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PREFACE

PREFACE BY
MARTIN HAUSLING

Farmers' unions in Europe like to look at the world through green-coloured glasses: they
view all farmers as defenders of nature for whom sustainable cultivation of their most
precious resource, the soil, is an absolute priority. Yet the results of several EU-wide
research projects tell a different story: they reveal that the soils used for European ag-
riculture are in a fairly sorry state, and that this is largely the fault of industrial farming
practices.

Intensive farming, which has been held up as a highly productive solution capable of
feeding most of the world from Europe, uses methods that are more akin to doping tech-
niques for elite athletes than a sustainable, environmentally-friendly, efficient model.

Industrial farming achieves maximum output thanks to substantial inputs of external
substances and energy, but this approach exhausts the most important resource of all,
the soil. Like a patient hooked to a drip, the soil is being fed artificially. Though it is still
able to function, increasingly frequent droughts and heavy rainfall are pushing it to its
limits. Soil erosion is spreading and the soil is less and less able to purify groundwater,
thus jeopardising another vital resource: drinking water.

Back in 2012, the EU research project SOILSERVICE (a partnership between 11 European
universities and research institutes) came to the clear conclusion that intensive farming
results in the loss of soil biodiversity. Monocultures, intensive fertilisation, frequent ap-
plication of plant protection products and a lack of organic matter have all contributed
to declining soil biodiversity and humus loss. Against this backdrop, the alarming erosion
rates revealed by the JRC's latest study (published in 2015) hardly come as a surprise.
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However, individual farmers do not farm in this ‘inappropriate’ way because they like it,
or because these methods are all they know. Rather, as independent soil scientist and
experienced agricultural soil conservation consultant Dr Andrea Beste writes in this very
study, “given the fact that producer prices are geared towards the world market, and the
need to boost yields, individual farmers have virtually no leeway to attribute greater im-
portance to other ecological soil functions. In view of the relatively meagre - and tenden-
tially falling - value creation in agriculture, many farmers view boosting production and
productivity as their only chance of securing their livelihoods” Dr Beste makes it quite
clear that soil degradation is caused not by the failings of individuals but by a flawed
system.

| hope you enjoy reading this report.

o -

f__..

Martin Hausling

' | EFA
‘- in the European Parliament



WHY ARE HEALTHY SOILS SO IMPORTANT?

1. WHY ARE HEALTHY SOILS SO IMPORTANT?

Soil is one of the key resources for plant, animal and human life on this planet. It enables
vegetation to grow, thus controlling the Earth's climate. Without the purification func-
tion performed by soil, we would not have clean drinking water. Soils provide us with
the most important elements for life (namely, foodstuffs) as well as the raw materials
required for a wide array of other products. Humanity's ability to use this resource in
a targeted way has formed - and still forms - the basis for the emergence of all world
cultures.

Soils are not static; they are dynamic natural bodies. Soils are formed when rocks on
the surface of the earth are transformed by the climate and by a community of plants,
animals and microorganisms. Processes like weathering, new mineral formation, decom-
position, humification, structure formation and the movement and transformation of
substances all take place over long periods.

Most of our planet's soils developed in the last hundred million years. Depending on the
parent rock and the parameters (such as temperature and humidity), it can take between
20,000 and 200,000 years for one metre of soil to form. Soil is not a renewable resource.
Yet only 12 per cent of the land on the planet is suitable for intensive farming, with a
further 22 per cent only being suitable for limited agricultural use; the rest is composed
of unusable land such as tundra or wetland (see Fig. 1). The percentage of usable land
cannot be increased, which is precisely why soil degradation poses such a huge threat.

We often only realise that soil is degrading when it is already too late, as many soils are
highly resilient to environmental burdens - particularly in the planet's middle latitudes,
where the climate is less extreme. This could be one of the primary reasons why less
attention is devoted to protecting soil than to protecting air or water.

Fig. 1: Limited usage of the planet's land
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WHY ARE HEALTHY SOILS SO IMPORTANT?

1.1 IS THE SOIL DISAPPEARING FROM UNDER OUR FEET?

Each year, 0.3 to 0.5 per cent of the world's usable agricultural land is lost to soil
degradation. At the beginning of this century, a full third of usable land was so badly
damaged that agricultural yields were affected!. As studies by the Institute for Advanced
Sustainability Studies (IASS) in Potsdam have revealed, some 24 billion tonnes of soil are
lost to erosion every year — approximately three tonnes for each member of the world's
population. All told, soil degradation results in the annual loss of 75 billion tonnes of soil,
costing the global economy USD 400 billion a year according to the latest ELD report2.2

STABLE 5015
WITHOUT VEGETATION

Fig.2: Soil erosion is the greatest threat to our soils; soil cover has deteriorated especially
severely in the steppes and dry savannahs

Source: Montgomery (2010)

The rate of soil degradation is far outstripping the average rate of soil formation, by
approximately 1.4 tonnes per hectare per year. Worldwide, we are losing soils 30 to 40
times faster than they can be recreated.

Worldwide, we are
losing soils 30 to
40 times faster than

they can be recreated.




WHY ARE HEALTHY SOILS SO IMPORTANT?

1.2 SOILS ARE VITAL FOR MAINTAINING THE
NATURAL BALANCE

Nowadays, soil is considered to perform five functions that are vital for a balanced eco-
system. They can be defined as follows3:

Table 1: Soil functions

Soil is extremely Habitat: Habitat and means of
versatile: subsistence for plants
and animals

it serves as a basis for
our food, provides a

habitat for soil

organisms, filters away
harmful substances,
protects groundwater
and stores rainwater,

thus acting as a defence

against flooding.
Production of food,

fodder and renewable

Production:

raw materials

Culture: Basis of human history
and culture

COMMISSIONED BY MARTIN HAUSLING, MEP



Soil's effect on the climate - a frequent subject of discussion - needs to be seen as a

special dimension of its regulation and storage function, since (viewed objectively) it has
to do with the absorption, storage and release of organic and inorganic matter. However,
it is also clearly linked to plant growth, and thus soil's production function.

Soil scientists worldwide agree that in order to be sustainable, any form of soil use must
allow these functions to be performed in the long term. Consequently, to enable sus-
tainable, ecologically and economically viable productivity far into the future, soil use
systems should not merely focus on soil's production function; they must pay greater
attention to soil's habitat and regulation functions#, which are all too often neglected
at present.

Soil's three ecological functions - habitat, regulation and production - are key to ensu-
ring a dynamic balance in ecosystems from the standpoint of both the natural balance
and agricultural production. Human life is directly dependent on this balance.

1.2.1 SOIL AS A HABITAT

One gram of healthy soil can contain up to 600 million bacteria of various species, not to
mention fungi, algae, single-celled organisms, pinworms, earthworms, mites, woodlice,
springtails, insect larvae, and so on. If this is projected across an area of one hectare, the
live weight of all the organisms in the soil would be around 15 tonnes, or the weight of
20 cowsd-

Fig. 3: Heavily populated soil

Source: WBB (2002) and LUA-Infoblatt 13, North Rhine-Westphalia Environment Agency (2003)

One gram of healthy
soil can contain up to
600 million bacteria of
various species, not to
mention fungi, algae,
single-celled organisms,
pinworms, earthworms,
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springtails, insect larvae,
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HUMUS COLLOIDS/
HUMIC SUBSTANCES

Just like the parent rock the soil or-
ganic matter - which consists of de-
composing plant and animal residues
- also undergoes a conversion. This
is carried out by soil life (edaphons):
small organisms such as earthworms,
springtails, mites and fly larvae and
microorganisms such as bacteria, al-
gae and fungi, which break up organic
matter mechanically before breaking
it down chemically. The products re-
sulting from this process include min-
erals, various carbohydrates, proteins
and other compounds. Depending on
the extent to which these substances
are further transformed, they may
then form humic substances (humus
colloids).

Source: Annie Francé-Harrar: Boden-
leben und Fruchtbarkeit. Bayerischer
Landwirtschaftsverlag (1957)

Fig. 4: Mycorrhizal fungi

FUNGI MYCEL

Mycorrhizal fungi colonise plants’
roots. They help plants to take up nu-
trients, particularly phosphorus. They
are harmed by mineral fertilisers.
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WHY ARE HEALTHY SOILS SO IMPORTANT?

Scientists estimate that at least a quarter of all the world's species live in the soil. This
means that there are more living organisms in a single handful of earth than there are
humans on the planet.

Microorganisms and soil-dwelling animals are part of a complex food web: they break
down organic matter and form new substances - either food for other soil organisms
and plants, or humic substances that positively influence the soil structure and facilitate
the exchange of matter.

Just like the parent material, the soil organic matter - which consists of decomposing
plant and animal residues - also undergoes a conversion. This is carried out by soil life
(edaphons): small organisms such as earthworms, springtails, mites and fly larvae and
microorganisms such as bacteria, algae and fungi, which break up organic matter me-
chanically before breaking it down chemically.

The products resulting from this process include minerals, various carbohydrates, pro-
teins and other compounds. Depending on the extent to which these substances are
further transformed, they may then form humic substances (humus colloids).

