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         obody would argue against the necessity of developing sustainable
agriculture. But as usual there may be several pathways that lead to the goal.
The 2003 Bertebos Conference explored one of them: the possibility of
developing European agriculture into an ecosystem services provider. In
doing this the conference also dealt with one of the most crucial issues for
our common future, namely the conditions and processes through which
natural ecosystems and the species that make them up sustain and fulfil
human life.

Things must change, and they will change as new knowledge emerges.
This is of course true not only for agriculture. In order to reach sustainability,
values, attitudes and ways of life will have to change at all levels from the
individual to the global. It is crucial to examine new knowledge and new
initiatives without prejudice, regardless of their origin. There is a need for
new concepts in agriculture and agricultural research and the only way to
find them is through free and open-minded discussions. The 2003 Bertebos
Conference contributed to this process.

This was the fourth Bertebos Conference. Like the preceding ones it was
facilitated by Brita and Olof Stenström through the Bertebos Foundation. The
Academy would like to express its most sincere gratitude to the Stenström
family and the Foundation for this, but also for their trust in the Academy and
for their support of and belief in science as a tool for a better future.

Bruno Nilsson

Secretary General and Managing Director
The Royal Swedish Academy of Agriculture and Forestry

Preface
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Agricultural ecosystems provide three different
types of ecosystem services:
• primary goods such as food, fibre and bio-

energy;
• regulatory effects that ecosystems have on

biogeochemical, pest and disease cycles; and
• subjective cultural services of landscape

aesthetics and diversity.
There are a number of conceptual and prac-

tical problems in attempting to measure, estab-
lish and manage ecosystem services. Key
questions addressed by the conference were:
•   what can we identify as the ecosystem goods

and services in agro-ecosystems and what is
their value?

•  what could be the practical application of the
notions of goods and services in European
farming?

•  what research is needed within the field of
agro-ecosystem goods and services?
Multifunctional farming is a land use that

can expand the provision of agro-ecosystem
goods and services. In his Bertebos Prize lecture,
Professor John Porter outlined a possible future
of a more multifunctional European agriculture,
applying different strategies in order to improve
its production of a wider array of ecosystem
services. Professor Martin Wolfe gave a number
of examples of multifunctional agriculture at the
farm level, while Professor Pieter Vereijken

presented a model for planning multifunctional
land use on the regional level.

Agricultural practices have shaped the land-
scape through time, therefore these practices
strongly determine the kind and amount of serv-
ices generated. The definition of these services
for natural ecosystems needs to be reinterpreted
for use in an agricultural context. Dr Johanna

Björklund discussed how the definition of eco-
system services needs to be modified to be
accurate for agro-ecosystems. She also presented
a study of changes in the generation of eco-
system services in the Swedish agricultural land-
scape over the last 40 years.

To increase the awareness of agriculture’s
contribution to generating ecosystem services
and the potential for increasing its contribution,
accurate methods for assessment have to be avail-
able. In a theoretical approach to evaluation of
ecosystem services, Dr Torbjörn Rydberg  in-
troduced the concept of ‘embodied energy’ or
‘emergy’. The valuation of ecosystem services
was much discussed during the conference.

Reducing the dependence on external non-
renewable resources is crucial for the sustainable
development of agriculture. Skilful management
and sustainable use of locally generated eco-
system services may be a way to maintain pre-
sent production levels while reducing these in-
puts. The conference looked at four examples of
services for sustainable agriculture: nutrient cyc-
ling, water, biological regulation and recreation
and culture.

In his Bertebos Prize lecture, Professor Erik

Steen Jensen discussed the nitrogen and phos-
phorus cycles as examples of ecosystem serv-
ices, focusing on the changes needed to over-
come present problems and looking at organic
farming as a model providing a set of ethical
principles to guide the development of agri-
culture in a sustainable direction.  Dr Jakob

Magid discussed the necessity of closing the
rural-urban nutrient cycle. Dr Paul Mäder pre-
sented studies comparing soil fertility in organic
and conventional farming systems.

Professor Malin Falkenmark gave an over-

From a human perspective ecosystems provide goods and services,

defined as the products and benefits that people derive from local

and global ecosystems. The 2003 Bertebos Conference focused (from

a European perspective) on the ecosystem that offers the largest

potential for humans to affect the provision of goods and services:

the agro-ecosystem.

Ecosystem services in European
agriculture – theory and practice
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we tend to overestimate the scientific value of
species and biodiversity in this context. What is
most important for the majority of people is the
recreational value of the landscape, not the spe-
cific features of biodiversity or culture. None-
theless, people spending time in the natural
environment for recreation will gain experiences
and knowledge that will increase their appre-
ciation of its full range of values.

The role of markets and consumers as a
driving force in the sustainable development of
agriculture was highlighted by company director
Thomas Harttung. The rapidly growing Danish
organic farm company Aarstiderne  today links
100 organic farmers with some 40,000 house-
holds.

Dr Paul Campling gave a brief overview of
the foundation of the Common Agricultural
Policy of the EU. Even if the concept of eco-
system services is not yet recognised, multi-
functionality in agriculture is a key issue from
EU point of view.  The IRENA project is using a
set of indicators to monitor to what extent this
intention is making any difference on the ground.

The conference was brought to a conclusion
by two personal reflections on ecosystem serv-
ices in agriculture. Dr Peter Edling expressed
the view that the concept of agriculture as an
ecosystem services provider fits very well with
his perception of his role as a farmer. In his con-
cluding comment Professor Jacob Weiner said
that even if there is a risk in assessing ecosystem
services using one single currency – money,
energy, nitrogen or anything else – the concept
of ecosystem services is useful because it is
quantitative, thus facilitating communication
with policy makers and the public.

In thematic working groups, facilitated by
Professor Lennart Salomonsson, the confer-
ence participants identified a number of key
issues for developing ecosystems services in agri-
culture further. Awareness raising at all levels in
society, further interdisciplinary research and
developing methods for evaluating ecosystem
services are three such key issues.

view of agriculture’s interplay with the water
cycle at global, regional and local levels, arguing
that any discussion on sustainable agriculture
has to take this aspect into account. Water con-
straints will inevitably be a major obstacle in
feeding the growing world population and this
has implications for European agriculture in years
to come.

