neglected, long-term organic matter is 
regularly necessary. 

-  In filtering soils, as the evolution of organic matter 
is rapid, regular application of long-term organic 
matter is more adapted to limit leaching risks. 

- In calcareous soils, biological activity is more 
important than in acidic soils, but it could be 
necessary to stimulate it. In this case, short-term 
organic matter could be used. But if these inputs 
become frequent, adding long-term organic matter 
could be needed to avoid depleting the soil humus 
stock. 

- In acidic soils, as the CEC is low, long-term organic 
matter is needed to improve the CEC and to 
compensate the pH decrease due to the use of 
short-term organic matter. Soil acidity could also be 
corrected by adding liming materials as soil 
conditioners. 

Table 2: The different actions of organic matter addition depending on soil nature73 

Soils  Clay Sandy Loamy Calcareous 
nutrition effect (1) (1) (1) (1) 
water retention  +   
CEC increase  +  + 
biological activity + + + + 
structure improvement  + +  
mechanical properties +    

(1) There is a nutrition effect if the level of the initial soil fertilisation is weak or average. + Significant effect. 
 

                                                 

73  J. Boiffin (INRA France), 1973. 

Soil improvers are materials of any origin that can be 
added to the soil to improve its physical condition without 
harmful effect. Within this category there are three sub-
divisions: 

- Soil conditioners which are incorporated into 
the soil to stabilise structure, improve water 
retention or soil workability; 

- Mulches which are laid onto topsoil in order to 
reduce moisture loss, control weed growth, 
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improve visual appearance, improve bearing 
strength or minimise erosion; 

- Planting material to improve the physical 
condition within the planting pit for trees and 
shrubs. 

Effect of EOM on structural stability of soils 

Soils are made of aggregates of different sizes, which are 
linked the ones to the others by organic and inorganic 
compounds (such as Fe and Al oxides). Each size of 
aggregate is associated to a specific type of SOM and 
three main SOM may be distinguished : 

- The persistent OM, which are humified and 
which are responsible for the stability of very 
fine aggregates (2 to 20µm). The induced soil 
structure is very stable and is not much 
affected by agricultural practices.  

- The transient OM, which are root exsudates 
and microbes polysaccharides and which are 
responsible for the stability of medium size 
aggregates (20 to 250µm). These aggregates 
are considered as resistant to the main 
actions of degradation of soil structure 

(climate and soil work). The duration of the 
action of these MO is several weeks. 

- The temporary OM, which are roots, 
mycelium hyphas, mycorhizes and eventually 
particular OM under degradation. These OM 
are responsible for the stability of coarse size 
aggregates (>200 to several mm). The 
duration of the action of these MO is several 
months and is very sensitive to agricultural 
practices. 

Each EOM may have a different effect on the soil 
aggregate stability depending of the nature of the OM it 
contains (figure 1). Composts may bring persistent OM to 
soil and thus have a long-term effect on the stability of 
soil. The OM of most of urban sewage sludge is mainly 
made of soluble organic compounds (polysaccharides, 
proteins), whereas ligno-cellulosic compounds are less 
than 30% and lipidic compounds are 5 to 20%. Then, the 
incorporation of sludge will improve the structural stability 
of soil, by enhancing the biological activities (which leads 
to the cementation of mineral particles by microbial 
polysaccharaides and by fungia hyphas), this effect will 
be more or less transient or temporary and repetitive use 
of sludge should be necessary to maintain this 
improvement. Crop residues will bring particular OM.  

Figure 1 : effect of various EOM on the aggregate stability of soils 

Effect of EOM on compaction of soils 

EOM have different effects to the compaction, depending 
on the nature of OM. The coarse particular OM, brought 
by crop residues and straw, will have a dilution effect and 
will induce the decrease of the soil density and thus the 
decrease of its compaction. Sludge and manure, which 
improve the structural stability of soil, by enhancing the 
biological activities, will improve the resistance of soil to 
compaction on the short-term. Composts which have a 
long-term effect on the stability of soil, will also improve 
the resistance of soil to compaction. The regular use of 
organic amendments, such as manure, induces a 
decrease of the soil density (mainly due to the indirect 
effect of the stimulation of earthworms bioturbation, on 

the increase of porosity and permeability). Limed sludge 
may also improve the hydraulic conductivity in loamy soils 
(via the floculation effect of Ca2+). 

2. Fertiliser value 

The EOM used in agriculture have an extremely variable 
N and P composition, due to their origin, their nature, the 
process involved in their treatment (anaerobic digestion, 
composting, etc.), the process involved in the 
transformation of the agricultural products (case of food 
industry), the breeding system and the age of animals 
(case of manure and slurries), etc. (table 3). 

Aggregate 
stability 

Time 
Weeks  Months Years  

Buried cover crop 
Unstable EOM (slurry, sewage sludge…) 

Mid-stable EOM 
Straw  

Stable compost 
Farmyard manure 

Phenomena  Microbial growth  Biomolecule
s  

Humic substances  
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Generally the nitrogen contained in the EOM, may be 
under two forms: organic N and mineral N (NH4

+ and in 
some composts a nitric form (NO3

-) also exist).  

The NH4
+ from EOM may be rapidly transformed in a 

bioavailable form for plants after nitrification in soil after 

landspreading. The organic N of EOM may also be 
transformed in a bioavailable form after degradation of the 
EOM in the soil (mineralisation). The part of the organic N 
which is not mineralised is incorporated in the SOM and 
may then contribute to the storage of OM in the soil. 
(figure 1). 

 

Table 3: average N-total, P-total, organic N and N-NH4
+ content of various EOM74,75,76,77,78,79 

EOM N-total 
g.kg-1 (dm) 

N-NH4
+ 

%N-total 
organic N 
g.kg-1 (dm) 

N efficiency the 1st year P-total 
g.kg-1 (dm) 

P CRU 

Sludge   20-40 a 

urban & food-industry 
10-90% 

urban 
8-33 e 

urban 
2.5-13.2 e 

urban 
♦ Liquid urban sewage sludge 10-70 c 2-70% c  15-90% c   
♦ Pasty urban sewage sludge 15-55 c <10% c  10-50% c   
♦ Solid urban sewage sludge 10-35 c <5-20% c  15% c   
♦ Dried urban sewage sludge 35-60 c 10-15% c  25-45% c   
♦ Limed urban sewage sludge / /  30-40% c 17-23 e  
♦ Dairy sludge 60-150 c 10-15% c  / 33 e  
♦ Brewery sludge 39-44 c /  / 2 e  
Composts     15-20 a  5-15% 

green waste, biowaste, 
manure 

  

♦ Green wastes 15.5 b   / 3.3 b  
♦ Biowastes 15.5 b   / 4.1 b  
♦ MSW 12.5 b   / 2.9 b  
♦ Sewage sludge 22.0 b 

15-26 d 
/ 

1.6-15.5% d 
 <50% c 18 b 

9.1-18 d 
 

♦ Manure and slurries 21.5 b   / 13.5 b  
Slurries and manure   15-25a 60-70% 

slurries 

30% 
bovine manure 

  

♦ Bovine manure 12.6-28.6 f 10% f   2.3-6.8 f  
♦ Horse manure 15.2 f /   2.6 f  
♦ Ship manure 22.3 f /   5.9-6.2 f  
♦ Goat manure 12.7-13.6 f /   4.8-5.1 f  
♦ Pig manure 21.9-32.7 f 10% f   9.4-17.3 f  
♦ Poultry manure 28.6-45.7 f 70% f   11.3-20.4 f  
♦ Bovine slurries 31.4-47.3 f 25-78% f   5.3-9.2 f  
♦ Pig slurries 55.0-103.2 f 56-65% f   22.7-34.1 f  
♦ Poultry slurries 28.2-74.1 f 21-70% f  Up to 65% f 15.8-41.8 f  
♦ Straw (wheat, oat, barley, corn) 5-13 f    /  
Food-industry effluents*   0.1-0.5a    

CRU=real use coefficient (quantity of P in the plant coming from EOM / total quantity of P incorporated in the soil) 
* = liquid and solid sludges, effluent from and earthy waters from sugar refinery and distilling industries, waters from an alfalfa dehydration plant 

                                                 

74 a Nicolardot B., Parnaudeau V., Génermont S., Morvan T., Hénault C., Flura D., Robert P., Marcovecchio F., Linères 
M., Morel C., 2003. Disponibilité en azote des effluents urbains, agro-industriels et issus d’élevage. In : Les dossiers 
de l’environnement de l’INRA n° 25 « AGREDE – Agriculture et épandage de déchets urbains et agro-industriels ». 

75 b Charonnat, Déportes, Feix, Mérillot, 2001. Approche de la qualité des composts de déchets en France. Résultats 
d’une enquête en 1998. ADEME, Anjou Valorisation. 

76 c Bourgeois, Michelin, Fumery, Wiart, 1996. La valeur azotée des boues résiduaires des stations d’épuartion urbaines. 
ADEME, INAPG, ADEPRINA. 

77 d Jeuch, Joly, Sage,Wiart, 2000. Composts de boues de stations d’épuartion municipales : qualité, performances 
agronomiques et utilisations. ADEME, Recyval. 

78 e Sommelier, Morel, Morel, Wiart, 1996. La valeur phosphatée des boues résiduaires des stations d’épuartion 
urbaines. ADEME, INRA, ENSAIA. 

79 f Leclerc B., 2001. Guide des Matières organiques. 2ème édition. ITAB édition. 329 p. 
 

The 1st year N efficiency is generally much greater for 
sewage sludge and slurries than for composts, while 
manure has a intermediate behaviour (table 3). As an 
example, for biowaste and yard waste composts, the 
immediate N-effect in the first year is less than 15% (5-
15%) of the N total-supply by compost followed by 2-8% 
year-1 of the remaining compost-N in the following years 
(Amlinger F., Götz B., Dreher P., Geszti J., Weissteiner C., 2003. Nitrogen in 
biowaste and yard waste compost : dynamics of mobilisation and availability 

– a review.). For bovine, the N forms and the 1st year N 
efficiency are very different for slurries and manure (figure 
2). 

The study of the N dynamic after landspreading of EOM 
during a field experiment in a chalk soil in France (table 4) 
showed that the different N forms of the EOM are rapidly 
engaged in transformation processes, but the evolutions 
can be very different from one EOM to another. The 
landspreading of effluents from distilling industries 
induces a net organisation of the N in the soil at the 
beginning (and as a consequence, could induce a lack of 
available nitrogen for crops) and then a remineralisation 
after several months (and as a consequence provides 
back mineral N to the soil). The landspreading of waters 
from an alfalfa dehydration plant induces a net 
organisation of the N in the soil, but the quantities of N 
are very weak. The earthy waters from sugar refinery 
release very few mineral N (5% of the brought organic N). 
For the urban and distilling industries liquid and solid 



 

 

sludge, the net mineralisation represents 40% to 70% of 
the brought organic N and this mineralisation is carried 
out during several months. 

Concerning the phosphorus coming from EOM, it may be 
under two forms: organic P and mineral P (this last form is 
essentially mobile and bioavailable). The main part of 
total P is under a mineral form : 85% for urban sewage 
sludge, 75 to 80% for bovine manure and 85 to 90% for 
biowastes / green wastes and MSW composts. 

The mean concentration of P is quite high in urban 
sewage sludge (20 g.kg-1 dry matter), in pig manure and 
slurries and in poultry slurries. It is weaker in biowastes, 
green wastes and/or MSW composts (3 g.kg-1 dry matter), 
in bovine slurries and in bovine, horse, ship and goat 
manure (table 3).  

In order to produce good quality biowaste the following 
source prevention actions could be suggested (Les boues 
d’épuration municipales et leur utilisation en agriculture. Comité National des 

boues. http://www.ademe.fr/partenaires/boues/default.htm.): 

Actions on the type of sewerage systems: priorities 
for those separating wastes 

In the unitary systems (oldest), rain waters introduce in 
the urban waste waters treatment plants a contaminant 
load which can affect the quality of final sewage sludge 

(Zn, Cd, Pb and PAHs in particular, related to the 
roadways streaming). The separate waste water systems 
(most recent) present the advantage of not introducing 
the mineral or organic contaminant load associated with 
rain flow into the urban waste water treatment plants and 
are thus of importance for the quality of sewage sludge, 
but they are more expensive (two collectors instead of 
one). 

The P phytoavailability of most of urban sewage sludge is 
equivalent to the reference mineral P fertiliser one. 
However, for digested, composted or heat treated sewage 
sludge and for biowaste composts, the P phytoavailability 
may be lower. This temporary decrease may be due to 
interactions with C and N transformations in the soil: a 
microbial organisation of N may fix a part of the P. 
 
Table 4: mineralisation of N brought by different EOM 
in a fields trial in France  

EOM 
Mineralisation of N 
after 12 months (% 

organic N) 
Waste water from dehydration plant - 49% 
Liquid sludge of distilling industry 38% 
Effluents of distilling industry 26% 
Effluents of sugar refinery -2% 
Pasty sludge of distilling industry 58% 
Urban sewage sludge 46% 

(*) a Chalk soil (France, Marne) 

Figure 1: Behaviour of nitrogen after landspreading of EOM 

 

Figure 2 : Compared forms of nitrogen in bovine slurries and manure 
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Figure 3: Behaviour of phosphorus after landspreading of EOM82 in a typical French cultivated soil (kg P.ha-1) 
 
82

 Morel, Linères, Guivarch, Kvarnström, Parnaudeau, Nicolardot, Morel, 2003. Phytodisponibilté et valeur fertilisante du phosphore de déchets urbains. In : Les dossiers de l’environnement de 
l’INRA n° 25 « AGREDE – Agriculture et épandage de déchets urbains et agro-industriels ». 
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ANNEX VII 

TECHNICAL REQUIREMENTS FOR ENSURING GOOD 
QUALITY 

The sewerage systems police force: a responsibility 
for the local authorities 

Any request for non-domestic waste waters connection 
must be the subject of a study of flow and composition 
and must be authorised in the form of an authorisation of 
industrial effluents discharge. It must define the 
admissibility of the effluents in the collective sewerage 
systems, taking into account their characteristics, in 
particular those which relate to the "matters or products 
likely to harm the final disposal of produced sludge". It is 
also necessary to carry out an inventory of the connected 
industries and establishments and the composition and 
the volume of the principal effluents. This system must be 
a dynamic tool for diagnosis of the contaminant effluents 
in the sewerage systems, by identifying the principal 
chemical contaminants emitted by connected activities, 
even by establishing a scale of risks of effluents 
according to the industrial activity type. On this basis, 
programs for the improvement of the quality of the 
effluents can be implemented. The indicator of success of 
such programs could be the quality of the sludge 
produced. 

Prevention of industrial, artisan, commercial, medical 
contamination in the collective sewerage systems 

The waste water treatment should occur in dedicated 
industrial plants (when it is possible) before discharge in 
the collective sewerage systems, the use of processes 
minimising or removing the polluting effluents in the 
sewerage systems ("clean technologies") and the 
collection of “in diffused quantities of toxic wastes” within 
an inter-professional framework are some of the  many 
measure making it possible to prevent certain 
contaminant discharges into the sewerage systems used 
and thus improve the quality of sludge. 

Separate collection of putrescible part of municipal 
wastes instead of unsorted, mixed fraction of 
municipal wastes 

To prevent contaminated inputs in compostible materials, 
it is necessary to collect in a separate way the 
fermentable fractions of the municipal wastes (e.g.: green 
wastes from households and parks, households and 

restaurants food wastes, fruits and vegetables scraps 
from markets and supermarkets). This step enables the 
production of high quality composts (with low contents of 
heavy metals and without undesirable elements such as 
plastics, glass...). 

Reducing quantities of Cu and Zn added to the diet of 
bovines and pigs and improving their bioavailability 
and assimilation 

As approximately 80% of the ingested Cu and Zn is 
excreted in the bovines and pigs faeces, it is necessary to 
reduce the quantities of added metals to their diet and to 
improve the assimilation and bioavailability of these 
metals, in order to reduce their concentration in livestock 
slurries, manure and derived composts. 

Increase consumer responsibility towards the 
environment 

A first possible act, with the range of each consumer, is to 
choose, when buying products, preferably products 
recognised with smaller impact on the environment ("eco-
products"). It is also desirable that the local authorities 
offer solutions to the private individuals for the disposal of 
“special domestic wastes” (the private individuals indeed 
use a certain number of chemicals whose disposal, at the 
end of the lifetime, in the sewerage systems or the 
household wastes, can affect the quality of sludge or the 
produced composts: out-of-date drugs, unused pesticides 
or fertilisers, oils, solvents, left-over paints, wood 
varnishes, etc.). 

Defining thresholds values in biodegradable wastes, 
based on background values of trace elements and 
organic contaminants 

In spite of all the steps to improve quality of 
biodegradable wastes, it is not possible to reach a “zero 
pollutant” level. The background contamination values are 
the lowest contents of contaminants observed at a 
national or European level. With regard to sludge, these 
levels are often found in small rural waste water treatment 
plants with a low connection rate of industries and a low 
urban pollution. These background values can be used as 
reference values to define threshold values being used for 
triggering an active search of the contamination sources 
in the event of the thresholds being exceeded, and thus 
maintaining a regular sewage quality. The same step can 
be applied to composts. 

 

 



 

 

ANNEX VIII 

Glossary 

Anaerobic digestion: the biological decomposition of 
biowaste in the absence of oxygen and under controlled 
conditions by the action of micro-organisms (including 
methanogenic bacteria) in order to produce biogas and 
digestate. 

Biogas: the mixture of carbon dioxide, methane and trace 
gases resulting from the controlled anaerobic digestion of 
biowaste. 

Biodegradable waste (Biowaste): any waste that is 
capable of undergoing anaerobic or aerobic 
decomposition, such as food and garden waste, and 
paper and paperboard. 

Compost: the stable, sanitised and humus-like material 
rich in organic matter and free from offensive odours 
resulting from the composting process of separately 
collected biowaste, which complies with environmental 
quality standards. 

Composting: the autothermic and thermophilic biological 
decomposition of separately collected biowaste in the 
presence of oxygen and under controlled conditions by 
the action of micro- and macro-organisms in order to 
produce compost. 

Digestate: the material resulting from the anaerobic 
digestion of separately collected biowaste, which 
complies with environmental quality standards. 

Green waste: vegetable waste from gardens and parks, 
tree cuttings, branches, grass, leaves (with the exception 
of street sweepings), sawdust, wood chips and other 
wood waste not treated with heavy metals or organic 
compounds. 

Lime treated biowaste: biowaste treated with quicklime 
or hydrated lime. 

MSW (municipal solid waste): waste from households, 
as well as other waste which, because of its nature or 
composition, is similar to waste from households. Or 
waste from households, as well as other waste which is 
within municipality competence. 

MSW compost: stabilised biowaste produced with the 
biodegradable fraction of unsorted municipal waste. 

Residual municipal waste: the fraction of municipal 
waste remaining after the source separation of municipal 
waste fractions, such as food and garden waste, 
packaging, paper and paperboard, metals, glass, and 
unsuitable for the production of compost because it is 
mixed, combined or contaminated with potentially 
polluting products or materials. 

Sanitation: the treatment of biowaste during the 
production of compost and digestate that aims at killing 
organisms pathogenic to crops, animals and man, to a 
level that the risk of carrying disease in connection with 
further treatment, trade and use is minimised. 

Separate collection: the collection of biowaste 
separately from other kinds of waste in such a way as to 
avoid the different waste fractions or waste components 
from being mixed, combined or contaminated with other 
potentially polluting wastes, products or materials. 

Stabilised biowaste: the waste resulting from the 
mechanical/ biological treatment of unsorted waste or 
residual municipal waste as well as any other treated 
biowaste which does not comply with environmental 
quality standards for compost or digestate. 



 

 

ANNEX IX 

Market potential for biodegradable wastes 

Once suitable biodegradable waste is collected (and in 
several cases composted), one may wonder whether the 
waste or resultant product will find a market or a 
beneficial outlet, and thus generate income. Sometimes 
worries are expressed about the capacity of the market to 
absorb this present production. These worries can be 
easily put aside when one considers a number of factors. 

The total arable land available for agricultural purposes in 
the EU amounts to some 88 million hectares (excluding 
permanent grassland, forests and wooded areas). 

If we take the example of compost, the total potential 
production of compost, if all the potentially compostible 
fraction of municipal waste were to be treated in this way, 
is some 22 million tonnes. A typical agronomic use of 
compost on arable land would employ some 10 tonnes of 
dry matter per hectare per year, i.e. 20 tonnes of compost 
per hectare per year. This means that 1.1 million hectares 
of arable land, i.e. only 1.3% of the total, would absorb 
the entire compost production of the EU. 

Of course, this only gives a rough idea of the market 
potential for compost insofar it does not take account of 
local variations due, for example, to the distance between 
the location of the compost production site and farmland, 
to the amount of animal manure locally produced, to the 
need for organic matter addition to the soil which could be 
higher in the south of Europe because of climate 
conditions etc. 

Table 1: Market potential for compost in different Member States of the EU (in %) 

Market outlet A 
2000 

B (Fl) 
2000 

D80,81 

2000/ 
2002 

DK 
2000 

NL 
2001 

I 
2001 

L 
2000 

F 
2000 

Landscaping activities 30 26 35/14 13 10 15 28 19 
Recultivation - 2 13/10 14 -    
Agriculture  + 
special culture 

30 33/38 12 75 33 43 52 

Horticulture 10 

9 

2 8 -   5 
Substrate industries 5 35 2/15 - -  15 
Home gardening 20 19 13/12 43 10 

48 
18  

Export  5 - - 5    
Diverse 5 4 2/11 10 - 4 11 9 

 

                                                 

80  EPEA 2003: Die Rolle der Bioabfallkompostierung in der Kreislaufwirtschaft. Bestandsaufnahe, 
Probleme, Entwicklungspotenziale. 188 Seiten. Hamburg. http./www.epea.com. 

81  VHE Region Nord 2002: Survey of market potential in Germany. In: BGK/BHE (hrsg.): 
Humuswirtschaft & Kompost, 4/02, S. 259-260. 

However, use of compost in open fields is just one of the 
possible market outlets. Other markets are use in 
horticulture (open-air cultivation of vegetables), 
floriculture, home gardening, landscaping activities 
(parks, land restoration, golf courses) and so on (see the 
Table). Just to give an example, Italy imports every year 
some 400 000 tonnes of peat-based materials for 
horticulture, floriculture and home gardening purposes 
and Austria (Florian Amlinger (personal communication, June 2003).) 90 000 
tonnes. Some 30 to 40% of these materials could be 
substituted by compost – and indeed they are in those 
regions where compost is actually produced. These 
market outlets are more profitable for the compost 
producers because peat-based materials have a rather 
high price. Typical prices for compost sold in bulk to 
farmers in Italy are 2.5-7.5 €/t and in Austria 7 €/t for fresh 
compost and up to 15 €/t for fine mature compost, 
whereas one tonne of compost sold for home gardening 
can fetch up to €30 in Italy and between 30 to 60 €/t in 
Austria for blends and substrates. Compost from 
separated collection materials is also used in hobby 

gardening, commercial gardening and as a substrate in 
growing media. 

The potential market for high-quality and product-
controlled compost types constituted by the landscaping 
sector managed by municipalities such as for public parks 
and gardens should not be neglected. Municipalities could 
use the compost produced out of the treatment of their 
own green waste (and of their own sewage sludge) in 
order to avoid to buy soil improvers and growing media on 
the market. This solution must be promoted as it 
consumes less energy (for transport), and consequently is 
less polluting, and as it could save money (less transport, 
no intermediary, replacement of a part of commercial 
product). 

 

 

 



 

 

Figure 1: Compost marketing hierarchy indicating market 
prices and volumes 
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The market for waste-based soil improvers or organic 
fertiliser is not enough developed in all Member States 
and the future of the valorisation of biowastes will depend 
on the capacity of waste collectors and managers of 
waste treatment plants to transform wastes into 
commercial products that are adapted to the market, 
easily handled, distributed by fertiliser and soil improver 
professionals. Generally, it can be recognised that even in 
Member States more advanced in separate collection and 
biological treatment, like Germany, the dreaded problems 
for compost sale did not occur. This is in the first place 
resulting from a good marketing regarding public 
relations, an intensive communication with the compost 
end-user and the existence of quality assurance schemes 
for compost production. 
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Soil Thematic Strategy: Organic Matter and Biodiversity 
 

 
Land Use Practices and SOM 

EXECUTIVE SUMMARY 
 
The content of organic matter in soils is a product of bio-
logically mediated site-specific litter-decomposition sys-
tems, with a direct link to bioturbation, leaching, and hu-
mus stabilization mechanisms. ‘Site-specific’ relates to 
the physical soil environment, chemical properties, cli-
mate and land use history. 

It is without doubt that agricultural land use practices have 
a profound impact on the evolution of soil organic matter 
(SOM). Deforestation, the conversion of forest or perma-
nent pasture to arable land, represents the most drastic 
impact, causing losses of SOM of up to 20-50 % (in ex-
treme case even up to 70%). The vast and intensive culti-
vation throughout Europe (deforestation, drainage, defla-
tion and erosion) has caused immense historical losses of 
SOM. Therefore, even in many nowadays forested areas, 
SOM degraded soils are abundant and offer a tremen-
dous potential to restore SOM given the proper manage-
ment, and therefore to sequester carbon (with typically 
slow rates over a long but limited time perspective).  

In agriculture, the use of external nutrient inputs more or 
less successfully buffers against negative effects of SOM 
loss on soil function. 

Recent research results about SOM trends in agricultural 
soils provide sometimes conflicting results, with some 
studies indicating gains, while others report losses of soil 
organic matter.  

Cultivation in general results in a serious decrease in 
SOM as compared to the natural vegetation, and efforts 
should be aimed at preserving SOM contents in "C hot-
spot soils" (soils with either very high SOM content or 
soils which are very much depleted in SOM). The first 
category hotspot soils includes peat soils and natural 
wetlands, alpine soils, forests, natural grasslands. Espe-
cially peat soils cannot be managed for agriculture without 
large losses of SOM and should therefore preferably be 
“hydro-ameliorated” allowing for natural vegetation to 
develop. The second category includes the de-
graded/eroded dry and semiarid Mediterranean soils 
where modest efforts may lead to a significant increase in 
SOM. Expected effects are improved water use condi-
tions and thus increased plant productivity. This practice 
may then revert degradation processes that often occur in 
these soils, both in agricultural and natural ecosystems 
scenarios. 

Because of the overall positive feedback of SOM-
improving measures with biodiversity, and the mainte-
nance/improvement of soil function, the following prac-
tices shall be especially recommended: 

• a generalized use of catch crops/green manures: 
apart from increasing SOM contents, this practice 
reduces nutrient losses and improves soil structure 

• the creation of buffer strips along the borders of ag-
ricultural fields serves not only as a carbon reser-
voir but reduces at the same time soil erosion, the 
discharge of pesticides and nutrients to waterways 
and increases biodiversity (ecological function) 

• appropriate use of exogenous organic matter (com-
post, manures, slurries) for maximizing soil quality 
whilst  minimizing the risk of contamination. The 
use of exogenous organic matter is a common 
practice in the organic farming practices and there 

is evidence from literature that the set of agricultural 
land use practices that makes up the organic farm-
ing system is in particular able to build-up organic 
matter and increase biodiversity in soil as compared 
to e.g. conventional farming. 

• maximize the use of crop residues as high quality 
unpolluted sources of both nutrients and soil or-
ganic matter. 

• conservation tillage causes a relatively small in-
crease in SOM, but at the same time strongly re-
duces soil erosion by water (in some environ-
ments), improves soil physical properties, increases 
soil biodiversity, and improves energy efficiency of 
agriculture. Possible drawbacks such as increased 
pesticide use should be taken into consideration, 
and more multidisciplinary research under Euro-
pean conditions is needed over a wide range of 
soils and soil conditions. 

 
Agricultural systems are made up of a set of land use 
practices, and these systems will differ in their ability to 
conserve or build-up SOM, depending on the land use 
practices that they consist of.  
 
However, it has to be noted that some of the proposed 
measures may have profound impacts on the economy of 
farms and that compensation may be needed to realise 
these changes (e.g. generalised use of buffer strips, take 
peat soils out of production). 

Forests are still the only managed ecosystems coming 
close to the natural situation, thus forests fulfil important 
retrieval/habitat and preservation functions for flora and 
especially fauna. In forestry, modern ecological silvicul-
ture already took up many positive ecological impacts, 
including the likely regain of soil organic matter of these 
soils which had historically suffered from land use change 
or heavy secondary overuse. The trend in human-induced 
acidification of the 70s until the 90s, which affected most 
of central and northern European forests, has caused 
thick forest floors that represent a risk of nutrient losses 
from pulse mineralisations after harvesting and under 
climate change. Nowadays the atmospheric input of nitro-
gen represents a new risk towards the depletion of humus 
and thus nutrient reservoirs in the biologically available 
humus fraction. In general, clearings should be avoided 
wherever possible, and regeneration methods that use 
mechanical soil preparation, the removal of forest floor 
including ground vegetation, should be conducted as 
sensitive as possible.  

Soil monitoring is needed in order to assess the effects of 
land use change, as well as changes at the level of man-
agement types. The range of methods, indicators, and 
representativity criteria required for such a monitoring 
reaches across various spatial and temporal scales. At-
tention also needs to be paid to reduce the immense gap 
between large-scale inventories and biogeochemical as 
well as coupled ecological-economical sector models. 
Therefore, a sophisticated concept will be needed that 
allows for several measurement intensities, in combina-
tion with a system of management-related reference sites, 
where long-term observations are possible, and where 
sampling quality is high enough to minimize the uncertain-
ties otherwise typical for large scale inventories. 