Soil organisms actively loosen soil, or stick soil particles together with their mucus. They
make a vital contribution to soil structure formation, encourage soil aeration and en-
hance the soil's capacity to absorb and store water. Their ability to break down organic
pollutants, such as engine oil and pesticides, provides a considerable boost to the soil's
own self-purification capacity. Furthermore, the symbiotic relationship between some
soil organisms (mostly fungi and bacteria) and plants enhances the plants' uptake of nu-
trients - particularly phosphorus - and protects them from disease6. Mycorrhizal fungi
are the best-known example of this.

1.2.2 SOILS FOR REGULATION

The soil's regulation function derives from its ability to absorb, sequester, convert or
break down materials, including pollutants. As such, soil acts as a natural purification
system for the water cycle. If soil is in good condition - i.e. not sealed, crusted or com-
pacted - then most of the rainwater that falls on it infiltrates into it. A portion of it is
naturally stored and is thus available to plants and soil-dwelling animals, while the rest
seeps down and contributes to the formation of groundwater. In Germany, for instance,
between 100 and 600 litres of water per square metre flow into groundwater reserves
each year. The importance of this becomes clear when we consider that groundwater
is the source of 65 per cent of Germany's drinking water. Sustainable soil management
is therefore essential for our drinking water supply too. Assuming average consumpti-
on, it takes 256 square metres of unsealed, non-compacted, unpolluted soil to produce
enough drinking water to meet one person's needs for a year’.

Healthy soils are capable of absorbing three to five times their own weight in water.
However, if soil is compacted, thus impairing its capacity to absorb and drain water,
groundwater replenishment decreases too. The water runs off at surface level, which
causes erosion (loss of fertile soil matter), flooding and all its consequences, as well as
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surface water contamination (soil particles, nutrients and pollutants are carried into la-
kes, streams and rivers, which interferes with their functions)8. Thus groundwater quality
is determined by the soil.

Soil's capacity to purify itself depends on its quality. Soil filters, buffers and transforms
pollutants, regardless of their origins, and its ability to perform this function is contin-
gent upon the microorganisms present in the soil, the soil's humus content and the soil
structure®.

The substances that end up in the soil are treated by three main processes. The first of
these is mechanical filtering of solid substances. This is a purely physical process, the ef-
fectiveness of which is determined by particle and pore size. The second of these proces-
ses is the adsorption and release of substances. When dissolved pollutants are adsorbed
into mineral and organic soil colloids, they can be fixed. If they are released - which is
undesirable in this context - they can return to the environment. A high humus content
enhances the soil's capacity to absorb and purify substances, including pollutants. While
this is good news for groundwater quality, it can lead to a build-up of pollutants in the
soil in the long run. The third of the processes mentioned above is biological substance
conversion, whereby the organisms living in the soil convert organic pollutants into
other compounds'O.

Fig. 6:

The biological purification process performed by soil is far more effective than the phy-
sical and chemical purification processes - as long as there is plenty of soil life. Any
reduction in biological activity in soil thus has a decisive impact on the soil's ability to
purify water.

Fig. 5: Soil's capacity to purify
itself depends on its quality. Soil
filters, buffers and transforms pol-
lutants, regardless of their origins.

If soil is compacted, thus impairing its
capacity to absorb and drain water,
the water runs off at surface level and
causes erosion and flooding.




The biological
purification process
performed by soil is far
more effective than the
physical and chemical
purification processes —
as long as there is plenty
of soil life. Any reduction
in biological activity in
soil thus has a decisive
impact on the soil's abil-

ity to purify water.

Throughout the world, soil degra-
dation through overexploitation is
resulting in desertification at an
alarming rate.
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1.2.3 SOILS FOR PRODUCTION

Needless to say, soil's production function also has a major role in the natural and land-
scape balance. The effects of decreased soil fertility - in other words, the reduction of
soil's ability to sustain plant growth - are most pronounced when vegetation fails to
grow. This subsequently leads to erosion, a disrupted water cycle (no evaporation) and
drought. Throughout the world, soil degradation through overexploitation is resulting in
desertification at an alarming rate".

Healthy plant growth is an essential precondition for the vast majority of ecosystems.
The nutrients and water stored in soil produce varied vegetation, which facilitates eva-
poration, air purification and CO, absorption. In conjunction with climate conditions,
different soils can produce a broad variety of animals and plants: a genetically limitless
reservoir that can also be used by humans. Soils with natural vegetation are carbon-
neutral, meaning that they absorb as much CO, as they emit. However, due to both
climate change and human usage, all that could well change.
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2. LESS AND LESS SPACE -

SEALING AND URBANISATION

Every year in Europe, forests and agricultural land covering an area the size of the .
, , , Every year in Europe,
German capital Berlin are turned into urban space!2. These areas are then no longer
available for future food production. Moreover, their ecological functions are signifi- forests and agricultural
cantly curtailed. .
land covering an area
In its 2002 joint study with the United Nations Environment Programme, "Down to the size of the German
earth: soil degradation and sustainable development in Europe. A challenge for the
21st century”, the European Environment Agency wrote that'3. “the rates of real
soil loss due to surface sealing through growth in urbanisation into urban space. These
and transport infrastructure are high and similar in several EU
countries, such as the Benelux, Germany and Switzerland. These
countries are already so intensively urbanised that there is little available for future food

space available for further expansion.”

capital Berlin are turned

areas are then no longer

production.

And vet sealing continues to increase. Between 2000 and 2006, approximately 116,000
hectares of land were converted into built-up areas each year. Urban areas and areas
for industrial, commercial and recreational use accounted for around 70 per cent of this
total, with circulation areas making up roughly another 10 per cent. The annual land
consumption rate was approximately 19 per cent higher than for the previous period,
1990 to 200014, More and more agricultural land is being turned into industrial estates,
car parks, residential areas and roads, meaning it can no longer be used for food or
biomass production.

“Mathematically speaking, just 50 years ago worldwide every
individual had half a hectare (5,000 square metres) of land at
their disposal to grow food, yet today this figure has halved to a
quarter of a hectare, and by 2050 it will have shrunk further to
just 1,000 square metres.”

Thomas Strassburger, soil protection expert at the European Commission's Directorate-
General for the Environment15.

Near cities most of the land being swallowed up by urban sprawl is fertile, agricultural
land, though forests and meadows are also falling victim to humanity's thirst for expan-
sion. Not only does this have deleterious effects on our ability to produce food, it also
entails the loss of valuable ecological functions.

THE GREENS




In a study currently being
conducted on behalf of
the European Parliament,
the authors show that
land-grabbing does not
just affect Africa, Asia

or South America;itisa

real issue in Europe too.
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Fig. 8: Land consumption — use of agricultural land to build settlements

Share of agricultural land (%)
in the land used for built-up areas,
2000 to 2006
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Source: BBSR Bonn (2012)

In Germany, many of these urbanisation measures now need to be 'balanced out' under
the provisions of the Federal Nature Conservation Act (BNatSchG). There are no such
requirements in other EU Member States as yet. So far, efforts to comply with the Act in
Germany have often resulted in hedges being planted, areas being forested, lake shores
and riverbanks being renatured or traditional-style orchards being created. While these
measures are sometimes both useful and welcome for biodiversity, applying them on
productive agricultural land is not sustainable in the long term. In such locations, there
should also be the option of switching over to organic farming as a balancing measu-
re to prevent more valuable agricultural land from being taken out of production. In
Germany, the federal state of Lower Saxony is a real trailblazer in this respect®. It all
boils down to this: there need to be strict limitations on land consumption, especially
when it comes to valuable agricultural land.

3. SOIL AS AN INVESTMENT -

LAND-GRABBING EVEN IN EUROPE

In a study currently being conducted on behalf of the European Parliament, the au-
thors show that land-grabbing does not just affect Africa, Asia or South America; it is a
real issue in Europe too. Land-grabbing is being practised with varying intensity and is
particularly (though not exclusively) concentrated in eastern European Member States.
Many land-grabbing purchases are made by new groups of actors (e.g. from the banking
sector) and, increasingly, land brokers. Some acquisitions are connected to the formation
of agro-holdings of unprecedented size. The study clearly states that the current struc-
ture of the Common Agricultural Policy (CAP) also contributes to land-grabbing. This
is particularly true of area-based direct payments, which have not been capped: they
are often simply paid to farmers without them needing to do anything legally defined
in terms of protecting of public goods and resources, and end up in the pockets of the
landowners17.

In principle, for the purposes of sustainable soil cultivation, it makes no difference who
owns the land. However, if agricultural land ownership is concentrated in the hands of
foreign investors with no agricultural background, this may pose a threat to the multi-
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functionality of European agriculture since ownership by such actors is often associated
with structures that run contrary to sustainable regional development.

Where multifunctional agriculture and sustainable regional development are concerned,
it matters a great deal whether a farm is simply an investment for tax or speculation
purposes, or a regionally-integrated producer that contributes its products to the local
processing and marketing chain'8.

The same goes for soil: if it is treated as a speculative acquisition made solely for the
purpose of short- or medium-term profit, then there can hardly be any interest in long-
term, sustainable cultivation. After all, hedge funds do not invest in soil consultations
for their farmers, or in the land's capability to perform its ecological functions. The pu-
rity of a region's groundwater is of extremely limited interest to an investor a thousand
kilometres away. That is why the scale of land concentration in Europe is not simply a
socio-economic issue, but also a threat to the quality of our soil and water resources’®.