Professor Steve Wratten showed that simple
practical measures in the agricultural landscape
can greatly improve ecosystem services of bio-
logical control and pollination. Professor Ariena

van Bruggen highlighted the importance of the
microbial diversity in the soil by comparing bio-
logical control of root diseases in organic and
conventional farming systems.

Concerning recreational and cultural services,
Professor Thomas van Elsen gave some exam-
ples of how landscape development and nature
conservation can be integrated into sustainable
agriculture. Dr Urban Emanuelsson argued  that

The history of the Berte Mill in southwestern
Sweden can be traced back to 1569, and it
has been owned and operated by the same
family throughout the centuries. Today the mill
is part of the Stenström family enterprise, which
also includes a farm and the SIA Company,
manufacturing ice cream from organic dairy
products.

The Bertebos Foundation was established
in 1995 by Olof and Brita Stenström in order
to promote research, development and edu-
cation within the food industry sector. Through
the auspices of the Royal Swedish Academy of
Agriculture and Forestry (KSLA), the Founda-
tion has established the prestigeous bi-annual
Bertebos Prize for “ well renowned, ground-
breaking research or development in the field
of food processing, agriculture, animal health
or ecology” . A seminar, focused on the prize
winner´s field of research, is held in Falken-
berg.

The 2003 Bertebos Prize was awarded to
two internationally recognized scientists in
agro-ecology: Professor  Erik Steen Jensen and
Professor John R Porter. Both gave their prize
lectures at the 2003 Bertebos Conference.

This issue of the Journal of KSLA is the report
from the 2003 Bertebos Conference.

The Bertebos Foundation
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“European agriculture has been very successful
in producing food efficiently”,  says Professor
Jensen. “However, during the last 50 years we
have seen a number of problems emerging from
this high-intensity farming. We need to take
action, we need to develop sustainable agricul-
ture, but we still don’t know very much about
what sustainability means in practice.”

“Change is inevitable. The economic driving
forces are much stronger than environmental
demands”, Professor Porter adds. “With the ten
accession countries entering the EU the agri-
cultural sector in western Europe will face great
competition. It will inevitably diminish and it
must change to survive.”

Agriculture – a  dinosaur

“The agricultural sector is like a dinosaur in an
economy shifting into services. Turning to pro-
duction of ecosystem services is a matter of
survival for the sector. Of course you can say that
we will always need food, but there is more than

enough land for food production in Europe. Glob-
ally, the situation is different.”

Professor Porter was awarded the Bertebos
Prize for his internationally renowned research
into complex agro-ecosystems by biological
modelling of responses to their environment,
and Professor Jensen for his pioneering research
in organic agriculture focused on plant product-
ion and soil biology. The prize winners agree
that a shift from conventional to organic agri-
culture is a first step along the path to sustain-
ability.

“Organic agriculture is not the answer, it is
a niche”, Professor Porter says. “I don’t think
that low-intensity production for local markets
will ever be able to challenge the large-scale
food industry. But it can serve as a source of
inspiration for change.”

“I think we should consider organic farming
as a perspective for European agriculture. It
greatly influences the way we act, whether we
consider it as a niche or a perspective”,  adds

European agriculture is facing the challenge of moving from a pro-

duction function to a service function, but it will take even more than

this to achieve sustainability. Professors John R Porter and Erik Steen

Jensen, Bertebos Prize winners 2003, outline a dramatic future for

European farmers.

European farmer of tomorrow
– a  provider of services

A matter of sur-

vival. Bertebos
Prize winners
John R Porter (left)
and Erik Steen
Jensen think new
approaches are
urgently needed
in European agri-
culture and
agricultural
research alike.
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professor Jensen. “Organic agriculture is based
on a set of principles that can  also serve as guide-
lines for the development of conventional agri-
culture. But there are a number of problems in
organic agriculture that must be solved before
it is really sustainable. One example is long-term
maintenance of the nutrient status of the soils,
especially concerning phosphorus. To overcome
that problem we must close the nutrient cycle
between agriculture and urban areas, bringing
human waste back to the farmland. It will require
changes in our attitudes as citizens to accept
food grown on fields fertilised that way...”.

Attitudes and cultural values like this are one
of the obstacles for change that need to be over-
come among consumers and farmers alike. How-
ever,  John Porter and Erik Steen Jensen stress
that farmers should not be blamed for the present
unsustainable agricultural system.

“If I was a farmer I would do the same thing”,
Professor Porter says.

“Today’s farmers have been brought up with
the idea that it is all about producing food effici-
ently”, Professor Jensen continues. “It will be a
matter of generations before farmers look upon
themselves as ecosystem services providers.”

A matter of consumer a ttitudes

“It is also a matter of consumer attitudes”, Pro-
fessor Porter interposes. “We take for granted
that some things are free, like water. It is not
something you pay for until it comes out of a
tap”.

The conversation moves on to other hin-
drances  to change, like the Common Agricult-
ural Policy (CAP) of the EU.

“I have no strong opinion on this”, Professor
Jensen starts, “but I can’t see that CAP is in any
way supporting development of a more sustain-
able agriculture. My opinion is that the farmers
who produce with the least impact on the en-
vironment should have the greatest support from
the EU.”

Professor Porter is more outspoken:
“Subsidies exceed the value of agricultural

production in EU by a factor of four. We spend
90 billion Euro per year to support a system  that,
among other things, creates a lot of problems  in
the Third World, which is one of the reasons why
the EU pays  250 billion Euro annually in aid to
Third World countries. So for one thing, if we

did not pay the 90 billion, we would not have to
pay the 250. Also, the subsidies are capitalised
in the price of agricultural land and the high
price of land is the single most important
obstacle for change today. The average EU
farmer is 55 years old, but a new generation
cannot take over because they cannot afford to
buy the land.”