 



Soil Thematic Strategy: Organic Matter and Biodiversity 
 

 
Land Use Practices and SOM 

1. Introduction 

The soil organic matter (SOM) content is (under steady-
state conditions) the product of carbon input and carbon 
turnover time. Any measure that enhances carbon inputs 
and/or reduces the carbon turnover in soil will lead to 
higher SOM contents. Likewise, reducing the carbon input 
or stimulating the SOM turnover reduces SOM levels. 
Carbon input in agricultural systems is mainly determined 
by productivity and management of residues and ex-
ternal inputs of organic matter. SOM turnover is mainly 
determined by physical conditions (temperature, moisture, 
aeration), chemical properties (quality of organic materi-
als), and biological activity in soil. Additionally, soils re-
duce SOM turnover by various protection mechanisms, 
such as organo-mineral complexation and aggregate 
formation (e.g. Six et al. 2002). Therefore, the SOM con-
tent generally increases with finer soil texture.  

The SOM build-up is enhanced under colder climates and 
water-logged soils, and it has been suggested, that the 
general potential for increasing SOM is determined by the 
degree of saturation of the soils' protective capacity (e.g. 
Hassink and Whitmore, 1997). With respect to land-use, 
soils under permanent vegetation cover in general have 
higher SOM levels due to higher residue inputs (roots and 
root exudates) and limiting conditions for SOM turnover 
(less aeration and moisture compared to tilled soils). 

The Commission’s communication “Towards a Thematic 
Strategy for Soil Protection” has correctly identified the 
risk to continue to loose sustainable SOM levels from 
specialized and intensified agriculture. Traditional prac-
tices to restore SOM from rotational principles in com-
bined livestock-farming systems have been lost. The 
following document therefore focuses on the impact of 
land management on SOM. Table 1 provides an overview 
and classification of the practices treated in this report. 
 

Table 1: Specific management practices with effects on SOM  

Meadow Pasture Forest Land 
use 

Arable land 
Grassland Heathland 

SRWC 
Conifers Mixed Broadleaf 

Crop species    Choice of spe-
cies 

Choice of species 

Tillage regime    Site preparation 

Soil cover        

Management of 
crop residues 

    Management of slash 

 Harvest 
intensity Grazing intensity  Grazing intensity 

   Burning  (Fire management) 

    Rotation length Rotation length 

     Thinning 

     Regeneration regime 

     Harvesting regime/intensity 

Fertilisation (mineral, organic) Fertilisation (mineral), Liming 
Wood ash recycling 

Drainage  Drainage 

M
an

ag
em

en
t o

pt
io

n 

Conversion / natural secondary succession / land restoration 

 
 
Important sources of information were received from ma-
terial provided in the context of C sequestration in the 
political Climate Change debate. Soils are a major terres-
trial carbon reservoir and small changes of SOM storage 
can alter the carbon balance of terrestrial ecosystems. In 
EU 15 agricultural soils, a sink capacity to bind 60-70 Mt 
CO2 yr-1 during the 5 years of the first commitment period 
of the Kyoto Protocol has been estimated (cited from 
ECCP 2003). Using different agronomic scenarios, Smith 
et al. (1998) found that up to 10% of the anthropogenic 
CO2 produced in Europe each year can be sequestered 
as SOC.  In accordance with Lagreid (2002), practices to 
increase SOM should be implemented by intensifying 
agriculture on the “best available land”. 

Despite the slow rates of carbon turnover even small 
increases of SOM will have a large sequestration effect 
given the large proportion of soil and litter pools especially 
in the northern and western Atlantic European countries. 
However, in this report the focus will not be on C seques-
tration as defined in the Kyoto protocol, but is rather con-
cerned with the general functions of soil organic matter 

and how to replenish soil organic matter with respect to all 
these functions (C sequestration is but one of the possible 
functions of soil organic matter). Moreover, there remain a 
lot of uncertainties with respect to C sequestration, such 
as the difficulties in detecting changes in SOC, the tempo-
rary nature of any C sequestration in soils, and the influ-
ence of C sequestration on other greenhouse gas emis-
sions. Indeed, measures to enhance SOM always need to 
take the complete and combined C (CO2, CH4) and N 
(N2O, NOx, NH4) cycle into account. Long-term SOM 
gains may be lost very rapidly when management prac-
tices that increased SOC content are abandoned again 
(Dick et al. 1998).  
 

2. Agricultural land use practices 
2.1. General trends of SOM in agricultural soils 

Cultivation of native land is estimated to account for ca. 
20% of the increase of the current atmospheric CO2 levels 
(Sauerbeck, 2001). A large proportion of the losses of 
terrestrial carbon is related to losses of SOM (ca. 24-
32%). Losses have been especially high under crop man-
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agement introduced at drained organic or semi-
hydromorphic soils (e.g. stagnic Cambisols). However, 
modern agriculture has allowed management of soils 
under stabilized (low) SOM concentrations by also stabi-
lizing or even increasing soil fertility through external in-
puts. 

It is therefore commonly assumed that the current SOM 
levels in cropland and grassland systems under the 
modern intensified agriculture (fertilizer, crop rotations) 
are fairly stable. However, arable soils in Germany, for 
example, have accumulated large amounts of SOM from 
1970 onwards due to deepening of the plough layer from 
<25 cm to ~35 cm depth (Nieder & Richter, 2000). The 
same phenomenon was observed in e.g. the province of 
West Flanders (Belgium) in the period between 1960 and 
1990 (Van Meirvenne et al., 1996).  

Lagreid (2002) in an extensive review also concludes that 
increasing cropping intensity leading to increased yields, 
or reduced fallow periods, and the growth of cover crops, 
will eventually lead to increases in SOM (see also IPCC 
2000). Lagreid (2002) has calculated a SOM build-up rate 
of an average of 0.3 (0-1) t C (or SOM?) per ha after 
evaluating long term experiments. On the other hand, 
there are indications from recent studies that total SOC 
contents of arable land have decreased recently. This 
may be true for both Western European temperate re-
gions and Mediterranean climates (e.g. Sleutel et al., 
2003 for the Flanders region; Rusco et al., 2001 for Eng-
land and Wales; Barančíková, 2002 for Slovakia, Orlova 
and Bakina, 2002 for Russia). The reasons for this de-
crease are diverse and may include the reduction of ap-
plied organic materials/fertilizers, changed composition of 
organic fertilizers (slurry is increasingly applied over ma-
nure), and increased soil erosion.  

The threat to loose SOM differs according to soil proper-
ties and climate: in many countries, especially Mediterra-
nean, soil organic matter concentrations are low by nature 
and more strongly concentrated near the soil surface. 
Under these conditions, the malfunctioning of the soils 
after SOM decrease induced by cultivation may appear 
earlier than in well-structured loamy soils under Atlantic 
climate. SOM-depleted fine textured soils as well as com-
pacted and crusted soils from intensive tillage, irrigation, 
etc. may not only reduce the availability of water and 
enhance the loss of soil (which in consequence will lead 
to desertification), they also become more susceptible to 
further SOM losses. The effect of erosion on global CO2 
emissions, however, is not clear, because only a fraction 
of the SOM in the sediment is directly lost as CO2. Lal et 
al. (1998) estimate that of the organic carbon entrained 
with the sediment, about 20% is emitted into the atmos-
phere due to rapid decomposition/volatilization of the 
carbon exposed by the breakdown of aggregates, while 
on the other hand some of the SOC transferred by ero-
sion is deposited in depression sites (medium turnover 
times) or in marine sediments (long turnover times) (Lal, 
2003). Thus, the negative impact of erosion on SOC lev-
els and thus soil functions is unquestionable, but its as-
sessment from the viewpoint of global carbon sources 
and sinks is more ambiguous.  

A major problem with identifying trends and changes in 
SOC contents of agricultural soils, and indeed for all other 
soils is the difficulty to show statistically significant differ-
ences in SOC changes as a consequence of changed 
management of agricultural soils (e.g. Kucharik et al., 
2003), due to the large uncertainties and extremely high 
spatial variability. Statistically significant differences in 
e.g. trends over time can only be obtained when large 

representative datasets are available (e.g. Sleutel et al., 
2003; Van Meirvenne et al., 1996). 
 

2.2. Optimum/minimum SOM level for agricul-
tural soils 

In order to provide a reference to evaluate the risk of loss 
of soil functions due to losses of SOM requires knowledge 
of sustainable SOM levels that fulfill all important soil 
functions at a particular site. High contents of SOC are 
beneficial in many ways, but may have deleterious effects 
in particular situations because of losses of nutrients 
through nitrate and phosphate leaching. Especially the 
build-up of easily degradable SOM e.g. from incorporated 
manure (into soils with SOM saturated clay fraction) en-
hances the risk for a fast breakdown and accompanying 
nutrient losses. 

Given the huge variation in climate and soil types in 
Europe, it is not possible to put one single threshold value 
for SOC forward. Task group 5 would suggest to try to 
obtain target SOC values for a number of well defined 
regional soil units that should be delineated on the basis 
of the important factors determining SOC levels in soil, 
namely a combination of: climate type (which will differen-
tiate between geographical regions but also altitude), soil 
type (texture) and drainage. This will probably lead to a 
set of hundreds of target SOC values for Europe, but it 
seems the only realistic way to derive these values. We 
therefore stress that a critical value of 2% SOC, which is 
sometimes believed as a threshold beyond which a seri-
ous decline in soil quality would occur (Loveland and 
Webb, 2003) can not be used as a general guideline. On 
the other hand it is very difficult to derive such target val-
ues from monitoring activities, since SOM changes have 
to be observed on a representative sample covering the 
various management practices and site factors on a long 
term basis (new steady state for SOM after change of 
management practices in agriculture might last up 50 – 
100 years).  
 

2.3. Changes in land use  

The following practices are connected with permanent 
changes in land use and are therefore not covered under 
regular agricultural management options. This also in-
cludes the case of cropland planted with perennial 
grasses in the frame of agricultural set-aside.  
 

2.3.1. Conversion of arable land to pasture and 
vice versa 

Conversion of arable land to temporary and permanent 
pasture represents a very efficient means of increasing 
SOM – and thus represents the most effective carbon 
mitigation option (ECCP 2003). The SOM content in old 
pastures is much higher than in comparable arable soils. 
The SOM content in the upper 10 cm of cropped soils in 
the Great Plains (US) was only 60 % of that for native 
pasture soils. Experiments in Canada (Mensah et al., 
2003) showed SOC gain rates of 0.6 to 0.8 tons ha-1 yr-1 
for grassland versus paired cultivated equivalents. 
Vleeshouwers and Verhaegen (2002) simulated an aver-
age carbon flux of 1.44 tons of C ha-1 yr-1 upon conversion 
of arable land to grassland. Numerous other references 
support the large potential of grassland to store SOM 
(Post and Kwon, 2000). Romkens et al. (1999) found that 
within 9 years after installing pasture on arable land 
(maize field), 90% of the organic carbon that was mineral-
ized during maize cropping became then restored. Under 
Dutch conditions, the average SOM content under grass-
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lands was shown to be 2 to 5 times higher than under 
cropland (Kortleven, 1963). However, in Switzerland, 
SOC stocks between arable and permanent grasslands 
(0-20 cm, comparable site conditions) differed only by a 
factor of 1.5 (Leifeld et al., 2003), mainly because of the 
high residue return and the high share of leys in arable 
rotations. On the basis of a meta analysis Guo and Gif-
ford (2002) reported an increase of the soil C stock after 
land use change from cropland to pasture of about 19 %. 
These examples illustrate that the extent of SOM deple-
tion by conversion of pasture into arable land is one of 
the major reasons of the current sequestration potential 
for the conversion of arable land to permanent grassland. 

The conversion of permanent pasture to arable land is 
associated with a rapid loss of SOM (e.g. Smith et al., 
1996; Huggins et al. 1998), which is due to reduced in-
puts of organic carbon into the soil, increased mineraliza-
tion as a result of soil tillage (Sauerbeck, 2001), and soil 
erosion. This is true in particular in areas sensitive to 
erosion (sloping lands) or nitrate leaching. 
 

2.3.2. Bioenergy plantations  

Bioenergy crops (often described as; short rotation in-
tensive cultures (Ulzen-Appiah et al. 2000); short rota-
tion woody crops, SRWC, including short rotation 
coppice) are essentially a substitution of fossil fuels, and 
are not directly aimed at increasing SOM. Whilst bio-
energy plantations relate to the use of fast growing tree 
species (e.g. hybrid popular or willows) with crop rotations 
of 5-20 years (and the land is usually still considered 
agricultural land), short-rotation forestry (on forest land) 
refers to older plantation systems (afforestation and soft-
wood plantations e.g. fast growing pines) and is often not 
connected to land use change (continuous “cropping” 
system on forest land; often after an initial afforestation, 
later as immediate reforestation after complete clearing).  

An extensive review on SOM effects of bioenergy crops is 
given in Grogan and Matthews (2001). In general a posi-
tive effect on SOC can be expected. Land use history and 
kind of crop will have great impact on the amount of C 
sequestration. The results range from a net loss, in par-
ticular after conversion from grassland (Jug et al., 1999) 
to a net gain in SOM. For example, Krondorfer (1990) 
found net gains in SOC compared to corn as prior land 
use. Fertilization had positive effects on carbon gain as 

well. Compared to meadows, SOM was reduced by the 
introduction of SWRC. Increased rotation period in-
creases SOM levels (see also Hansen 1993). Eventually, 
SOM levels may be doubled (Makeschin, 1994). 

As a land use change activity, important positive side 
effects especially regarding biodiversity can be expected 
(e.g. Minor et al., 2002). Krondorfer (1990) reports pro-
nounced improvement of soil structure and increase in 
pore volume in SRWC compared to corn. Similar results 
were found by Tolbert et al. (2002). The positive effects 
may be compensated by soil compaction with heavy har-
vesting equipment. However, all net effects of SRWC on 
soil biodiversity will strongly depend on site preparation, 
rotation, fertilization and herbicide treatment (Minor et al., 
2002) and have to be judged in relation to the cropping 
system replaced. 

If bioenergy plantations are established on fertile land, 
(more or less) productive land for agricultural production 
is lost, and economic and social repercussions must be 
taken into consideration. 
 

2.4. Cropland management 
 
This section is concerned with different cropland man-
agement practices that influence the SOC content. We 
will focus on individual practices (fertilization strategy, 
tillage, residue management, exogenous organic matter 
applications) rather than on farming systems (such as 
conventional farming, integrated farming, organic farm-
ing). Farming systems are defined as a combination or 
set of agricultural management practices, and no man-
agement practice belongs to one single farming system, 
although some practices will be more typical of one farm-
ing system than of another. We will discuss very briefly 
the implication of some farming systems at the end of the 
management practices. 

In agriculture, crop residues (including roots) are practi-
cally the only sources for building SOM. Residue man-
agement, tillage intensity (aeration and disaggregation of 
the soil), application of fertilizers, the frequency and rota-
tion of crops and set aside are the important management 
factors affecting SOM dynamics (by affecting resource 
availability to microbes and consequently plants, and also 
by modifying the physical environment for root growth and 
decomposer activity).  
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Figure 1: Soil organic matter is the key indicator in sustainable soil management 
(according to Baritz, for this report) 

 

2.4.1. Fertilization 

Substantial differences exist between mineral and organic 
fertilization. 

Most studies agree that mineral fertilization increases 
yield, consequently litter input, and consequently SOM 
(e.g. Buyanovsky &Wagner, 1998). However, increased 
yield is the result of a combination of other factors as well: 
new varieties, improved cultivation techniques, increased 
fertilizer use, etc. As an example, Dersch and Bohm 
(2001) have shown SOC increases of 2.1. t ha-1 at aver-
age for optimally mineral N fertilized sites compared to 
unfertilized sites over a 36 year period. There are also 
studies which have not found such increases in SOM 
(e.g. Thomsen et al., 2003), especially on soils with a low 
initial SOC content (Shevtsova et al., 2003). 
Ndayegamiye et al. (1997) stated that long term mineral 
fertilizer application alone actually causes a risk of reduc-
ing SOM. Effects of mineral fertilizer probably strongly 
depend on the initial SOM concentration, climate, crop-
ping cycle, etc. There are important side-effects with the 
use of mineral fertilizers: higher mineral N applications 
increase N2O emissions; the production of mineral N fertil-
izers is very energy consuming, and production of nitrate 
fertilizers from ammonia produce significant amounts of 
N2O with a large GWP1). 

Organic fertilization increases yield as does mineral 
fertilizer. Legume and manure based organic farmed soils 

                                                 
1) GWP: global warming potential 

were shown to have higher capacities for binding organic 
C than conventional mineral fertilized soils (Drinkwater et 
al., 1998).However, the long term effects on SOC status 
will depend strongly on the composition of the organic 
material applied. Organic matter can be applied as fertil-
izer or as organic matter amendment to the soil in order to 
improve soil structure, but usually serves both purposes. 
When used as fertilizer, the organic material should have 
a high nutrient content, and mineralization properties 
should be optimal for timely nutrient availability. When it is 
used as a source of organic matter, the organic material 
should have a high content of stable organic carbon, and 
in these cases a low nutrient content and, consequently, 
low and slow nutrient release during decomposition will 
often be desirable. With respect to SOM it must be con-
sidered, that any carbon applied as organic fertilizers on 
the field primarily derives from plants and plant residues 
that had been removed from the field earlier for forage, 
and that it is now returned, often with large concomitant 
“losses” in the form of animal respiration, milk and meat 
production. Consequently, for the agricultural system as a 
whole, no positive net effect of organic fertilization regard-
ing SOM is expected. However, since animal manure and 
other agriculturally derived waste products do exist, best 
use should be made of them in order to maximize their 
effect on SOM and nutrient availability. Also, organic fertil-
izers can be applied to sites where SOC levels have been 
depleted, thus serving as an important tool of carbon 
reallocation. We refer here to the discussion provoked by 
the paper of Smith and Powlson (2000) (Science, vol. 
287, issue 5452). In organic matter depleted degraded 
Mediterranean soils, organic matter application can be 
used to re-establish nutrient cycling and the ecosystem 
function. 
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Organic manures can substitute to a large extent mineral 
N fertilizer but should be properly managed (with specific 
regard to nutrient management, composting, timing and 
mode of application). As with mineral N fertilizer the appli-
cation of organic fertilizer also increases N2O emissions 
from soils. Composted materials should be preferred 
whenever possible. Combinations of organic manure and 
mineral fertilizers give the highest N2O emissions - proba-
bly due to a simultaneous presence of moisture and or-
ganic substrate from the manure and mineral N from both 
the manure and mineral fertilizer. 

In general, the application of (exogenous) organic wastes 
to soils is a very logical way to increase or maintain SOC 
stocks (see also report of TG 4), and is a practice that 
should be encouraged, as the vast majority of these 
wastes is originally derived from agricultural produce. To 
protect water quality, environmental legislation already 
sets strict limits on the amount of nutrients and organic 
materials that may be applied in some areas where the 
risk of nutrients leaching and run off is high. In addition 
protection of soil should also be taken into account when 
these materials are applied in order to ensure that their 
application does not cause soil pollution and that the right 
quantity of nutrients and organic matter is supplied. For 
specific types of organic wastes, another concern is the 
presence of toxic substances, which in the short or long 
term may lead to serious soil pollution. In order not to be 
a heavy burden on the future possibilities of the use of 
exogenous organic wastes, highest priority should be 
given to source separation in waste collection. Moreover, 
a clear distinction should be made between good quality 
materials such as composts and risk materials such as 
sewage sludge. 

 

2.4.2. Reduced tillage – no tillage 

Conservation tillage (CT) is defined as any tillage and 
planting system in which 30% or more of the crop resi-
dues remains on the soil surface after planting - mainly to 
protect soils against erosion and deflation (IPCC 2000). 
CT includes all tillage systems that reduce loss of soil and 
water from cropland, relative to conventional tillage1) (Lal 
et al., 1998), and includes all gradations of reduced tillage 
operations, of which no-till(age) (zero till(age), direct 
seeding, direct drilling) is the extreme example. 

CT does not only have effect on soil erosion and water 
quality, it also increases SOM. Such an increase, how-
ever, will strongly depend on soil texture (Needelman et 
al., 1999). After the introduction of CT, SOM increase is 
highest in the top 5 to 10 cm, depending on tillage depth. 
Simultaneously, SOM may decrease in deeper layers of 
the formerly ploughed soil layer, which may then lead to 
relatively small net effects. SOM may be accumulated 
over a period of 25-50 years (Lal et al., 1998), and up to 
50-100 years (Smith et al., 1998). The mechanisms by 
which additional SOM is stored in the soil by CT include 
(a) the reduction of soil loss by reduced soil erosion, (b) 
the improvement of soil structure and aggregate stability, 
and (c) the decrease in mineralization.  

Many authors reported increased N2O emissions under 
CT (Linn and Doran, 1984; Goodroad et al., 1984; 

                                                 
1) Conventional tillage: for European conditions 
usually characterized by annual mouldboard 
ploughing to 20-40 cm depth. 

MacKenzie et al., 1998), and this may offset some of the 
benefits with respect to carbon sequestration. Based on 
data of Mac Kenzie et al. (1998), Smith et al. (1997) esti-
mated a maximum of 32% offset due to higher N2O emis-
sions under CT, while Robertson et al. (2000) found al-
most no difference between no till and conventional till-
age. 

There is little research on conservation tillage under spe-
cific European conditions (UK, Netherlands, Belgium), 
and a number of possible drawbacks need to be consid-
ered. Herbicide use often increases with CT, although this 
does not need to be necessarily so. For some crops and 
climatic/soil conditions, yields may be reduced. No-till 
obviously will result in the fastest gain in SOC, but is ob-
viously limited to those regions in Europe which have 
pure grain crop rotations. Rotations including crops such 
as potatoes, beets, chicory, etc. always require heavy 
tillage. Another issue that needs to be resolved is how CT 
can be coupled to efficient application of on-farm and/or 
exogenous organic matter. Application of fresh organic 
matter obviously will result in large losses of e.g. nitrogen. 
The application of composted (i.e. stabilized) rather than 
fresh organic matter in CT systems may be a solution, but 
it may be difficult to implement at farm level. More inter-
disciplinary research certainly will be needed on the issue 
of CT to fill the gaps in our knowledge. 

Positive net effects of CT strongly depend on the time the 
soil is left without deep soil disturbance. Any extra amount 
of extra carbon stored under CT will be lost very quickly 
when the soil is tilled again (e.g. Gilley & Doran, 1997). 
This means that a long-term effort may be offset due to a 
small change in soil management. The main benefits of 
CT are not so much the increase in SOM, but rather the 
strongly reduced soil erosion, the improvement of soil 
structure, both mainly caused by the SOM increase in the 
uppermost soil layer, and the reduction of fossil fuel use. 
 

2.4.3. Maximising soil cover period 

During winter, soil is often left fallow after harvest. Where 
applicable, sowing of green manures/catch crops should 
become a routine operation, since many positive indirect 
effects result from it, including increased SOM. These 
advantages include reduced soil erosion, reduced nutrient 
losses over winter (e.g. Sörensen, 1992; Ninane et al., 
1995), increased supply of organic material (Kuo et al., 
1997), improved soil structure and water infiltration rate. 
In general, green manures incorporated into soil will min-
eralize rapidly and their contribution to increase SOM is 
limited (Curtin et al., 2000). However, Li (1995) concluded 
from a simulation study that planting winter cover crops 
may sequester an equivalent of 2-5 t CO2 ha-1 yr-1. Growth 
of green manures/catch crops may be limited to soil with 
sufficient supply of water. Where low precipitation limits 
soil moisture, winter cover crops will compete with the 
main crops for available water. On the other hand, im-
proved soil structure and water infiltration as a result of 
green manuring may improve the availability of soil water 
to the roots of the main crop. Deep rooting cover 
crops/green manures such as Alfalfa have additional 
beneficial effects on subsoil structural properties and may 
increase SOM in deeper soil layers. 
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The use of exogenous organic matter such as mulch can 
also positively contribute to increase the soil cover. This 
technique is particularly relevant for fine-textured soils 
with low SOM levels, and soils that are prone to surface 
soil crust formation. An adverse affect of soil mulching 
may be an increased N2O emission. 

2.4.4. Residue management 

The net effect of any of the above-mentioned measures in 
combination with crop selection/crop rotation on SOM 
development will depend on the amount of residues re-
turned to the soil. 

At first sight, below ground litter input (roots and root resi-
dues, exudates) seems to be sufficient to maintain SOM 
levels in some soils (Juma, 1995), but in many situations 
this will not be the case. Above ground crop residues are 
high quality non-polluted sources of organic matter and 
nutrients, and they should be returned to the soil as much 
as possible. Crop selection and the crop residue man-
agement practices (e.g. cereal straw or sugar beet 
leaves and tops removed or left in the field) considerably 
influence the amount of organic material added to the soil. 
For the amounts of crop residues produced, we refer to 
the report of TF4. For example, winter wheat yielding 
about 9 t dm/ha of grain can produce another 9 t dm/ha of 
straw; if the straw is left in the field, 3.5 to 4.0 t C/ha will 
be incorporated into the soil contributing to SOM. Corre-
sponding values for sugar beet leaves and tops are: ~7 t 
dm ha-1, that are equivalent to 3 t C ha-1. In Germany and 
in many other EU member states currently most of the 
harvest residues are left in the field (e.g. 97 % of the 
sugar beet leaves). Compared to this the effect of an 
increasing harvest index of new compared to older cereal 
varieties is very small. 

Alternatively, on-farm (co-)composting with other organic 
materials may also be considered since this may increase 
the combined value as soil amendment of the different 
materials used. 

There exists a vast amount of literature about the 
amounts of crop residues that are left on the field after 
harvest, both for above ground and (to a lesser extent) 
below ground residues. An example of an extensive data-
set for Slovakia (Jurčová and Bielek, 1998) is given in 
Appendix II. We also refer to the report of TG4. 

2.5. Grazing land management1) 

The main SOM degrading processes in grazing land are 
overgrazing, erosion, acidification, and salinization. For 
example, overgrazing decreases C accumulation rates in 
soils due to decreased grassland productivity: changes in 
species composition, reduced litter input, and increased 
proportion of bare ground (e.g. Conant and Paustian, 
2002; Fuhlendorf et al., 2002). SOM pools can be in-
creased by restoring vegetation and productive capacity 
following improved grazing land management. Conant et 
al. (2001) reviewed literature of the effect of grassland 
management on SOM accumulation (including fertiliza-
tion, improved grazing management, sowing of legumes 
and grasses, earthworm introduction and irrigation) and 
concluded that mean SOM contents increased for all 
improved management scenarios. The mean rate of SOC 
sequestration was 0.5 t ha-1. 

While unimproved grazing land refers to low grazing 
intensity and no or only one cut per year (e.g. often found 
on abandoned land), improved grazing management 
reflects high grazing intensity and usually several cuts per 
year (see Ch. 2.5.1). In the case of improved grazing 
management, high-productivity grasses may be intro-
duced, sometimes even in combination with nitrogen-
fixing legumes. More biomass growth is normally asso-
ciated with higher litter input, thus higher SOM storage. 
Similarly, fire management may also increase the net 
uptake of SOM from stimulating grass growth and palat-
ability. However, increased fire frequency could also 
cause increased decomposition and N losses (reduces 
long-term productivity). The introduction of high-
productivity perennial grasses or grass-legume combina-
tions may also cause negative trade-offs by increasing 
the risk to become weeds in adjacent agricultural land. 
There is also the risk under the pure C sequestration-
oriented management to replace native grass pastures 
(cited from a literature review in IPCC, 2000). Pasture 
renovation (“light” ploughing) and re-sowing (again with 
high-productivity grasses) may have yielded only tempo-
rary effects on grass productivity and may even be ac-
companied by short-term SOM losses. 

The net effects of improved grazing land management will 
depend on the intensity of grass harvest (amounts of 
cutting) and the intensity of grazing and accompanying 
direct fertilization by the grazing animals, how much grass 
necromass is available for decomposition. The major litter 
input under intensively improved pasture is certainly 
through root turnover. 
 

2.5.1. Grazing – mowing  

Little is known about the effects of cutting method and 
frequency, and livestock management (optimizing stock 
numbers, rotational grazing) on SOM (ECCP, 2003). Us-
ing 13C pulse-labelling, Crawford et al. (1997) found that 
grass cutting resulted in lower above-ground NPP com-
pared with the uncut control, but in a higher allocation of 
assimilated C to roots. This may lead to higher soil C 
stocks in the long term. However, in contrast to mowing, 
SOM storage under grazing may be higher as a result of 
a greater return of carbon to the soil (Vandasselaar & 
Lantinga, 1995, Schnabel et al., 2001). The physical 
breakdown and soil mixing of residue plant materials is 

                                                 
1) Grazing lands according to IPCC 2000 comprise 
grassland, pasture, rangeland, shrubland, savanna, 
and arid grasslands.  