4. BURNED-OUT SOILS:

HOW FARMING AFFECTS SOIL FUNCTIONS

Compared to other sectors, agriculture places by far the heaviest demands on the soil
(see Fig. 9)20.

Fig. 9: Schematic comparison of the demands placed on soil through use by
various sectors

Agriculture Forestry Other sectors

Area needed
[ Required soil quality
B Substance loss
B Loss of quality

Source: Lingner / Borg (2000)

In recent decades, industrialised countries have perfected methods of making the soil
produce ever greater quantities of biomass. In the past, the loss of soil fertility was the
first indicator of soil degradation in an agricultural context. Nowadays, however, the ear-
ly signs of soil degradation are masked by mineral fertilisers and other additives, making

Compared to other

sectors, agriculture
places by far the heaviest

demands on the soil.
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This single-minded focus on cultiva-

tion, at the expense of all other soil
functions, is clearly not an appropri-
ate way of sustainably producing
food and safeguarding our resources
in the long term.

In view of the

relatively meagre -

and tendentially falling -
value creation in
agriculture, many
farmers view boosting
production and
productivity as their only
chance of securing their

livelihoods.
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it difficult to tackle the problem until it is too late. Although harvests are still acceptable,
intensive agricultural usage results in ever-greater disruption of other soil functions.

In current agricultural practice, by far the greatest emphasis is placed on the production
function. Given current agricultural policy, the fact that producer prices are geared to-
wards the world market, and the need to boost yields, individual farmers have virtually
no leeway to attribute greater importance to other ecological soil functions. In view of
the relatively meagre - and tendentially falling - value creation in agriculture, many far-
mers view boosting production and productivity as their only chance of securing their
livelihoods.

The overexploitation of the soil often associated with this approach constitutes a de
facto abandonment of the traditional sustainable treatment of our soil, as practised
for generations in agriculture. The resulting problems, like soil compaction and reduced
soil fertility, have only been tackled on a short-term basis so far, by means of intensive
fertilisation. However, it is becoming increasingly obvious that this practice is causing
the breakdown of many soil functions. This single-minded focus on cultivation, at the
expense of all other soil functions, is clearly not an appropriate way of sustainably pro-
ducing food and safeguarding our resources in the long term.

In some parts of southern, central and eastern Europe, soil degradation is so severe that
it has led to the reduction of the soil's capability to support human communities and
ecosystems, and to desertification. The actual extent of soil degradation is not known
due to data limitations, especially in central and eastern Europe2!.

4.1 EROSION AND FLOODING

Around 970 million tonnes of fertile soil are lost to erosion each year in the EU. That is
enough soil to raise the level of the entire city of German capital Berlin by 1 metre. Six-
teen per cent of Europe's land area is at risk of erosion: in some parts of southern Europe,
soils have been completely lost to erosion. Many soils are threatened by erosion in nort-
hern Europe too: in the agricultural regions in the north of Europe’s loess belt, and es-
pecially in areas where high-quality, erosion-sensitive soils are being intensively farmed,
erosion is becoming an increasingly serious (and, sadly, underestimated) problem. Since
there are no standardised measurements for soil erosion rates for the European conti-
nent, data for the whole of Europe are currently derived from modelling-based exercises.

In 2012, the European Commission's Joint Research Centre (JRC) calculated that the rate
of soil erosion by water in the EU-27 was 2.76 tonnes per hectare per year22; the current
rate is 2.46 tonnes. The mean erosion rates are far higher in southern Europe, but also in
the United Kingdom, where they have fluctuated between 1 and 20 tonnes per hectare
per year. A recent report by the British Committee on Climate Change (CCC) indicated
that soil degradation and erosion are occurring to an unjustifiable extent in many parts
of the UK23. The latest JRC study concluded that erosion by water alone has resulted in
soil loss of 1.75 tonnes per hectare per year for Germany's agricultural land24,



BURNED-OUT SOILS

Ho-05
Mos5-1
mi-2
Bz-s
L 5-10
HWiw-20
MW 20 - 50
| R
[ Mo data

Moreover, the European Environment Agency (EEA) believes that the erosion risk will
increase further (see Fig. 11). Climate models indicate that erosion due to rain could
increase by 10 to 15 per cent by 2050.

Fig. 11: Projected changes in water erosion risk in agricultural areas in the period
1999-2050 as a percentage of the total land area

Source: EEAJUNEP (2002)

While the economic impact of erosion is not often analysed, some data are available. It is
estimated that worldwide, around EUR 18 billion of nutrients are washed away by erosi-
on each year25. In 2003, the European Environment Agency came up with the following
figures for the cost of erosion in Europe's agricultural areas?é:

Damage to soil's ecological functions due to local erosion by wind and water
(on-site effects): EUR 53/ha

Effects on nearby and more distant habitats due to nutrient and pollutant trans-
fer (off-site effects): EUR 32/ha.

A study on extreme weather conditions affecting agriculture (conducted by the Thiinen
Institute of Farm Economics in Germany, among others) confirmed that the risk of ero-

In 2012, the European
Commission's Joint
Research Centre (JRC)
calculated that the rate
of soil erosion by water
in the EU-27 was

2.76 tonnes per hectare
per year; the current rate
is 2.46 tonnes. Climate
models indicate that
erosion due to rain could
increase by 10 to 15 per
cent by 2050.
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Soil compaction caused by improper

cultivation practices - a significant
contributor to flooding - should be
tackled first and foremost by ap-
propriate farming strategies, with
conversion to grassland being a last
resort.

There is a lack of organic
matter to sustain soil
organisms. This leads to
declining soil biodiversity

and humus loss.
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sion and flooding is set to rise in the coming years, with flood damage to crops expected
to cost EUR 200 to 1,000 per hectare?’.

Annual flood damage in the EU-27 currently comes to EUR 6.4 billion. Around 250,000
people are affected by flooding each year28.

Implementation of the EU Directive on the assessment and management of flood risks
requires flood management plans to be drawn up by December 201529. Alongside other
flood protection measures, farms in areas at risk of flooding are expected to meet a
number of cultivation requirements. However, converting farmland to grassland (one of
the intended requirements) is certainly not the best solution. Soil compaction caused by
improper cultivation practices - a significant contributor to flooding - should be tackled
first and foremost by appropriate farming strategies, with conversion to grassland being
a last resort. While it is important to avoid running excessively heavy equipment over
the land when conditions are wrong this issue is not of primary importance. Above all,
efforts must be made to overcome the structural compaction of many soils, which is
aggravated by monoculture farming30. However, these options have been completely
ignored by all relevant flood prevention strategies to date.

4.2 REDUCED SOIL BIODIVERSITY

Although the complex dynamics of soil biodiversity are not yet fully understood, there
are indications that many plant protection products upset the balance of soil life. Pesti-
cide use can have extremely negative effects on soil organisms, and according to some
studies, certain herbicides substantially inhibit bacterial and fungal activity in the soil.
Furthermore, excessive or exclusive application of easily soluble nutrients can seriously
disrupt the biological balance and lead to a drop in soil biodiversity31.

The SOILSERVICE project studied the impact of intensive agricultural use on soil ecosys-
tem services throughout Europe.

The project results revealed that intensive farming results in the loss of soil biodiversity.
Monocultures, intensive fertilisation, frequent application of plant protection products
and a lack of organic matter to sustain soil organisms have all contributed to declining
soil biodiversity and humus loss. The lack of organic matter in the soil then results in lo-
wer crop yields - and not the other way around, as some assume32. Even when yields are
high, the organic matter left in the soil (roots, crop residues) is not enough to allow ade-
quate humus formation. Besides, crop residues are generally used for other applications,
so are not available either. Since their carbon content is much lower than their nitrogen
content, widely-used organic fertilisers like slurry can only make a minor contribution
to humus formation33.
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Although the impact of different farming methods is influenced by regional variations
in climate and soil properties, the study's findings clearly demonstrate that declining
biodiversity and biomass quantities are a repercussion of increasingly intensive farming
throughout Europe. Climate change only serves to exacerbate the effect34.

The SOILSERVICE project evaluated three farming systems which represent different in-
tensities of soil use. The project studied the crop rotation methods 'pasture’, ‘extensive
rotation' and 'intensive rotation’, in the forms most prevalent locally, at study sites in
four Member States (the Czech Republic, Greece, the United Kingdom and Sweden).

The effects of the three intensity levels are shown in Figure 12.

1. The number of functional groups in the food chain

2. Earthworms

3. Small micro-arthropods (arthropods such as spiders, which eat decaying plant
matter but are also predatory)

4. Collembola (springtails, which only eat decaying plant matter)

Fig. 12: Decline of functional groups in the soil food web based on the intensity
of soil use
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As we can see, increasing soil use intensity results in a drop in the populations of the
studied organisms in almost every case. It seems that soil use intensity does not affect
all of the studied organisms in the same way. Increasing intensity is even favourable for
some groups, like bacteria and the organisms that feed on them (nematodes and amoe-
ba) - their biomass grows, but their diversity does not necessarily expand too.