N ew  research approach needed

Even if the need for change is obvious and even
if we know in which direction we have to move,
the professors agree that there is a large know-
ledge gap. To fill that gap, Professor Jensen
advocates a new approach in agricultural re-
search.

“I think the incremental approach we use
now is unable to bring about the change needed”,
he says. “We are starting from today’s conven-
tional farming, trying to improve it in details
while maintaining high intensity. What we should
do is to set up goals or standards for a sustainable
agricultural system and do research on how to
achieve high production while meeting these
goals.

“Any option in compliance with the goals
should be considered. From my point of view,
for example, the use of transgenic organisms in
organic farming should not be ruled out pro-
vided it meets the goals and thus contributes to
a more sustainable agricultural system. I can see
no problem in improving wheat varieties by
taking genes from wild relatives of wheat when
we know the risks associated with the technol-
ogy. However, I am against genetic engineering
across species barriers, such as taking genes
from a deep sea fish and transferring them into
a potato.”

“Agricultural scientists  today are like phys-
cists in the 1920s”, Professor Porter says. “We
are struggling for concepts. Ecosystem services
is a new concept that could be a key to moving
forward, but it needs to be developed. Among
other things we need a pricing system, some-
thing like that which is now being developed for
the trade of greenhouse gas emission rights. I
would definitely prefer a market driven system,
rather than paying for ecosystem services through
the tax bill.”
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Multifunctional farming is a land use that can
expand the provision of agro-ecosystem goods
and services. Here we will outline a possible
future of a more multifunctional European agri-
culture, applying different strategies in order to
improve its production of a wider array of eco-
system services.

Ecosystems provide us with air to breathe,
ecosystems supply clean water, ecosystems re-
cycle our waste. These and other unpaid-for eco-
system services underpin the possibility for
humans to live on this planet. Ecosystem
services could be defined as the benefits that
humans derive from the functioning of local and
global ecosystems. Without these services,
derived from ecological life support systems,
market economies could not exist.

There is a link between the notion of eco-
system services and multifunctionality in farming
systems. A multifunctional farming system pro-
duces not only a variety of harvested compo-
nents but also biogeochemical cycles within the
farming system (such as the cycling of carbon,
nitrogen and other elements), pollination services
and enhancement of biodiversity.

Within the framework of the UN Millennium
Assessment, four subgroups of ecosystem serv-
ices have been identified:
• goods, primarily food, but also fibre and bio-

mass for energy;

• regulating services, such as the fluxes of car-
bon dioxide between the vegetation and the
atmosphere which affect the regulation of the
global climate system;

• supporting services, for example the decom-
position of organic matter which is crucial
in soil formation; and

• cultural services, non-material services such
as recreation, cultural and aesthetic values.
In Europe (the present EU 15 countries and

the 10 accession countries)  there are 378 million
hectares of ‘cultivated’ land, i.e. agricultural land,
urban areas, roads and other infrastructure. The
rest of the land area, 208 million hectares, is
uncultivated, ‘natural’ land. Obviously ‘natural’
land provides the ‘cultivated’ land with water
and air, helps with production of the soil and so
on. But what we will look at here in particular
is the feedback from the cultivated sector to the
‘natural’and also the feedback within the agri-
ecological sector itself.

It may seem strange to look upon agriculture
as a provider of services. But in fact  European
agricultural production already forms the basis
of a service industry. Only about 25% of the
energy consumed in the EU food chain is agri-
cultural production. The rest is consumed in serv-
ices processing the food and bringing it to the
consumer. Of total employment in the food chain,
half is in primary production and the other half

M ultifunctiona lity and ecosystem
services in European agriculture

In his Bertebos Prize lecture Professor John Porter argues that

looking at European agriculture not only as a producer of food but

also as a provider of a wide range of ecosystem services may give some

guidance for the development of future sustainable agriculture.

Billion dollar

ecosystems. Some
terrestrial eco-
system values
(billion US$).
(From Costanza
et al, 1997)
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is in food processing, distribution and retailing
services.

The concept of environmental services is
moving towards the idea that nature has a ‘market’
value that could be expressed in economic terms.
This is of course an anthropocentric view of
nature, which is one but not the only reason why
it is a controversial approach. But there are also
benefits, for example, it can serve as a means of
interdisciplinary dialogue between ecologists,
economists, philosophers and others.

Ecosystem services of a  multi-
functiona l agro-ecosystem

An example of qualitative assessments of the
ecosystem services of a multifunctional food
and energy-producing agro-ecosystem has been
developed in Denmark. The system was set up
for scientific purposes in 1995 and designed for
combined food, fodder and energy production.
It is composed of organically managed crop
rotation fields, separated by 4-5-metre-high bio-
mass hedges. One aim was that the system should
be energy neutral by producing as much renew-
able biomass energy as is consumed in the food
and fodder part. Research has also been carried
out in other fields, such as the performance of
the system in terms of carbon sequestration and
the support of  insect populations for pollination
and pest control.

The services provided by the system are:
• food and fodder as a provisioning service;

• biomass for energy as a provisioning service;

• soil erosion control (the hedges) and nutrient
retention as regulatory services;

• carbon sequestration as a regulatory service
(there is data showing that the system, over
time, will store carbon);

• biological control of pests as a regulatory
service;

• increase of farmland biodiversity as a regu-
latory and cultural service; and

• economic wellbeing of farmers as provision-
ing and cultural services, even if this experi-
mental system is too small to achieve this.

While the energy input to the system is about
11 GJ ha-1, the output from the biomass hedges
is about 116 GJ ha-1. This means that the energy
balance of the system shows a great positive net,
but only in terms of primary energy. You have
to take into account that the input is to a large
extent a high-quality energy source (diesel fuel),
while the  output is a low-quality energy source
(biomass).