Box 1: Importance of grassland 
in Europe 

Of the 40 % of agricultural area in EU13 (Bruyas 
et al., 2002), permanent grassland represents 25 
%. Since the 1960s, a clear decline in area was 
observed (Freibauer et al., submitted). Respon-
sible were mainly the increase of maize cultiva-
tion and the introduction of milk quotas in 1984. 
However, with the CAP price support reform in 
1992, the area has remained fairly stable al-
though many pastures undergo natural 
revegetation after set aside, despite the LFA1)

policy to maintain upland grazing areas. While 
total number of livestock has decreased since 
1990 (EEA, 2003), the livestock production has 
become more specialized and intensive. 
Overstocking and overgrazing are the 
consequences. 
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higher under grazing, which would otherwise accumulate 
as standing dead or surface litter as shown in ungrazed 
enclosures (Manly et al., 1995). Grazing also enhances 
the annual shoot turnover (Reeder and Schuman, 2002).  
 

2.5.2. Fertilization in improved grazing manage-
ment 

Since the accumulation of SOM is determined by organic 
matter input and turnover, improved grassland productiv-
ity is expected to increase SOM because of higher 
aboveground and belowground litter inputs. Lal et al. 
(1997) report a higher net primary production (NPP) (and 
higher amounts of residues) for fertilised than for unfertil-
ised grassland. Grass species yielded stronger effects 
than legumes. Nyborg et al. (1997) reported increases of 
SOM due to a higher NPP with increasing N and S fertili-
sation. They also showed that the light organic fraction 
was much more responsive to different mineral fertiliser 
application rates than total SOM. Malhi et al. (2003) found 
that the rate of SOM increase in grassland as a conse-
quence of N fertilization starts to actually decrease be-
yond the threshold of 56 kg N. The highest SOM increase 
occurs at low to moderate N fertilizer rates, because 
growth of below ground plant parts becomes promoted 
under N stress (Vandasselaar & Lantinga, 1995). 
 

2.6. Drainage of organic soils / peatland man-
agement 

2.6.1. General aspects 

The role of SOM in peat soils is different from that in min-
eral soils. Peat soils consist mainly of dead plant material 
where the decomposition is impeded by anaerobic condi-
tions and/or cold climate. As a consequence, organic 
matter is the major constituent part of peat soil. Although 
peat soils only cover a minor part of the total global land 
area (about 2.3 %), they are estimated to content as 
much as 23 % of the total organic carbon stock in soils 
(Amthor et al., 1998). Because of cool and humid climate, 
peat soils of Europe are most predominant in the northern 
regions. According to the International Peat Society1 the 
percentage of the land area covered by peat in Norway, 
Sweden and Finland is respectively 8, 16 and 29 %. Or-
ganic soils are assessed to constitute about 10 % of the 
agricultural soils in these countries.  

Management practices that may reduce C losses or re-
store C stocks from cultivated peatlands are presented by 
Freibauer et al. (2003). Hydro-“amelioration” – elevating 
the water table- can be seen as an effective tool to in-
crease SOM, however at the cost of increased CH4 emis-
sions (which may offset the net C sequestration effect). 
The actual effect on soil function may strongly vary ac-
cording to geomorphology, soil, level of drainage, etc.  
 

2.6.2. Consequences of cultivation 

Drainage and cultivation will disturb the carbon balance in 
peat soils, and cause tremendous losses of SOM (e.g. 4 t 
C/ha/year for Finnish managed organic soils) (11(+/-4) t 
CO2/year under drained grassland; 20 and 70 for drained 
cereals and drained row crops, respectively, according to 
Kasimir-Klemedtsson et al., 1997). The effects are most 
drastic if drainage is accompanied by cropland manage-
ment rather than use as grassland or forest. The degree 

                                                 
1 http://www.peatsociety.fi/peatlnd/peatenergy.htm 

of SOM loss will also depend on secondary effects like 
DOC leakage, compaction and erosion. The upper part of 
the soil will subside, and the subsidence rate depends on 
several factors, among them the degree of humification 
and the depth of the peat layer, as well as the drainage 
depth and the cultivation techniques and agricultural prac-
tice. As long as the cultivation continues and no meas-
ures for sequestration are taken, the decomposition is 
expected to proceed until the peat has disappeared com-
pletely and the soil is converted to either mineral soil or 
shallow soil overlaying bedrock. When the peat layer 
overlays cultivable mineral soil, the organic matter de-
composition may lead to an improved soil quality for agri-
cultural use.  

The emission of CH4, which is a well-known process in 
undrained peat soils, is expected to be decreased as a 
result of cultivation. However the emission of N2O, which 
has a greenhouse effect more than 100 times the effect of 
CO2, is likely to be increased as a consequence of appli-
cation of mineral N fertilisers. (5 kg N2O-N/ha/year IPCC, 
1996). 
 

2.6.3. Options for carbon preservation 

As losses of SOM are inevitable in cultivated peat soils, 
management options should aim at reducing the decom-
position rate, rather than increasing the carbon stock. 

Restoration of cultivated peat soil 

In coastal regions of Norway, peat soils are normally con-
sidered as marginal agricultural land because of low tem-
peratures and short growing season. Continued cultiva-
tion and subsidence increase problems with drainage and 
uneven depth to underlying bedrock. Moreover, the profit-
ability in the agricultural sector has decreased lately. As a 
consequence, peat soils frequently become abandoned 
from intensive cultivation.  

In order to decrease the decomposition and thus, create 
positive feedback to the regional CO2 balance, the resto-
ration of cultivated peat soils should be accompanied with 
a rise of the ground water table. However, because of 
changed physical, chemical and biological properties 
created during the cultivation period, former cultivated 
peat soils will behave differently from virgin peat soils in 
many aspects. How such changes will influence SOM 
losses and gains is up until only now poorly documented. 
As an example, uncertainties exist about emission of CH4 

after a rising of the groundwater level. 

Grassland – arable land 

Most of the cultivated peat soils in Scandinavia are per-
ennial grassland (meadow or pasture). A minor part is 
also used as arable land for crop production (e.g. pota-
toes and carrots). As a soil subsidence of 1 to 2 cm is 
expected on peat soils under perennial grasses in Nor-
way, some measurements indicate a corresponding sub-
sidence on arable peat soil to be as much as 4 cm per 
year. If the conservation of SOM is taken into account, 
perennial grasses should be preferred to arable produc-
tion on peat soils.  

Alternative drainage – land grading 

Rising of the ground water table is expected to decrease 
the SOM decomposition on cultivated soils. However, 
rising of the water table on fields drained with conven-
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tional drainage technique will also lead to decreased 
bearing capacity for machines and grazing animals and 
increased winter damages of perennial grasses. This 
measure should therefore not be considered as a real 
option in present day agriculture, especially not in cold 
climate regions. Surface grading is an alternative drain-
age technique, which involves artificial slopes (4-8 %). 
The water will run off and will gather in open ditches with 
about 40-45 m distances. This drainage method in-
creases the stability of yields over years compared with 
traditional pipe drainage (Sveistrup and Haraldsen, 1997) 
and also increases yields (Aandahl et al., 1999). On most 
of the area, this technique will allow a higher ground wa-
ter table than conventional drainage. On the other hand, 
the disturbance of the peat layer and the increased dis-
tance to the water table on the “hill tops” between the 
ditches is likely to have the opposite effect. The net de-
composition as a result of land grading is therefore uncer-
tain. 

 
2.7. Irrigation 

Irrigation intends to allow plant growth under otherwise 
water deficient conditions. Irrigation can increase growth 
and SOM build up. Most irrigation is located in arid and 
semi-arid regions, where soils are naturally low in SOM. 
Irrigation of such soils may increase SOM (e.g. by 0.05–
0.15 t C ha-1 yr-1 (Lal et al.,1998). However, because 
decomposition may also be enhanced, SOM increases 
could be partially offset. Special care has to be taken in 
irrigated pasture where opposite impacts have been re-
ported after increased waterlogging and irrigated saliniza-
tion (see also Watson et al., 2000). 

 
2.8. Buffer strips 

The practice of creating buffer strips along borders of 
agricultural fields has not only potential to increase SOC 
contents in general, but can reduce discharge of agro-
chemicals and sediment (due to drift, leaching, erosion) to 
rivers drastically, and can help to preserve or restore 
biodiversity in agro-ecosystems (ecological function). The 
dimensions of these buffer strips depend on field charac-
teristics and the purpose of the strips (reduce erosion, 
pesticide drift, nutrient losses). The relationship between 
buffer strip width and e.g. sediment reduction is non-linear 
(Castelle et al., 1994). Buffer strips are mostly between 5 
and 20 m wide, and this is enough to achieve large reduc-
tions in sediment, pesticide and nutrient losses in many 
cases (Harris & Foster, 1997, Muscutt et al., 1993, Dillaha 
& Inamdar, 1997). Very little is known about C sequestra-
tion in buffer strips: Lal et al. (1998) assumed a C storage 
of 0.5 T ha-1 yr-1. 

 

 

2.9 Farming systems and soil organic matter 

As said in the introduction to this part, farming systems 
are defined by a set of agricultural management practices 
and form a quasi continuum. Some important categories 
of farming systems are the so called "conventional" 
farming systems which could be defined as farming 
systems that simply comply with current farming regula-
tions. Integrated farming systems (e.g. EISA, 2003) go 
beyond that and try to imply farming management tools 
that aim to have a profitable production (farmers' side), 
produce good quality food (consumers' side) and proac-
tively conserve the environment. Organic farming sys-
tems are characterized by a holistic approach and rely on 

the naturally occurring soil processes in the first place to 
provide nutrients to crops and suppress diseases, and 
they try to minimize external inputs. One of the important 
aspects hence is the production without synthetic fertiliz-
ers or pesticides. Because of the heavy reliance on natu-
ral soil fertility and disease suppression, soil organic car-
bon and soil organic matter quality is a crucial component 
in organic farming, more than in any other farming sys-
tem. Organic farming can contribute to increase SOM 
mainly by adding fertilizer in the organic form. Also, crop 
rotations usually comprise crops like grass/clover mix-
tures or lucerne as fodder crops or for set-aside purposes 
in a higher proportion. These crops add high amounts of 
organic material to the soil in combination with a longer 
cover period. Shepherd et al. (2002) reported improved 
soil structure in organic farming as well. They argue that it 
is not the farming system per se that is important in pro-
moting better physical soil conditions, but the amount and 
quality of organic matter returned to a soil. The same may 
apply for the improvement of SOM storage.  

At the other hand, organic farming is often characterized 
by intensive soil tillage, which stimulates organic matter 
mineralization. With a well balanced organic fertilization, 
however, it is possible to reduce tillage operations in or-
ganic farming as well. The average yield in organic farm-
ing is lower by 10-50 %, which affects the amount of crop 
residues produced. Below ground biomass production, 
however, is not necessarily lower. There are conflicting 
data in literature concerning increases in SOM upon con-
version of conventional to organic farming, but the major-
ity of researchers report increases in SOM (e.g. Pulleman 
et al., 2003; Condron et al., 2000; Pulleman et al., 2000). 
Much will depend on the soil management prior to con-
version. Stolze et al. (2000, in Hansen et al. 2001) con-
cluded from a comprehensive literature study that organic 
farming in Europe performs better than conventional farm-
ing with regard to SOM. At the end of 2002, 3.5% of the 
utilized agricultural area of the EU15 was under organic 
farming (mainly in Italy, Germany, Austria and Sweden) 
(Willer andYussefi, 2004)  

ECCP (2003) gives rates of increase of SOC stocks for 
conversion to organic farming ranging from 0-1.98 t C ha-1 
yr-1. 
 
3. Forest management  

3.1. General trends of SOM in forest soils 

Sustainable forest management is commonly viewed as 
low-impact land use on the soil resource. Figure 2 illus-
trates the effects of land use change and forest manage-
ment on the storage of organic matter in forest soils.  

Data from forest soil inventories support that intensive 
and wide-spread anthropogenic exploitation (temporary 
deforestation, litter harvesting, drainage, deep ploughing 
for ameliorating hardened soils) has heavily disturbed 
soils, especially lowland and low mountain range soils, 
sandy soils, and wetlands such as peat (Baritz, 1998). 
Between the fifteenth and seventeenth centuries, a large 
proportion of the today’s central European forests were 
brought under cultivation, in some cases until the SOM 
and consequently fertility loss had prevented further prof-
itable land management (especially sandy soils) It can 
only be assumed that these SOM degraded soils have 
large potential for SOM build-up even after they had been 
reforested several forest generations ago.  
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At forest clearings, Refhuess (1981) has found SOM 
losses of 15-40 % depending on the soil, humus form and 
SOM level, melioration technique and type of revegeta-
tion/reforestation. Rehfuess (1981) also concluded that 
losses in soil fertility are the consequence of the substan-
tial net losses of nitrogen. 

However, estimates for regional SOM storage potentials 
of degraded soils and natural SOM background values 
are very rare (Baritz, 1998).  

Regeneration systems with broad-leaved tree species, 
where SOM levels can be expected to be close to “natu-
ral” SOM levels, represent the minority of forested land in 
Europe. The use of conifers in replacement of former 

beech forests, or in afforestations, accompanied by sec-
ondary uses (such as litter raking or intensive forest pas-
ture) and tree harvest as clear cuts with subsequent me-
chanical seed bed preparation for tree plantation have 
been the dominating practices in central European for-
estry until the 80s. Since this time, severe forest damage 
(new forest decline) have re-initiated the older tradition of 
sustainable forest management (“ecological silviculture”) 
using an ecosystem approach rather than a pure eco-
nomical interpretation of sustainability. This trend cur-
rently prevails with more and more natural tree species 
being regenerated in mixed uneven-aged forests. 

 

It can be concluded as most likely that the use of conifers 
in areas with dominating broad-leaved natural vegetation 
has historically contributed to exports of nutrients and 
SOM from the mineral soil. The overall SOM budget might 
be balanced, or in some cases even enhanced (Billet et 
al.,1990), because more SOM has been accumulated in 
the forest floor (there being more susceptible to decom-
position after commercial thinning or thinning due to natu-
ral disturbances such as snow breakage or windthrow, 
but also to climate change – Schlesinger and Lichter, 
2001). The newly established ecological silviculture can 
be expected to rehabilitate the SOM pools. 
 

3.2. Optimum/minimum SOM level for forest soils 

It is difficult to clearly demonstrate the effect of SOM on 
forest productivity and hence to determine which SOM 
level is needed to maintain natural site productivity. Grigal 
and Vance (2000) conclude from an extensive review that 
SOM positively affects long-term forest productivity with a 
key role in allowing the forest to cope with limiting site 
factors (e.g. supply of N, or water in coarse-textured 
soils). Although inherent soil and site properties might 
compensate for some SOM losses due to management 
(e.g. rich loamy soils), the authors advice to maintain or 
enhance SOM levels because of the crucial link to a wide 
variety of soil properties and functions. 

3.3. Changes in land use  
3.3.1. Deforestation 

While the increase of SOM after converting arable soils to 
forest soils is rather slow, the conversion of forest soils to 
arable lands normally causes a loss of soil carbon that is 
much faster. The magnitude of the changes however is 
similar in both cases (between 40 and 60 % of gains or 
losses, Guo and Gifford, 2002; up to 70 % loss after de-
forestation, Murty et al., 2002). After deforestation, first, 
the forest floor humus layer is lost (Bunting and Lundberg, 
1987), which can represent up to 36 % of the total SOM in 
forest soils (Baritz et al., 1999). Exposure of the mineral 
soil improves the living conditions for soil animals and 
microorganisms thus enhancing decomposition. Addi-
tional ploughing then causes the destruction of soil ag-
gregates, which enhances the accessibility of organic 
matter to microbial attack, and a considerable loss of 
organic matter from soils is the consequence (Bouwman, 
1990). 

 

Box 2: Mineral soil humus and forest 
floor humus 

Figure 2 shows that mineral soil humus 
and forest floor humus might be affected 
by management in different ways. For 
example, afforestation of a sandy soil, 
formerly managed as cropland, with Scots 
pine, may completely re-build total natural 
SOM levels in total, but mostly as forest 
floor humus. Ecto-organic humus is gen-
erally easier to disturb or to mineralize. In 
areas of flood risk, risk of heavy surface 
water run-off and erosion, as well as under 
the current trends and scenarios of climate 
change, SOM levels can only be sustaina-
bly restored if accumulated as stable hu-
mus in the mineral soil.  
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Figure 2: Management effects on the SOM pool in forests (developed for lowland forests of northern Germany on Pleistocene 
sands, but valid for the central Europe (Baritz, 2003) 

 
3.3.2. Afforestation  

Afforestation is expected to represent the greatest C se-
questration potential, thus rehabilitation of SOM degraded 
agricultural sites, in Europe (Vesterdal et al., 2002). This 
fact is also supported by a meta analysis carried out with 
74 publications regarding the conversion of arable land to 
secondary forest (Guo and Gifford, 2002). Changing 
crops to pastures also provides a potential for SOM build-
up while the afforestation of pasture provides only limited 
means to further increase SOM C inputs to the soil (Halli-
day et al., 2003).  

SOM increases even beyond the level of native Quercus 
ilex forests after afforestation (Pinus radiata plantations) 
of Mediterranean abandoned vineyards and cereal fields. 
Increase rates of the plantations amounted up to a 48 g C 
m-2 y-1 during the first two decades of plantation growth 
(although this rate has clearly diminished later on). It can 
be concluded that the development of thicker forest floor 
humus layers (Romanyà et al., 2000) in plantations play a 

crucial role in evaluating afforestation effects. Contrasting 
to relatively high C accumulation rates that have been 
found in secondary forests over a time scale of a few 
decades (Richter and Markewitz, 1994), accumulation 
rates in primary succession forests over the long-term 
have been reported to be rather low (Schlesinger, 1990).  
 
3.4. Management of forest soils with regard to 

SOM 
 
In managed forests, decompositional activity as controlled 
by litter input and microclimatic conditions is strongly 
affected by forest management (Figure 3). Annex II pro-
vides an overview of the main forest management prac-
tices. In general, choice of tree species and regenera-
tion system (clearcutting/planting, natural regeneration 
with continuous canopy/ground cover) are the main man-
agement drivers. All general management activities may 
be accompanied by specific management options, such 
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as rotation length, dead wood management, liming, etc. 
(see below). 
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Figure 3:    Management affecting SOM in forest soils 

 
3.4.1. Forest preservation – “no-management” option 
 

Practice Description Effects on SOM 
unmanaged 
forests  

 increases species richness and 
forest structure 
 increases litter and dead wood 

production  

 increases habitat thus biodiversity (vegetation and soil) 
 increases SOM in the forest floor/litter pool, most likely also in the 

mineral soil, depending on the degree of SOM depletion from his-
torical site exploitation 

 
 
Increases of SOM in organic layers of natural forest 
mainly result from the accumulation of dead wood (Davis 
et al., 2003). However, after a new steady state has been 
reached, this effect will level off. In some cases, unman-
aged forest have a history of management. In these 
cases, the type and intensity of prior practices have to be 
considered in order to estimate the potential for SOM 
development. Very little natural SOM levels are known for 
historically undisturbed natural forest land (compare 
Baritz 1999). 

 
3.4.2. Natural regeneration systems  

Natural regeneration with multiple native tree species 
provides permanent forest cover by excluding clearings 
as compared to plantation systems or conventional selec-
tive fellings with more or less large openings (and at least 
partial planting) – compare Annex II. Figure 2 shows the 
effects of natural regeneration systems on SOM. In par-
ticular the increasing application of modern ecological 
silviculture that re-introduces the natural site adapted tree 
species by avoiding soil disturbance offers a large long-
term potential for SOM build-up. However, the effects can 
be expected highest at sites historically depleted in SOM, 
and probably suffer initial SOM losses from the consump-
tion of SOM in the forest floor of degraded accumulative 
humus forms (Baritz, 2003). 
 
Different effects on SOM development can be expected 
depending on soil, climate, historical management, and 
specific management options (see Ch. 3.4.6). The follow-

ing table offers a first approximation to classify forest 
management options: 

3.4.3. Plantation Forestry 

Harvesting followed by prompt reforestation usually has 
little long-term effects on SOM (Olsson, 1996). However, 
plantation forestry, creating clearings and applying me-
chanical site preparation for planting, has negative effects 
which are only compensated by gains after almost a new 
forest generation (for Scots pine on sandy subcontinental 
soils: ca. 60 years; Heinsdorf et al., 1986).  

Even after 80 yrs. monitoring C stocks after clearing and 
replanting a mixed conifer forest, Black and Hardon 
(1995) did not find complete recovery preharvest SOM 
levels. In most reviewed cases, however, no long term 
changes of SOM occur (Johnson, 1992). 

Similar to natural regeneration systems, the actual effects 
on SOM development are highly variable and depend on 
soil, climate, historical management, and specific silvicul-
tural management options (see Ch. 3.4.4). 
 
3.4.4. Specific management options 

Since active forest management is known to increase 
forest productivity, the carbon storage capacity of such 
forests is also enhanced. 
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Practice Description Effects on SOM 

 openings after late thinnings are 
quickly closed with understory and 
(e.g. regeneration) and ground 
vegetation 

 prevents increased decomposition as in prolonged and larger 
clearings (“SOM conservation”) natural 

regeneration  

(successive 
cutting/shelter 
trees) 

 favours site-adapted tree species: 
higher litter quantity and quality 
(usually, conifers become substi-
tuted by broad-leaved tree spe-
cies) 

 long-term SOM losses in the forest floor (litter and “active” SOM) 
in contrast to pure secondary conifer stands 
 long-term gains in the top mineral soil (increase of “stable” recal-

citrant SOM in contrast to forest floor SOM) from increases in  
root production and turn over 
 potential for carbon sequestration  

rotation length increase of stand age beyond the 
level of maximum annual increment 

Effects on SOM depend on the thinning intensity of older stands, 
invasion of grass and herbs, and density of understory: decomposi-
tion of litter might be enhanced, but compensated by increased fine 
woody debris 
Karjalainen et al. (2002): there might be a slight increase of SOC 
with increasing rotation length (modeled for Germany). This is 
expected because the longer a forest is allowed to grow, the more 
organic matter can be cycled through the soil via litterfall, root turn-
over and mortality. Input of fine woody debris may be enhanced in 
older stands. 

thinning 
commercial harvests in premature 
forest stands in order to maximize 
yield of selected harvest trees  

Only few experimental information of thinning effects on soil carbon 
stores is available. Preliminary results (Katzensteiner, unpubl.) show 
no effect of thinning intensity on SOM storage. However, Vesterdal 
et al. (1995) has observed SOM decreases in thinned plots, which is 
supported by the observation in several cases, that thinning has 
caused humus forms to develop into the direction of mull. 

fertilization to improve the growth 
conditions on conifers (and subse-
quent natural tree species) at de-
graded sites 
(pulse fertilization) 

Fertilized trees grow better, therefore litter input will be increased. 
Effects may be limited to the forest floor, therefore no stabilized soil 
C is produced. 
Fertilization (and liming) of cleared forests should be avoided be-
cause decomposition is additionally enhanced, thus leading to SOM 
losses. fertilization 

N-deposition 
(slow and gradual input rate) 

The effects of N fertilization on SOM dynamics are still controversial. 
Some studies show that total C (and N) pools have significantly in-
creased in the organic layers of forest soils (Berg and Matzner, 
1997, Andrist,2001). Other empirical sources report losses of SOM 
in the forest floor with the accompanying changes in humus forms 
(e.g. Gerboth, 1998). 

liming input of lime or dolomite to improve 
the buffer against acidification 

Liming increases pH and storage of basic cations in the forest floor 
and in the top mineral soil. Low activity humus forms (with high SOM 
pools in the forest floor) slowly develop to higher activity humus 
forms. Rehfuess (1982) reports that SOM losses were compensated 
by mineral soil SOM build-up if the soil was not mechanically dis-
turbed. 

fire control 
biomass management: selective 
removal of biomass from understo-
ries and brush layers 

 decreases soil litter pool 
 increases mineralization 
 reduced fire and fire intensity prevent loss of SOM from the forest 

floor 
 ground vegetation invasion and growth might be improved 
 SOM pool is smaller but more stable by reduced disturbance 

Fire generally limits possibilities with regard to sink options related to 
rotation length. Due to the slow decay and biomass accumulation 
time, boreal soils suffer long term SOM losses from fire (and harvest-
ing impacts). (Wirth et al., 2002) 
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Practice Description Effects on SOM 

 avoid soil compaction 

 serious soil compaction leads to water logging at loamy soil in flat 
relief; effects on SOM dynamics can be expected, but are not 
profoundly investigated yet (increase forest floor thickness, re-
duced biological activity). 

 avoid damage/removal of the 
forest floor humus layer 

 pulse mineralisation leading to additional SOM losses from har-
vesting can be minimized 

low-impact har-
vesting1) 

 avoid removal/burning of in-
crease slash/ harvest residues 

 increase of the fine woody debris pool is expected to increase the 
SOM pool in intensively managed forests; long-term effects are 
small 

harvest residue 
management  

wood from mature forests for bio-
energy: 
 removal of fine and coarse 

woody debris 
 whole tree harvest 

 litter input is reduced (at the end of a rotation) and the post har-
vest operations effects which clear the forest floor might enhance 
initial decomposition; 
 net effects on SOM are difficult to estimate because a large pro-

portion of SOM is regulated by the proportion of NPP allocated to 
root production (see also Olsson, 1996) 

“hydro”-
management/ 
wetland restora-
tion 

closing of ditches 

 SOM build-up 
 promotes biodiversity by introducing soft woody species (Salix, 

Alnus, Popular) and increased microtopographic variation 
 reduces forest productivity 

 

1)harvest quantity and timing, type of harvest and scidding 
2) not yet scientifically verified; increased rooting depth, 
root turnover and high release rate of exudates; in the 
case of Eucalyptus, increases of soil C were found on the 
top soil, but decreases in the lower mineral soil (Johnson 
et al., 2001). Therefore, the entire rooted soil profile 
needs to be investigated in order to address to SOM 
changes. 
 
Figure 3 shows how forest management effects the SOM 
pool in forests with broad-leaved tree species as natural 
vegetation (central European beech and forests). 

Each harvesting measure in forest ecosystems produces 
dead organic matter both below ground (roots and 
stumps) and aboveground (slash: tree top, branches, 
twigs and needles), contributing to the SOM pool. De-
pending on the harvesting regime and the amount of bio-
mass removed, the amount of residues remaining may 
differ considerably. Subsequent mineralization depends 
on the alteration of soil temperature and water regime. As 
there is an increasing pressure to use smaller biomass 
dimensions for energetic use, a careful evaluation of the 
methods is need. 

Johnson and Curtis (2001) conducted a meta analyses on 
the effects of harvest type, species, slash burning and 
fertilization on SOC and N stores. The meta analysis 
showed that forest harvesting, on average, had little or no 
effect on soil C and N. Significant effects of harvest type 
and species were noted, with sawlog harvesting causing 
increases (+18%) in soil C and N and whole-tree harvest-
ing causing decreases (-6%). The positive effect of saw-
log harvesting appeared to be restricted to coniferous 
species. Fire resulted in no significant overall effects of 
fire on either C or N (when categories were combined); 
but there was a significant effect of time since fire, with an 
increase in both soil C and N after 10 years (compared to 
controls). Significant differences among fire treatments 
were found, with the counterintuitive result of lower soil C 
following prescribed fire and higher soil C following wild-
fire. The latter is attributed to the sequestration of char-
coal and recalcitrant, hydrophobic organic matter and to 
the effects of naturally invading, post-fire, N-fixing vegeta-

tion. Both fertilization and N-fixing vegetation caused 
marked overall increases in soil C and N. 
 
4. Cross-cutting issues of SOM Management 
 
Measures to enhance SOM are often accompanied with 
effects related to environmental quality, such as habitat 
availability, soil condition, greenhouse gas balance, but 
also the farm income (Table 2). Net effects always de-
pend on the prior land use and land use intensity. Net 
effects after changes in management also level off when 
approaching new steady state. Effects of forest manage-
ment are particularly difficult to estimate because the 
actual management measures e.g. type of site prepara-
tion for planting will drive the net effects on SOM. 
 

Except for fertilization and conversion of forest and grass-
land, all practices aimed to enhance SOM have positive 
feedback on biodiversity. This may be expected be-
cause high SOM levels in upland soil conditions are the 
product of high productivity and high biological activity.  

With regard to management of former or present organic 
soils, measures to hydro-ameliorate SOM degraded soils 
are accompanied by CH4 emissions which may offset net 
C sequestration effects.  