The EU research project SOILSERVICE
(EU 2008-2011) looked into strategies
for balancing the conflicting demands
of land use, soil biodiversity and the
sustainable  delivery of ecosystem
goods and services in Europe.

Increasing soil use in-
tensity resulted in a drop
in the populations of
the studied organisms in

almost every case.
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Intensive farming
systems not only have a
negative impact on the
quantity (biomass and
frequency) of most soil
organisms, they also

affect their biodiversity.

COMMISSIONED BY MARTIN HAUSLING, MEP

Increased soil use intensity results in a reduction in biomass in some associated groups
in the soil food web, as well as the loss of their relationships with groups higher up in the
web. A detailed study on nematodes showed that their 'metabolic footprint' declined as
soil use intensity increased - in other words, their measurable biotic activity decreased35.
Intensive farming systems not only have a negative impact on the quantity (biomass and
frequency) of most soil organisms, they also affect their biodiversity and the diversity of
their relationships with other species or groups, which weakens the overall structure of
the soil food web.

So why is that cause for concern?

If there are fewer soil organisms, then their contribution to maintaining soil functions
collapses, which compromises the soil functions themselves. For instance, fungal-based
food webs show less nitrogen loss due to leaching36. They are also able to store more
carbon in the soil37. The research conducted by the SOILSERVICE project showed that
the organisms making up fungal-based food webs are especially vulnerable to the in-
tensification of agriculture. Mycorrhizal fungi, in particular, are sensitive to fungicides
and mineral fertilisers and their biomass declines drastically when they are exposed to
these substances.

Fig. 13: Plant without (left) and with (right) mycorrhiza formation

Source: Plant Health Care Inc., Foto: D.J. Read

There appeared to be a direct correlation between increased nitrogen leaching and de-
clines in the biomass of mycorrhizal fungi (see Fig. 14) and soil life in general. This was
borne out by both field research and greenhouse experiments.38
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Fig. 14: Negative relationship between mycorrhizal fungi and nitrogen leaching
from soil
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Mycorrhizal fungi play a significant role in supplying crops with phosphorus, as they can
free phosphorus from the parent rock and make it available to the plants. If this function
is no longer performed - as is the case for the most intensively farmed soils - then plants
must rely exclusively on external sources for their phosphorus supply. Given that global
phosphorus reserves are extremely limited and phosphorus fertilisers are tainted with
uranium39, this development poses a threat to both soil functions and food production.

Fungal-based soil food webs have many other benefits: they enhance soils' resistance to
dryness and also emit less carbon in times of drought. Moreover, mycorrhizal fungi may
also make crops more resistant to soil-borne diseases and some leaf diseases40.

Microorganisms, soil animals and fungi are part of a complex food web: they break down
organic matter and form new substances - either food for other soil organisms and
plants, or humic substances that positively influence the soil structure and facilitate the
exchange of nutrients. However, they also loosen the soil or stick soil particles together.
As such, they make a vital contribution to soil structure formation, encourage soil aera-
tion and enhance the soil's capacity to absorb and store water41. If there is less soil life,
then this structuring function is not performed and soils compact more quickly.

When soil is compacted, it is less able to absorb and store water. The result is surface

runoff and erosion4?, as well as water shortages in dry seasons.

Poor soil structure

Source: Beste
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- For example, the data collected for Germany for 1970 to 2012 show a constant decline
When soil is compacted, _ , .

in the soil water supply for a number of different crops43.
it is less able to absorb

Fig. 15: Soil water supply in soils used for agriculture
and store water. The J PP J

result is surface runoff

and erosion, as well as

water shortages in dry

Seasons.
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A sufficient supply of water in the soil is a decisive factor for plant development. Where
agricultural crops are concerned, both undersaturation and oversaturation at critical de-
velopment stages can have a negative impact on yields. Over the last 40 years, we have
seen a significant decrease in soil water stocks in both sandy and clay soils during vegeta-
tion periods.

Source: German Federal Environment Agency (UBA) (2015)

4.3 HUMUS LOSS

According to agronomists Soils used for intensive production exhibit much faster organic matter decomposition,
. and they are less able to store nutrients and carbon. The carbon content of agricultural
from the European Soil o , S , ,

soil is declining worldwide44 - including in Europe45. When agricultural practices tend
Bureau Network, soils towards greater specialisation, monoculture and intensive use of mineral fertilisers, soil
- organic matter is not replaced in sufficient quantities. As a result, there is not enough
that contain less than ganie e ua :
decomposing matter in the soil to feed the soil life and proper root system development
3.6 per cent organic cannot occur. According to agronomists from the European Soil Bureau Network (ESBN),
. soils that contain less than 3.6 per cent organic matter are in the early stages of deser-

matter are in the early o , N ,
tification46. The cross-compliance conditions for CAP direct payments call for a humus
stages of desertification. content of 1.0 to 1.5 per cent (depending on the soils' clay content): measured against
the ESBN's findings, this would certainly seem to be insufficient for maintaining soil
functions and enabling adaptation to climate change. As long as research projects focus
on optimising yields rather than optimising soil functions in their quest to find the best
possible proportions of organic matter for soils47, the major effects of a sustainable hu-
mus supply (water storage, water purification, reduced nitrogen leaching, soil biodiver-
sity) will continue to be neglected and accorded too little importance. We cannot afford
this attitude as we seek to tackle the challenges of climate change, and it is certainly not
compatible with the aim of creating resilient agricultural ecosystems that require fewer

external resources (fertilisers and chemical plant protection products) and would thus

help to protect the climate, the environment and human health.

COMMISSIONED BY MARTIN HAUSLING, MEP
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A 2008 analysis by the Federal Institute for Geosciences and Natural Resources (BGR)
found that 4 per cent of Germany's soils had a humus content of less than 1 per cent,
while 30 per cent of the country's soils contained 1 to 2 per cent humus. Humus con-
tents of 2 to 4 per cent were to be found in 47 per cent of soils, and 4 to 8 per centin 15
per cent of soils. These calculations included forest and grassland soils, which are rich in
organic matter48. Freibauer et al. (2004) carried out a simulation to determine how soil
organic matter content would evolve in Europe between 2008 and 2012 were current
agricultural practices to be maintained: the resulting values were almost all negative4.

Fig. 16: Mean organic matter content in topsoil, agricultural land

Modelling results from the CAPRESE project suggest that prior assessments may have
overestimated the soil organic matter content of Europe’s soils by around a quarter.
Source: Freibauer et al (2004) and SOER (2015)

According to the findings of the SOILSERVICE project, the continued application of cur-
rent agricultural practices will lead to a further decline in soil biodiversity. This will also
mean a sharper drop in yields, which could actually be stabilised by fostering biodiver-
sity. Moreover, the mineral fertilisers that are so widely applied today are not enough
to maintain soil functions. The project report's authors come to the conclusion that soil
cultivation that replenishes carbon and humus stocks would improve the sustainability
of food production. Farmers' incomes would rise too (see Fig. 17), as this approach would
enhance yields without requiring increased application of mineral fertilisers.

Mean values are much higher when

forest and grassland soils, which are
rich in organic matter are included.

Soil cultivation that
replenishes carbon and
humus stocks would
improve the sustainability
of food production, say
the authors of the SOIL-
SERVICE project report.

THE GREENS




More humus, better yields!

Medicinal products used
in agriculture do not
undergo any form of

purification treatment.
Some of them are
particularly toxic. Since
they barely degrade, they
then have the same

effects in the soil.

COMMISSIONED BY MARTIN HAUSLING, MEP

BURNED-OUT SOILS

Fig. 17: Yield response of winter wheat to N-fertiliser application for increasing
concentrations of soil organic carbon
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In view of these findings, it would be foolhardy to focus exclusively on intensifying ag-
ricultural production at the cost of soil ecology, which would result in the deterioration
of soil functions.

4.4 MEDICINAL PRODUCTS IN SOILS AND WATER

Organic fertilisers like animal excrement (slurry and solid manure) and fermentation resi-
dues are commonly held to be valuable fertilisers. This assumption is not entirely correct
in terms of their effect on soil fertility; it must be considered in a more critical way (see
section 6.1.2). Furthermore, far too little research has been conducted into the potenti-
ally damaging effects on soil functions of the disinfectants and medicinal products (e.g.
antibiotics or substances that can interfere with hormones, like endocrine disruptors)
that these fertilisers may contain. Additionally, too few precautionary measures are im-
posed to counter these effects. The quantities of pharmaceuticals being released into the
environment are unknown, and their behaviour in the environment has not been syste-
matically examined (this applies, in equal measure, to human and veterinary medicinal
products)50.

The active ingredients in medicinal products are biologically highly active and were deve-
loped to affect organisms' regulation mechanisms: they can alter their metabolism, shift
the hormonal balance and change how signals are passed from cell to cell. Of course,
they do not just have this effect on the target group for which they were developed - if
they end up in the environment, they affect any organisms. The lack of impact data and
long-term research for many medicinal products is the primary reason that it is hard to
grasp the full extent of the risks associated with the release of these substances into
the environment. Nevertheless, there is unequivocal proof that certain pharmaceutical
active ingredients have damaging effects on organisms in the environment51. Medicinal
products used in agriculture can end up in the environment especially quickly and easily,
as they do not undergo any form of purification treatment. Some of them are particu-
larly toxic as they are intended to combat parasites and fungal infections in animals.