The va lues of ecosystems

An interesting question is how far CAP, e.g. the
present EU area-support payments, reflects esti-

Services-area

curve. Service
value per hectare
and area (million
hectares) of some
terrestrial eco-
systems.
(Calculated from
Costanza et al)
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mations of the agro-ecosystem services. A star-
ting point for analysing this could be a paper
published in 1997 by Costanza and others in
Nature1 , trying to estimate the value of global
ecosystem capital. The analysis is very contro-
versial and has been criticised. For one thing, it
mainly compares service values of different eco-
systems, which means that it does not handle
spatial scale very well. Planting an open field
with monoculture forest would increase the eco-
system service value more than splitting the same
area into a mosaic system with different func-
tions. Keeping this and other problems with the
model in mind, it could still be useful in devel-
oping the concept of ecosystem services.

Small a reas – high va lues

The bottom line of Costanza’s estimations is that
the total value of the global ecosystem capital
is US$33 trillion (1012), which is almost double
the global GNP. The capital is divided 65% and
35% between aquatic and terrestrial ecosystems
on an area basis. Figures for some terrestrial
ecosystem service values are given in the table
on p. 9. From the figures given in the paper you
can calculate that the provisioning of goods is
about 7% of the total services. This can be seen
as the return of the global capital.

The Costanza calculations show that rare
ecosystems, covering relatively small areas, have
very high values per hectare, while spatially ex-
tensive ecosystem have much lower values per
hectare. This inverse relationship can be shown

in a services-area curve (top of  previous page),
which in turn offers an opportunity to link the
financial return from agricultural production to
the value of agro-ecosystem services. To do this
we will also need a fairly conventional model,
used by landscape and  agriculture  economists,
called the production-area model (below).

The next step is to try to combine the pro-
duction-area model with the services-area model
derived from Costanza’s estimations into a pro-
duction area-services model, as shown in the
figure on p. 12 (top).  This combined model gives
us, as before, the market-optimal area for pro-
visioning services (or goods). But it also shows
that there is an extra optimal area for production
of other ecosystem services, defined by the point
where the marginal net return function cuts the
area-services function. This suggests that if we
can identify these extra ecosystem services, it
would be profitable to cultivate an additional
area to provide these services.

Furthermore, if you use data from Costanza
to estimate the agro-ecosystem services within
the EU you end up with a grand total of about
19 billion Euro for the EU 15, and another  5
billion Euro for the ten accession countries (see
table p. 12, bottom). The annual societal transfers
to the agricultural sector in the EU is about  85
billion Euro, which means that the subsidies
overestimates the ecosystem service value of the
current EU agriculture by a factor of four.

If that is the case, are there ways in which we
can improve the values of agro-ecosystem serv-

Production-area

model. Marginal
net return per unit
area.
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ices? One way would be to integrate ecosystem
services within farming systems, e.g. improve
biotopes, which will have to happen on a local
scale. The above-mentioned multi-functional
agricultural system could be seen as a small-
scale example of this strategy. Another option is
to separate services based on land productivity,
in other words to return low-grade land to nature
while cultivating productive areas more inten-
sively. This should be done on a large scale. This
could certainly be an option for Europe, where
there is definitely no shortage of agricultural
land.

These options can be illustrated in the pro-
duction area-services model. Both options mean
that we try to move from right to left along the
area-services function line, i.e. from areas with
low production of services per unit to areas with
higher production per unit. If we are able to do
that, we are increasing the non-production service
value of the cultivation. The integration option,

where we cultivate some extra land in an en-
vironmentally friendly way, could be illustrated
by moving the production services-area to the
right.

The separation strategy could be illustrated
by introducing a low production alternative into
the production-area model (top, next page). This
alternative will of course have a smaller market
optimal area. Extended below the line, to look
at the non-market service, the low production
alternative gives an option to cross the service
function line at a point where the service values
are higher.

It seems, in conclusion, that it is possible to
increase the service value of agro-ecosystems
both by integration and separation. In practice,
the choice of strategy must be region-specific,
unlike the present EU one-size-fits-all policy.
Furthermore, support for increasing the eco-
system service value of European agriculture
should not be used as a means of justifying

Production-area

services model.

Dashed lines
define the market
optimal area for
additional
ecosystem
services. Note
that values are
positive on both
sides of the x-
axis.

Agro-ecosystem

service values

(billion Euro) in
the EU 15 and the
10 accession
countries. (FAO
production
yearbook 2002
after Costanza et
al.)
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general subsidies and must be non-distorting of
global markets.

Suggestions for the future

Four areas of future interest can be pointed out:
• scientific questions about ecosystem struc-

ture, function, scale and services;
• agro-ecosystem services important in agri-

cultural education;
• ecosystem services central to several inter-

national research programmes; and

High and low

production alter-

natives. A low
production alterna-
tive(S2) gives more
room for ecosystem
service values.

• national and regional assessments of eco-
system services for policy.
The overall question for the future is, of

course, if ecosystem services and multifunction-
ality is a framework for looking afresh at agri-
culture’s role in society, do we have the research,
do we have the economics and do we have the
vision?

Professor John R Porter

The Royal Veterinary and Agricultural University, Denmark
jrp@kvl.dk

1. Costanza, R et. al., 1997:  The value of the world’s
ecosystem services and natural capital. Nature, 387,
253-60.
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We need farming systems to provide a variety
of goods and services such as healthy foods, useful
materials, improved soil, clean water and rural
culture. It is well known that the common agri-
cultural policy (CAP) of the EU has not been able
to support such a multifunctional agriculture.
While successful in promoting high production
of food, it has caused adverse effects such as:
poor soil management; impacts on land-use
patterns; overstocking in some regions and
understocking in others; monocultures; intensive
grassland management; together with the loss of
rare breeds, mixed farming systems, traditional
buildings and habitats. These are just internal
effects; effects of the heavily subsidised exports
of food products to other parts of the world are
major, negative, external aspects.

In 1968, only six years after the introduction
of CAP, serious attempts were made to reform it
because of the rapid increase in production. Like
numerous later attempts, this first one was not

successful. CAP reforms have consistently
tended to work around the margins of the needs
mentioned initially, for example by improving
hedges or headlands, rather than by improving
the ecosystem services of the agricultural sys-
tems themselves.