Some options of increasing SOM may affect productivity 
and yields. Farmers will need to be compensated for loss 
of income, or subsidized for increasing the SOM levels. 
A clear example of this is the reduction of soil drainage. 
Reduced drainage in peat soils can and will have its im-
pact on agro-economy. Van der Ploeg et al. (2001) have 
calculated that reduced drainage as a result of higher 
surface water levels (from 60 cm below field level to 35 
cm below field level) in Dutch peat based pasture will lead 
to a annual income reduction for farmers of € 272,-/acre 
(conventional farmers) to  € 363,-/acre (biological farm-
ers). In the same way, an important disadvantage of 
buffer strips is the fact that a certain percentage agricul-
tural fields will be less useful for farming purposes. Espe-
cially in countries with a limited area of agricultural fields 
and large percentages of surface waters the large scale 
introduction of buffering strips may have a large impact on 
the economy of farms. 
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Table 2: Ecological and economical side effects of agricultural land use practices and forestry (+: increase, -: de-
crease, 0: no effect, ?: unknown effect) 

 SOM 
content 

Bio-
diversity 

Farm econ-
omy 

N2O 
emission 

Land use change 

arable – permanent pasture + + (1) – + 
permanent pasture – arable – – (1) + – 
arable – forest incl. bioenergy crops + + – – 
forest – arable – – + + 
set aside (natural revegetation) + + subsidized – 

Agricultural land use practices 

pasture: grazing intensity ↑  +/– – + + 
pasture: grazing – mowing – ? + ? - 
mineral fertilization +? – + + 
organic fertilization + + + + 
conservation tillage + + ?? + 
maximise soil cover (green manure) + + + ? 
maximise use of crop residues + + + + 

irrigation effects are highly variable: soil type, crop, degree of salinisa-
tion, sensitivity to erosion and compaction  

organic farming + + (2)  
decrease drainage + + – – (–?) (3) 
buffer strips + + – – 
peatland management effects mostly relate to the regulation of drainage 

 

Forestry 

forest preservation + + + – 0 
natural regeneration + + + 0 
plantation forestry (–) (+) + + (–) 

(1) Depending on intensity of pasture management 

(2) Depending on degree of internalization of all costs for all farming systems 

(3) Effects on CH4 also need to be considered 
 
5. SOM Monitoring 
 
Soil C concentration/C stocks 

To assess the change in total SOM (SOC) contents in 
agricultural land, not only the change in concentration of 
SOC, but also changes in bulk density and ploughing 
depth have to be taken into account. However, for many 
relevant problems such as physical soil degradation, soil 
C concentrations in e.g. the topsoil are more meaningful 
then total C contents. From the C storage point of view (C 
sequestration), ideally, changes in SOC should be re-
ferred to equivalent soil masses (C stocks), as proposed 
by Ellert and Bettany (1995). In that case, reliable infor-
mation on the bulk density and stone content of soils is 
required. Measurement of the above mentioned soil prop-
erties correspond to the level I as suggested in the Sum-
mary and Policy Recommendations of the Working Group 
On Organic Matter And Biodiversity (see also Figure 4 
below).  
 
Measurement depth 

Although significant time scale changes of Corg were 
observed mainly only in the top soil of arable land (Baran-
cikova, 2002), deeper soil layers should be investigated 
as well. For example, comparing different tillage system 
with various ploughing depths, SOM may decrease in 
deeper layers of the former ploughed topsoil with conven-
tional tillage, which may then lead to relatively small net 
effects of reduced tillage if the whole solum is considered. 

In forestry, deeper soil layers need to be considered e.g. 
when SOM effects of change of tree species are investi-
gated. Norway spruce, for example is a shallow rooting 
species. In mixture with beech, a two layered root distri-
bution may be observed, with spruce rooting mainly in 
forest floor and topsoil, and beech penetrating even 
deeper (review in Rothe and Binkley, 2001; Schume, 
2003). 

Topsoil characterization – soil type and humus 
form 

Since the topsoil is the most important part for crop and 
forest production, and since topsoils perform higher spa-
tial and temporal variability, careful and accurate descrip-
tion of the morphological topsoil properties offers impor-
tant initial information to assess SOM status and quality, 
thus to observe the effects of soil manage-
ment/cultivation. Since most existing classification mainly 
focuses on stable subsoil properties, a new comprehen-
sive rational on topsoil properties was developed by FAO 
1998 (http://www.fao.org/landandwater/agll/wrb/). Exem-
plary parameters are soil colour, distribution of coarse 
roots, fabric of ectohumus horizons, stone content, thick-
ness of humus horizons, etc.  

Especially in forests, but also in grassland and cropland 
top soils, humus forms/humus types characterize the 
topsoil morphology on the basis of genetic and/or func-
tional properties in a holistic manner. The well established 
national systems (see Baritz, 2003, Katzensteiner et al., 
1999) of humus forms should be included in any monitor-
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ing system that focuses on SOM, especially in extensively 
managed ecosystems like pastures, heathland and, in 
particular, forest. ’Holistic’ refers to the classification that 
integrates the distribution of SOC between organic layers 
and mineral soil, turnover rates and to a certain extent 
species diversity. Inferences on soil structure, water 
budgets and tree nutrition are also included. Stability of 
SOM under certain climatic and edaphic conditions and 
possible changes after disturbances may be predicted at 
least in a qualitative way. The concept of Mor, Moder and 
Mull is widely accepted (overview in Katzensteiner et al., 
1999). 

Indicators of SOM quality  

Referring to standard soil ecological descriptions based 
on parameters which are easy to receive in monitoring, 
especially in forests, C/N-ratio has often been used as a 
good indicator of biological activity and nutrient supply in 
forest ecosystems, where no external N-inputs from at-
mosphere are a disturbing agent. A recent extensive in-
vestigation and review on the value of soil ecological 
indicators in forestry is found in Baritz (2003). In northern 
German forest ecosystems, which can be seen represen-
tative for central and parts of northern European (more or 
less N deposition-affected) conifer dominated forests, 
base saturation, pH and C/N are found to be fairly lev-
eled throughout wide trophic and soil moisture gradients. 
On the other hand, great variability still exists for top soil 
humus morphology, SOC storage, microbiological activity, 
and regeneration and growth behavior of forest vegeta-
tion. Therefore, the value of classic quality indicators such 
as C/N seems to be limited for the role of soils in the nu-
trient cycle and for soil biological activity.  In agricultural 
soils, in particular under arable cropping, C/N-ratios tend 
to be similar across sites, and other parameters with 
higher indicative values are required.  

It is hypothesized that the degree of stratification of the 
soil organic C and N pool into sup-pools (soil microbial 
biomass, litter, roots, humified SOM) with soil depth, 
expressed as a ratio, could indicate soil quality or ecosys-
tem functioning, because surface organic matter is essen-

tial to erosion control, water infiltration, and conservation 
of nutrients. Stratification of biologically active soil C and 
N (e.g. soil microbial biomass and potential activity) were 
equally or more sensitive to tillage, cropping intensity, and 
soil textural variables than stratification of total C and N. 
Franzluebbers (2002) proposed high stratification ratios 
of soil C and N pools as a good indicator of dynamic soil 
quality, independent of soil type and climatic regime.  

Observing changes in SOM is a fundamental part of de-
fining the carbon cycle in natural and cultivated environ-
ments. C mass balance studies alone provide only limited 
interpretation of processes or turnover of specific C frac-
tions.  

Knowledge about the presence and quantity of specific 
SOM fractions is of key importance, because they not 
only represent different turnover rates, but also different 
functions of SOM. An appropriate approach to functionally 
separate different SOM fractions includes physical frac-
tionation (size and density separation) of soil aggregates 
and primary particles together with the characterization of 
their chemistry and their turnover time by various meth-
ods (e.g. spectroscopy, mass spectrometry, chemolytic 
and isotopic techniques, chromatography).  

The identification of indicator properties, which are less 
specific, but which may also be helpful for characterizing 
broad soil functions, are of importance. Examples for 
these are amounts of microbial biomass carbon, dis-
solved organic matter DOM, mineralisable or chemi-
cally oxidisable SOC, or hydrolysable SOM. With re-
spect to a monitoring approach based on different meas-
urement intensity levels, the measurement of indicator 
properties would correspond to Level II, and that of SOM 
fractions and their characteristics to Level II or III. How-
ever, recent evidence suggests that some of the proper-
ties discussed here can be quantified appropriately with 
rapid infrared spectroscopy (Janik et al., 1998; Rumpel et 
al., 2001; Couteaux et al., 2003), thereby enabling the 
monitoring also of more meaningful soil parameters at 
Level I.  
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(C, N, P cycle, subpools, fractions)
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Flagship species, important functional groups of the soil community
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Projections
National/regional estimates
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climate, deposition, topography
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Soil chemical indicators (e.g. pH)

SoilBiodev indicator parameters
Soil morphology (e.g. C/N)

(e.g. soilt type, humus form)

Level II 

 

Figure 4: Measurements intensities in monitoring SOM (Baritz, for this report) 
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Representativity / Regional aspects 

Hot spots reflect sites/regions where potential SOM 
losses, and/or SOM gains are largest. For example, soils 
which have natural high amounts of SOM will suffer 
higher negative impacts after cultivation: 

 wetlands/peatlands 

 mountain grassland and pasture/upland and 
cold region soils 

Cultivation of alpine soils is especially dangerous: little 
stabilization of SOM in shallow mineral soils, where hu-
mus horizons are only few millimetres thick, bit with ex-
tensive thick ectoorganic layers in forests (Amphimull, 
Tangel, Pech-/Alpenmoder). For soils, which in zonal 
central Europe are up to 2500 years of age, losses of 

SOM due to management are irreparable. Soils in Medi-
terranean areas often have low or very low organic matter 
content (many of them have less than 0.5 % of organic 
carbon). These soils (close to the threshold of degrada-
tion) can easily enter the process desertification after they 
loose even small amounts of organic matter. In this sce-
nario, once the process of degradation starts it can be 
sustained even without further perturbation. Small in-
creases in organic matter in these type of soils can pre-
vent the erosion risk in both forests and in agricultural 
lands. 

Some central key drivers for soil organic dynamics follow 
not only a gradient throughout Europe, some specific 
regional soil characteristics prevail as well. In conse-
quence, management risk differs. 
 

Table 3: Hotspots for SOM changes (climate, physiography, land use history) 

hot spots characteristics/threats 

northern European 
(subboreal)  

 acidification 
 drainage of peat land 
 fire (effects of fire unclear, might be minimized due to intensive fire control) 
 crucial role of northern European soils for the European terrestrial carbon budget  

Mediterranean  

 desertification 
 agricultural soils in semi-arid areas 
 fire 
 pine plantations 
 deforestation of shallow soils 
 high proportion of mountainous areas (erosion, microclimate, drought susceptibility, desertification 
 land use change: loss of permanent crops such as vineyards, olive orchards 

sites in proximity to 
intensive agriculture  

 additional N input as ammonia: excess amounts will be oxidized to nitrates, which leave the forest soil taken an equivalent 
of basic cations, thus additionally depleting the soil, and polluting the ground water 

alpine soils:  

 shallow top soils: the maintenance of the important soil functions (nutrient supply, water storage) depend on the develop-
ment of forest floor humus, which can be up to a meter thick (Tangel). Removal of the vegetation cover, and disturbance of 
the humus layer will cause irreversible damage considering the age of these soils (at least 2,500 years) (Bochter et al. 
1981) 
 alpine grassland soils: mainly mineral soils with high SOC concentrations, but only intermediate SOC stocks due to shal-

lowness and stoniness (Leifeld et al., 2004); vulnerable by erosion and enhanced temperatures (SOC loss) 
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ANNEX I 
 
C Sequestration according to species (according to ECCP 2003) 

Measures for increasing soil carbon stocks in agricultural soils and potential yearly soil carbon sequestration rates (t CO2 

ha-1 y-1). 

Measure Potential soil carbon sequestration 
rate  

(t CO2 ha-1 y-1) 

Estimated uncertainty (%) Reference / 
notes 

Crop-land    

Zero-tillage 1.42 but see reference > 50% 1, 2 

Reduced-tillage < 1.42 >> 50% 3 

Set-aside < 1.42 >>50% 4 

Perennial grasses and  
permanent crops 

2.27 >50% 5 

Deep-rooting crops 2.27 >50% 5 

Animal manure 1.38 > 50% 1 

Crop residues 2.54 > 50%  1 

Sewage sludge 0.95 >50% 1, 15 

Composting 1.38 or higher >>50% 6, 15 

Improved rotations >0 Very high 7 

Fertilisation 0 Very high 8 

Irrigation 0 Very high 8 

Bioenergy crops 2.27 >>50% 1 

Extensification 1.98 >>50% 1 

Organic farming 0-1.98 >>50% 9 

Convert arable to woodland 2.27 >>50% 1 

Convert arable to grassland 7.03 ± 2.08 110% (2.3 to 11.2) 10 

Convert grassland to arable -3.66 >>50% 11 

Convert permanent crops to arable -3.66 >>50% 11 

Convert woodland to arable -? ? ? 

Grassland    

Increase in the duration of grass leys 0.4-1.8 ? 14 

Change from short duration to permanent grasslands 1.1-1.5 ? 14 

Increase of fertiliser on nutrient poor permanent grassland  0.7 ? 14 

Intensification of organic soils with permanent grassland -3.3-4.0 ? 14 

Livestock management ?? ?? ? 

Cutting method and frequency ? ? ? 

Fire protection ?? - ? 

Revegetation    

Abandoned arable land 2.27 >>50% 12 

Farmed organic soils    

Protection and restoration Up to 17 Range 0–17. Spatial variability 
high 

13 

Avoid row crops and tubers 0 >50% 13 

Avoid deep ploughing  5 >50% 13 

More shallow water table  5-15 >50% 13 

Convert arable to grassland  5 >50% 13 

Convert arable to woodland 2-5 >>50% 13 

New crops on restored wetlands 
from arable 

8-17 >50% 13 

New crops on restored wetlands 
from grassland 

3-12 >50% 13 

Sheep grazing on undrained peatland >8 >50% 13 

Abandon for conservation >8 >50% 13 

 
References / notes: 
 
1. Smith et al. (2000); per hectare values calculated 

using the average C content of arable top soils (to 
30cm) of 53 t C ha-1; Vleeshouwers and Verhagen 
(2002). According to some experts, C accumulation 
resulting from no-tillage is over-estimated in the lit-
erature, some figures given by case studies appear 
not reliable – thus strong sequestration doubtful. 

2. Uncertainty estimated from 95% confidence interval 
about the mean – statistical uncertainty of the mean 
only; actual uncertainty is higher. 

3. Estimated from papers reviewed in Smith et al. 
(2000)  

4. Assumed to be the same as zero tillage figure of 
Smith et al. (2000) 

5. Assumed to be the same as for bioenergy crops 
figure of Smith et al. (2000) 

6. Assumed to be the same as animal manure figure of 
Smith et al. (2000). 

7. Minimal impact of arable rotations in papers re-
viewed in Smith et al. (2000) but perennial crops in 
rotations may increase soil carbon levels 

8. Net carbon impact of irrigation and fertilisation is 
minimal or negative when carbon costs of producing 
fertiliser and pumping irrigation water are considered 
(Schlesinger, 1999) 

9. Organic farming is increasing in Europe, but is not a 
single management practice. Within an organic farm,  
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combination of practices may be used including ex-
tensification, improved rotations, residue incorpora-
tion and manure use. These will contribute to carbon 
sequestration positively, but in different proportions 
depending of the degree of implementation of a 
given practice. Zero and reduced tillage are gener-
ally incompatible with organic farming since in-
creased tillage is frequently used to control weeds. It 
is, therefore, impossible to assign an exact figure for 
the carbon sequestration potential of organic farm-
ing, but a range between the lowest and highest po-
tential sequestration rate can be given. 

10. From Vleeshouwers & Verhagen (2002). Also based 
on figures from Rothamsted grass to arable conver-
sions. 

11. From figures of Jenkinson (1988) used by Smith et 
al. (1996)  

12. Per hectare value assumed to be the same as 
Rothamsted Geescroft natural regeneration (Poul-
ton, 1996) 

13. From Freibauer (in press). Carbon sequestration is 
from avoiding carbon loss from peats. Further benefit 
through reduced emission of N2O, which is not com-
pensated by increased CH4 emissions. 

14. Average net annual fluxes over a 20-yr. period 
(Loiseau, in: Arrouays et al., 2002).  

15. The sequestration values are based on a loading 
rate of 1 t ha-1 y-1, which was the lowest safe limit in 
place (in Sweden) at the time of analysis for this fig-
ure (1997). A higher loading rate would give a higher 
sequestration rate per area. As the limiting factor for 
the application of compost is the amount of produc-
ible compost, a higher loading rate on a certain area 
would imply that a more limited area could be 
treated. 
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ANNEX II 
 
Mean carbon amount in plant residues 
(Cag – aboveground residues, Cbg – root residues) 

                          Crop t   .   ha-1 
 Yield*1        Cag      Cbg    Ctotal 

Spring rape + straw 0,64 5,16       1,45 6,61 
Winter rape + straw 2,57 3,72       1,46 5,18 
Lupine for grain + straw 2,97 3,54       1,42 4,96 
Mustard + straw 2,01 3,69       1,02 4,71 
Temporal grasses mixture – 4th year 4,45 1,66       3,05 4,71 
Maize (corn) + straw 5,75 3,36       1,08 4,44 
Temporal grasses mixture – 3rdyear 4,46 1,66       2,52 4,18 
Grass-clover mixture – 2nd year 7,83 0,95       3,12 4,07 
Winter wheat + straw 5,04 2,97       0,95 3,92 
Winter rye + straw 3,76 2,63       1,21 3,84 
Triticale + straw 4,69 2,87       0,94 3,81 
Sunflower + straw 2,17 2,89       0,85 3,74 
Temporal grasses mixture – 2nd year 4,46 1,66       2,08 3,74 
Grass-alfalfa mixture – 3rd year 6,57 0,95       2,78 3,73 
Spring wheat + straw 3,83 2,34       1,19  3,53 
Grass-alfalfa mixture – 2nd year 6,57 0,95       2,53 3,48 
Alfalfa – 4th year 10,83 1,03       2,25 3,28 
Lentil + straw 0,71 2,11       1,14 3,25 
Oats  + straw 3,78 2,22       0,96  3,18 
Alfalfa – 3rd year 10,83 1,03       2,10 3,13 
Poppy + stem 0,36 2,36       0,75 3,11 
Winter barley + straw 4,99 2,13       0,95  3,08 
Alfalfa – 2nd year 10,83 1,03      1,94 2,97 
Pea + straw 3,56 2,38      0,59  2,97 
Garbanzo + straw 2,78 1,94      0,81 2,75 
Spring barley + straw 4,19 1,86      0,74 2,60 
Clover – 3rd year 7,77 1,01      1,57 2,58 
Clover – 2nd year 7,75 1,01      1,43 2,44 
Flax for oil + stem 1,56 1,28      1,05 2,33 
Winter wheat 4,93 1,28      0,96 2,24 
Silage maize 32,17 0,63      1,56 2,19 
Legume-cereal mixture for green fodder*2 23,10 0,69     1,25  1,94 
Spring wheat 3,83 0,74     1,19 1,93 
Winter rye 3,72 0,73     1,10 1,83 
Triticale 4,69 0,87     0,94  1,81 
Soybeans + straw 1,92 1,09     0,68 1,77 
Spring barley 4,03 0,97     0,74 1,71 
Winter barley 4,89 0,73     0,95 1,68 
Oats 3,78 0,69     0,96 1,65 
Maize (corn) 5,85 0,52     1,06 1,58 
Tobacco + herbage  1,60 0,86     0,60 1,46 
Pea 3,18 0,73     0,56 1,29 
Potatoes 19,39 0,62     0,33 0,95 
Legume-cereal mixture – cover crop*2 32,10 - 0,61 0,61 
Sugar beet 49,95 0,18     0,20  0,38 

 
Note: 
*1 Main product yield at optimum harvest moisture (clover, alfalfa and grasses = hay; silage maize, legume-   
    cereal mixture = green mass; potatoes = tubers; sugar beet = roots), or at standard moisture (legumes, cereals,     

corn, oil crops = grain;  tobacco = dry leaves)   
*2 oats + fodder peas 
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ANNEX III 
 
Major forest management systems in northern, central and central-eastern Europe  
(Baritz, for this report) 
 

tree species natural regeneration clear cutting/ disturbance1)  additional 
characteristrics 

Single tree species forests 
 
Spruce 
 

liming is common 

Pine  

 high mountain ranges / Alps 
 multi layered/uneven aged 
 long rotations/partly natural 

 lowlands, low to high mountain ranges 
 single layered, even-aged 
 short rotations (80-100 yrs.) including Mediterranean Pines 

Beech 
 selective single tree cutting 
 multi-layered/mostly natural regen-

eration 
partial planting possible in large openings  

liming in mountainous areas and on insuf-
ficiently buffered soils (e.g. Bunter Sand-
stone) 

Beech 
 group selection 
 multi-layered 

 “mini” clear cuts with group selection 
depends on the size of the clearings 

 sometimes regeneration is supported by 
planting 

 liming see above 
 compromise between clearcutting and 

shelterwood system 

Beech  

Oak  
 intensive shelter system incl. planting  
 seed tree harvesting 

more common for Oak, including Mediter-
ranean Oaks 

Beech 
 group selection 
 multi-layered 

 “mini” clear cuts with group selection 
depends on the size of the clearings 

 sometimes regeneration is supported by 
planting 

 liming see above 
 compromise between clearcutting and 

shelterwood system 

Oak  coppice with standards multi-species? 
Softwood  north-central Europe 
Chestnut 

 coppice 
southern Europe 

Multiple tree species forests 

Pine-Birch natural forests in nordic countries  multiple layered  
 short rotations (80-100 yrs.) 

birch often by natural regeneration 

Beech-Oak   
Beech-Pine (Oak) 

 selective cutting 
 multi-layered  group selection also possible (see above) 

     

Beech-Spruce-Fir 
 mountain selection forest  
 selective cutting 
 multi-layered 

 

group selection (Femel) with Beech-Fir 
(planting in Femelopenings), also contains 
mountainous mixed forest (Plenter), 
partially with advanced plantings of beech 

1) Large-scale loss of forest cover: wind throw/fire/drought damage 
 

Alternative proposal (North Carolina State University) is based on tree species mixture and harvest techniques: 

I. Even-aged management 
a. Clearcutting 
b. Shelterwood cutting 
c. Seed-tree cutting 

II. Uneven-aged management 
a. Group selection 
b. Single tree selection 
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Executive Summary and Recommendation 
 
This paper focuses on the establishment of a framework 
addressing the various links existing between soil organic 
matter and policies (in accordance with the DPSIR 
approach).  The expected outcome of this framework is to 
provide guidance and action oriented recommendations in 
the perspective of the establishment of a EU Soil thematic 
strategy. 
 
The various links existing between soil organic matter and 
policies can be addressed from different points of view such 
as:  
 

- Policy thematics.  13 policy thematics are considered to 
influence directly or indirectly SOM. The targets of these 
policies are different and they could be – with respect to 
SOM – contradictory.  In this regard, the DPSIR 
approach can help.  By considering the current state (S1) 
and the expected state (S2) of SOM contents and 
quality, it is easier to propose a framework policy 
response, encompassing the above policy thematics. 

- Policy tools (which policy tools can influence directly or 
indirectly soil organic matter?).  Referring to an OECD 
study in agriculture, 18 policy tools or “sub-tools” are 
identified.  Some of them are broadly used in the EU.  
Others appear to be rare in agriculture in the EU.  Finally, 
tools such as cross-compliance mechanisms are given 
increasing importance in the framework of the EU 
political evolutions (particularly the CAP reform).  Within 
the framework of an EU soil thematic strategy, policy 
responses addressing SOM should make use of various 
policy tools in a coherent way.  This paper proposes an 
example of coherent way of proceeding (figure 3). 

- Geographical approach.  5 geographical scales are 
considered as politically relevant for the management of 
SOM.  It is noted that the sub-national, or even the local 
level could be the most adequate scale for policy 
implementation.  However, this does not prevent such 
low scale policies to be integrated in larger scale 
frameworks1 2. 

- Historical approach.  4 recent historical periods are 
considered as politically and environmentally relevant in 
Europe.  CAP reforms, agri-environmental programmes 
and environmental policies are an attempt to overcome 
the environmental (and SOM) damages caused by the 
agricultural policies and practices of the years 60-80.  
The effects of these new policies are not to be visible in 
the short term. 

- Qualitative approach3.  It is recalled that the process of 
cultivation4 (and more generally any anthropic land use) 
of native soils is nearly always associated with a loss of 
organic carbon.  But this inevitable loss of organic matter 
needs not necessarily lead to permanent loss of function.  
Equilibrium between inputs and outputs can be achieved 
at a lower level of productivity, leading to sustainable soil 
management, despite changes in land use and 
respecting the social and economic dimensions of 
sustainable agriculture.  It is also recalled that the 
purpose here is not necessarily to obtain high SOM 
contents, but rather sustainable contents5 that contribute 
to essential soil functions such as prevention from 
erosion, water storage, greenhouse gases sink and 
nutrient supply6. 

The paper also assesses the (expected) effects of the listed 
policy thematics and policy tools on SOM quantity / quality, 
as well as the scale of these effects.  At this stage, the main 
conclusions of this assessment exercise are:  

- Whereas SOM losses are not only due to practices, but 
also to other reasons such as climate, one of the ground 
principles of the EU Soil Thematic Strategy should admit 
that it is primarily necessary to avoid as much as 
possible SOM losses by promoting adequate 
(agricultural) practices7 8 9 and banishing harmful 
(agricultural) practices10.  Among these adequate 
(agricultural) practices, maintenance and management of 
grasslands (herbaceous land), crop residues 
management11, cover-crops, manure land-spreading 
management12, crop rotation management13 and 
ploughing management14 15 are obviously key issues16 
(see conclusions of Task Group 4 and 5).  Concerning 
harmful (agricultural) practices, it can be noted as an 
example, that the burning of crop residues is a very 
harmful practice that is still largely used in some parts of 
southern Europe17. 

- An effective EU Soil Thematic Strategy should recognise 
that soils are a substratum permitting the development of 
various and sometimes contradictory vital processes 
such as vegetal growth, food production, carbon 
sequestration, water retention and filtration and human 
activities.  Concerning SOM, the objective should not be 
to maximise contents but rather to optimise contents in 
order to make the above-mentioned functions effective.  
In case of difficulties and depending on the individual 
situation to reach optimisation, a less ambitious but 
however laudable objective of steady state can represent 
a first necessary step. 

- It should be kept in mind that, in agriculture (and in 
forestry – to be confirmed), a large part (probably the 
main part – to be confirmed) of the potential pool of 
organic matter for soils does not leave the parcel (or at 
least the farm)18.  This pool of organic matter (direct 
pool19) is made of roots, crop residues20, agricultural 
wastes (manure land-spread21 22) and the existing SOM 
itself.  The management of this direct pool is the easiest 
and the cheapest way to implement SOM strategies 
(adequate agricultural and forestry practices).  Therefore, 
it is proposed that the EU Soil Thematic Strategy 
consider this direct pool as a priority23 24 25. 

- After having assessed more than 30 existing or expected 
policy tools in the EU (see annex 2), it can be stated that 
no existing or expected policy trend represent currently a 
strong threat for SOM in Europe. 

- Whereas most of the existing policies mention the 
respect of the environment and indirectly or directly the 
respect of soils, such mentions are not always precise, 
and SOM itself is rarely pointed out26.  The development 
of a EU Soil Thematic Strategy should help to precise 
these mentions in the existing legal texts.  Therefore, it is 
recommended to provide precise recommendations 
about SOM management (promote good practices and 
banish harmful practices) in order to adapt, modify or 
make more precise existing policy instruments. 

- Under the “mid-term CAP review”, the effect of the 
“decoupling” scheme for financing of the farmers on 
SOM keeps unpredictable.  It is therefore of key 
importance to monitor and assess this process27. 

- Under the “mid-term CAP review”, the set-aside 
requirements as well as the obligation to maintain 
permanent pastures are key issues in the scope of SOM 
management. It is well known that grasslands 
(herbaceous land) have, in general terms and comparing 
to arable land, a high potentially positive effect on SOM, 
erosion and soil quality in general.  Of course this aspect 
has to be seen from the perspective of a local, regional 
and national food supply as well as of a well balanced 
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landscape management. Therefore it would be not wise 
to increase the grassland area based on an one-sided 
arbitrary SOM argument. 

- The “good agricultural conditions”, recently introduced 
into the “mid-term CAP review” as cross-compliance 
requirements, specifically refers to soil erosion, soil 
structure and soil organic matter.  These “good 
agricultural conditions” represent therefore a major 
driving force influencing SOM contents in the EU28.  But 
in order to be efficient, these “good agricultural 
conditions” need to be better defined29.  It is obvious that 
a coherence necessarily needs to be reached between 
this concept of “good agricultural conditions” and the 
concept of “good farming practices” under Council 
regulation (EC) 1257/99. 

- Organic farming30 31 (Council regulation (EEC) 2092/91) 
and agri-environmental measures32 33 (Council regulation 
(EC) 1257/99) are powerful existing instruments that can 
contribute to meet the EU Soil Thematic Strategy 
objectives.  These two policy tools deserve promotion. 

- The ”nitrate” Directive (91/676/EEC) is one of the rare 
listed policy instruments which tends to hinder SOM 
contents raise.  A revision of the “nitrate” Directive is 
recommended (to be confirmed)34. 

- Among the most recent policy instruments developing 
inside the EU, some tend to maximise SOM contents 
(carbon sequestration)35.  In this regard, the EU Soil 
Thematic Strategy should tend to mitigate the potential 
negative effects of possible surplus and promote the site 
and management specific optimisation rather than 
maximisation 36 37. 

- Concerning the use of renewable energy sources, it 
should be recalled that any combustion of organic matter 
(biomass) necessarily impairs possibilities of 
incorporation of the residues into the stable pool of 
organic matter in soils.  The EU Soil Thematic Strategy 
should therefore tend to mitigate the potential negative 
effects of such drawbacks, in particular when using 
biomass that was not harvested for energy purpose. 

- Principles for sustainable forest management are not (or 
few) incorporated into legally binding EU instruments.  In 
the future, such principles could be considered as “good 
forestry practices”38 . 

- It can be expected that no SOM further strong damage is 
to be expected for reason of unsuitable policies.  But this 
does not prevent SOM to be negatively affected by non-
political driving forces, such as market, economical, 
social or environmental evolutions39 40.  Another point to 
consider is also the implementation of policies itself. 