MORE AND MORE BIOMASS ON LESS AND LESS LAND?

Since they barely degrade, they then have the same effects in the soil - or in aquatic
ecosystems52. The uncertain effect on soil life is not the only issue associated with the
antibiotics used in animal husbandry, which then end up in the environment - there is
also the problem of increased antibiotic resistance53.

For adequate precautionary management, medicinal products must be subject to stric-
ter environmental impact tests during the licensing procedure, and their environmental
effects must continue to be monitored after they have been licensed. Furthermore, ani-
mal husbandry methods that require livestock to be treated with medication in order
to reach slaughtering weight (because their housing systems are not animal friendly)
should be abolished - they are unsustainable and are not accepted by modern society.

5. IMMER MEHR BIOMASSE AUF

IMMER WENIGER FLACHE?

Do we really have enough space to grow not just food and fodder, but also biomass for

use as an energy source and an industrial raw material?

The 'bioeconomy strategy' championed by the European Commission and a number of
European economic representatives is intended to promote a switch from fossil fuels
to bioenergy and a bio-based economy. This would have major consequences for large-
scale land use, biodiversity and the sustainability of land use systems.

The authors of the SOILSERVICE project's final report warn that54:

“Production of bioenergy causes major land-use changes, ad-
ding a new dimension to the traditional conflict of using land
for food production versus land for nature conservation. In-
tensification of agricultural production and shifts from a crop
rotation to monocultures of crops for food and bioenergy has
potentially profound effects on soil biota, soil biodiversity and
landscape patterns across Europe. Soils used for intensive pro-
duction have faster, mostly bacterial-driven, decomposition cy-
cles that are less efficient in storing nutrients and carbon than
natural soils. In addition, current climate change is predicted to
increase the frequency of extreme weather events, potentially
leading to severe nutrient leaching, soil erosion and further de-
clines in soil organic matter and soil biodiversity.”

Furthermore, when biomass is used for energy purposes, more carbon is taken out of the
cycle (e.g. biogas generation: biogas = CHy4) but is not returned to the cycle in the form
of fermentation residues, leading to further humus loss55.

Animal husbandry methods that require
livestock to be treated with medica-
tion in order to reach slaughtering
weight are unsustainable and are not

accepted by modern society.

When biomass is used for

energy purposes, more
carbon is taken out of the
cycle (e.g. biogas genera-
tion) but is not returned
to the cycle in the form

of fermentation residues.
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It goes without saying
that ecologically
compatible food

production must be

PRIORITISED OVER use

of biomass for energy or

industrial raw materials.

Pasture-based forms of meat produc-
tion must play a far more significant

role in future.

MORE AND MORE BIOMASS ON LESS AND LESS LAND?

When it addresses conflicting land uses, the SOILSERVICE report makes no explicit men-
tion of the vast tracts of land taken up by fodder production - perhaps because this
phenomenon is primarily found outside Europe for the time being.

But can we in Europe really turn a blind eye to the fact that the methods used in North
and South American countries to produce fodder for European meat production (both
consumption and export) are mostly based on far more intensive soil usage than is seen
in Europe? Mean soil losses in the Midwestern USA have been calculated at 16 tonnes
per hectare per year and estimates indicate that mean annual soil losses in Brazil and
Argentina are between 19 and 30 tonnes per hectareS6.

So in a manner of speaking, Europe is ‘importing’ the soil degradation that is occurring
in the Americas®7. With that in mind, any attempt to address conflicting land use and
ensure sustainable management of soil resources (and water resources too!) needs to
look beyond Europe's borders.

For there to be any real prospects of a more widespread implementation of bio-based
raw materials, then these materials must be produced in line with soil-friendly, agro-
ecological concepts both in Europe and elsewhere in the world. As regards the highly
questionable sustainability of using biomass for energy (sun and wind energy and, to
some extent, even hydropower perform far better in this respect), it goes without saying
that ecologically compatible food production must be PRIORITISED OVER use of biomass
for energy or industrial raw materials (e.g. textiles, cosmetics, bioplastics). This is also
vital from a soil conservation point of view.

This brings us to the question of how much agricultural land can be given over to meat
production in future.

Pasture-based forms of meat production must therefore play a far more significant
role in future, as they are very much superior to all other forms of meat production
when it comes to:

® making efficient use of land that cannot be used for agriculture;

e reducing the climate footprint (maintaining grassland);

e securing soils' humus content (grassland);

® and, last but not least, ensuring animal welfare>8,




HOW CAN WE BETTER PROTECT OUR SOILS?

6. HOW CAN WE BETTER PROTECT OUR SOILS?

6.1 INDIVIDUAL MEASURES

6.1.1 EXTENSIVE CROP ROTATION AND INTERCROPPING

Crop rotation is part and parcel of good agricultural practice - or so you may believe.
Every single farming textbook underlines the importance of alternating humus-sapping
crops with humus-building crops, a principle that comes up time and again in training

courses and at university.

Intercropping promotes root system development and increases biological activity, thus
stabilising the soil structure. This comes about in two ways: firstly, the roots bind soil
fragments; secondly, the roots provide a food supply for soil life (more so than the green
mass that is later incorporated into the soil), whose biological activity structures and
stabilises the soil fabric. This is especially true when an extensive, network-like root sys-
tem forms throughout the entire soil profile (as with vetches, phacelia and plant mixes
like winter-hardy rye and hairy vetch and the German crop mixture known as Lands-
berger Gemenge (hairy vetch, crimson clover and ltalian ryegrass)). Such root system
development can even loosen damp clay soils and make them more crumbly. Planting
a simple intercrop like mustard, which only has a tap root, does not achieve this effect.

Moreover, an increasing number of German agricultural journals are now recommen-
ding extensive crop rotation or the planting of intercrops like phacelia, Persian clover,
Egyptian clover, crimson clover, false flax, cress or the plant mix known as Landsberger
Gemenge as a means of loosening soil%9.

For many years, it was impossible to find any such recommendations in agricultural
advisory literature in Germany.

Intercrops

Intercrops boost the ecosystem's capacity for self-regulation by increasing biodiversity
and encouraging antagonists. Among other things, this has the beneficial effect of limi-
ting the need for pesticides. In fact, intercrops can even contribute to preventing plant
disease and pest infestation. As a general rule, intercropping - and more specifically, the
associated phenomena of more extensive crop rotation, better growing conditions and
positive interactions (allelopathy) between individual plant species - reduces the nega-
tive impact of harmful organisms, particularly epidemic diseases affecting main crops
and a wide variety of pests60.

Catch cropping promotes root system

development and increases biological
activity, thus stabilising the soil struc-
ture.

An increasing number
of German agricultural
journals are now rec-
ommending extensive
crop rotation or catch
cropping as a means of
loosening soil. For many
years, it was impossible
to find any such recom-
mendations in agricul-
tural advisory literature

in Germany.
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Maintaining the humus balance re-

quires a steady supply of suitable or-
ganic matter to serve as food for soil
organisms (nutrient humus) and form

long-lasting humus colloids.

High-quality compost
provides a mixture of
nutrient humus and
stable humus, making it
highly beneficial to many

soil functions.

COMMISSIONED BY MARTIN HAUSLING, MEP

HOW CAN WE BETTER PROTECT OUR SOILS?

6.1.2 ORGANIC FERTILISER AND COMPOST

Maintaining the humus balance requires a steady supply of suitable organic matter to
serve as food for soil organisms (nutrient humus) and form long-lasting humus collo-
ids61. Both are vital for stabilising the soil structure, preventing erosion and boosting the
soil's water absorption capacity. One of the main reasons for the current rate of humus
loss in agricultural soils is that not enough high-quality humus is being added to these
soils to replace that which is lost. Plant residues from the main crop, mineral fertilisers
or slurry are not enough to make up the lossé2. Thus the positive effects of organic fer-
tilisers cannot be replicated by mineral fertilisers. In principle, this also applies to slurry
and fermentation residues of biogas production, since they provide soil life with fewer
nutrients and are fairly ineffective when it comes to forming humus colloids. They are
quickly soluble - and so fast-acting- plant fertilisers, but their low carbon-nitrogen ra-
tio (not much Carbon and a lot of Nitrogen) means that there is a risk of rapid nitrogen
leaching®3 (see Fig. 18). In many experiments, however, there was no humus loss when
organic fertilisers were applied consistently, even when conventional soil cultivation me-
thods were used64.

Fig. 18: Statistical relationship between the C/N ratio of organic fertilisers and
N release over a year, as revealed by field, pot and incubation experiments for
estimating nitrogen availability
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Solid manure and high-quality compost provide a mixture of nutrient humus and stable
humus, making them highly beneficial to many soil functions.