To find real improvements in this sense we
need a new model and the issue here is to what
extent we can develop our ideas about agriculture
from natural ecosystems. One of the models
emerging at the moment is the work of David
Tilman’s group in Minnesota, looking at natural
plant communities and coming up with some
remarkable figures on how such communities
can perform. They have shown, for example, that
a mix of 16 species grown together as a commu-
nity can produce over 50% more than the same
16 species grown separately as monocultures.
The high diversity of the community ensures a
high probability that there will be one or more
high-performing species in place under any

The art of mix ing crops: multi-
functiona lity a t the farm level

Turning from single crop agriculture to more complex multicrop

systems is one way to increase multifunctionality in agriculture at

the farm level.  Professor Martin Wolfe outlines a number of exam-

ples of farm level multifunctional agriculture.

The paradigm shift. Some features of simple and complex agricultral systems.
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conditions. A high diversity system is simply
more consistent over a range of conditions.

One of the main mechanisms that operates
in complex systems is that an increase in the
number of components means a wider range of
functions. Another effect is niche differentiation,
which improves exploitation of the local environ-
ment. There may also be complementation among
the different components. These are generalities
which we can make use of in our agricultural
systems, but to do this would mean a paradigm
shift from simple to complex systems. The
complex system, as outlined in the figure on the
opposite page, has many things in common with
the principles of organic farming, primarily the
exclusion of synthetic inputs.

One example of moving towards a more com-
plex system is a simple spatial change in the
distribution of crops, using a mixture of three
winter wheat varieties instead of growing them
separately. One effect is that the mixed crop is
less affected by diseases than would be expected
if the three varieties were grown separately (see
figure above), which in turn improves crop stability
(see figure p. 16). The same kind of disease re-
duction effect by mixing varieties has been dem-
onstrated for a number of species, including
cereals such as barley, oats and rice, other annuals
such as potato, soya and cotton, and perennials
such as apple and willow. Furthermore, mixtures
can be effective not only in terms of disease but
also for pest and weed suppression.

Intercropping is another possibility for
creating more complex systems. For example,
growing carrots together with clover has proven
to be an efficient way to reduce infestations of
carrot fly.

Going to an even higher level of interaction
brings us into agroforestry. There are many poss-
ible advantages of integrating trees into agri-
cultural systems. Trees provide, for example:
• nutrient cycling;
• shelter for soil, animals and humans;
• water management;
• carbon sequestration;
• food for humans and domestic animals;
• product biodiversity of importance for  mar-

ket buffering on the local scale;
• wildlife and landscape aesthetic value; and
• reliable pension investment.

There are, of course, also disadvantages. Trees

compete with crops for light, water and other
resources. They also increase the management
input of the system. The cost of establishment is
high and it is a long time until they generate any
income. Furthermore, trees in agricultural sys-
tems tend to get in the way, although this can be
largely avoided by developing alley-cropping
systems where modern machinery can work in
between the tree lines.  For example,  Elm Farm
has tested a range of mixed standard and coppice
systems (hazel, willow) as north/south-oriented
alleys spaced so as to allow a full organic rotation
to be grown between the tree lines.

N ew  demands
on plant breeding

In turning from single crop systems to complex
mixtures it is of course crucial to use not only
the right mix of species, but also suitable varie-
ties. Since today’s agricultural systems are based
on monoculture, most, if not all, varieties have
been developed to perform well when grown that
way. A shift to mixed and inter-cropping also
demands a change of priorities in plant breeding.
The current approach to plant breeding is con-
cerned with adaptation, producing varieties that
are adapted to local conditions, but there is very
little adaptability in these varieties. However,
Elm Farm is  now working on  composite cross
populations (bulk populations) that can provide
not only for high levels of adaptation, but at the
same time retain the potential for adaptability
within the population.

Mixed crops persist. Observed occurence of
three leaf diseases in a mix of three winter wheat
varietes, compared to the expected ocurrence if
the three varietes had been grown separately.
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As shown here, there are promising results
indicating that a shift towards more complex
farming systems could be beneficial. To move
forwards, we need to develop a ‘whole ecosystem’
concept in which agriculture is just one compo-
nent. We need to broaden the use of genetic di-
versity to improve protection against biotic and

abiotic stress. We also need new and improved
ways of exploiting functional biodiversity in
agricultural systems. To make such a paradigm
shift happen we also need policy changes: we
need a CAP that supports the development of
more complex farming systems.

Mixed crops improve stability. Yield of three wheat varieties and a mix of all three varieties in four
subsequent years (2000-2003).

Professor Martin Wolfe

Elm Farm Research Centre, UK
elmfarm@efrc.com
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What we will look at here is multifunctionality
on a higher level than the single field or farm
level and even higher than the level of agri-
culture itself. We will look at the regional level,
approaching the subject from a social point of
view, trying to give some options for supporting
policy and research in this field.

At the moment there is an enormous transi-
tion of rural areas in Europe to non-agrarian use,
due to globalisation, increasing imports, lower
prices and increasing pressure from other types
of land use. We can foresee, or at least guess, that
this trend will grow even stronger as the World
Trade Organisaton (WTO) and others put pressure
on the EU to reduce agricultural subsidies in the
future.

One of the major driving forces in this transi-
tion is a pressure on the local land market basi-
cally linked to population density. On the other
hand there are two factors of resistance counter-
acting this pressure. One is the resistance of the
single farm on the international sale markets (i.e.
the gross margin per farm) and the other is the
resistance on the local land market (i.e. the gross
margin per hectare). By quantifying these factors
one can develop a model to map the expected rate
of transition of the countryside from agrarian to
nonagrarian use. The figure below shows the
outcome of such an operation for the 500 com-
munities of the Netherlands. In this case the
agrarian resistance on the sale market has been
regarded as the most important factor and there-

Planning for multifunctiona l
land use a t the regiona l level

There is an enormous transition of rural areas in Europe to non-

agrarian use. This development opens up an opportunity to use land

for more important purposes than producing an excess of food.
Professor Pieter Vereijken presents a planning tool to guide and

govern this transition at the regional level.

A question of

land prices.