 
According to the concepts developed in this paper, the EU 
Soil Thematic Strategy could be achieved when respecting 
the following implementation process:  
 

1. Development of an integrative concept which allows 
the assessment and determination of optimal SOM 
contents (see conclusions of Working Group on 
research).  Such optimal SOM contents strongly 
depend on soil, climate, land-use (agriculture, forest, 
landscaping) and local conditions (geographical 
approach).  The ”subsidiarity” principle in use in the EU 
requires such local or sub-national approaches41. 

2. Monitor SOM42 (see conclusions of Working Group on 
monitoring) in order to control whether optimal SOM 
contents are reached. 

3. Approval of existing policy instruments to reach or 
maintain optimal SOM contents (rather than maximum 
SOM contents), use or modify existing policy 
instruments or establish, only if necessary, new policy 
instruments, in order to establish a coherent policy 
framework43 44 (a framework Directive45 46) whose main 
objective is to reach the mentioned targets47 48.  As a 
short term objective, this policy could focus in general 
on the maintenance of existing SOM contents.  This 
policy should also consider the direct pool of organic 
matter (roots, crop residues, agricultural waste) as the 
easiest and the cheapest way to ensure the 
maintenance or the improvement of SOM49. 

 
                                                           
1  In the further development of the work it will be very important to 

be aware whether it is valuable to handle a subject at EU-level 
and to which extend. The Danish EPA finds that the proximity 
principle should be adopted when ever feasible. Implementing all 
the ideas given by the working group would be very costly and in 
our view will not give a corresponding environmental benefit 
(Danish written comments to the Advisory Forum April 2004). 

2  Local and regional choices and responsibilities are of prime 
importance. We strive for mutual reinforcement of efforts on the 
different administrative levels.  In our opinion the European level 
is part of this multi-level approach (Netherlands written 
comments to the Advisory Forum April 2004). 

3  The working groups have not always been able to present a clear 
picture of impacts of soil problems and possible benefits of 
sustainable soil management and a European soil strategy. We 
think that it is necessary to focus the extended impact 
assessment to this aspect. Social and economical an 
environmental impact (People, Planet, Profit) has to be 
considered before the policy is designed and decisions are made 
(Netherlands written comments to the Advisory Forum April 
2004). 

4  We consider it let’s say dishonest to claim cultivation (agricultural 
land use) instead of soil tillage for the loss of SOM (ECAF written 
comments to the Advisory Forum April 2004). 

5  The group on OM could add as a principle to strive to close the 
cycles in organic matter. On the other hand it should be clear that 
enhancing the organic matter content is not always beneficial. All 
aspects should be taken in account (Netherlands written 
comments to the Advisory Forum April 2004). 

6  Soil protection regulations must in consequence refer to the 
functions of the soil, particularly the filtering, storage and 
buffering function in water and material cycles. The objective in 
terms of sustainability must be their long-term conservation 
and/or restoration (MUNLV and BVB position). 

7  Because of the great variability of soil, not all of these measures 
will be suitable to be adopted in all circumstances.  For example, 
reduced tillage may be suitable for use in some soils and in some 
climates, but not others (COPA written comments to the Advisory 
Forum April 2004). 

8  The EEB strongly supports any strategy which considers the 
integration of various possible farming practices (including 
organic farming, which gives wider environmental benefits; 
conservation tillage e.g. where erosion is to be tackled 
prominently; the use of Exogenous Organic Matter (EOM) where 
other sources are not available, nor are crop residues enough to 
restore depleted soils; etc.) all of which should have a common 
aim to restore levels of organic fertility and put Organic Matter 
again at the core of Good Agronomic Practices (EEB written 
comments to the Advisory Forum April 2004). 

9  Several TWG’s highlighted the element of Exogenous Organic 
Matter (EOM). The possibilities to reduce erosion by using EOM 
are limited. Main focus should be on adapting land use and land 
management to the local site quality (ESBN written comments to 
the Advisory Forum April 2004). 

10  It should not be forgotten that a threat pointed out by COM 
179/2002 is the decline of SOM and there are situations where a 
controlled increase of SOM is essential in order to regain a 
balanced level of soil multi-functionality, provided that this 
increase is coupled with the promotion of soil sustainable 
management. 

11  The recommendation of appropriate (agricultural) practices such 
as crop residue management is certainly correct but it should be 
mentioned the way of managing them: Conservation Agriculture 
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provides the answer to that (ECAF written comments to the 
Advisory Forum April 2004). 

12  We are not sure if the legally binding framework is necessary 
here. Manure spreading is already controlled by e.g. EU's Nitrate 
Directive, good agricultural practice -guidelines and it is also part 
of the national agri-environmental support scheme and its 
conditions (Finland written comments to the Advisory Forum April 
2004). 

13  Due to diverse crop rotations, including grass-clover, legumes 
and legume mixtures, intercrops and intracropping, organic 
farming provides a more permanent plant cover, thus conserving 
the soil. Moreover soils are stabilised by increased humus 
content as a result of manure application (IOFAM written 
comments to the Advisory Forum April 2004). 

14  Without any doubt conservation tillage offers a high potential in 
reducing soil degradation. However it should be ensured that 
conservation tillage will not lead to an increasing use of 
herbicides. Moreover, there is a considerable risk of late nitrogen 
mineralization in reduced till fields due to less aerated soils, the 
manure can not be incorporated in the soil in no-till systems, 
leading to high ammonia losses and conservation tillage may 
drastically increase the growth of Fusarium, which produce the 
highly toxic DON and NIV in cereal grain (IOFAM written 
comments to the Advisory Forum April 2004). 

15  The 3 main principles of Conservation Agriculture are the 
following:  (i) Minimum possible soil disturbance for crop 
installation (crop and site specific). It is not only no-till but it also 
comprehends superficial minimum tillage and reduced non 
inversion tillage techniques which guarantee a permanent 
minimum soil cover through crop residues. (ii) Permanent 
minimum soil cover both in annual and perennial crops. (iii) 
Utilization of diversified and balanced crop rotations in case of 
annual crops, or plant associations in case of perennial crops in 
order to counteract pest, disease and weed pressure as much as 
possible (ECAF written comments to the Advisory Forum April 
2004). 

16  Since, there are many questions concerning the use of 
“exogenous organic matter” to improve soil quality, it is strongly 
believed that this is an issue where the “precautionary principle” 
should be applied in order to safeguard the quality of soil for 
future generations.  Alternative solutions for improving soil quality 
and protection from erosion should be examined, as for example, 
green-manures (including crop residues), fallowing, crop rotation, 
conservation tillage, dry stone walls for supporting terraces, rows 
of trees and bushes on field boundaries (buffer strips), etc.  The 
use of animal manure, although used in the past, at the present 
time should also be examined carefully before its application that 
(EuroGeoSurveys written comments to the Advisory Forum April 
2004). 

17  This paragraph should mention clearly the harmful (agricultural) 
practices, which consist not only in the residue burning but 
especially in intensive soil tillage (ECAF written comments to the 
Advisory Forum April 2004). 

18  If SOM does not leave the parcel or the farm how to explain the 
20-50% loss of SOM mentioned in the final WG OM report ? A 
large part of SOM does leave the parcel and the farm not through 
products but in the form of CO2 caused by intensive tillage 
(ECAF written comments to the Advisory Forum April 2004). 

19  Belgium would prefer a less extensive definition of exogenous 
organic matter, and additionally to make a distinction between 
the direct pool of organic matter (pool of matter that does not 
leave the parcel or farm) and the indirect pool.  According to the 
Belgian point of view, agricultural waste such as crop residues is 
not to be considered as exogenous organic matter (Belgian 
written comments to the Advisory Forum April 2004). 

20  We reject the simplified position that “keeping crop residues in 
farmlands is enough for a policy on OM across EU”; this is 
certainly a reasonable practice and should be 
supported/promoted, but the statement overlooks site-specific 
conditions (the real practicability of various options and related 
benefits and downsides), and the current status of widely 
depleted soils in many areas across Europe. Therefore, also the 
use of EOM should be promoted, and strategies to keep sources 
of  EOM unpolluted (source separation, policing of waste waters, 
etc.) should be prioritised (EEB written comments to the Advisory 
Forum April 2004). 

21  Some manure such as slurry or liquid manure is primary a 
nitrogen and phosphorus fertiliser with low effect on SOM. 

22  COPA has a number of concerns about the introduction of a 
‘legal framework for manure and slurry’. There is a huge amount 
of knowledge and available information about the management of 
the application and best use of these materials as fertilizers.  Any 
consideration of application of controls on the ‘quality’ of these 
materials must first consider the potential impact and 
effectiveness of current measures and whether these may deliver 

                                                                                        
the benefits necessary (COPA written comments to the Advisory 
Forum April 2004). 

23  Nonetheless, the amount of organic matter from recovery of 
waste biomass may be relevant; according to rough estimates, it 
may be available for application on 3 to 9 M ha/year.  The most 
important is that the concerned area for application of exogenous 
OM would consist of sites where other sources of OM are not 
available (e.g. absence of livestock, sale of straw as a bedding 
material to other farms, troublesome shredding and incorporation 
of tree pruning, etc.) and this fosters the benefits of the 
application (replenishment or maintenance of SOM) and thereby 
increases the “marginal value” of unit loads of “exogenous 
organic matter”. 

24  The Belgian position is clearly that from a soil protection point of 
view EOM can only be applied to soils when it is useful for that 
specific soil and when the “no-accumulation” principle is taken 
into account (this means that the input of potential contaminants 
must be balanced by the output, to avoid the risk of  diffuse soil 
contamination in the long run) and provided that this "no-
accumulation" principle does not cause subsequent accumulation 
in other compartments such as water or living organisms. 
Preventive measures (soil management, catch crops/green 
manure, management of crop residues, conservation tillage/no-
tillage) should be applied first, addition of EOM can only be 
considered in second order (Belgian written comments to the 
Advisory Forum April 2004). 

25  The development of a consistent approach for the safeguarding 
of a long-term sustainable application of EOM is considered (by 
CEEP) as an important issue. CEEP is of the opinion that this 
approach should be based on a balance of benefits and costs of 
this application. We therefore think that in some cases, a modest 
short-term increase of heavy metal content in the soil as a result 
of EOM application is tolerable, as far as the long-term 
sustainability goals are not violated (CEEP written comments to 
the Advisory Forum April 2004). 

26  Many existing directives are relevant for soil, but there are 
inconsistencies and gaps, for example soil-aspects in pesticides-
policy. Improving this situation should be one of the aims. The 
Soil Strategy should be used to support the efforts to realize the 
aims of the other directives (Netherlands written comments to the 
Advisory Forum April 2004). 

27  Decoupling may lead to arable production on marginal land 
shifting to more productive areas and reduced stocking densities 
in the uplands (COPA written comments to the Advisory Forum 
April 2004). 

28  By analogy with the Water Framework Directive the term “good 
soil condition” should be introduced. The objective should be to 
maintain this “good soil condition” permanently (prevention) 
and/or restore it on land previously contaminated by man (cure). 
In order to maintain good soil condition, the aim should be to 
achieve a general reduction in discharges and, in the medium 
term, to stop the trend towards increased contaminant content in 
the soil and establish a balance between introduction into the soil 
and removals from the soil by around 2020 (MUNLV and BVB 
position). 

29  We would be concerned if recommendations were made to 
enhance cross compliance with additional measures at this 
stage.  We would encourage further discussion about the merits 
of agri-environment schemes and non-regulatory measures such 
as sharing of best practice, case studies, voluntary initiatives and 
demonstration farms (COPA written comments to the Advisory 
Forum April 2004). 

30  Why is only mentioned OF as powerful existing instrument to 
meet the aspects of the Soil Thematic Strategy, recognizing at 
the same time that it is unlikely to become a mainstream 
agricultural practice. Why not mention other approaches as 
Integrated Farming and Conservation Agriculture? We disagree 
that OF can contribute increasing soil organic matter content, 
since OF is a type of agriculture based on soil tillage and soil 
tillage enhance OM oxydation / degradation (ECAF written 
comments to the Advisory Forum April 2004). 

31  We would like to underline that organic farming have developed 
since a long time less intensive soil tillage practices, e.g. 
ploughing less deep, minimum tillage, undersowing of green 
manure or leys instead of soil tillage, in most cases more than 20 
% of soil building crops in the rotation (IOFAM written comments 
to the Advisory Forum April 2004). 

32  The Austrian Agri-Environmental Programme has some 
opportunities to serve the increase of SOM, for example 
mulching, reduced and minimum tillage, application of compost 
promotes the increase and saving of SOM in that programme. A 
few long-term experiments are available in this respect (Austrian 
written comments to the Advisory Forum April 2004). 

33  The Rural Development Regulation and the delivery mechanism 
for the provision of agri-environment schemes is an important 
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policy mechanism that rewards farmers for going beyond good 
practice (COPA written comments to the Advisory Forum April 
2004).  

34  Belgium is in favour of a revision of the “nitrate” Directive, as it 
hinders in some cases practices which could improve SOM and 
consequently soil structure and resistance against erosion 
(Written comments to the Advisory Forum April 2004). 

35  To monitor the change of C-level in soil in content with the 
Austrian Agri-Environmental Programme could be very helpful 
and could be used in the context of the Kyoto target for Austria, if 
the political decision is taken in Austria to make use of Art. 3.4-
sinks (Austrian written comments to the Advisory Forum April 
2004). 

36  There appears to be much emphasis on the Kyoto Protocol as a 
driver for carbon sequestration, in addition to increasing soil 
organic matter.  However, we understand that quantification of 
the benefits of potential carbon sequestration is lacking, 
particularly in relation to the effects of climate, regional variations 
and differences in soil type.  In addition, we believe that any 
‘benefits’ of carbon sequestration need to be balanced with any 
possible negative impacts of releases of other greenhouse gases 
(e.g. methane, nitrous oxide).  Until further work to quantify these 
uncertainties is undertaken, we believe the priority should be to 
maintain or improve organic matter in soil (COPA written 
comments to the Advisory Forum April 2004). 

37  Also the EU is promoting the use of renewable energy resources, 
which substitute the use of fossil fuels. We would like to point out 
that Thematic Strategy on Soil Protection would not prevent 
sustainable use of such energy resources and this should be 
reflected in the text somehow (Finland written comments to the 
Advisory Forum April 2004). 

38  The task group suggests an introduction of a ‘good forestry 
practices’ at a European level.  We have concerns about this 
approach because there is no harmonised European forestry 
policy at the moment.  Adequate regulation is already in force at 
a national level (COPA written comments to the Advisory Forum 
April 2004). 

39  The internal market requires that issues regarding products are 
dealt with on a European level. In relation to soil such products 
are: pesticides, building materials, fertilizers, waste etc. 
Furthermore the ambition to create an internal market may lead 
to measures to create a level playing field. It is important that 
environmental criteria are sufficiently incorporated in harmonising 
EU-legislation (Netherlands written comments to the Advisory 
Forum April 2004). 

40  As a general principal, a reduction in land usage for housing and 
commercial development must be achieved, particularly through 
increased use of brownfield sites (land “recycling” and 
exploitation of existing potential in developed areas, eg building 
gaps and building-land reserves) (MUNLV and BVB position). 

41  Member states, European institutions and other organizations in 
the EU can improve their performance by exchanging information 
and experience and dealing with issues in a joint effort 
(Netherlands written comments to the Advisory Forum April 
2004). 

42  It should be stressed that many data on soils, at both at MS and 
Community level, are available. Data quality should be improved 
by further harmonization. MS should be obliged to deliver soil 
data and contribute in the harmonization process (ESBN written 
comments to the Advisory Forum April 2004). 

43  We agree that greater integration of soil protection through 
existing and forthcoming strategies is needed.  Links with 
Flooding Strategy, Pesticide Strategy, Air Quality Strategy, 
Climate change and Biodiversity Strategy need to be considered.  
If this approach is taken, we do not believe that the package of 
measures to be set out within the Thematic Strategy would need 
a further layer or framework of legislation (COPA written 
comments to the Advisory Forum April 2004). 

44  We have noted an absence of discussion or focus within the 
reports of non-regulatory measures that could be adopted. 
Sharing of best practice, case studies, voluntary initiatives and 
demonstration farms are all useful tools in raising awareness 
about and promoting soil protection and could be included in the 
range of measures to be considered (COPA written comments to 
the Advisory Forum April 2004). 

45  A framework directive is not needed and might distract energy 
from the pressing soil issues to an instrumental debate.  Nor do 
we see – for the time being – the need for an overarching legally 
binding instrument. Most legal measures that are relevant for soil 
form a part of other legal instruments (waste, water, pesticides, 
nitrates, etc.) and we do not (yet) see a reason to change this. If 
cohesion is to be achieved, we prefer modifications to such 
existing instruments over the creation of a completely new, 
additional instrument (Netherlands written comments to the 
Advisory Forum April 2004). 

                                                                                        
46  The Water Framework Directive can generally be taken as a 

model for the Soil Framework Directive; in detail, however, the 
Soil Framework Directive requires regulations specially tailored 
for the soil, i.e. a simple copy is not possible (MUNLV and BVB 
position). 

47  Objectives of the strategy should be: (i) To prevent soil-
degradation and therefore monitor pressures on the soil. (ii) To 
manage soil in such a way that essential soil functions are 
protected. (iii) To manage the historic soil contamination in such 
a way that health or ecological risks are prevented  and soil can 
be used in the desired way (Netherlands written comments to the 
Advisory Forum April 2004). 

48  There is a need to develop a clear policy framework on 
prevention and soil use. Precaution, prevention at the source, 
background values, critical loads, risk approach, soil quality, soil 
health and “no accumulation”, “polluter pays” should be 
described in such a way that choices can be made on the 
appropriate level regarding pressures on the soil, which land use 
is right (where and how) and how the soil is to be managed 
(Netherlands written comments to the Advisory Forum April 
2004). 

49  There are situations where the use of exogenous SOM is 
essential in order to regain a balanced level of soil multi-
functionality, provided that this increase is coupled with the 
promotion of soil sustainable management.  Also is of key 
importance the quality of the added organic matter (sanitary and 
contaminant aspects, stable organic fractions). 
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1. Background 
 
As a follow up to the adoption of the 6th EAP, the 
Commission adopted on 16 April 2002 a Communication 
towards a Thematic Strategy for Soil Protection.  On that 
basis the Commission committed itself to build on actions 
that will lead to the improvement of the protection of soils.  
Three development phases are foreseen. 

The second development phase is currently in progress.  
This phase is based on the establishment of various Working 
Groups focusing on identified topics of main relevance.  The 
Working Groups are composed of State representatives, EU 
representatives and stakeholders.  The final aim of the 
Working Groups is to contribute to the deliverables the 
Commission is committed to. 
 
This paper is one of the outcomes of the Working Group on 
Soil Organic Matter. 
 
As decided on its first meeting held in Paris, on 22 May 
2003, the work of the Working Group on Soil Organic Matter 
is divided into 7 main tasks.  This paper is the final outcome 
of the 6th task: “Soil Organic Matter and Political Responses”.  
The persons directly involved in this task and/or who 
contributed to this paper are: 
 

- Jean-François MALJEAN, Belgium (Task Leader) 
- Claus Gerhard BANNICK, Germany 
- Bela PIRKO, Hungary 
- Enzo FAVOINO, EEB 
- Christian PALLIERE, European Fertiliser Manufacturers Association 
- Benoît JAMES, European Landowners’ Organisation 
- Stuart REYNOLDS, ASSURRE 
- Joost SCHAMINEE or Jan EKSVAERD, COPA-COGECA 
- Ana RODRIGUEZ CRUZ, Spain 
- Michel ROBERT, France 
- Luca MARMO, European Commission DG ENV 
- Isabelle FEIX, France 
- Fabio TITTARELLI, Instituto sperimantale per la nutrizione delle piante – 

Italy 
- Rob MORRIS, UK 
- Irmgard LEIFERT, FEAD 

- Stefanie SIEBERT, ECN/ORBIT (European Compost Network) 
 
This paper focuses on the establishment of a framework 
addressing the various links existing between soil organic 
matter and policies (in accordance with the DPSIR 
approach).  The expected outcome of this framework is to 
provide guidance and action oriented recommendations in 
the perspective of the establishment of a EU Soil thematic 
strategy. 
 
2. Proposed framework 
 
The various links existing between soil organic matter and 
policies can be addressed from different points of view such 
as:  
 
- Policy thematic (which policies influence directly or 

indirectly soil organic matter?  Land-use policies, 
environmental policies, waste policy, agricultural 
policies, forest policies, policy on climate change...). 

- Policy tools (which policy tools can influence directly or 
indirectly soil organic matter?  Payments to farmers, 
environmental taxes, costs for the reuse/recycling or 
disposal of waste, regulatory requirements, cross-
compliance mechanisms, research, technical 
assistance, labelling,...). 

- Geographical approach (are there continental, national 
or regional specific and remarkable SOM / policies 
links that can provide useful knowledge?). 

- Historical approach (which policies have obviously 
influenced soil organic matter in the past, and how?  
How are evolving these policies?  Are there new 
emerging policy approaches that can influence soil 
organic matter?). 

- Qualitative approach (is it clear that some policies are 
harmful or favourable for soil organic matter?  

Environmental policies, environmentally harmful 
subsidies, good agricultural practices...). 

 
3. Policy thematic 
 
The following policy thematics are considered to influence 
SOM: 
 

- Agricultural policy 
- Forest policy 
- Land-use policy 
- Mining policy 
- Water policy 
- Air policy (with target “clean air”) 
- Climate policy 
- Pollution policy 
- Biodiversity and ecosystems policy 
- Use of natural resources policy 
- Energy policy 
- Waste policy  
- Sanitary policy 

 
The listed thematics have different influence on SOM. The 
targets of these policies are different.  They could be – with 
respect to SOM – contradictory.  There are therefore main 
methodological difficulties to determine the (environmental) 
effects of policies or their reform. The problem essentially is 
to filter the policy component from the many other factors 
that also shape outcomes.  It is therefore suggested to 
consider the policy response to SOM problems as a whole, 
without intending to separate this response into various 
components.  In this regard, the DPSIR framework can help.  
By considering the current state (S1) and the expected state 
(S2) of SOM content and quality, it is easier to propose a 
framework policy response, encompassing the above policy 
thematics.  This objective could be reached by establishing a 
Soil Framework Strategy (Directive) that gives a clear image 
of the expected soil state and that uses existing policy tools 
as well as, if necessary, new policy tools (see chapter 4 for 
policy tools). 
 
The existing EU policy measures addressing the above listed 
themes are listed in annex 1. 
 
The OECD secretariat is currently establishing an inventory 
of policy measures addressing environmental issues in 
agriculture (http://www.oecd.org/EN/home/0,,EN-home-148-
nodirectorate-no-no-no-1,00.html ).  This work currently 
covers Australia, New Zealand, Switzerland and the United 
States, as well as a first draft for Belgium, Canada, Denmark, 
the European Union, Finland, France and Sweden.  This 
work should be considered as a useful source of data for the 
establishment of the EU soil thematic strategy.  The OECD 
works are of course not to be considered as a sole basis for 
the establishment of an EU Soil Thematic Strategy, but only 
as a source of data, seeing that many EU Member States 
are also OECD Member States.  Moreover the OECD works 
referred to in this paper are agriculture-oriented, but this 
does not mean of course that soil concerns are only linked to 
agricultural concerns. 
 

4. Policy tools 
 
The OECD Joint Working Party on Agriculture and the 
Environment is currently performing a study on agri-
environmental policy measures (inventory of policies, effects 
of policies, etc.).  The OECD proposes a classification of 
policy tools.  Some of them, such as payments to the farmers 
or command-and-control measures, are broadly used in the 
EU.  Others, such as tradable rights, community-based 
measures or environmental taxes and charges appear to be 
rare in agriculture in the EU.  Finally, tools such as cross-
compliance mechanisms are given increasing importance in 
the framework of the EU political evolutions (particularly the 
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CAP reform).  Anyway, policy tools from European or non-
European countries, such as, for example, the American 
“Farm Bill” should be examined and considered as an 
important source of inspiration for the building of an 
European Soil Strategy. 
 
The OECD works are of course not to be considered as a 
sole basis for the establishment of an EU Soil Thematic 
Strategy, but only as a source of data, seeing that many EU 
Member States are also OECD Member States.  Moreover 
the OECD works referred to in this paper are agriculture-
oriented, but this does not mean of course that soil matters 
are only linked to the agricultural matters. 
 
The OECD classification of policy tools is described here 
below : 
 

- Economic instruments 
 

• Payments 
 
Payments based on farming practices.  The EU co-
finances with member states a wide range of agri-
environmental payment programmes based on farming 
practices under a policy first established in 1992 under the 
Agri-environment Regulation (No 2078/92), and later 
encompassed under the Rural Development Regulation 
(No 1257/99). Prominent among these measures are 
payments to support the adoption of less input-intensive 
farming practices, as well as support for organic farming. 
 
Payments based on resource retirement.  Programmes 
under this category provide incentive payments to remove 
land or other factors of production from production for 
environmental purposes.  Such programmes have 
dominated agricultural conservation expenditures in the 
United States since the mid-1980s.  The major US land 
retirement programme is the Conservation Reserve 
Program (CRP).  In 1992, the European Union also 
introduced a forestry scheme (Council Regulation 
No. 2080/92), later encompassed under the Rural 
Development Regulation (No 1257/1999), granting support 
for planting costs for the afforestation of agricultural land.  
Co-financed by the EU, payments may also cover forestry 
management costs over a period not exceeding 5 years; 
and income compensation up to a period of 20 years. 
Between 1993 and 1997, over 500,000 hectares of 
agricultural land had been afforested, with Ireland, 
Portugal, Spain and the United Kingdom accounting for 
some 80% of this area. 
 
Payments based on fixed farm assets.  Payments based 
on farm fixed assets are policy measures granting a 
monetary transfer (including implicit transfers such as tax 
and credit concessions) to farmers to offset the investment 
cost of adjusting farm structure or equipment to adopt 
more environmentally friendly farming practices.  A number 
of structural payment programmes have been implemented 
in the European Union under the Rural Development 
Regulation (No 2057/99), including funding to assist 
farmers in bringing buildings and manure storage facilities. 
 
• Environmental taxes / charges.  

Environmental taxes and charges are policy measures 
imposing a tax or charge relating to pollution or 
environmental degradation, including taxes and charges on 
farm inputs or outputs that are a potential source of 
environmental damage.  Charges or taxes on polluters are 
based on an evaluation of the damage caused is an 
application of the PPP.  The implementation of taxes and 
charges appears to be rare in agriculture, compared to 
other sectors. This may at least partly reflect practical 
problems of measurement – unlike a factory where 
pollution can normally be monitored at “point”, the pollution 

from agriculture is much more dispersed, as it tends to 
originate from many different farms and in varying 
intensities. However, such measures are also sometimes 
viewed as contrary to farmers’ property rights, which are 
often viewed differently relative to other sectors. 
 
• Tradable rights.   

Tradable rights/quotas are measures that establish 
environmental quotas, permits, restrictions and bans, 
maximum rights or minimum obligations to economic 
agents which are transferable or tradable.  Their 
application in agriculture continues to be fairly rare. 
 
- Command-and-control measures 
 
• Regulatory requirements.   

Regulatory requirements are compulsory measures 
imposing requirements on producers to achieve specific 
levels of environmental quality, including environmental 
restrictions, bans, permit requirements, maximum rights or 
minimum obligations.  Some of these requirements are 
specific only to agriculture, while others are part of broader 
national environmental legislation affecting many sectors, 
including agriculture. 
 
Reducing pollution.  Since the 1980s there has been a 

general expansion in regulatory measures to protect 
waterways and groundwater, and to reduce air 
pollution, particularly in the following areas : inputs, 
use of pesticides, nutrient management, scale of 
production, buffer strips and catch crops, siting rules. 

 
Use of natural resources: water and soils.  Absolute 

quantitative restrictions to limit the extraction of water 
for irrigation purposes are becoming increasingly 
common in regions where water is scarce.  
Regulatory requirements regarding land use have 
become increasingly common in relation to soil 
quality, either at the national or state/regional level. 

 
Biodiversity.  Most governments at federal and 

provincial/state level have well established legislation 
to protect valuable wildlife and habitats, which can 
influence on-farm practices.  Under the Birds 
Directive (No 409/79) and the Habitat Directive (No 
43/92), European Union member states are required 
to take steps to protect endangered species, as well 
as the habitats upon which they depend for feeding 
and breeding). 

 
• Cross-compliance mechanisms.   

Cross-compliance mechanisms are measures imposing 
environmentally-friendly farming practices or levels of 
environmental performance on farmers participating in 
specific agricultural support programmes.  Cross-
compliance has been introduced by a number of OECD 
countries (see figure 2), including European Union member 
states – Denmark, Finland, France, Greece, Ireland, Italy, 
the Netherlands and the United Kingdom – in order to tie 
environmental requirements to direct support offered under 
a variety of the CAP commodity regimes.  To date many of 
these requirements have been relatively specific.  The 
“mid-term CAP reform” has been adopted in June 2003.  
The legislative proposals of this reform introduce cross 
compliance as a compulsory requirement for farmers to 
receive direct payments.  It is proposed that a farmer 
receiving direct payments shall respect statutory 
management requirements (e.g. health, environment) and 
good agricultural conditions (to be defined by Member 
States).  It is proposed that good agricultural conditions 
shall take into account minimum level of maintenance, soil 
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salinisation, soil erosion, soil structure and soil organic 
matter.  This proposed framework of good agricultural 
conditions is shown in figure 1. The legislative proposals 
also propose that Member States shall ensure that land 

which was under permanent pasture on 31 December 
2002 is maintained under permanent pasture.   