The various positive effects are65:

e greater aggregate stability, better soil structure;

® higher porosity, plus improved water storage and filtering capacities;
® increased biological activity;

® higher humus content;

® |ess vulnerability to erosion, protection against flooding;

® better temperature and pH balancing;

® higher nutrient transfer capacity;

e improved plant metabolism and better root formation;

® |ess susceptibility to disease among crops.
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6.1.3 TERRA PRETA

For some time now, especially in Germany and Austria, there has been talk of an apparent
agricultural innovation: Terra Preta. The idea is based on some soils of the Amazon regi-
on, which are extremely fertile and owe their black colour to their high carbon content€®.
‘Terra Preta' is often used as a name for a synthetic bio-charcoal substrate designed as a
technical means of offsetting humus loss in our soils. Similar products are offered under
the names 'Biochar' and 'Hydrochar' - while their production methods and properties
are very different, they are commonly associated with the legendary, exotic Terra Preta’

At present, it is not quite clear if Terra Preta improves soil conditions. One frequently-
heard explanation is that its charcoal particles have a very large surface area, making
them particularly effective at fixing humus and nutrients in the soil. This is certainly true,
which is why charcoal produced by pyrolysis is so effective at increasing yields in sandy
soils which would otherwise have a low capacity for water and nutrient exchange6.
However, it is uncertain whether improving the soil by adding bio-charcoal is actually
preferable to the traditional, centuries-old agricultural methods of balancing crop ro-
tation and replenishing soil organic matter by treating the soil with solid manure, crop
residues and compost.

There is still the question of whether these suspected improvements of soil conditions,
yields and other agricultural factors justify the substantial amount of energy (and mo-
ney) that goes into producing and adding pyrolytic charcoal, either in the short or long
term. To be considered preferable to conventional practices that have proved effective in
Central Europe (crop rotation and compost/manure application), Terra Preta would have
to achieve the same positive impact on the soil whilst using less energy. Unfortunately,
there is hardly any research offering a serious comparison of application of Terra Preta
with these practicesé8.

Another key argument put forward by proponents of bio-charcoal is that it helps to
reduce global climate change by removing carbon from the air. While it is true that
agriculture needs to minimise its CO, emissions, it cannot gear its entire economic mo-
del towards balancing out CO, emissions from other sectors of the economy. Whereas
transforming moors or grassland into agricultural land has a huge impact on the clima-
te, the worldwide carbon sequestration potential offered by different crop management
practices has no significant effect on the climate (even though they have considerable
consequences for the soil)69. Lowering agricultural greenhouse gas emissions through
sustainable animal husbandry (fewer animals per hectare and pasture-based husbandry
systems) has far greater potential to improve the climate than using charcoal produced

by pyrolysis.

While it seems that this technique is not particularly suitable for agricultural application,
it may nevertheless prove beneficial in recultivation areas or in intensive vegetable and
market gardening, but only if the production process, pyrolysis, is carried out with care
(pollutants?)70,

Terra Preta should not
be used to treat the

symptoms of poor

agricultural practices.
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In the current
agricultural system, a
no-tillage approach is

only feasible if total
herbicides, insecticides
and fungicides are
applied. In view of this,
and given that resistance
to pesticides and
herbicides is rising and
the EU has launched a
pesticide reduction
programme, no-tillage
cultivation is not an
effective solution to our

soil problems.
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6.1.4 NO TILLAGE

Reduced tillage or no-tillage is often (and increasingly frequently) recommended as a

way of enriching soils with organic matter and preventing erosion. However, less intense
tillage does not benefit the soil - quite the opposite, in fact.

Main soil tillage processes:

e Conventional tillage: regular ploughing as part of basic tillage,
mechanical weed control.

e Conservation tillage (synonym: minimum soil tillage): no ploughing,
use of cultivators for loosening and/or mixing soil, mulch seeding,
mostly chemical weed control.

e Direct seeding: no tillage whatsoever (synonyms: no-till/zero tillage),
chemical weed control.

Source: Beste 2005

If the soil is not ploughed, then crop residues are no longer incorporated into the soil
and the plant matter remains at the surface. Although this layer of surface cover does
indeed protect the soil from erosion when it rains, the same effect can be achieved
with intercrops or nurse crops, which perform the additional service of providing food
for soil organisms and loosening and stabilising the soil with their roots. In the current
agricultural system, a no-tillage approach is only feasible if total herbicides (particularly
glyphosate, sold under the names Roundup and Basta in Germany), insecticides and
fungicides are applied, as weed and pest presence increases substantially with this tech-
nique. In view of this, and given that resistance to pesticides and herbicides is rising and
the EU has launched a pesticide reduction programme’1, no-tillage cultivation is not an
effective solution to our soil problems. In July 2015, the Agra-Europe news service cited
a survey conducted by agricultural publishers Beckmann-Verlag, which stated that con-
tractors employed to cultivate soil believed that the future lay in "traditional ploughing
for all types of soil”, since increased herbicide resistance has apparently led to a renewed
interest in mechanical methods of combating weeds”2.
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Moreover, the soil analyses conducted by the author over twelve years of research, com-
missioned studies and workshops with field demonstrations’3 indicate that switching to
conservation tillage or direct seeding often results in @ more compacted soil structure
(Fig. 19).

Fig. 19: Maize with no-tillage (left) and maize with ploughing plus clover
as a nurse crop (right)

Source: Beste (2009)

Recently, this observation has even appeared in German agricultural magazines that
were not previously critical of no-tillage. In this case, soil compaction is clearly evident
in the fact that rapeseed roots curve just a few centimetres under the soil surface’4.

If they are not supported by extensive crop rotation or intensive intercropping, no- tilla-
ge techniques do not actively promote the development of a healthy, robust soil struc-
ture. It has often been observed that a compacted soil structure is only broken through
by macropores (high earthworm population)’5. However, if there are a lot of these ver-
tical macropores (a characteristic judged to be positive by most studies) with a high
capacity to absorb rainwater, there is a risk that the percolation water may run into the
groundwater too quickly76. If compacted layers of soil are only penetrated by earthworm
tunnels but do not have a sponge-like structure in any other respect, the water cannot
be retained or purified sufficiently. While it does seep through the soil, it does so too
quickly?7. As such, it is practically unfiltered - and so potentially contaminated with
plant protection products and fertilisers - when it flows into the groundwater’8. Thus
the soil's filtering function is compromised?9.

Healthy soil structure

Fig. 20: Soil structure without ploughing
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The belief that no-tillage
techniques enhance
carbon retention in the
soil is simply based on a
lack of measurements.
When measurements are
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entire soil profile, carbon
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speaking, neither higher
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Since no-tillage management is believed to enhance carbon retention in the soil, it is
even being advocated by the FAO and many climate researchers. But this belief is mis-
taken. Quite simply, it is based on a lack of measurements, as Luo et al. demonstrated
in 2010 with 69 paired comparison studies from all over the world80. Even the EU's
Catch-C81 project came to this conclusion: if measurements are only taken in the top
10 centimetres of the soil profile, the carbon content appears to be higher because no
ploughing has taken place to shift organic matter into lower soil layers. However, when
measurements are taken to a depth of 40 centimetres (so throughout the whole agricul-
turally used soil profile), the carbon content is lower further down in the same soil. Com-
paratively speaking, carbon stocks are neither higher nor lower across the entire soil profile.

Fig. 21: Cross-section of carbon distribution
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Enhanced water storage capacity (which would be crucial, since climate change is expec-
ted to result in longer dry seasons) through humus creation across the whole soil profile
cannot be guaranteed either.

Conversely, far more nitrous oxide - which is extremely damaging to the climate - is
formed in unploughed soils because they are packed more closely and soil humidity is
higher. As such, no-tillage agriculture does not encourage humus development, climate
adaptation or even climate protection82.

In June 2015, even the German magazine DLG-Mitteilungen, viewed as an opinion-leader
on the German agricultural scene, published an article (Wird ,pfluglos’ Giberbewertet? - Is
no-tillage agriculture overrated?) that quoted the Catch-C project's critical findings83.

Given what has been said above, we can conclude that no-tillage techniques in conven-
tional farming systems primarily benefit the manufacturers of plant protection products.
There are far better ways to protect our soils (and for sustainable plant protection ma-
nagement).



6.2 THE ORGANIC ALTERNATIVE
6.2.1 ORGANIC FARMING

Soil organisms are extremely high-performing ‘co-workers' that produce healthy plant
nutrition and create a sound soil structure in a completely natural way. Is there really
any reason to deprive soils of that? Of course not, but conventional agriculture does
so anyway. Mineral fertilisation passes over this entire system by feeding plants with
minerals straight from fertiliser bags, causing many soil organism populations to decline
through lack of food. When this happens, many of the positive effects of soil life are lost
too. The result? Crops that are much more susceptible to pest infestation, humus loss,

erosion and compaction.

Fig. 22: Left: soil structure when there is plenty of soil life - organic farming. Right: soil
structure when there is little soil life - conventional farming. Clay soil, Finland.

Source: Beste

The fundamental principle of organic farming is that high biological activity in the soil
should be encouraged so that crops can be fed as naturally as possible through the de-
grading and conversion of organic matter. This form of plant nutrition makes crops more
resistant to pests. Organic farming provides crops with optimal conditions for growth -
and for a good harvest, since that is the key consideration for organic farmers too. All
of the other agricultural measures applied in organic farming are attuned to this 'soil
nutrition strategy', with diverse crop rotation playing a vital role.