Agrarian resis-
tance on sale
market mapped
for the communi-
ties in the
Netherlands
(gross margin/
farm).
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fore weighted by a factor of three compared to
the other two factors. The map corresponds in
fact very well to the common view of the future
development of Dutch agriculture.

This development opens up an opportunity
to use land for more important purposes than
producing an excess of food. In industrialised
countries today there is indeed a transition to a
vision of agricultural systems combining ever
more rural functions, as illustrated in the figure
above. On the left is conventional farming, inte-
grating just the two functions of food production
and work and income. The greater part of the EU
subsidies to agriculture is still supporting just
these two functions. As we move to the right,
higher degrees of integration are illustrated, in-
cluding increasing numbers of functions. The far
right polygon illustrates a truly multifunctional
land use, including all major rural functions.

 This cannot be obtained on the farm level.
It requires a regional scale with a wide array of
farms, rural products and services. It also re-
quires local markets for services as well as initial
support by authorities through cross compliance
or direct payments for the services required.
Multifunctionality on this level offers possibi-
lities to combine sustainability and competitive-
ness on a free world market and will also open
opportunities for providers other than farmers.

There is a wide range of services of multi-
functional land use and agriculture for domestic
markets:
• water retention for flood protection (control

of effects of global warming);

• biomass for electricity (control of causes of
global warming);

• conservation of drinking water;
• management of landscape and nature;
• environment and facilities for tourism and

recreation; and
• environment and facilities for education and

soil care.
Of all land-based services, food can be traded

on the world market while other services must be
consumed where they are produced, locally or
regionally.

Planning for multifunctiona lity

Looking at policy options for the main rural
functions it is of course possible for multi-
functional farming to provide all kinds of serv-
ices: food production, landscape, climate and
water management as well as the recreational,
educational and other social services. Another
option is to involve others, not just farmers, in
providing services other than food, for example,
water authorities, nature conservancy organisa-
tions and other NGOs, and service industries like
the tourist industry. The main difference between
these two options is linked to the fact that farmers
own the land, which means that, as long as we
try to develop multifunctionality within the agri-
cultural sector only, we do not have to address
the issue of access to the land.

Looking at the region-specific options for
farmers (or more correctly landowners) we could
identify three alternatives:
• monofarmer, specialising in commodity prod-

From food production to multifunctionality. Transition to agricultural visions and systems combining
ever more rural functions.
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uction for the world market, by intensific-
ation and scaling up, thus producing ever less
non-commodity services;

• multifarmer, maintaining, restoring or re-
newing joint production, because commodi-
ties are increasingly less rewarded and non-
commodities increasingly more rewarded;
and

• rural server, specialising in non-commodity
output, because in combination they are more
rewarding than commodity production.
Considering the last alternative one should

not forget that three quarters of the EU economy
is already a service economy. Shifting from produ-
cing goods to producing services is probably the
best basis for economic sustainability for any
entrepreneur.

There are a couple of basic questions of policy
and research to ask when dealing with multi-
functional land use and agriculture. On the re-
gional level, one such question is: what physical
opportunities are there for various rural func-
tions and for combinations of functions and
where? Equally important is the question of the
social demand for various functions on the local
market. At the farm level you have to make a
choice between joint or separate production of
commodity and non-commodity services and
define optimal systems for multifarmers or rural
service providers.

Let us look at an example: the region of
Twente in the eastern part of the Netherlands,  an
area with 600,000 inhabitants. Here one can say
that rural development follows two different
tracks: one in areas close to urban areas and
infrastructure, and another in the areas outside
this structure or network (see figure above).
About 40% of the land has already been trans-
formed from rural (green) to more or less urban
(red) areas. The red zones are already more
heavily used for functions like housing, industry,
shops and para-agricultural activities like livery
stables and greenhouse production. The green,
more open and quiet spaces in between are used
for functions like landscape and water manage-
ment, recreation and farming activities such as
grazing and outdoor horticulture.

This of course has implications when plan-
ning for development of multifunctional land use
or agriculture, in that the red areas should be used
for activities that require buildings and so on,
while the green areas should be maintained in a
state where they can continue to produce green
services. To achieve this, active policy measures
are needed, since the green functions, in eco-
nomic terms, are much weaker.

Within the framework of the Twente pilot
project, geographical information systems have
been used to develop a tool for planning and
policy making called opportunity maps. The sys-

Dualistic rural

planning. Physical
feasability of
multifunctional
land-use and
multifunctional
agriculture in the
region of Twente,
the Netherlands.
´Red’ functions are
housing, industry
etc. ’Green’
functions are
recreation,
agriculture etc.
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tem works with two kinds of inputs and outputs.
If the input is a function or a combination of
functions, the output will be information on the
best areas or zones for locating these functions.
If the input is geographical, such as a specific

Opportunity

map.Suitability of
’green’ spaces for
nature-landscape
and agriculture.
An example of
using GIS-based
tools for physical
planning. Twente
Region, the
Netherlands.

zone or area, the system will list the optimal use
of that specific area in terms of functions. The
figure above is an example of an opportunity
map from the system, which is available (in
Dutch) on the internet at www.dualis.wag-ur.nl.

Professor Pieter H. Vereijken

Wageningen University, The Netherlands
pieterh.vereijken@wur.nl
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According to the most commonly used defi-
nition, ecosystem services are “conditions and
processes through which natural ecosystems and
the species that make them up sustain and fulfil
human life”. This concept was developed by
ecologists in the area of ecological economics,
with their point of departure being undisturbed
‘natural’ ecosystems. In agriculture, speaking of
natural systems does not make sense,  as agri-
cultural systems are by definition modified and
managed by humans. Even if one may say that
some parts of the system are not cultivated, these
parts are still more or less sustained by agri-
cultural production. Agriculture may, for
example, be supplying food or shelter for organ-
isms in these areas. Furthermore, it is difficult
to distinguish who is performing an ecosystem
service in an agricultural system and who is not.
A worm shuffling and mixing the soil, improv-
ing structure and decomposition, certainly is,
but what if a domesticated pig does a similar
thing by rooting and manuring? Or if a farmer
does the job with a spade?