 

  
FIGURE 1: Proposed good agricultural conditions referred to in the legislative proposals of the “mid-term CAP reform” 
(http://europa.eu.int/comm/agriculture/mtr/index_en.htm ) 
 

Issue Requirement Standards 
Soil erosion Protect soil through appropriate 

measures 
- Minimum winter soil cover at farm level and for sloping areas and all year 

round minimum soil cover 
- Tillage practices (angle of inclination and length of slopes, nearness to 

watercourses, direction and timing of ploughing, etc.) 
- Cropping restrictions in relation to land use where applicable 
- Management techniques related to specific crops (vines, olive, trees, 

maize, etc.) 
- Retain terraces 
- Soil tare levels for specific crop (potatoes, sugar beet, etc.) 

Soil organic matter Maintain soil organic matter levels 
through appropriate crop rotation 
practices and tillage techniques 

- Principles and standards for crop rotations including where appropriate for 
the incorporation of crop residues 

- Arable stubble management in particular regarding burning 
- Rules where renewal of permanent pasture is undertaken 

Soil structure Maintain soil structure through 
appropriate machinery use and 
stocking rates 

- Appropriate machinery use (tyre pressure, use of tramlines, type and 
timing of agricultural operations, etc.) 

- Maximum for stocking rate levels to avoid damage to soil structure 
Soil salinisation Follow irrigation and soil nutrient 

management practices which avoid 
a build up of salts in soils 

- Ensure balance of irrigation, drainage and water table replenishment 
- In coastal areas, irrigation which avoids the intrusion of sea water into 

groundwater 
Minimum level of 
maintenance 

Ensure a minimum level of 
maintenance and avoid the 
deterioration of habitats 

- Minimum livestock stocking rates or/and appropriate regimes 
- Protect permanent pasture through principles and standards restricting 

use changes 
- Retention of field boundaries and landscape features 
- Avoiding the encroachment of shrubs on agricultural land 

 

FIGURE 2: Use of cross-compliance requirements in OECD countries (before the mid-term CAP reform) 

Cross-
compliance Year

Country requirements Commodity/Programme Coverage introduced
Australia no
Austria no
Belgium no
Canada no
Czech Rrepublic no
Denmark yes arable crop area payments 2000

beef livestock headage premia
Finland yes arable crop, hemp, flax, potato starch and seed area payments

all livestock headage premia
France yes maize area payments, for irrigated crops 2000
Germany no
Greece yes all commodities receiving subsidies from the CAP 2001
Hungary no
Iceland no
Ireland yes sheep premia 1998
Italy yes arable crops, grain legumes, flax, hemp, tabacco, seeds, rice, olive area payments 2001

sheep and cattle premia
Japan no
Korea yes area payment for paddy field farmers 2001
Luxembourg no
Mexico no
Netherlands yes silage maize and starch potatoes area payments 2000
New Zealand no
Norway yes arable crops, oilseeds, fruits and vegetables and grassland area payments 1991

headage payments for all livestock
Poland no
Portugal no
Slovak Republic no
Spain no
Sweden no
Switzerland yes all payments to farmers (excluding summering headage payments) 1999
United Kingdom yes arable area payments; headage payments for beef and sheep 1992-94
United States yes arable crops 1985  

Sources: OECD Secretariat, Peterson and Shaw (2000)1
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1  Figure 2 is not up to date for Austria : insert “yes” for “Cross-compliance requirements” and note as comment that there are set-aside 

requirements within the crop compensation; requirements of GAP in the framework of the Rural Development Programme; sub-
programme : Austrian Agri-Environmental Programme, “ÖPUL” introduced in 1995; last amendment 2000. 

 
- Advisory and institutional measures.  Advisory and 

institutional measures include collective projects to 
address environmental issues and measures to 
improve information flows to promote environmental 
objectives. This information can be provided to both 
producers, in the form of technical assistance and 
extension, and to consumers, via labelling. 

 
• Research / development.  Continuing innovation in 

the agricultural sector is generally recognised as 
crucial to meeting environmental goals in agriculture.  
Spending on agri-environmental research as a 
proportion of total agricultural research has increased 
in a number of countries since the mid-1980s. 

 
• Technical assistance / extension.  These 

programmes have traditionally focussed on improving 
on-farm productivity, but in the past two decades much 
greater emphasis has been placed on increasing 
farmers’ understanding of resource and environmental 
issues, in order to induce voluntary changes in farming 
practices to improve environmental outcomes.  
Training and demonstration projects have been 
introduced by member states – co-funded by the EU – 
as part of measures under the Agri-environment 
Regulation (No 2078/92) and the Rural Development 
Regulation (No 1257/99). 

 

• Labelling / standards / certification.  Labelling 
standards/certification are voluntary participation 
measures defining specific eco-labelling standards that 
have to be met by farm products for certification. 

 
• Community-based measures.  Community-based 

measures are measures that involve government 
support to community-based groups implementing 
collective projects to improve environmental quality in 
agriculture.  Community-based support for 
environmental purposes in rural regions is also 
available in some European Union member states 
under the Rural Development Regulation 
(No. 1257/99).  For example, in England, the Rural 
Enterprise Scheme, which was introduced in 2000, 
provides support to local projects involving farmers, 
rural businesses and rural community groups intended 
to protect the environment in connection with 
agriculture, forestry, landscape and animal welfare. 

 
Within the framework of an EU soil thematic strategy, policy 
responses addressing SOM should make use of various 
policy tools in a coherent way.  This coherent way of 
proceeding could draw its inspiration from Maljean & Peeters 
(2002) (http://www.nature.coe.int/conf_agri_2002/index.htm 
), according to the framework proposed in figure 3: 
 

 
FIGURE 3: Remuneration of farmers for environmental services (SOM in this case) produced at farm level 
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Legend: 
 
 
0 - A : Very low quantity (and quality) levels of SOM due 

to prohibited practices or soil uses penalized by 
fines or other financial obligations for the land user 
(regulatory requirements). 

A – B:  Low quantity (and quality) levels of SOM due to 
non-adequate but authorized practices or soil uses 
and giving rise to taxes or other financial 
obligations for the land user. 

B:  Satisfactory quantity (and quality) levels of SOM 
attributable to “good farming practices” and 

considered as cost-neutral (cross compliance).  
Land users can be helped to reach this level by 
means of technical assistance. 

B – C:  High quantity (and quality) levels of SOM obtained 
by means of specific and costly practices partly 
financed by payments (payments based on farming 
practices, payment based on land retirement, 
Payments based on fixed farm assets). 

C – D:  Very high quantity (and quality) levels of SOM 
obtained by the means of very specific and costly 
practices partly financed by payments and 
recognized by labelling / standards / certification. 
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It should be kept in mind that an increase of SOM content 
can induce higher nutrient losses.  Therefore, the approach 
proposed in figure 3 should be carefully considered, in 
accordance with the soil characteristics and the existing crop 
systems.  It could also be irrelevant to remunerate SOM 
content per se.  Therefore, it could be better appropriated to 
put this remuneration in correlation with other factors. These 
considerations are partly addressed in part 7 of this 
document “the qualitative approach”. 
 
5. Geographical approach 
 
The following geographical scales are considered as 
politically relevant in the scope of SOM:  
 
- The international scale (international agreements like 

the FCCC, CBD or CCD) 
- The European scale (the European Union) 
- The national scale 
- The sub-national scale (Regions) 
- The local scale (Municipalities) 
 
Rees et al. (2001) note that there is little consistent evidence 
for critical thresholds of SOM above or below which soil 
physical properties change significantly1.  This does not 
imply that the role of SOM is any less important.  However, it 
creates more difficulties for those responsible for devising 
policies of soil protection, and suggests that evaluation of soil 
quality on a case by case basis may be required in order to 
ensure that soil functions are maintained adequately. 
 
This suggests that the sub-national, or even the local level 
could be the most adequate scale for policy implementation.  
However, this does not prevent such low scale policies to be 
integrated in larger scale frameworks (future Soil Framework 
Directive, international agreements). 
 
6. Historical approach 
 
The following recent historical periods are considered as 
politically and environmentally relevant in Europe in the 
scope of SOM : 
 
- Up to the years 60 : national agricultural 

protectionism ; non-specialised agriculture ; non-self-
food-sufficiency ; relatively extensive land-use and 
agriculture, relatively extensive forest management 
and few environmental threats. 

- From the years 60 to the years 80 : CAP ; 
agricultural specialisation and intensification ; 
increase of agricultural productivity ; decrease of the 
number of farms and farmers ; food surplus ; 
environmental damages ; general decrease of the 
SOM contents (changes in ploughing practices2, 
ploughing out of grasslands3) and increase of SOM 
in some restricted areas (intensive breeding or 
cropping areas4). 

- The years 90 : CAP reform ; agri-environmental 
programmes ; relative stabilisation of grass covered 
areas and of environmental damages. 

- The years 2000 : Agenda 2000 ; CAP mid-term 
review ; cross-compliance ; attempts to overcome 
environmental damages and to harmonise 
environmental, social and economical purposes. 

 
 
There is much evidence that policies of the years 60 to 80 
based on intensification and productivity have strongly 
damaged the environment in general and SOM in particular.  
It is likely that the main damages on agricultural SOM were 
caused by (Häberly et al. – 1991) :  
 
- ploughing out of grasslands and insufficient “green” 

land-cover in general; 
- mechanisation and intensification in general (deep 

ploughing, heavy agricultural machines); 
- crop rotation disturbances (removal of crop residues, 

decrease of surfaces cropped with cereals). 
 
CAP reforms, agri-environmental programmes and 
environmental policies are an attempt to overcome the 
environmental (and SOM) damages caused by the 
agricultural policies and practices of the years 60-80.  The 
effects of these new policies are not to be visible in the short 
term.  Figure 4 shows that it is likely that there can be an 
important time-delay between implementation of agricultural 
policies and practices, and their consequences. 
 
                                                           
1  Notwithstanding there are research results showing that where 

exogenous organic matter (compost) has been applied for 
several years, there is a coincidence between the increased 
SOM contents and soil physical properties. (Amlinger, F., 
Dreher, P., Nortcliff, S., Weinfurtner, K.-H., (Edts.) 2003. 
Applying compost – benefits and needs. Seminar Proceedings, 
Brussels, 22 – 23 November 2001, BMLFUW, European 
Commission, Wien, Brüssel). 

2  On arable land, the ploughed layer increased from 20 to 30 cm 
during the last decades, because of the wider use of more 
powerful tractors, with, as a consequence, a mix (dilution) of 
the SOM rich upper layer with subsoil. 

3  Ploughing out of grasslands should clearly be distinguished 
from changes of practices on arable land.  Actually, it is not 
relevant to consider a nation-wide average for SOM in arable 
and grasslands: SOM content in the two types of soil covers 
should be considered separately.  It should also be noted that 
changes in agricultural land use and cover is a quite hard and 
difficult solution.  Finally, it is important to recall that, as it is 
well known, grasslands (herbaceous land) have, in general 
terms, a high potentially positive effect on SOM, erosion and 
soil quality in general, comparing to arable land. 

4  Parallel to the decrease of the SOM contents due to deeper 
ploughed soil layers (see footnote 1), yields increased during 
the same period, and as a consequence, the crop residues 
returning to soil also increased, which can explain, in some 
cases, a rather fast recovery of SOM in a recent period. 
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FIGURE 4 : Organic matter content of agricultural topsoils : United Kingdom, 1979-81 and 1995 
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Data cover England and Wales.  Source : MAFF (2000) 

 
This chapter is rather agriculture-oriented.  Further 
confirmation is needed to check whether the proposed 
historical approach also applies to other political areas. 
 
7. Qualitative approach 
 
 
To introduce this chapter, the following summary of the 
OECD paper “effects of agricultural policies on the 
environment, review of empirical work in OECD countries” 
can be given : 
 
Tangermann and Buckwell (1999) emphasise the 
methodological difficulties of determining the (environmental) 
effects of agricultural policies or their reform. They criticise 
empirical approaches that compare conditions before and 
after a policy change. The problem essentially is to filter the 
policy component from the many other factors that also 
shape outcomes. 
 
Two other considerations need to be taken into account 
when assessing the environmental effects of changes in 
farming practices. The first is the time-delay between 
changes in farming practices and their impacts on the 
physical and biological environment.  Lake eutrophication, for 
example, may continue long after farmers reduce their 
fertiliser use.  The second consideration is the site-specific 
and transboundary nature of changes in farming practices 
that impact the physical and natural environment.  
Hydrogeographic and climatic conditions and soil 
characteristics affect the nature of ultimate impacts of 
changes in farming practices on the environment. Normally 
the delay between the implementation of a measure to 
control nitrate pollution and an improvement in groundwater 
nitrate concentrations can be measured in decades. 
However, the response time can sometimes be less than 
10 years if geological conditions are favourable. 
 
A distinction can be made between immediate, intermediate 
and ultimate (long-term) responses to environmental 
changes in agricultural policies. Immediate impacts relate 

mainly to changes in farming practices, whereas ultimate 
impacts relate to changes in ecosystems and environmental 
parameters. 
 
On 7 / 8 November 2002, an OECD workshop on 
environmentally harmful subsidies was held in Paris.  
Previously, OECD Ministers, at their meeting of 16-17 May 
2001, asked the Organisation, among other things, to identify 
how obstacles to policy reforms towards sustainable 
development, in particular obstacles to the reduction of 
environmentally harmful subsidies, can be overcome.  Work 
on overcoming obstacles to the phasing out of 
environmentally harmful subsidies has been initiated by the 
workshop.  The workshop was intended to provide :  
 
- a review of relevant work concerning the definition of 

the term “subsidy” and “environmentally harmful 
subsidies”;  

- a survey of what is being done to classify and 
measure environmentally harmful subsidies;  

- an identification of some of the information and 
analytic gaps for ongoing work on subsidies in the 
OECD; and a contribution to strengthening the 
dialogue between the OECD and other IGOs and 
NGOs.  

 
The conclusions of this workshop will be soon available and 
are expected to contribute to the developments of the work 
on the EU Soil thematic strategy. 
 
The OECD works are of course not to be considered as a 
sole basis for the establishment of an EU Soil Thematic 
Strategy, but only as a source of data, seeing that many EU 
Member States are also OECD Member States.  Moreover 
the OECD works referred to in this paper are agriculture-
oriented, but this does not mean of course that soil matters 
are only linked to the agricultural matters. 
 
Rees et al. (2001) recall that the process of cultivation (and 
more generally any anthropic land use) of  native soils is 
nearly always associated with a loss of organic carbon, as 
previously protected organic matter is oxidized following 
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exposure to the atmosphere.  It is likely that these losses are 
not evenly distributed across the globe, with 
disproportionately large losses from upland, organic and 
wetland soils.  Losses of SOM are also associated with land 
use change other than direct conversion to agriculture, such 
as deforestation and biomass burning.  The inevitable loss of 
organic matter following cultivation of native soils need not 
necessarily lead to permanent loss of function.  Equilibrium 
between inputs and outputs can be achieved at a lower level 
of productivity leading to sustainable soil management, 
despite changes in land use and respecting the social and 
economic dimensions of sustainable agriculture. 
 
It should be recalled that the purpose here is not necessarily 
to obtain high SOM contents, but rather sustainable contents 
that contribute to essential soil functions such as prevention 
from erosion, water storage, greenhouse gases sink and 
nutrient supply.  Shen et al. (1989) found that soils that had 
received an annual addition of 144 kg N ha-1 over 137 years 
contained more organic matter than those receiving no 
fertiliser additions.  However, this was associated with 
significantly higher mineralization rates, and potentially 
higher losses (nitrate leaching in groundwater).  Positive 
nutrient balances do not necessarily equate therefore with 
improved sustainability, as environmental degradation may 
be linked with nutrient losses in some circumstances. 
 
An OECD Expert Meeting on soil organic carbon indicators 
for agricultural land was held in Ottawa, Canada, on 15-18 
October 2002.  Though they are not yet published, It is 
obvious that the results of this workshop will provide useful 
inputs for the work on the establishment of an EU soil 
thematic strategy.  For example, Paustian et al. (2002) recall 
that the amount of carbon stored in soils depends primarily 
on the balance between C inputs from plant (residues) and C 
emissions from decomposition.  Thus, increasing soil organic 
C stocks, as a means to mitigate increasing CO2 
concentrations in the atmosphere, requires increasing C 
inputs and/or decreasing decomposition rates.  Both inputs 
and decomposition rates are affected by environmental 
geographical factors (climate, soil texture,...), as well as 
agricultural management practices.  In general, C 
sequestration will be favoured under management systems 
that (1) minimise soil disturbance and erosion, (2) maximise 
the amount of crop-residue return, and (3) maximise water- 
and nutrient-use efficiency of crop production.  
Improvements in crop productivity and increasing the time 
period over which plants are occupying the soil are examples 
of activities that promote higher carbon input to soils.  Use of 
reduced till and no-till cropping practices are tending to 
reduce the decomposition rates of soil organic matter.  
Planting and maintaining perennial grasses in set-asides, as 
well as in conservation buffers both increase carbon inputs.  
Complex plant compounds such as lignin as well as various 
polyphenols are either more slowly and incompletely 
decomposed or have a direct inhibitory effect on soil 
decomposers.  Thus their reduced decay and proportionally 
greater contribution to the formation of resistant secondary 
humic compounds, induces a higher SOM level.  Thus 
selection of crop species having higher concentrations of 
these resistant compounds provides a possible avenue for 
promoting C sequestration.   
 
Another contribution to this OECD Expert Meeting on soil 
organic carbon indicators (Leifell et al. – 2002) presents a list 
of indicators that are related to SOM stocks with a high 
certainty for Swiss agricultural soils (an increasing ratio 
indicates a trend towards larger C stocks) :  
 
- Ratio of permanent grassland area : total agricultural 

area 
- Ratio of cultivated grassland area : arable land area 
- Ratio of peatland area : total agricultural area 
- Ratio of intact peatland area : area of cultivated 

organic soils 

- Ratio of integrated farming land area : total 
agricultural area 

 
All these above contributions and certainly many others, and 
in particular the conclusions of the other Working Groups 
and Task Groups established under the developing process 
of the EU Soil Thematic Strategy, can help to establish a 
quality oriented policy response to the problem of SOM. 
 
It is likely that key words and concepts such as conservation 
tillage, reduced tillage, cross-compliance mechanisms, 
winter soil cover on arable land, grassland and/or forest 
cover, principles and standards for crop rotations, organic 
matter restitution to the soil,... will be of high importance in 
the policy responses that can be given.  On the other hand it 
has to be observed that reduced or no-tillage systems as 
well as permanent crop coverage is not a feasible 
management choice in all production systems and climates.  
What is needed is a system encouraging flexible 
combinations of tools adapted to the situation. 
 
Anyway, the European Soil Strategy should as much as 
possible try to reach win-win situations.  For example, it is 
likely that in many cases, conservation of SOM is favourable 
for the farmer (agricultural point of view, soil quality), as well 
as for the environment (carbon sink,...). 
 
8. Policy thematics and policy tools assessment 
 
Inside the various policy thematics listed above (chapter 3), 
the effects of existing or expected policy tools (chapter 4) on 
SOM quality and quantity can be evaluated and comments or 
suggestions can be provide in order to raise the attention on 
possible driving forces, inconsistencies or threats that these 
policies can induce on SOM contents in the EU.  It can also 
be relevant to identify possible lacks of policy tools in order 
to complete an effective soil thematic strategy in the EU. 
 
The table presented in annex 2 is an attempt to achieve such 
an exercise. 
 
Considering the review of policies directly or indirectly linked 
to SOM quality and quantity in the table of annex 2 (more 
than 30 existing or expected policy tools assessed in the 
EU), it is likely that no existing or expected policy trend 
represent currently a strong threat for SOM in Europe.  
Actually, most of these policies tend at least to directly or 
indirectly maintain, avoid losses or degradation of SOM.  
Some of them even tend to raise SOM contents, qualitatively 
or quantitatively. 
 
On the historical point of view (see chapter 6), one can 
consider that the harmful effects of past policies on SOM are 
not to be repeated.  It can then be expected that no SOM 
further strong damage is to be expected for reason of 
unsuitable policies.  But this does not prevent SOM to be 
negatively affected by non-political driving forces, such as 
market, economical, social or environmental evolutions.  
Another point to consider is also the implementation of 
policies itself.  In other words, an inadequate implementation 
of a policy in the field can induce effects which do not fulfil 
the expected objective.  An efficient monitoring framework is 
therefore needed to evaluate the evolution of SOM contents 
and SOM quality in the EU soils (see conclusions of Working 
Group on monitoring). 
 
Whereas no existing or expected policy trend represent 
currently a strong threat for SOM in Europe, better policy 
coherence and policy cover could be reached in the field of 
SOM.  In this regard, the main proposed improvements are 
presented below : 
 
- Whereas some modelling approaches predict no 

environmental damage due to the “mid-term CAP 
review”, and even environmental benefits, it should be 
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recognised that the effect of the “decoupling” scheme for 
financing of the farmers on SOM keeps unpredictable.  
Actually, according to this “decoupling” approach, 
farmers may use their land for any agricultural activity.  
Whatever the effects of this new policy approach, its 
effect on SOM in agriculture will be of major importance.  
It is therefore of key importance to monitor and assess 
this process (see conclusions of Working Group on 
monitoring and conclusions of WG on research). 

- Under the “mid-term CAP review”, the set-aside 
requirements as well as the obligation to maintain 
permanent pastures are key issues in the scope of SOM 
management. It is well known that grasslands 
(herbaceous land) have, in general terms and comparing 
to arable land, a high potentially positive effect on SOM, 
erosion and soil quality in general.  Of course this aspect 
has to be seen from the perspective of a local, regional 
and national food supply as well as of a well balanced 
landscape management. Therefore it would be not wise 
to increase the grassland area based on an one-sided 
arbitrary SOM argument. 

- The “good agricultural conditions”, recently introduced 
into the “mid-term CAP review” as cross-compliance 
requirements, specifically refers to soil erosion, soil 
structure and soil organic matter.  These “good 
agricultural conditions” represent therefore a major 
driving force influencing SOM contents in the EU.  But in 
order to be efficient, these “good agricultural conditions” 
need to be better defined (see TG 5 proposals) and also 
adequately implemented on the field.  It is obvious that a 
coherence necessarily needs to be reached between this 
concept of “good agricultural conditions” and the concept 
of “good farming practices” under Council regulation 
(EC) 1257/99. 

- Organic farming (Council regulation (EEC) 2092/91) and 
agri-environmental measures (Council regulation (EC) 
1257/99) are powerful existing instruments that can 
contribute to meet the EU Soil Thematic Strategy 
objectives.  These two policy tools deserve promotion. 

 
 
- Agri-environmental support (under Council regulation 

(EC) 1257/99) promotes, among other things, ways of 
using agricultural land which are compatible with the 
protection and improvement of the soil, as well as an 
environmentally-favourable extensification of farming and 
management of low-intensity pasture systems.  This 
approach is favourable for soils, but could probably be 
more focused on SOM. 

- The ”nitrate” Directive (91/676/EEC) is one of the rare 
listed policy instruments which tends to hinder SOM 
contents raise.  On the other hand, it is likely that the 
“nitrate” Directive, especially the “170” threshold, is not 
adapted to optimise the prevention against nitrate 
pollution from agricultural sources.  Therefore, a revision 
of the “nitrate” Directive is recommended (to be 
confirmed because the “nitrate” Directive generates 
many comments from the Group members and there is a 
need for further discussion). 

- Among the most recent policy instruments developing 
inside the EU, some tend to maximise SOM contents.  
These policy instruments mainly refer to the UNFCCC, 
the Kyoto protocol and the topic of carbon sequestration.  
According to the above considerations about SOM 
quality vs. SOM quantity, it should be recalled that 
surplus of SOM can lead to harmful environmental 
effects such as nitrate leaching.  In this regard, the EU 
Soil Thematic Strategy should tend to mitigate the 
potential negative effects of possible surplus (it is already 
the case in the conclusions of the Ministerial Conference 
on the Protection of Forests in Europe) and promote the 

site and management specific optimisation rather than 
maximisation. 

- Concerning the use of renewable energy sources, it 
should be recalled that any combustion of organic matter 
(biomass) necessarily impairs possibilities of 
incorporation of the residues into the stable pool of 
organic matter in soils.  The EU Soil Thematic Strategy 
should therefore tend to mitigate the potential negative 
effects of such drawbacks, in particular when using 
biomass that was not harvested for energy purpose.  The 
assessment is clearly different in the case of “energy 
crops” cropped on purpose; furthermore in the case of 
industrial forestry for wood production, where the final 
balance between harvested organic matter combustion 
and crop residues (roots included) may be positive for 
SOM, relative to other conventional agricultural land 
uses. 

- The current forest legally binding policy in the EU 
concerns mainly monitoring (“FOREST FOCUS”).  
Whereas principles for sustainable forest management 
have been adopted by the Ministerial Conferences on 
the Protection of Forests in Europe (MCPFE), these 
principles are not (or few) incorporated into legally 
binding EU instruments.  In the future, such “principles 
for sustainable forest management” could be considered 
as “good forestry practices”. 

- Whereas “carbon balance” and “soil erosion” are two 
topics emphasised by the Ministerial Conferences on the 
Protection of Forests in Europe, one can regret that SOM 
is not specifically considered. 

- Whereas most of the existing policies mention the 
respect of the environment and indirectly or directly the 
respect of soils, such mentions are not always precise, 
and SOM itself is rarely pointed out.  The development of 
a EU Soil Thematic Strategy should help to precise these 
mentions in the existing legal texts.  Therefore, it is 
recommended to provide precise recommendations 
about SOM management (promote good practices and 
banish harmful practices) in order to adapt, modify or 
make more precise existing policy instruments. 

 
National or sub-national policies, plans and programmes are 
not assessed in this paper.  Whereas a large variety of 
specific instruments are implemented at such scales, it is 
likely that some of the policy tools listed in chapter 4, such as 
tradable rights, community-based measures or 
environmental taxes and charges appears to be rare in the 
EU.  The development of such tools, if they appear to be 
relevant, could be envisaged in the EU Soil Thematic 
Strategy, mainly in the look for global coherence (see figure 
3 – chapter 4). 
 
Whereas SOM losses are not only due to practices, but also 
to other reasons such as climate, the EU Soil Thematic 
Strategy should admit that it is primarily necessary to avoid 
as much as possible SOM losses by promoting adequate 
(agricultural) practices and banishing harmful (agricultural) 
practices1.  Among these adequate (agricultural) practices, 
maintenance and management of grasslands (herbaceous 
land), crop residues management, cover-crops, manure 
land-spreading management, crop rotation management2 
and ploughing management3 are obviously key issues (see 
conclusions of Task Group 4 and 5).  Concerning harmful 
(agricultural) practices, it can be noted as an example, that 
the burning of crop residues is a very harmful practice that is 
still largely used in some parts of southern Europe. 
 
An effective EU Soil Thematic Strategy should recognise that 
soils are a substratum permitting the development of various 
and sometimes contradictory vital processes such as vegetal 
growth, food production, carbon sequestration, water 
retention and filtration and human activities.  Concerning 
SOM, the objective should not be to maximise contents but 
rather to optimise contents in order to make the above-
mentioned functions effective.  In case of difficulties and 
depending on the individual situation to reach optimisation, a 
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less ambitious but however laudable objective of steady 
state can represent a first necessary step. 
 
It should be kept in mind that, in agriculture (and in forestry – 
to be confirmed), a large part (probably the main part – to be 
confirmed) of the potential pool of organic matter for soils 
does not leave the parcel (or at least the farm).  This pool of 
organic matter (direct pool) is made of roots, crop residues, 
agricultural wastes (manure land-spread) and the existing 
SOM itself.  The management of this direct pool is the 
easiest and the cheapest way to implement SOM strategies 
(adequate agricultural and forestry practices).  Therefore, it is 
proposed that the EU Soil Thematic Strategy consider this 
direct pool as a priority.  Nonetheless, the amount of organic 
matter from recovery of waste biomass may be relevant; 
according to rough estimates, it may be available for 
application on 3 to 9 M ha/year, depending on whether only 
household organic fraction is considered or also organic 
waste and by-products coming from agro industry.  The most 
important is that the concerned area for application of 
exogenous OM would consist of sites where other sources of 
OM are not available (e.g. absence of livestock, sale of straw 
as a bedding material to other farms, troublesome shredding 
and incorporation of tree pruning, etc.) and this fosters the 
benefits of the application (replenishment or maintenance of 
SOM) and thereby increases the “marginal value” of unit 
loads of “exogenous organic matter”. 
 

                                                                                        
1  There are situations where the use of exogenous SOM is 

essential in order to regain a balanced level of soil multi-
functionality, provided that this increase is coupled with the 
promotion of soil sustainable management.  Also is of key 
importance the quality of the added organic matter (sanitary 
and contaminant aspects, stable organic fractions). 

2:  “Despite the importance of maintaining the organic matter 
content of soil, there is evidence that decomposing organic 
matter in the soil is frequently not sufficiently replaced under 
arable cropping systems which are tending towards greater 
specialisation and monoculture. Specialisation in farming has 
led to the separation of livestock from arable production so 
that rotational practices restoring soil organic matter content 
are often no longer a feature of farming.” (COM(2002) 179 
Final). 