Mineral fertilisation of
crops passes over the
entire system for healthy
plant nutrition by
feeding plants with
minerals straight from
fertiliser bags, causing
many soil organism
populations to decline

through lack of food.
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Moreover, organic farming contributes to a sound soil structure, which is less susceptible
to erosion and more capable of storing water. Many studies have proved that organic
soil management results in less soil erosion84. This is mainly because organic farming
improves the soil structure by enhancing aggregate stability and boosting the soil's ca-
pacity for water storage8s.

Agricultural use practically always means a certain degree of monoculture (except in
cases of permaculture). Planting as many varieties of crops as possible and rotating
them over appropriate periods helps to combat biodiversity loss both in and on the soil.
Extensive crop rotations enhance the system's capacity to self-regulate in the face of
pest or weed infestation. Furthermore, they protect the soil's surface from silting and
erosion and ensure varied root system development throughout the soil. This last feature
of organic farming, root system development throughout the soil, provides food for soil
life (on top of organic fertilisers) and strengthens the soil structure which, in turn, helps
the soil to absorb, store and purify water.

Thanks to all of these factors, year-round, varied plant cover in fields is a key feature
of organic farming. Organic farming requires a third less fossil energy per hectare than
conventional farming and, on average, sequesters twice as much CO, in the soil86. Ave-
rage nitrate losses are also 50 per cent lower87. So far, concerns that the combination of
higher humus content and higher mineralisation would lead to nitrogen leaching have
not been confirmedss.

Fig. 24: Nitrate leaching in different farming systems
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And what about yields?

An analysis of 160 studies revealed that for the cultivation systems applied in industria-
lised countries, the average yields achieved by organic farming were 92 per cent of those
achieved by conventional farming. In the tropics, however, as shown by an analysis of
133 studies, the yields achieved by organic farming can be up to 174 per cent of those
achieved by conventional farming89. Organic farming is also far more energy-efficient in
the tropics: in these regions, organic systems can produce up to 300 energy units of food
with just 5 energy units. By contrast, conventional systems require 300 energy units to
produce just 100 energy units of food90.
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And yet focusing on yields only showcases one side of a system's productivity. Strictly
speaking, a system's yield - or in other words, its output - also includes its output in
the form of fertile soil, clean water and biodiversity. With that in mind, for a system to
be considered successful and sustainable in the long term, it must produce the highest
possible yield per unit of healthy ecosystem. High yields that leave soils burned out and
ecosystems (soils/water) polluted cannot really be counted as a success1. Systems based
on maximising yields may produce higher yields per area unit to begin with, but they
cannot maintain such high performance for long. This is now evident from the state of
Europe’'s sails.

Due to climate change, heavy rainfall and droughts are expected to become more fre-
quent in future. Leached, compacted soils are far less capable of offsetting these cli-
mate extremes than soils with a healthy soil structure. What is needed are soils with
good carbon and humus contents (though no satisfactory answers have been found
to the question of whether such contents can be built up in livestock-free systems).
Organic farming techniques produce significantly higher carbon contents than conven-
tional methods: according to measurements taken by an international research team,
organically-cultivated soils contain an average of 3.5 tonnes per hectare more carbon
than conventionally-cultivated soils92.

Living soil with a good soil structure can store up to four times its own weight in water.
If we are to offer a proactive, preventive response to the effects of climate change, our
soils must be managed appropriately with a view to boosting their water absorption and
storage capacity. In view of this, there is an urgent need for the consistent application
of sustainable agroecological soil use systems. The required effect cannot be achieved
by simply switching to no-tillage agriculture whilst continuing to practise monoculture
and mineral fertilisation93.

Organic farming also outperforms conventional farming when it comes to phosphorous
provision (which will be a serious issue for conventional agriculture in future, as global
phosphorous stocks are declining). Plants grown with organic farming methods are able
to mobilise greater quantities of phosphorous because organic systems leave soil life
intact; mineral fertilisers harm the mycorrhizal fungi that help plants to take phosphorus
from the soil, whilst organic farming methods promote the development of such fungi,
generally reducing the need for external input of synthetic phosphorus.

Organic fertilisers and humus-balanced crop rotation are classic cornerstones of organic
farming - and fundamentals of good agricultural practice. They can be seen in many
old textbooks that were written long before organic farming was developed, but are
also recommended in current textbooks94. Unfortunately, current agricultural practice
is rather different.

6.2.2 ONE STEP FURTHER: PERMACULTURE

The practice of permaculture is far older than the term itself, which was coined by Aus-
tralian Bill Mollison in 1978 in reference to permanent, sustainable agriculture. The
practice of simultaneously cultivating several crops on the same plot of land was already
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A B

Living soil with a good

soil structure can store
up to four times its own
weight in water. If we
are to offer a proactive,
preventive response to
the effects of climate
change, our soils must be
managed appropriately,
in line with the principles

of agroecology.

| EFA



Permaculture: organic farming in
Argentina

Source: Beste
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being applied in rice paddies in Asia and on Berber terraces in Morocco, where farmers
have been using these methods for thousands of years.

Example 1: Clover, radishes, lettuce and medicinal herbs, sown as nurse crops after the
wheat has flowered, will provide a second harvest (for fodder) after the wheat has been
harvested.

Example 2: When a mix of maize, sunflowers and hemp is grown along with peas or
beans, the taller plants support the legumes and the legumes return the favour by pro-
ducing nitrogen.95

Measuring individual crop yields does not do permaculture justice or reveal the full ex-
tent of its benefits: these can only really be understood by looking at the protein and
carbohydrate output per area unit. When this is taken into account, permaculture - like
the layering system seen in sustainable rainforest management - far outperforms the
industrial monoculture-based farming methods currently favoured in Europe. 96

And this does not only apply to tropical regions - permaculture has great potential in
middle latitudes too, though it has been very much under-researched to date. In princip-
le, permaculture is just one step up from organic farming and has considerable potential
to improve biodiversity in and on the soil, especially for permanent crops like fruit pro-
duction or viticulture. Although the system makes more intensive use of the soil, it does
so in an agroecological way.

7. 1S THE CURRENT FRAMEWORK ENOUGH TO

PROTECT SOIL?

7.1 THE EU SOIL PROTECTION STRATEGY

There is still no Europe-wide political concept of soil protection, as there is for air and
water protection.

Soil protection and land protection were accorded central importance for the first time
in the Sixth EU Environmental Action Programme, published in 2001. The programme
calls on the European Commission to develop a comprehensive thematic soil protection
strategy for Europe. The Commission's 2002 communication on soil protection,"Towards
a specific strategy on soil protection”, was the first step, followed by the drafting of a
Soil Protection Directive. The Directive contains legal provisions for the introduction of
an EU-wide soil information and monitoring system and sets out recommendations for

future measures.

Attempts to adopt an EU Soil Protection Directive last failed in 2010 because Germany
opposed it, largely due to pressure exerted by the agriculture lobby. In this discussion
Germany referred frequently to the Federal Soil Protection Act, which was considered to
be sufficient (see below). 97



KOSTEN UND NUTZEN FUR LANDWIRTE

The soil protection expert at the European Commission's DG Environment had the fol-
lowing to say about the situation in 2011:

“Any policy designed to protect the climate and biodiversity
cannot succeed if it does not protect the soil too. Refusing to ac-
cord soil the same protection as air, water or endangered species
and their habitats is a purely political decision and, in view of
the accelerating loss of soil (quality) in Europe, not tenable in
the long term.”9ss

7.2 THE EU COMMON AGRICULTURAL POLICY (CAP)

The "Cross-compliance"-system introduced by the 2003 reform of the CAP made the
receipt of direct payments conditional upon compliance with certain requirements. The
provisions setting up the system specified that receipt of direct payments would be
linked to compliance with EU minimum standards on environmental protection, animal
welfare and food safety and to keeping land in a "good agricultural and environmental
condition"99. However, the principles for maintaining land in a good agricultural and
environmental condition are formulated extremely vaguely when it comes to soil pro-
tection. They do not even require recipients to practise humus-balancing crop rotation.
The latest agricultural reform has done nothing to alter this.

Eine Pﬂrtners’fM:Hen'

Europa und LandWirten 3

Ready for the future?? Source: eu-infothek (2012)
Latacz-Lohmann and Buckwell call for proper soil protection advisory services to be
offered to individual farmers in order to gain positive effects from cross-compliance100,
However, there has been no coordination or support for soil protection advisory services
in the European Union to date. Moreover, the latest agricultural reform neither makes
soil advisory services a cross-compliance condition nor creates special structural eli-
gibility conditions for Member States as part of its agri-environmental measures. Any
bodies wishing to introduce such standards in the Member States (in Germany's case, the
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REICHEN DIE RAHMENBEDINGUNGEN ZUM SCHUTZ DES BODENS?

federal states are responsible) are free to do so (in whatever form they like), but are not
under any obligation. There are no binding criteria whatsoever in this respect. Given the
problems affecting Europe's soils and threatening the very basis of our food supply and
our production, this is extremely short-sighted.