M odifying the definition

Obviously, the definition of ecosystem services
needs to be modified to be accurate in respect
of agro-ecosystems.

Biodiversity is crucial for the production of
ecosystem services. The kind and amount of
organisms present determines the kind and
amount of ecosystem services generated by the
biological functions of the organisms. One may
also consider biodiversity in itself as an eco-
system service, maintaining genetic information
and building resilience.  The character of the
landscape, for example its geological origin, the
topography and the climate, is of course decisive

for the species present, but the landscape is also
performing ecosystem services by itself and by
interacting with the living part of the system:
maintaining a favourable local climate, main-
taining soil fertility, contributing to the global
cycles of nutrients and so on.

So far the ‘natural’ ecosystem and the agro-
ecosystem are similar. But to an agronomist it is
obvious that present as well as historical land use
shapes the landscape, thus forming the precon-
ditions for biodiversity and eventually in itself
performing ecosystem services. This is why the
vision of farmers and the history of farms, as well
as agricultural policies, has to be part of the pic-
ture when dealing with ecosystem services in
agricultural systems.

Agricultural ecosystem services can be group-
ed into three categories. A certain service may be
placed in two or even all three of these.
•  services that directly support agricultural

production, such as generating and main-
taining fertile soils, maintaining a favourable
microclimate and providing biotic regulation
such as pollination, pest regulation and weed
competition. Some of these may be evaluated
by calculating replacement costs;

•  services that contribute directly to the qual-

ity of life of humans, such as cultural, natu-
ral and aesthetic values of the landscape.
These services provide conditions for sub-
sistence, health and recreation. They can be
assessed by capturing peoples’ individual and
collective preferences or by using hedonic
pricing in, for example, assessing transport-
ation cost, land prices, taxes etc. There are
also other more qualitative methods for as-
sessing human preferences and landscape
qualities; and

Ecosystem services in
an agricultura l contex t

Dr Johanna Björklund discusses how the definition of ecosystem

services needs to be modified to apply accurately to agro-ecosystems

and argues that the vision of farmers and the history of  farms, as

well as agricultural policies, has to be part of the picture when

dealing with ecosystem services in agricultural systems. She also

presents a study of changes in the generation of ecosystem services

in the Swedish agricultural landscape over the last 40 years.
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•  services that contribute towards global life-

supporting functions, for example seques-
tering of greenhouse gases, maintenance of
biogeochemical cycles, supply of fresh water
and regulation of climate. Such services were
economically assessed in the well known and
highly controversial paper by Costanza et al.
in 1997. This has been followed by other
attempts using their data, most recently in a
special issue of Ecological economics in
2002,  where, for example, Boumans and
others, mainly using replacement costs and
simulation models, estimated the value of all
ecosystem services to be 4.5 times the gross
world product (GWP). However, these studies
largely overlook the fact that these services
are not substitutable and that they are self-
organising, fine-tuned, totally interconnected
and complex.
Most of the assessments mentioned above are

good attempts to evaluate the invisible basis for
human life, although very incomplete. We may
object to the idea of  measuring life-supporting
systems in monetary terms, but it is probably
necessary. In fact, we implicitly do this kind of
assessment all the time, as individuals and in
societies, by our everyday choices and actions.
Agriculture is of course no exception. Therefore
it is certainly a challenge to assess the contri-

bution of different agricultural production modes
to ecosystem services. To be able to do that we
need to modify the methods available for
measurement and assessment and even develop
new ones.

Ecosystem services in the
Sw edish agricultura l landscape

An initial attempt to assess the generation of
ecosystem services in the Swedish agricultural
landscape in relation to different production
modes was made in 1999, comparing the agri-
cultural system of 1950 with that of the 1990s.
Available data on the country scale was reviewed
with the objective of elucidating the trade-off
between generation of ecosystem services and
intensity of  production of food and the use of
external inputs. 1950 was chosen as a starting
point because it can be considered to reflect the
situation before the large-scale introduction of
fossil-fuel-based input that made possible the
huge increase in yields later on.

The objective of the study was to identify po-
tential services and to make a quantitative  esti-
mation for the two periods. Some results are pre-
sented in the table on the opposite page.

The ecosystem service of capturing solar en-
ergy was estimated as the total net primary pro-
duction (NPP) of the landscape. As can be seen

Factors forming the preconditions for ecosystem services in agricultural systems.
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from the table, it was about 20% higher in the
1990s than in the 1950s. However, the direct and
indirect use of energy inputs into production in-
creased threefold during the period. If this energy
had been generated by biomass rather than oil,
additional areas of energy crops would have been
needed to make the system energy self-sufficient.
Taking this into account, the increase in net
photosynthetic capacity would essentially dis-
appear.

The reduction of soil organic carbon is mainly
due to a drastic decline in organic matter in culti-
vated organic soils, even though a reduction in
mineral soils under intensive cereal production
has also taken place. Impaired soil structure, the
other assessment related to soil fertility, has been
estimated to reduce the potential yields in min-
eral soil in southern Sweden by 10% to 20% due
to compaction by heavy machinery and dimin-
ished organic matter content.

To capture the ecosystem service of nutrient
supply the use of this service was assessed. Evi-
dently it has decreased: in the 1950s for every kg
of nitrogen in harvest, 0.4 kg N was applied as
fertiliser, compared with 0.9 kg N in the 1990s.
This means that by the 1990s the ecosystem serv-

ice of nitrogen mineralisation/fixation in soils
was hardly used at all, even though the data
cannot show whether it has actually deteriorated
or not.

Data from agricultural areas in Poland and
the UK was used to evaluate biotic regulation.
There are studies showing 60% losses of man-
aged and wild pollinators and 75% fewer in-
vertebrates in regions with industrial agriculture.
The losses are caused by interrelated processes,
including  the destruction of habitats by altering
the mosaic structure of the landscape and direct
poisoning by insecticides. However, the figures
cannot be used to draw any safe conclusions
about the performance of the actual service since
they are just indirect assessments.