3  Research have shown that OM in the upper soil layer can 
increase by applying conservation tillage and by using direct 
sowing. At the same time, SOM in deeper layer has also been 
increased due to enhanced soil biodiversity, mainly 
earthworms activities.  Agri-environmental programmes 
(Council regulation (EC) 1257/99) can be one of the most 
effective way to achieve promotion of conservation tillage.  
However, in order to gain the most beneficial results all over 
Europe’s climate and soil zones as well in the huge variance of 
land management, the key would be to promote a set of soil 
and crop management tools which if well combined would 
serve the ecological and economic needs in a balanced way. 

 
 
The FIGURE 5 below summarises the concepts developed above: 
 

Maximal SOM contents 
 
 

 

 Maximise SOM contents : 
not an objective as such 

Optimal SOM contents 
 
 

 

 Optimise SOM contents : 
- main objective 
- first by managing the direct pool 

of organic matter 
Current SOM contents 

 
 
 
 

 Avoid losses or degradations, maintain 
SOM contents1 : 

- first step objective 
- first by managing the direct pool 

of organic matter 
 
                                                           
1  There are situations where the use of exogenous SOM is essential in order to regain a balanced level of soil multi-functionality, provided 

that this increase is coupled with the promotion of soil sustainable management.  Also is of key importance the quality of the added 
organic matter (sanitary and contaminant aspects, stable organic fractions). 

 
 
Finally, the EU Soil Thematic Strategy should recall some 
agronomic principles on SOM such as:  
 
- Not any plant has the ability to catch carbon from the 

soil.  The only source of carbon for plant growth is 
the atmospheric CO2, by means of the 
photosynthetic process. 

- Therefore, neither plant growth, nor plant harvesting 
is a direct cause of SOM depletion.  Actually, the 
growth of plants is always a source of organic matter 
for the soil. 

- The only cause of SOM depletion is the humic 
mineralization, mainly due to soil micro-organisms 
activity.  The soil carbon lost this way returns to the 
atmosphere, mainly as CO2. 

- This mineralization can be either hindered or 
accelerated, depending on pedo-climate conditions 
and management practices (ploughing, liming, 
fertilisation...). 

- Therefore, the first means to mitigate SOM depletion 
consists in adopting adequate soil management 
(agricultural) practices. 

- Once SOM is depleted due to mineralization, the 
only means to offset the losses is the return of 
organic (vegetal) material on soil. 

- The main source of organic (vegetal) material comes 
from the “direct pool”: roots, crop residues and 
agricultural wastes (manure)1. 

 
9. Conclusion 
 
In order to provide guidance and action oriented 
recommendations in the perspective of the establishment of 
a EU Soil thematic strategy, and according to the framework 
established in this paper, policy responses to the problem of 
SOM are suggested in chapter 8. 
 
According to the concepts developed in this paper, the EU 
Soil Thematic Strategy could be achieved when respecting 
the following implementation process:  
 
1. Development of an integrative concept which allows 

assessment and determination of optimal SOM 
contents (see conclusions of Working Group on 
research).  Such optimal SOM contents strongly 
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depend on soil, climate, land-use (agriculture, forest, 
landscaping) and local conditions (see chapter 5 on 
the geographical approach).  The ”subsidiarity” 
principle in use in the EU requires such local or sub-
national approaches. 

2. Monitor SOM (see conclusions of Working Group on 
monitoring) in order to control whether optimal SOM 
contents are reached. 

3. Approval of existing policy instruments to reach or 
maintain optimal SOM contents (rather than maximum 
SOM contents), use or modify existing policy 
instruments or establish, only if necessary, new policy 
instruments, in order to establish a coherent policy 
framework (a framework Directive) whose main 
objective is to reach the mentioned targets.  As a short 
term objective, this policy could focus on the 
maintenance of existing SOM contents.  This policy 
should also consider the direct pool of organic matter 

(roots, crop residues, agricultural waste) as the easiest 
and the cheapest way to ensure the maintenance or 
the improvement of SOM2. 

                                                           
1  There are situations where the use of exogenous SOM is 

essential in order to regain a balanced level of soil multi-
functionality, provided that this increase is coupled with the 
promotion of soil sustainable management.  Also is of key 
importance the quality of the added organic matter (sanitary 
and contaminant aspects, stable organic fractions). 

2  There are situations where the use of exogenous SOM is 
essential in order to regain a balanced level of soil multi-
functionality, provided that this increase is coupled with the 
promotion of soil sustainable management.  Also is of key 
importance the quality of the added organic matter (sanitary 
and contaminant aspects, stable organic fractions). 
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Annex 1 :  Existing EU (and international) policy 

measures addressing policy 
thematics that influence SOM 

 
Binding policy measures 
 

- The 1992 Framework Convention on Climate 
Change, the 1997 Kyoto Protocol and the 2000 
European Commission communication on EU 
policies and measures to reduce greenhouse gas 
emissions (“Towards a European Climate Change 
Programme” – ECCP) 

- The 1992 Convention on Biological Diversity 
(CBD) and the European Community Strategy 
(COM (1998) 42) 

- The 1994 Convention to Combat Desertification 
(CCD) 

- Past, current and future EU Common Agricultural 
Policy (CAP – First Pillar, Regulation n° 
1259/99,...). 

- Specific and remarkable national and / or sub-
national transpositions of the CAP - – First Pillar. 

- Past EU Agri-environmental Regulation (N° 
2078/92), current and future EU Rural 
Development Regulation (RER - N° 1257/99). 

- Council regulation (EEC) 2092/91 on organic 
production of agricultural products and indications 
referring thereto on agricultural products and 
foodstuffs 

- Specific and remarkable national and / or sub-
national transpositions of the RER. 

- Directive 75/442/EEC on waste 
- Directive 79/409/EEC on the conservation of wild 

birds (Natura 2000) 
- Directive 80/68/EEC on the protection of 

groundwater against pollution caused by certain 
dangerous substances 

- Directive 86/278/EEC on the protection of the 
environment, and in particular of the soil, when 
sewage sludge is used in agriculture 

- Directive 91/676/EEC concerning the protection of 
water against pollution caused by nitrates from 
agricultural sources 

- Directive 92/43/EEC on the conservation of natural 
habitats and of wild flora and fauna (Natura 2000) 

- The Landfill Directive (Directive 1999/31/EC) 

- The Incineration Directive (Directive 2000/76/EC) 
- The Urban Wastewater Directive (Directive 

91/271/EEC) 
- The Integrated Pollution Prevention and Control 

Directive (Directive 96/61/EC) 
- The Strategic Environmental Assessment Directive 

(Directive 2001/42/EC) 
- The Environmental Impact Assessment Directive 

(Directive 97/11/EC) 
- The Existing Substances Regulation (Regulation 

(EEC) n° 793/93) 
- Directive 93/67/EEC 
- Directive 91/414/EEC 
- Directive 98/8/EC 
- The European Regional Policy and Structural 

Funds 
- Directive 2000/60EC (Water Framework Directive) 
- Council Directives 96/92/EC, 1999/30/EC and 

2000/69/EC (Air Quality Framework and Daughter 
Directives) 

- Directive 2001/81/EC on National Emissions 
Ceilings 

- The Integrated Production Farming Policy in 
Switzerland. 

- Other countries initiatives on soil protection 
 
Non binding policy measures 
 

- The European Commission Communication on soil 
thematic strategy 

- The 1972 Council of Europe’s Soil Charter 
- The World Soil Charter (FAO, 1982) 
- The World Soil Policy (UNEP, 1982) 
- The Bonn Memorandum on Soil Protection 

Policies in Europe, 1998 
- The forthcoming thematic strategy for air quality 

CAFE (Clean Air for Europe) 
- The forthcoming European Commission 

Communication on “Planning and Environment – 
the territorial dimension” 

- The European Spatial Development Perspective 
(ESDP) 

- The White Paper on a Common Transport Policy 
- The 6th Environment Action Programme 
- The 5th and 6th Research Framework Programme 
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Annex 2 :  Policy thematics and policy tools assessment 
 
Inside the various policy thematics listed in chapter 3, the effects of existing or expected policy tools (chapter 4) on SOM quality and quantity can be evaluated and comments or suggestions can be 
provide in order to raise the attention on possible driving forces, inconsistencies or threats that these policies can induce on SOM contents in the EU.  It can also be relevant to identify possible lacks 
of policy tools in order to complete an effective soil thematic strategy in the EU. 
 
The table below is an attempt to achieve such an exercise. 
 

Policy thematic 
(see 

chapter 3) 

Identification 
(references) 

Policy tool 
(see chapter 4) 

Existence 
(Y/N/partly/ 
expected) 

Expected effect on SOM quality and 
quantity 

(tends to) : 
Maximise 
Minimise 

Raise 
Reduce 

Maintain , avoid losses or degradation 
Hinder increase 

Optimise 

Estimated scope (scale) of the 
expected effect : 

 
Major 

Important 
Average 

Low 
Very low 

Agricultural policy “mid-term CAP reform” - Proposal for a Council Regulation 2003/0006 (direct support 
schemes) – Title 2, Chapter 1 (Cross-compliance) – respect by the farmer of the statutory 
management requirements in the area of the environment 

Cross-compliance Y / Expected Avoid losses or degradation Low (this measure is nothing more that an 
incitement to respect compulsory 
requirements) 

Agricultural policy “mid-term CAP reform” - Proposal for a Council Regulation 2003/0006 (direct support 
schemes) – Title 2, Chapter 1 (Cross-compliance) – respect by the farmer of “good 
agricultural conditions” 

Cross-compliance Y / Expected Avoid losses or degradation, Maintain, 
and hopefully Raise 
 
 
 

Major (the “good agricultural conditions” 
are new requirements to be defined and 
focus specifically on SOM) 

Agricultural policy “mid-term CAP reform” - Proposal for a Council Regulation 2003/0006 (direct support 
schemes) – Title 2, Chapter 1 (Cross-compliance) – ensure that land which was under 
permanent pasture on 31/12/02 is maintained in permanent pasture 

Cross-compliance Y / Expected Avoid losses or degradation, Maintain Major (maintenance of grasslands is one 
of the most efficient measures to maintain 
SOM contents in agricultural soils1) 

Agricultural policy “mid-term CAP reform” - Proposal for a Council Regulation 2003/0006 (direct support 
schemes) – Title 2, Chapter 3 (Farm advisory system) – set up a system of advising 
farmers on the statutory management requirements and the “good agricultural conditions” 

Technical assistance / 
extension 

Y / Expected Avoid losses or degradation, Maintain, 
Raise 

Indirectly important2 (see “good 
agricultural conditions” above) 

Agricultural policy “mid-term CAP reform” - Proposal for a Council Regulation 2003/0006 (direct support 
schemes) – Title 3, Chapter 4 (Land use under the single payment scheme) – Farmers 
may use their land for any agricultural activity except for permanent crop 

Payments Y / Expected Unknown, but probably Maintain3 Major (the “free” land use in agriculture is 
one of the main outcomes of the mid-term 
CAP reform) 

Agricultural policy “mid-term CAP reform” - Proposal for a Council Regulation 2003/0006 (direct support 
schemes) – Title 3, Chapter 4 (Land use under the single payment scheme) – Obligation to 
set aside without rotation 

Technical assistance / 
extension 

Y / Expected Raise up to 2014, but risk of sudden 
decrease after this date 

Average / Important (10 % of the eligible 
area in the EU) 

Agricultural policy Council regulation (EEC) 2092/91 on organic production of agricultural products and 
indications referring thereto on agricultural products and foodstuffs 

Payments based on farming 
practices 

Y Maximise4 Low5 (3 % of the total EU UAA in 2000) 

Agricultural policy Council regulation (EC) 1257/99 on support for rural development from the EAGGF and 
amending and repealing certain Regulations + Commission Regulation (EC) 445/02 laying 
down detailed rules for the application of Council Regulation 1257/99.  Agri-environment 

Payments based on farming 
practices 

Y Avoid losses or degradation, Maintain, 
Raise6 

Average 7 

Agricultural policy Council regulation (EC) 1257/99 on support for rural development from the EAGGF and 
amending and repealing certain Regulations + Commission Regulation (EC) 445/02.  
Forestry (extension of woodland areas) 

Payments based on resource 
retirement 

Y Raise Very low / Low (about 2 % of agricultural 
land has been afforested between 1993 
and 1999 under Regulation (EEC) N° 
2080/92) 

Agricultural policy Council regulation (EC) 1257/99 on support for rural development from the EAGGF and 
amending and repealing certain Regulations + Commission Regulation (EC) 445/02.  
Forestry (sustainable forest management, maintenance and improvement of forest 
resources) 

Payments based on resource 
retirement 

Y Unknown 8 Very low (only 4 % of the total budget of 
the Regulation 2080/92 has been 
dedicated to improvement of forest 
resources) 

Agricultural policy Council regulation (EC) 1257/99 on support for rural development from the EAGGF and 
amending and repealing certain Regulations + Commission Regulation (EC) 445/02.  Less-
favoured areas (LFAs) and areas with environmental restrictions 

Payments based on farming 
practices (maintenance of 
agricultural activity) 

Y Avoid losses or degradation9 Major / Important (in 1996, about 56 % of 
the total EU UAA was classified as LFAs; ) 

Agricultural policy Council regulation (EC) 1257/99 on support for rural development from the EAGGF and 
amending and repealing certain Regulations + Commission Regulation (EC) 445/02.  
Investment in agricultural holdings 

Payments based on fixed 
farm assets 

Y Unknown (avoid losses or degradation)10 
 

Low (in 1999, about 15 % of the total 
“rural development” budget was allocated 
to agricultural investments) 

Water policy Water framework directive Regulatory requirements Y Optimise? Important 
Water policy Directive 91/676/EEC concerning the protection of water against pollution caused by Regulatory requirements Y Hinder increase11 (optimise?) Important 12 
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nitrates from agricultural sources (“nitrate” Directive) (reducing pollution) 
Biodiversity and 
ecosystems policy 

Directive 92/43/EEC on the conservation of natural habitats and of wild flora and fauna 
(Natura 2000) 

Command-and-control 
measures (biodiversity) 

Y / expected Maintain (particularly soils containing high 
amounts of organic matter)13 

Important 14 

Forest policy "FOREST FOCUS" (COM (2002)404). Research / development 
(monitoring) 

Y / Expected (to be 
widespread) 

Indirectly avoid losses or degradation15 Indirectly important (monitoring) 

Forest policy Ministerial Conferences on the Protection of Forests in Europe Advisory and institutional 
measures 

Y (non legally 
binding instrument) 

Indirectly raise16 Indirectly major 

Energy policy White paper for a Community Strategy and Action Plan “Energy for the future : renewable 
sources of energy” (COM(97)599) 

Advisory and institutional 
measures 

Y (no legally binding 
instrument) 

Hinder increase17 Low to high18 

Energy Policy Directive 2001/77/CE on support to Renewable Energy Sources19 Payments Y Hinder increase Low to high 
Land-use policy Directive on Environmental Impact Assessment (EIA) - Directive (85/337/EEC) Advisory and institutional 

measures 
Y Avoid losses or degradation (not 

necessarily in all cases)20 
Average / Low (the concerned projects 
are generally construction works which 
represent – directly - limited land areas). 

Land-use policy Directive on Strategic Environmental Assessment (SEA) – Directive 2001/42/EC Advisory and institutional 
measures 

Y Avoid losses or degradation (not 
necessarily in all cases)21 

Major (generally national or sub-national 
plans and programmes) 

Waste policy Landfill Directive (Directive 1999/31/EC) Regulatory requirements Y Raise22 Low 23  
Waste policy The Sewage Sludge Directive (86/278/EEC) Regulatory requirements Y No effect, Maintain (generally unstable 

organic matter, more suitable as a source 
of nutrients, not incorporated into the 
stable pool of organic matter in soils) 

Low24 

Waste Policy EC Communication “Towards a thematic strategy on the prevention and recycling of 
waste”, COM (2003) 301 

Advisory and institutional 
measures; possibly, 
regulatory requirements at a 
later stage 

Y/expected (currently 
it is a preliminary 
Orientation Paper) 

Increase25 
 

Low to high26 
  

Waste Policy Biowaste Directive 
 

Advisory and institutional 
measures; possibly, 
regulatory requirements at a 
later stage 

Y/expected 
(mandate to prepare 
it by 2004) 

Increase27 
 

Low to high28 

Sanitary Policy Regulation (EC) No 1774/2002 of the European Parliament and of the Council laying down 
“Health rules concerning animal by-products not intended for human consumption” 

Regulatory requirements Y Increase (?)29 ? (no info available on the amounts 
concerned) Probably low30  

Air policy Incineration Directive Regulatory requirements  No effect, Maintain (amounts of organic 
waste is too small in relation to other EOM 
or other measures) 

 

Climate policy    Maximise Major 
Pollution policy IPPC Directive Regulatory requirement Y   
Land-use policy Convention to Combat Desertification (CCD) Advisory and institutional 

measures? 
 Avoid losses / raise 31 Average / important (in relation with the 

European areas concerned by 
desertification) 

 Regional Policy and Structural Funds   Avoid losses / raise 32  
Research policy    Avoid losses / raise 33  
Other policies      

 
It is noted that a column could be added in the table above, with the title: “Expected effects on soil pollution (contamination)”.  Such an option has to be considered in concordance with the Working 
Group on contamination. 
 
 
 
                                                           
1  This aspect has to be seen from the perspective of a local, regional and national food supply as well as of a well balanced landscape management. Therefore it would be not wise to increase the grassland area based 

on an one-sided arbitrary SOM argument. 
2  Soil management is an important part of day-to-day farm management and its consideration must be an important part of sustainable agricultural production.  The farm advisory system (within CAP reform 

proposals) will have a key role to play in engaging and communicating with farmers on a number of issues.  The soil conservation service could be delivered via the farm advisory system, providing farmers with a 
single contact point for advice on a number of key production issues (COPA written comments to the Advisory Forum April 2004). 

3 Impact analysis on the mid-term review on the CAP (http://europa.eu.int/comm/agriculture/publi/reports/mtrimpact/index_en.htm) tend to point out that the “decoupling” approach will induce a more extensive 
agricultural model, leading to e.g. : reduction in the total area grown with cereals (2% to 9 %); (sight) fall in oilseeds area; development of energy crops; decline of silage area in line with the decline in beef 
production; more extensive animal production and competition from other fodder crop areas; increase of abandonment of land (voluntary set-aside); sight increase of grasslands; relatively stable production rates in 
pork and poultry sectors.  The combined effects of these driving forces are expected to be favourable (or not detrimental) to the environment and, in principle, to SOM contents. 
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4 The principles of organic production at farm level (annex I of regulation 2092/91) are particularly favourable to SOM contents : cultivation of legumes, green manures or deep-rooting plants in an appropriate multi-

annual rotation programme; incorporation of livestock (in accordance with Directive 91/676/EEC); incorporation of other organic material; promotion of pasturage systems (grasslands);... 
5  In the hearing on the Action Plan of Organic farming, 2004.01.22,  Commissioner Fischler expressed the Commissions high expectations on the development of organic farming and the environmental benefits it 

can deliver. The adoption is depending on the political support that it will be given. Due to what we know about the Action Plan, we believe that it will be very strongly promoted from a political point of view 
(COOP Sweden written comments to the Advisory Forum April 2004). 

6 Agri-environmental support (under Council regulation (EC) 1257/99) shall promote, among other things, ways of using agricultural land which are compatible with the protection and improvement of the soil, as well 
as an environmentally-favourable extensification of farming and management of low-intensity pasture systems.  This approach is favourable for soils, but could probably be more focused on SOM.  It should also be 
recalled that agri-environmental commitments shall involve more than the application of usual “good farming practices”.  It is obvious that a coherence necessarily needs to be reached between this concept of 
“good farming practices” and the concept of “good agricultural conditions” under the “mid-term CAP reform”. 

7 Whereas the agri-environmental programmes “shall promote ways of using agricultural land which are compatible with the protection and improvement of the soil”, not all agri-environmental measures specifically 
focus on SOM.  In 1999, about 20 % of the total EU UAA was concerned. 

8 Whereas this support for forestry management shall take into account the commitments made in the Ministerial Conferences on the Protection of Forests in Europe, it does not only concerns the restoration of forests 
potentially damaged by natural disasters and fire, but also practices such as investments to improve and rationalise the harvesting, processing and marketing of forestry products.  The possible contradictory effects 
of these different types of support on SOM make difficult to evaluate the global effect on SOM, but it is likely that it will not be damageable. 

9 Support for less-favoured areas (LFAs) and areas with environmental restrictions contribute to ensure continued agricultural land use and to promote sustainable farming systems which in particular take account of 
environmental protection requirements.  Compensatory allowances are granted per hectare used for agriculture to farmers who apply good farming practices.  LFAs include mountain areas, other less-favoured areas 
(areas in danger of abandonment which are mainly suitable for extensive livestock farming) and areas affected by specific handicaps.  It is likely that the LFAs programme tend to maintain extensive grasslands and 
consequently SOM. 

10 Support for investment in agricultural holdings contributes to the improvement of agricultural incomes and of living, working and production conditions.  Support for investment does not require environmental 
compliance and no specific rule prevent environmental harmful investments (or investments harmful for SOM) to be supported by this programme.  E.g. the payment of heavy vehicles that can provoke soil 
compaction is likely to be supported. 

11 The “nitrate” Directive basically aims at preventing nitrate pollution and eutrophication of water caused by agriculture.  As such, it may – on a broad assessment – be a driver for use of well stabilised organic 
fertilisers (such as composted biowaste, composted sludge, composted or “matured” manure), inasmuch as these stabilised organic fertilisers bind nitrogen tightly onto organic matter (more than 95% organic N 
being the typical figure out of total N) and constitute a slow-release source of N, mostly available for the root uptake and much less prone to leaching than the massively released N from mineral fertilisers.  
According to the “nitrate” Directive, anyway, Member States designate as vulnerable zones areas of land which drain into the waters affected by pollution (caused by nitrates from agricultural sources) and waters 
which could be affected by pollution if action programmes (in agriculture) are not adopted.  In the vulnerable zones, these action programmes shall ensure that, for each farm or livestock unit, the amount of 
livestock manure applied to the land each year, including by the animals themselves, do not exceed 170 kg N per hectare (with derogation possibilities).  It is likely that such a threshold limits the total amount of 
organic matter (livestock manure) that can be used.  On the other hand, whereas nitrate pollution from agricultural sources can be caused by all types of nitrogenous fertilisers (organic and non-organic), the 
“nitrate” Directive does not establish a quantitative threshold for non-organic fertilisers (or for total nitrogenous fertilisation).  Moreover, the Commission recognises the specificity of grasslands compared with 
arable land for its capability to absorb higher nitrate quantities (conditional derogation to the “170” threshold adopted for Denmark).  It is also noted that, unlike for grasslands, the “170” threshold is probably too 
high in some cases on arable land.  These considerations tend to point out that the “nitrate” Directive, especially the “170” threshold, is not adapted to optimise the prevention against nitrate pollution from 
agricultural sources.  These considerations also tend to point out that in some cases, the “nitrate” Directive hinders the possibilities of increase of SOM contents. As already argued, the paradox and its negative 
implications are proved to be particularly important in the case of composted manure (the “170” threshold only accounts for livestock manure), as limitations to its use compel farmers to use more mineral 
fertilisers, thereby actually increasing the potential for leaching N.  Moreover, compared to mineral fertilisers, organic fertilisers have a slow rate of nutrient release – that does not mean, that they are “ good” 
fertilisers.  Perhaps because organic fertilisers have a slow rate of nutrient release, one can consider that there is a risk of nitrate leaching during periods when plants have no need for nutrients.  But this problem 
could likely be solved by the implementation of more specific agricultural practices, rather than with thresholds. 

12 The total area of Nitrate Vulnerable Zones (and countries which apply an action programme on their whole territory) covers in 2000 38 % of the EU-15 area.  However, based on the EC assessment, this area could 
increase to at least 46 % of the total EU-15 area. 

13 According to Directive 92/43/EEC, Member States shall establish, for the NATURA 2000 areas, the necessary conservation measures involving, if need be, appropriate management plans specifically designed for the 
sites or integrated into other development plans, and appropriate statutory, administrative or contractual measures which correspond to the ecological requirements of the natural habitat and the species present on 
the sites.  Most of the European habitats with soils containing high amounts of organic matter (e.g. wetlands, peat lands, and semi-natural grasslands) are included in the list of eligible sites under NATURA 2000.  
These considerations tend to point out that the NATURA 2000 is expected to maintain (high) levels of SOM. 

14 Natura 2000 network already covers over 15% of EU territory, and is due to be completed by 2004; most of the European habitats with soils containing high amounts of organic matter are included in the list of 
eligible sites under NATURA 2000 

15 A new scheme to monitor (and safeguard) Europe's forests has been proposed by the European Commission and the European Parliament (COM(2002)404). The scheme, called "FOREST FOCUS", aims to offer 
better protection for forests and to develop awareness of the importance of forests to our environment. The programme would initially run for 6 years, from 1 January 2003 to 31 December 2008, with a budget of 13 
million euro per year. Until now, EU monitoring action on forests has been limited to the impact of air pollution (Regulation (EEC) 3528/86) and forest fires (Regulation (EEC) 2158/92). It is clear, however, that 
the importance of forests to the environment extends far beyond these issues. Therefore, in addition to these monitoring activities, FOREST FOCUS would develop new activities to assess the impact of climate 
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change on forest ecosystems and to complement EU policies on bio-diversity, carbon sequestration and soil protection.  Considering that “FOREST FOCUS” essentially refers to monitoring, its effects on SOM are 
indirect, but important.  The document COM(2002)404 specifically refers to the EU Thematic Strategy for Soil Protection. 

16 The Fourth Ministerial Conference on the Protection of Forests in Europe (MCPFE) took place in April 2003 in Vienna. As an outcome of the Conference, 40 European countries and the European Community signed 
the Declaration "European Forests – Common Benefits, Shared Responsibilities" and adopted five resolutions.  Resolution 5 concerns climate change and sustainable forest management in Europe.  In this 
resolution, the signatories commit themselves, inter alia, to contribute to the implementation of the UNFCCC and the Kyoto protocol by maintaining the carbon stock and enhancing carbon sequestration of forests 
in Europe, taking due regard of environmental (biodiversity) values, with a view to mitigating potential negative effects of large scale afforestation.  The third MCPFE (Lisbon, 1998) established indicators and 
operational level guidelines for sustainable forest management.  Among these criteria and indicators, the most relevant for SOM are : “carbon balance” and “soil erosion”.  Whereas the resolutions of MCPFE are 
not legally binding instruments, it is likely tat they influence national and European forest policies towards sustainable management models, not only dedicated to SOM, but rather favourable to SOM maintenance 
or even SOM increase. 

17 Any combustion of organic matter (biomass) necessarily impairs possibilities of incorporation into the stable pool of organic matter in soils.  In this regard, the Community Strategy and Action Plan for Renewable 
Sources of Energy unwittingly hinders the increase of SOM.  The scope of this trend may be important insofar as waste biomass, crop residues and other sources for organic matter to replenish SOM may be all 
eligible for supporting measures for energetic exploitation.  The assessment is clearly different in the case of “energy crops” cropped on purpose; furthermore in the case of industrial forestry for wood production, 
where the final balance between harvested organic matter combustion and crop residues (roots included) may be positive for SOM, relative to other conventional agricultural land uses. It is also noted that biowastes 
are renewable sources of energy and the question is : should we burn the straw and other plant residues and bring then non-agricultural wastes to the soils (likely with contaminants) or should we burn the organic 
non-agricultural waste under controlled condition, with good filter techniques to minimise soil and environment pollution. 

18 The effect of biomass combustion as renewable source of energy on SOM is indirect (this biomass can not further be incorporated into the stable pool of organic matter in soils).  The impact of such an indirect effect 
may be low to high in the long run, inasmuch as no steady action is promoted (and it is actually impaired by subsidies for energetic exploitation) to offset indirect losses of organic matter.  Biomass accounts 
currently for about 3 % of total inland energy consumption (EU 15), but the available quantities for application of organic matter are of great relevance (see ECCP, WG “soils” and TWG 7 “exogenous OM” in the 
Stakeholder Consultation on the Soil Strategy).  Under the Community Strategy and Action Plan for Renewable Sources of Energy, use of three times the present amount of 44.8 Mt is considered to be a possible 
development for 2010.  This amount would be fully withdrawn from available amounts of OM suitable for plans to restore organic fertility. Considering their different Calorific Value, 44,8 Mt  may be equivalent to 
around 100 Mt straw/wood or 400-800 Mt waste biomass ; this latter, after composting may be suitable for fertilisation of around 20-40 M ha. / year. 

19 For an assessment, see foregoing footnotes (17 and 18) on the EC white paper on “renewable sources of energy”, whose concepts fully apply to this case, too. 
20 The EIA procedure ensures that environmental consequences of projects are identified and assessed before authorisation is given. The public can give its opinion and all results are taken into account in the 

authorisation procedure of the project. The public is informed of the decision afterwards. The EIA Directive outlines which project categories shall be made subject to an EIA, which procedure shall be followed and 
the content of the assessment.  Under the EIA Directive, the environmental impact assessment shall identify, describe and assess in an appropriate manner, the direct and indirect effects of a project, notably on soil, 
water, air, climate and the landscape.  These considerations tend to point out that the EIA procedure tends to avoid losses or degradations of soils quality.  However, such a procedure does not necessarily prevent a 
harmful project to develop, even if its harmful effects on soil are identified. 