7.3. THE GERMAN FEDERAL SOIL PROTECTION ACT

With the entry into force of the Federal Soil Protection Act (BBodSchG) in 1999,
Germany's lawmakers took an initial step towards according more importance to the
need to protect soil. The BBodSchG aims to protect soil from damage and rehabilitate it
where it has been damaged. The soil is to be used in such a way that no harmful changes
will be made to it, and soil consumption through sealing is to be limited as far as pos-
sible. For some years now, scientists and associations have criticised the law's excessive
focus on the issue of contamination and polluted sites. In their view, it is imbalanced
given the range of potential soil problems encountered in the agricultural sector101,

Furthermore, the agricultural sector has no exact definition for the term 'good professi-
onal practice' in connection with agricultural management (Art. 17 BBodSchG). In 1999,
a position paper by the Federal Ministry of Consumer Protection, Food and Agricul-
ture, "Gute fachliche Praxis der landwirtschaftlichen Bodennutzung" (Good professional
practice in agricultural soil use) explained the term for the first time in connection with
the soil-protection aspects of land use (the term is used in many other German ordi-
nances, and is often defined rather arbitrarily). The ministry's definition gives a relatively
specific description of the goals for sustainable soil management in agriculture. Howe-
ver, key areas that are certain to affect soil protection within the context of agricultural
practice are only covered in the specific ordinances (Plant Protection Products Regula-
tion, Fertilisers Ordinance). As such, the issue is not addressed fully. Moreover, since the

paper in question merely issues recommendations, they are of course non-binding102.
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8. CONCLUSION: URGENT NEED FOR ACTION

The symptoms of soil degradation described in this study are simply not compatible with
the "Cross Compliance" agreement's principle of "maintaining the land in a good agricul-
tural and environmental condition” - neither where soil protection is concerned, nor in
terms of ensuring the continued, sustainable existence of agricultural regions. For many
soils, it is now no longer a question of providing protection and preventing damage, but
rather of restoring soil functions as a matter of urgency.

The work carried out by the SOILSERVICE project in four of Europe's agricultural regions
showed that agricultural incomes could rise if the soil's carbon content - a good indi-
cator for natural soil functions - were to increase. Not only would farmers enjoy better
yields but their costs would also be lower thanks to improved soil system services (e.g.
better soil fertility). The SOILSERVICE project has proved that there is a positive correla-
tion between most soil ecosystem services (clean drinking water, prevention of erosion,
protection from flooding) and the soil's carbon content. Although enhancing the soil's
carbon content is a lengthy process, it is an effective means of preventing soil erosion,
nutrient loss and the transfer of substances to surface water. In this connection, orga-
nic farming offers considerable potential in terms of both resource conservation AND
productivity.

There is an urgent need for action with regard to:

® implementing a European soil protection strategy;

® advising on and implementing known, sustainable soil protection
measures on farms;

® updating and defining the concept of ‘good professional practice’ in soil
management, both in Germany and throughout Europe;

® introducing stricter licensing and environmental monitoring systems
for medicinal products;

® ensuring monetary recognition by society of sustainable (soil) cultivation.

For many soils, it is now
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DEMANDS

DEMANDS FOR BETTER PROTECTION OF EUROPE'S SOIL

MARTIN HAUSLING

In 2015, the expert on soil protection at the European Commission's DG Environment said that,
mathematically speaking, just 50 years ago worldwide every individual had half
a hectare (5,000 m2) of land at their disposal to grow food, yet today that figure
has halved to a quarter of a hectare, and by 2050 it will have shrunk further to
just 1,000 m2.

The study presented here cites the SOILSERVICE project, claiming that the continuation of present-day agricul-
tural management practices in the EU will lead to further declines in both soil biodiversity and yields. Merely
continuing the current management with application of mineral fertilisers will supposedly preclude the mainte-
nance of soil functions. The project's authors conclude that soil management which replenishes its carbon and
humus content is absolutely essential for improving the sustainability of food production.

Attempts to adopt an EU Soil Protection Directive last failed in 2010 because Germany opposed it, largely due
to pressure exerted by the German Farmers' Association (DBV). Among other things, the directive would have
resulted in clearer and more specific soil protection requirements being imposed on recipients of direct pay-
ments than those applying today.

You may well ask how anybody could oppose something like that?

Well, an overly narrow focus on export-oriented intensive farming is all it takes to make people lose sight of
what is needed for sustainability.

The relative lack of substantiated statistics on the degradation of agricultural soil in Central Europe before now

meant that farmers, farmers' associations and the agro-industry could always fall back on their claim that every-
thing was alright. Yet the study presented here demonstrates that this claim is far from the truth.

COMMISSIONED BY MARTIN HAUSLING, MEP



DEMANDS

In view of the data presented in this study and the conclusions reached by the EU's SOILSERVICE project, the
EU's Clim-Soil-Report, the European Environment Agency (EEA), the European Soil Bureau Network, the Euro-
pean Commission's Joint Research Centre, the German Federal Environment Agency (UBA) and several other
individual studies, my demands are as follows:

1 Europe needs a soil protection strategy. Germany must take its responsibility for protecting
Europe's soil, stop blocking a European Soil Framework Directive and play a constructive,
formative role.

2 We need a total reorientation of the Common Agricultural Policy (CAP). Payments must only be made
to those farmers whose methods meet the strictest requirements of ecological compatibility and
animal welfare. Organic farming must be held up as the model to follow.

3 The Cross-Compliance-rules need to be extended. Anyone who opts out of agricultural subsidies in
future must comply with their provisions as legal minimum standards. To this end, binding good
professional practices for soil management need to be clearly specified.

4 We need a support programme implemented throughout the EU that advises individual farmers
on soil protection management.

5 More funding must be made available for research into crop mixtures, nurse crops and intercropping
in organic and conventional agriculture.

6 No-tillage cultivation systems that use total herbicides must not receive financial support from
agri-environment schemes.

7 Europe's soil needs a humus creation programme (research, training and advice), to prepare it for the
challenges posed by climate change.

8  Slurry and biogas fermentation residues do not create humus in the soil like compost or solid
manure do. The quality of organic fertilisers must be judged more finely in terms of its impact on the
soil and be either suitably encouraged or restricted by law.

9 The authorisation of veterinary drugs must give greater consideration to their environmental impact.
The spread and impact on resistance development of antibiotics through organic fertilisers derived
from intensive animal husbandry urgently needs to be reduced. Livestock farming that pollutes
waterways and soil with drug-contaminated organic fertilisers is no longer tenable.

10 Apart from the use of pure vegetable oil in agriculture machines, the encouragement of biomass
production for energy purposes, damages the environment and competes directly with food
cultivation, and must therefore be stopped.

' | EFA
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DOWN TO EARTH -
THE SOIL WE LIVE OFF

ON THE STATE OF SOIL IN EUROPE'S AGRICULTURE

Around 970 million tonnes of fertile soil are lost to erosion each year in the EU. That is enough
soil to raise the level of the entire city of Berlin by 1 metre. These figures, published by the Euro-
pean Commission's Joint Research Centre (JRC) in September 2015, are truly shocking.

In the study presented here, Dr Andrea Beste, founder of the Institute for Soil Conservation & Sustain-
able Agriculture (BBOA) and co-author of the soil atlas (Bodenatlas) published by Friends of the Earth
Germany (BUND) and the Heinrich Boll Foundation (HBS), takes an in-depth look at the state of the soil
beneath Europe's agricultural land.

Over the past 15 years, Andrea Beste has personally investigated the state of soil structure at more than
400 different locations in Europe, mostly in Germany. This work was either commissioned by food com-
panies, universities and chambers of agriculture or carried out within the framework of soil protection
training seminars for farmers.

In this study, the independent scientist and soil consultant presents current data and conclusions from
a number of recent European research projects on the state of our soil. Her findings are alarming, with
many soils clearly showing veritable '‘burn-out' symptoms. What makes the situation particularly grave
is that with climate change on the way Europe could really do with particularly fit and healthy soils to
enable us to produce sufficient quantities of food, guarantee a plentiful supply of clean drinking water
and prevent flood damage.

The author of the study also describes which therapy Europe's soils urgently need if they are to recover.
The potential methods she proposes are nothing new. Some have been overrated for a long time or simply
misjudged, whilst other, more effective methods are still being too sparsely applied. Also, far too little
lobbying is done on behalf of Europe's soil, even though its health is fundamental to our own wellbeing.
Meanwhile, Germany has thwarted the EU Soil Protection Directive, and the so-called 'greening' of the
EU's latest agricultural reform has proved unable to prevent humus-sapping crop rotation and mono-
cultures. Furthermore, the EU has no truly effective training and advisory programmes whatsoever for
agricultural soil protection management. Nor are there any in Germany's federal states.

So what about farmers? What role do they play in all this?

Based on her experience from more than 15 years' training and advisory work on soil protection, the
author says:

"Given current agricultural policy, the fact that producer prices are geared towards the world market, and
the need to boost yields, individual farmers have virtually no leeway to attribute greater importance to
other ecological soil functions. In view of the relatively meagre - and tendentially falling - value creation
in agriculture, many farmers view boosting production and productivity as their only chance of securing
their livelihoods. The overexploitation of the soil often associated with this approach constitutes a de
facto abandonment of the traditional sustainable treatment of our soil, as practised for generations in
agriculture. Some farmers want this to change, but so far there have been too few of them".
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