21 The purpose of the SEA-Directive is to ensure that environmental consequences of certain plans and programmes are identified and assessed during their preparation and before their adoption. The public and 
environmental authorities can give their opinion and all results are integrated and taken into account in the course of the planning procedure.  SEA contribute to more transparent planning by involving the public 
and by integrating environmental considerations.  Even if soil protection is not explicitly mentioned in the SEA-Directive, it is likely that the SEA procedure tends to avoid losses or degradations of soils quality.  
However, such a procedure does not necessarily prevent a harmful plan or programme to develop, even if its harmful effects on soil are identified. 

22 Under the Landfill Directive, by 2015, on a step by step basis, biodegradable municipal waste (food and garden waste, paper and paperboard from households) going to landfills must be reduced to 35 % of the total 
amount (by weight) of biodegradable municipal waste produced in 1995.  Such a target may induce strategies aiming at either incineration or recycling (through composting/anaerobic digestion and subsequent 
application onto soil) of biodegradable wastes.  Therefore, the Landfill Directive may be a driver to increase of SOM. 

23 Between 30 and 50 % of municipal solid waste consists of biodegradable waste, which accounts for between 54 million tonnes and 90 million tonnes per year.  This means that, under the Landfill Directive, by 2015, a 
maximum of 60 million tonnes of biodegradable municipal waste is expected to be available for application yearly.  Comparing to the agricultural waste, which accounts for 700 million tonnes per year, mainly 
land-spread, the global effects of the Landfill Directive on SOM is relatively low, although, once composted, this amount may be available for application on around 3 M ha / year ; the most important is that the 
concerned area would consist of sites where other sources of OM are not available (e.g. absence of livestock, sale of straw as a bedding material to other farms, etc.) and this fosters the benefits of the application 
(replenishment or maintenance of SOM) and thereby increases the “marginal value” of unit loads. 

24 Under the Sewage Sludge Directive, about 5.5 million tonnes of dry matter were produced in 1992, and 9 million tonnes of dry matter is expected to be produced by the end of 2005.  It is likely that a growing part of 
the total will be suitable for application (that is not true for Germany, where a decrease is foreseen, because Germany considers that application of sewage sludge leads to an increase of unwanted organic pollutants 
and heavy metals in soils).  But comparing to the agricultural waste, which accounts for 700 million tonnes per year, mainly land-spread, the global effects of the Sewage Sludge Directive on SOM is low (but the 
local effect – in a land parcel – can be high, also with regard to contamination).  Even though the same concept concerning the “marginal value” in fields with no other available source (expressed at footnote 23) 
applies. 

25 Statutory targets for source segregation and/or recycling (currently considered as possible tools for the implementation of the Strategy) may increase waste biomass available for land-spread. 
26 Depending on whether targets for source separation and composting will be considered, and their magnitude. Considering food scrap and garden waste, not inclusive of paper and board, total waste biomass included 

in Municipal Solid Waste and potentially available for composting has been estimated at some 60 Mt (J. Barth, An estimation of European compost production, sources, quantities and use, EU Compost Workshop 
“Steps towards a European Compost Directive”, Vienna, 2-3 November 1999). This may be suitable for application, after composting, of around 3 M ha / year. In case of also organic waste from industrial 
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processing of food, fibre and other products from farming are considered, a further quantity of more than 107 Mt may be available (A Gendebien et al., Survey of wastes spread on land, WRc, report on behalf of 
DG Environment, July 2001), suitable for fertilisation of 5-6 M ha /year.  

27 In line with both requirements (“PREVENT contamination and PROMOTE the use of certified compost”) of the mandate included in Section 8.1.1 (“Environmental Policy”) of the EC Communication “Towards a 
Thematic Strategy for Soil Protection”, the working paper currently available mandates Member States to define programmes for source separation of biowaste to be then used as an organic fertiliser. 

28 Depending on whether targets for source separation and composting will be kept, and their magnitude. Considering food scrap and garden waste, not inclusive of paper and board, total waste biomass included in 
Municipal Solid Waste and potentially available for composting has been estimated at some 60 Mt (J. Barth, An estimation of European compost production, sources, quantities and use, EU Compost Workshop 
“Steps towards a European Compost Directive”, Vienna, 2-3 November 1999). This may be suitable for application, after composting, of around 3 M ha / year.  

29 The regulation includes a set of requirements for the management of animal by-products; in order to avoid spreading animal diseases, the use as pet food and feeding materials of many by-products coming from 
transformation and consumption of animal foodstuffs is made more difficult. This may divert many materials towards the production of organic fertilisers. 

30 Only a part of concerned materials will be considered for production of soil improvers, as tight technical obligations for transformation of most such materials into fertilisers (via composting or anaerobic digestion) 
and stringent requirements for their application may actually impair economic and technical benefits. 

31 The objective of the CCD is to prevent and reduce land degradation, rehabilitate partly degraded land and reclaim desertified land. Such an objective will likely tend to raise, or at least avoid losses of SOM. 
32 These programmes contribute directly or indirectly to the improvement and protection of soil.  Examples are erosion and flood prevention, rehabilitation of derelict land and polluted land. 
33 There are some Community programs included in the current 5th Research Framework that can address the loss of SOM.  For example, the "Quality of Life programme” is carried out on new farming systems 

reducing negative impact on environment and soils. 
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Introduction 
The importance of good management of soil organic matter 
was highlighted by the Communication from the Commission 
(COM (2002) 179), ‘Towards a Thematic Strategy for Soil 
Protection.’ 
 
The soil is the heart of the terrestrial biosphere, it allows life, 
and supports all the activities of humanity. The soil has a 
central role for forestry and agriculture. These activities use 
soil, and transform it. Other human activities have an 
important impact on soil organic matter, simply because they 
transform the soil or in extremis cause the soil to disappear. 
 
In the context of this report, we focus on agriculture and 
forestry. Forestry can be considered a very interesting way to 
maintain and improve soil organic matter, particularly in 
Mediterranean areas. Agriculture because of its important 
role in the landscape and in the social and economic aspects 
of life is also an activity that can assist society in improving 
the environment, particularly by decreasing the greenhouse 
effect, by acting as a “sink” for atmospheric carbon. In 
contrast to forests, the good management of organic matter 
by agriculture is more finely balanced, because soil functions 
on cropland are very diverse. Increasingly with good 
management this is largely possible. 

Agriculture  
In the EU 15, the total Utilized Agriculture Area (UAA) in 
2001 by the 6,3 millions farms covered 128,3 millions 
hectares accounting for 39,7 % of the 323 millions hectares 
of total land area. France has the most important UAA with 
27,8 millions (M) hectares (49 % of the country area), 
followed by Spain (25,6 M ha, 49 % ), Germany (17 M ha, 47 
%), United Kingdom (15,8 M ha, 65 %), Italy (15,4 M ha, 51 
%). The other ten countries have UAA ranging from 128 000 
hectares (Luxembourg, 59 % of total area) to 3,8 millions 
hectares (Portugal, 41 %). Agricultural production 
employment in the EU 15 involves 6,7 million persons (4,2 % 
of  the working population), but there are important 
differences between countries : in Greece and Portugal, 
respectively 16 and 12,9 % of the working population is 
employed in agriculture, in contrast in the  United Kingdom 
and Luxembourg, only 1,5 % of the working population is 
concerned directly with agriculture. 
 
In accession countries, the UAA is 38,3 millions hectares (52 
% of total area), Poland representing near the half of this 
surface (18,3 millions, 57 % of country area). The other UAA 
ranging from 12 000 ha (Malta) to 5,6 millions ha (Hungary). 
Employment in agriculture is important in accession 
countries, it concerns 3,9 millions persons, and represent 
13,2 % of  the working population (Poland : 19,2 %). 
 
From an economic point of view, agriculture is a major 
activity of the EU 15. In 2001, the output of agricultural 
production was worth 287 billion euros. The exports of food 
and agricultural products is 7,6 % of total exports. Actually in 
the EU 15, both the UAA (conversions to forests and artificial 
areas) and the agricultural working population are 
decreasing. Agriculture continues to be an important activity 
of Europe, from a social, environmental (landscapes), and 
economic point of view and farmers have to intensify their 
production to remain competitive on the European and world 
markets. 
 
The output of agriculture in accession countries was 28 
billions euros (excluding Cyprus), half of this from Poland. In 
the coming years, following the creation of the EU 25, it is 
anticipated that agriculture in these countries will have a very 
important economic development. 

Forest 
In the EU 15, the total area of forest and other wooded land 
covers about 136 million hectares of 323 millions hectares of 
total area of the EU 15 (42 %). The most important forests 

are found in Sweden (30,3 million hectares, 67 % of country 
area), Spain (26 M ha, 49 %), Finland (22,8 M ha, 67 %), 
and to a lesser extent, France (17 M ha, 31 %), Italy (10,9 M 
ha, 36 %), Germany (10,8 M ha, 30 %).   
 
In the EU 15, 65 % of the forest is owned by about 12 
millions private forest owners. Ownership structure, varies 
within the EU.  In Greece and Ireland, the State owns about 
two thirds of forest land. In Belgium, France, Germany, Italy, 
Luxembourg and Spain, local communities are important 
forest owners. In the Nordic countries, private holdings are 
predominant. The EU 15 is actually the world's second 
largest paper and sawn wood producer and the third largest 
exporter of forest products. The area of wood available for 
supply covers 95,5 millions hectares in the EU 15 (70 % of 
the total area of forest and other wooded land) . The 
production of European wood industries is close to 300 
billions euros, which represents 10% of the total for all 
manufacturing and these industries directly employ some 2,6 
million people in the EU.  
 
The enlargement process will lead to a substantial expansion 
of the EU forest sector. The total area of forest in accession 
countries is about 24 millions hectares (one third in Poland), 
accounting for 33 % of the total land surface. There is a large 
potential for employment in the forest sector, an increased 
self-reliance for forest products and a large increase in 
protected forest areas are among the most important 
consequences of the enlargement of EU in May 2004. 
 
Today, Europe is the only continent in the world where the 
total surface area of forest is increasing; the rate of increase 
is about 0.3 % per year. 
 
Impacts of human activities  
Impacts of cultivation  

 
The accumulation of organic matter in soil has taken several 
hundreds or thousands years. Soils in the world contain 
approximately 1 500 Gt of carbon (650 Gt in vegetation), and 
it is the most important compartment of carbon in the 
terrestrial biosphere (Robert, 2000). 
 
To feed the world’s population, agricultural development 
often encroaches on natural ecosystems, such as forests 
and grasslands. Cultivation of those areas induces major 
changes in soil organic matter dynamics (Balesdent et al., 
1998). The cultivation of soil during the recent centuries has 
resulted in a decrease of 40% in the quantity of soil carbon, 
which has contributed to a very important increase of 
atmospheric carbon (Robert, 2000).  
 
Ploughing is often cited as a major contributor to the 
decrease of soil organic matter, because it improves 
mineralization. In some environments tillage reduces organic 
matter concentrations and increases organic matter turnover 
rates (Balesdent et al., 2000 ; Blair et al., 2000 ; 
Montanarella et al., 2002), particularly in the first years of 
transformation to arable systems (Balesdent et al., 1998). 
Arrouays et al. (1995) showed that in humic acid loamy soils 
in the southwest of France, the decrease of the initial C pool 
was very important during the first year of cultivation, 
because half of this pool is mineralized. The perturbations of 
soil structure by agricultural implements exposes organic 
matter that is normally naturally protected from 
biodegradation in microaggregates (Balesdent et al., 2000; 
Besnard et al., 1996). 
 
The increased addition of organic matter associated with 
continuous cropping, and the higher crop yields, are often 
accompanied by an increase in the rate of decomposition 
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 (Lickacz et al., 2001). Moreover, only a small fraction of crop 
residues added to soil remains as soil organic matter. 
Nevertheless, any change of farming practices may lead to 
an increase (or a decrease) of organic matter which, albeit 
slow, tends to attain a new steady-state condition which  
depends on climate, type of soil, amount of organic matter 
returned to the soil at each application, intensity of tillage, 
etc.  After an extended period of time, the return of all crop 
residues and the use of forages in rotations with cereals and 
oilseeds may significantly increase soil organic matter 
(Lickacz et al., 2001). Another potentially important impact 
may be the use of exogenous sources of organic matter, 
including manure, slurries, biowaste and sewage sludge.   
 
Like every human activity agriculture has an impact on the 
surrounding environment. The agricultural activities influence 
the stock of organic matter of the soil at the same time as the 
inputs and outputs. If there is an imbalance between inputs 
and outputs, the stock of organic matter will change. 
Sometimes, in the case of agricultural soils, the losses in 
organic matter are not sufficiently compensated by the 
additions and there will be an overall decline in the pool of 
SOM (Lickacz et al., 2001).  
 
Currently soil management techniques are being developed 
to limit the problems of erosion and decreases of the 
quantities of organic matter within the soil. In some 
environments reduced tillage or no-tillage are considered to 
improve soil properties, and these techniques have been 
shown in some environments to be a way to conserve and 
improve soil organic matter quantity and quality (Tebrügge et 
al., 1999). 
 
In some areas there is considerably less deep ploughing and 
some farmers are increasingly using conservation tillage. 
The practices of conservation tillage and conservation 
farming in general are developing rapidly, in some systems 
there is no disruption of the soil and direct drilling in to the 
soil surface. These techniques must be used correctly and 
appropriately and are not universally applicable.  
Most of the new techniques are developed in USA, Canada, 
Australia (Robert, 2000), and to a lesser degree, in Europe, 
where actually, only 1 million hectares are cultivated in this 
manner (less than 1 % of UAA).  
 
 
Impacts of agricultural practices on functions of 
soil and yield level 
 
From an environmental point of view, on of the effects of the 
decrease of the quantity of organic matter in the soil is a net 
decline of the biologic activity of the soil (see the report of 
Task Group 3 – Soil Biodiversity), often most visible with the 
macrofauna of the soil and the earthworms (Fayolle et al., 
1998; Giampietro et al., 1997).   In addition the conditions of 
the soil environment are also modified, notably the 
temperature. Tillage of course influences the structure of the 
soil contributing to increased aeration, and consequently the 
important exchanges between the gas phase of the soil and 
the atmosphere (Leclerc, 2001). This improved aeration is 
also generally associated with better drainage. However, 
inappropriate tillage or tillage undertaken when the soil is in 
and adverse condition may provoke the inverse effect: the 
soil may then be compacted, and the aeration decreased 
(Lickacz et al., 2001). This process of compaction can have 
significant negative consequences on the biologic activity of 
the soil, and the development of roots is often also 
decreased (limiting access to the mineral elements and to 
the water). In the past the use of more and more powerful 
tractors allowed the use of heavier tools, for example 
ploughs which work the soil deeper (up to 35 cm). Examples 
of the use of these heavy duty implements has [produced 
adverse consequences, for example; 
 

• A substantial dilution of the stock of organic matter in 
the ploughed horizon (Arrouays et al., 2002). 

• Compaction, both by the effect of the cultivation tool, 
and by effect of smoothing of the wheels of the tractor, 
the result may be a “plough pan " (Roger-Estrade, 
2000).   

 
Whilst it is difficult to calculate the effects of the management 
of organic matter on the European agricultural production, 
there is a general consensus that the broad fertility of 
croplands is strongly influenced by it.   It is also worth noting 
that there may be social and economic impacts such as 
floods and landslides, which can be associated with the loss 
or reduction of the soil “buffer” functions linked in part to 
declines in soil organic matter.  
 
It seems clear that below a certain level  of soil organic 
matter, the levels of production can fall, either directly, 
because of a deficiency in nutrients of organic origin, or 
indirectly, because of a degradation of the structure of the 
soil.  According to Loveland et al. (2003), a threshold of 3,4 
%  of soil organic matter (2 % soil organic carbon) seems to 
be a level below which potentially serious decline in soil 
quality may occur. Le Villio et al. (2001) consider a threshold 
value between 2 or 3 % of soil organic matter in a silty soil. 
 
Given the lack of precise quantitative studies on the 
agricultural economy, estimates of the effects of the decline 
of organic matter must be considered with a great deal of 
caution. It seems that from an environmental and economic 
point of view, several regions in southern Europe have a 
critical level of soil organic matter below which the 
agricultural production could be sharply decreased. Whilst 
acknowledging the differences of conditions of soil and 
climate with regard to Europe, it is already acknowledged 
that in some tropical regions, the low levels of soil organic 
matter of certain densely populated regions is already 
producing alarming consequences on the levels of 
production (FAO, note n°9) 
 
Impact of exogenous organic matter and 
acceptability by society, landowners and farmers 
 
The application of exogenous organic matter to soil offers the 
opportunity to increase the quantity of soil organic matter and 
improve soil quality. Moreover, recycling organic matter 
derived from urban areas has a further environmentally 
positive contribution, in the context of increase awareness of 
the need to recycle the wastes produced by human activities. 
It is imperative however that care is taken to ensure that 
these exogenous materials are of good quality (see the 
report of Task Group 4). 
 
Sewage sludge produced in Europe is estimated to be of the 
order of 7,7 millions tons (ADEME, 1999). 40 % of this 
production is currently used by agriculture. France, Denmark 
and Luxembourg use between 55 and 70 % of their sewage 
sludge production for agriculture, but in contrast Italy, 
Greece, Spain and Portugal use less than 20 % of their 
sewage sludge as an amendment to agricultural soils. The 
quality of urban wastes, and in particular sewage sludge, has 
improved markedly in recent years. The conclusion of many 
studies undertaken in the last 20 years broadly conclude that 
the environmental and sanitary impacts of spreading sludge 
are not considered a serious risk to humans or the 
environment, if strict controls are in place at the production 
facility. 
 
Whilst sludges may be shown to have few human or 
environmental risks associated with them, there is 
considerable variation in the degree to which the populations 
wish these materials to be applied to soil.  These concerns 
are part of an increasing concern about some aspects of 
modern agriculture, for example a current concern is the use 
of genetically modified crops in agriculture, following from 
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earlier concerns about the possibility of BSE infected lands in 
the agricultural domain (Borraz, 2000).  
 
Consequently much of the reluctance on the part of farmers 
to use materials such as sewage sludge are more connected 
with fears concerning their loss of reputation with the 
consumers and citizens, rather than on the existence of 
proven health or environmental  risks. In part this negative 
attitude to sewage sludge is driven by some agribusinesses, 
who for no sound scientific reason refuse to accept products 
in their food chain from land where sludge has been applied. 
Consequently, many European landowners are ‘suspicious’ 
of this approach to adding organic matter to soil.  
 
 
Impact of specific policies on soil organic matter 
 
Land use and management change arising from 
European policy  
 
Freibauer et al.. (2004) discussed some of the changes in 
land use and management arising from European Policy. 
The following section summarizes the findings of that study 
and relates these changes to possible changes in soil 
organic matter content. In the past the principal aim of the 
Common Agricultural Policy (CAP) mechanisms has been to 
maintain farm incomes by manipulating producer prices 
(intervention, import duties), whilst imposing production 
controls (quotas or set aside). Since the 1990s, however, 
there have been attempts at radical change in the structure 
of the CAP with a move away from price support based on 
production to area-based payments, and the introduction of a 
wealth of rural development and agri-environmental 
measures. Whilst these policies are likely to influence land 
use and management in different ways, it is also difficult to 
disaggregate direct policy effects from the influence of other 
socio-economic trends. These include, for example, 
technological change, the effects of world markets and 
international agreements, changing consumer preferences 
as well as soil and water quality (Rounsevell et al.., in press). 
 
Set aside following the 1992 ‘MacSharry reforms’ is one of 
the few land use changes that is a direct consequence of 
policy. Current regulations for 2003/2004 require a level of 5 
% set aside with a provision for voluntary set aside up to a 
maximum of 50% of the arable area. Set aside is important 
because of the potential for soil C sequestration and for fossil 
fuel off-set using biofuels planted on set aside land (Smith et 
al.., 2000a). Current estimates suggest that 20% of set aside 
land is being used for non-food crops, of which oilseed rape 
for the production of biodiesel accounts for 80% (Joaris, 
2002). Long-term set-aside will tend to increase soil organic 
matter stocks, as shown in the Conservation Reserve 
Programme of the USA (Donigian et al.., 1994; see also 
Smith et al., 2000a). The possible reasons for increases in 
soil organic matter are, reduced soil disturbance (tillage), 
changes in plant cover  and possible increases in carbon 
inputs. 
 
There has been a clear decline in the area of grassland in 
Europe since the 1960s. This has largely resulted from the 
increased production of maize (as a fodder material) at a 
time when livestock numbers were being reduced due to the 
implementation of milk quotas in 1984. This reduced reliance 
on grassland together with a reduced stocking level, will 
have caused a decrease in soil organic matter levels. Since 
the early 1990s, however, grassland areas have remained 
fairly stable. Two explanations for this pattern seem possible: 
a. the 1992 CAP price support reforms and b. the 
introduction of agri-environmental and rural development 
measures. The MacSharry reforms effectively prevented 
grassland to arable conversions by fixing the area of land 
that was eligible for arable area payments. Thus, only land 
that was in arable production on 31 December 1991, could 
claim the aid payment. The Less Favoured Areas (LFA) 

policies have probably contributed to the maintenance of 
permanent pastures in arid and upland grazing areas. The 
consequence is that the policy has effectively maintained the 
status quo in many grassland areas, although it is interesting 
to speculate what changes might have occurred if the 
controls were not present, particularly in marginal areas. It is 
possible that the return of land to natural vegetation types 
would have led to an increase in C stocks in the biomass 
whilst soil carbon could have decreased (Guo and Gifford, 
2002, Jackson et al., 2002).   
 
The total area of woodland in Europe has increased 
throughout the period of the CAP (Rounsevell et al., in 
press). Although woodland on agricultural land accounts for 
only a small proportion of the area, recent afforestation 
policies have resulted in a large increase in the forested 
area. A total of 519,350 ha (excluding Belgium and Sweden) 
were afforested between 1993 and 1997 with Spain alone 
accounting for 46% of this area. Smith et al. (1997) describe 
experiments which show an increase in soil carbon stocks 
under afforestation.  
 
The area of permanent or perennial crops (e.g. vineyards 
and orchards) in Europe has reduced substantially since the 
mid 1970s (Rounsevell et al., in press). This reduction is 
principally accounted for by reductions in the area of 
vineyards between 1980 and 1995, strongly influenced by 
the Community aid for the grubbing-up of vines, and a shift 
either to better quality wine production or the cultivation of 
other crops. Olive plantation areas have tended to remain 
fairly stable during this period, although there has been a 
trend of replacing older systems with more up-to-date 
production methods. 
 
Agri-environmental measures have encouraged conversion 
to, and maintenance of, organic farming by providing 
financial compensation to farmers for any losses incurred 
during conversion. The total area of land devoted to organic 
farming is just under 2% of the utilised agricultural area 
(UAA) of the EU-15, but varies considerably between 
countries. Italy alone has 27% of the EU organic land, 
followed by Germany (16%) Austria (12%) and Sweden (9%) 
(EC, 2001). 
 
It is currently impossible to say whether the Nitrates Directive 
has had an influence on land use. In theory, the policy 
affects the profitability of farm enterprises and, therefore, 
farmer land use decisions. Nitrate Vulnerable Zones (NVZ) 
are implemented very differently in different regions of 
Europe, and at the European scale it is impossible to 
generalise about the effect of these Zones and their 
implementation on land use. Limiting the addition of N 
fertiliser may also play a role in reducing soil C contents, 
although this effect may be negligible at the European scale 
since many soils are N-saturated. Changed manure 
management practice in Belgium before 1990 has been 
shown to result in a decline in soil organic matter stocks 
(Sleutel et al., 2003).  
 
With the current round of reform of the CAP, there is 
potential to better target subsidies toward a more sustainable 
use of soils and thus to protect and enhance soil organic 
matter stocks.  
 
The Kyoto Protocol to the UNFCCC 
 
The Kyoto Protocol to the 1992 United Nations Framework 
Convention on Climate Change (UNFCCC) allow parties to 
include biospheric carbon sinks and sources in attempts to 
meet Quantified Emission Limitation or Reduction 
Commitments (QELRCs) for the first commitment period 
(2008-2012). Under article 3.4 the activities: forest 
management, cropland management, grazing land 
management and re-vegetation are included as possible land 
uses where these strategies might be applied. Soil carbon 
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sinks (and sources) can therefore be included under these 
activities. Carbon sequestration in cropland soils, or even a 
reduction in the flux to the atmosphere compared to the 
baseline year, can therefore be used by a party to the 
UNFCCC in helping to meet emission reduction targets. The 
Kyoto Protocol consequently offers a significant possibility for 
increasing soil organic matter stocks in the near future 
(Smith et al., 2000). The potential for soil carbon 
sequestration in individual European countries (Arrouays et 
al., 2002; Smith et al., 2000b), in Europe as a whole (Smith 
et al., 2000a, Freibauer et al., 2004, Smith, 2003a) and 
globally (Lal, 2003; Smith 2003b) has been assessed. Such 
policies are important in providing a new incentive for the 
sustainable management of soil organic matter, although 
without active encouragement, sequestration potentials will 
not be realised. Figure 1 shows how estimates of carbon 
sequestration potential in Europe have changed from early 
estimates examining biological potential (high estimates), to 
those based on extrapolations of current trends where no 
active policies are in place to encourage soils carbon 
sequestration (low estimates). 
 
Figure 1 : Estimates of cropland soil carbon sequestration 
potential in EU-15 from previous studies and from this study. 
See notes for details. 
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Notes: Study 1 is from Vleeshouwers & Verhagen (2002) 
with the low estimate for straw incorporation and the high 
figure for conversion of all cropland to grassland. Study 2 is 
from Smith et al. (2000a) with figures scaled from 
geographical Europe (including Baltic States but excluding 
Russia) to EU-15 as per Smith et al. (1997). The low 
estimate is from the combined land management scenario 
with extensification of surplus arable land and straw 
incorporation; the high estimate is for the combined "optimal" 
scenario (see Smith et al., 2000a for further details). Study 3 
is from Freibauer et al. (2004) with values assessed for 
realistically achievable potential by 2010 (about 1/5 of the 
estimated biological potential). Study 4 is from Smith et al. 
(2004) with figures based on measured trends 1990 to 2000 
and extrapolations to 2010. 
 
 
 
Managing soil organic matter for multiple policy 
objectives  
 
A move towards sustainable soil management needs to be 
coupled with solutions to other related environmental 
problems and socio-economic / political issues (Smith & 
Powlson, 2003). Solutions to the sustainable management of 
soil organic matter will be best achieved as part of larger, 
comprehensive, sustainable development strategies. 
However, there are a number of ‘best-management 
practices’ that could be adopted now to improve soil 
sustainability in the future, irrespective of the political and 
economic landscape of the future. These practices include 
the maintenance of soil organic matter via careful tillage, 
residue management, use of organic amendments, 
fertilization and careful irrigation, the careful choice of crops 

and rotations and the careful use of biocides and soil 
amendments. With some care an integrated policy for soil 
organic matter management could be developed 
encompassing the needs of the CAP, the Kyoto Protocol and 
other relevant conventions (e.g. desertification, biodiversity) 
and agreements.  
 
The IPCC (2001) have noted that recognising the linkages 
among local, regional and global environmental issues, and 
their relationship to meeting human needs, provides an 
opportunity to address global environmental issues at the 
local, national and regional level in an integrated manner that 
is cost-effective and meets sustainable development 
objectives. The importance of integrated approaches to 
sustainable environmental management is becoming ever 
clearer. 
 
It is increasingly clear that the political and economic 
landscape of the future will determine the feasibility of many 
of the strategies to promote sustainable soil management, 
but there are a number of best management practices 
available now that could be implemented to improve soil 
sustainability now, and in the future (a ‘no regrets policy’). 
Since these practices are consistent with, and may even be 
encouraged by, many current international agreements and 
conventions, their rapid adoption should be encouraged as 
widely as possible. 
 
Conclusion and improvement 
 
The impacts of the decline of soil organic matter on the 
environment are a problem in several areas of Europe, and 
particularly in Mediterranean areas and Accession Countries. 
The impacts are direct, and can entail a decrease of 
agricultural production. They can be indirect, because of the 
increase of erosion, floods, landslides, compaction of soil 
and decreased ability of the soil to act as a “buffer”.  
 
The good management of soil organic matter (organic 
carbon) could have an important economic impact on 
agriculture and forest activities. Appropriate measures to 
improve soil carbon stocks as part of land management 
strategies have recently been considered in a number of for 
a, for example by Working Groups dealing with Agriculture 
and Soils, in the frame of the ECCP.  
 
Whilst management of soil organic matter is important, 
policies to promote this must not be developed in isolation, 
they must be part of the development of broader sustainable 
land management strategies.  These strategies must also be 
linked to the broader economic, social and cultural context, 
as agricultural activity has a key role in many communities 
across the European Union.   Moves to abandon agricultural 
activities, particularly in less favoured areas may have 
exceptionally serious impacts in both the social and 
environmental contexts.  For example in some southern 
European areas agricultural management of the land is 
important in controlling the widespread occurrence of fire.  
 
Agriculture can not be and must not be considered as the 
only lever to address to the demands of the Kyoto Protocol. 
The first challenge is to reduce emission of greenhouses 
gases by all human activities; the less favoured areas of 
Europe can not be considered as the sink for GHGs of urban 
areas. Whilst much of what has been discussed above is 
about soil management, an increasing problem is soil loss 
(and hence soil carbon loss) through soil sealing. For 
example, in France, according to the DATAR, nearly 1 km2 of 
the land surface is each day transformed for urban or 
industrial use.  
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