The generation of clean water was assessed
using indirect measurement, such as the poten-
tial risk of pesticide residues in surface water,
which was calculated from the extent of the
application of pesticides. The potential risk has
increased from 3% to 23%. Today, pesticide
residues are found throughout the year in streams
in agricultural areas, but of course most fre-
quently and in highest concentrations during the
spraying season.

Fifty years of change. Assessments of quantitative changes of some ecosystem services in Sweden´s
agricultural system between 1950 and the 1990s.
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The assessment of the second type of eco-
system services, those contributing to the human
quality of life, need much further examination.
In this study, the change in ecological carrying
capacity was assessed as an essential prerequisite
for the generation of these services. One may
regard this as an attempt to quantify landscape
quality. Data for this part of the study is mainly
from the work of Professor Margareta Ihse.

The third type of ecosystem services, those
contributing to global life-support functions, may
be the most important to assess, but they are also
the most difficult. As can be seen in the table,
sufficient data was available to facilitate esti-
mates of two kinds of such services, the first be-
ing the maintenance of biological and genetic in-
formation. Of all species that have gone extinct
in the agricultural landscape since 1850, about
60% have done so during the time period under
consideration. Moreover, it has been estimated
that between 40% and 45% of endangered flora
and fauna species in Sweden are to be found in
the agricultural landscape.

Emission of greenhouse gases could be seen
as related to the ecosystem service of global gas
regulation. Over the time period, emissions have
decreased by 22%, mainly due to a near 50%

reduction of the area of peat soils under cultiva-
tion. These soils have also been under cultivation
for a long time and therefore probably have
lower carbon dioxide fluxes now than in the
1950s. Also, the stocks of cattle are smaller to-
day than 40 years ago, resulting in a decrease in
methane discharge. Other developments have
partly countered these effects, for example the
increase in emission of nitrous oxide as a result
of increased use of fertilisers. The same is true
for carbon dioxide emissions due to the use of
fossil fuels.

In conclusion, the study reveals that many
essential ecosystem services are compromised in
the agricultural landscape of today, though it is
fully admitted that there is a lot more in the con-
cept than can be captured by reviewing published
data on a country scale. Continuous work on
assessment of ecosystem services and on how to
integrate their generation into modern agri-
culture is urgently needed. Three important argu-
ments for this are that:

• it provides incentives to maintain and increase
biodiversity, as the species that build biodi-
versity are the performers of many eco-
system services;

• ecosystem services are production tools and
may be used to reduce the need for external
resources. There are ethical, ecological and
economic reasons for the need for such re-
ductions; and

• skilful management of production support-
ing ecosystem services may give options for
multifunctionality, in that it supports other
kinds of enterprises related to the local land-
scape.

Dr Johanna Björklund, Centre for Sustainable Agriculture
Swedish University of Agricultural Sciences
johanna.bjorklund@cul.slu.se
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Decision-making on resource conservation and
environmental management often becomes an
issue of trade-offs between human demands on
resources and the loss of ecological functions
caused by human resource extraction. The prob-
lem is that there are no common criteria for evalua-
tion of benefits and impacts. Societal benefits
are measured as economic growth, number of
jobs generated, quantity of food produced etc.,
while ecological functions or qualities are ex-
pressed in terms like grammes of carbon in
primary production or biodiversity. Because of
this incompatibility there is a risk that the values
and contributions of ecosystems are not fully
recognised in decision-making, which in turn
opens the way for over-exploitation, pollution
and other forms of environmental destruction.

Emergy synthesis
– an eva luation tool

Emergy synthesis is an evaluation tool offering a
possibility to overcome this problem. Intro-
duced by H.T. Odum, the method has been
under development for the last three decades
and is still under development. Emergy can be
interpreted as ‘embodied energy’, the emergy
value of a product being the amount of energy
used in its creation. While traditional cost-
benefit analysis considers nature as an extern-
ality that can be used for free, emergy expresses
values of the work of humans and nature on a
common basis, using energy as a measure. Eco-
nomic valuation assigns value according to
utility, i.e. what one gets out of something, and
uses willingness to pay as its only measure. The
emergy concept includes an opposing view: the
more energy, time and materials invested in
something, the greater its value.

Before looking further into emergy it may be
helpful to outline some aspects of general system

principles and thermodynamics, as they form the
basis for the emergy concept.
Common to all living systems is the develop-
ment of storage and structure through transform-
ations of energy and circulation of materials.
Living systems are thermodynamically open
(i.e. there is input and output of energy) but
organisationally closed. They organise cyclically
to external resource oscillations and internal
design constraints, but retain characteristics
necessary for self-renewal and adaptation.

The concept of self-organisation provides a
framework for understanding how systems utilise
incoming energy (and other resources) to develop
new organisational states over time. The parts of
any system, living or non-living, develop
structure and functions through self-organi-
sation. The flows and processes of the system are
interlinked through multiple feedback loops.
Feedback within the system, as well as from its
context, is required for its maintenance, adjust-
ment and evolution.

The further away from thermodynamic equi-
librium the structure is, the greater is the com-
plexity. Let us look, for example, at a cow eating
grass. The grass is an ordered structure, being
used as a resource for a structure of higher order
(the cow’s metabolism), while at the same time
order is dissipated through the generation of
heat. In other words, order is generated from less
ordered energies, while the overall entropy keeps
increasing in accordance with the second law of
thermodynamics.

Energy flow
in self-organising systems

In self-organising processes two basic designs
can develop. The figure on p. 26 shows one linear
and one autocatalytic pathway (using energy
circuit language). There is a limited but steady

Evaluation of ecosystem services
 - a  theoretica l approach

To increase the awareness of agriculture’s contribution to generating

ecosystem services and the potential for increasing its contribution,

accurate methods for assessment have to be available. In a theoretical

approach to the evaluation of ecosystem services, Dr Torbjörn

Rydberg  introduces the concept of ‘embodied energy’ or  ‘emergy’.
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flow of energy from an external source. In the
linear pathway the energy disperses its potential
in a simple diffusion process. Part of the energy
input becomes unavailable according to the
second law of thermodynamics. The dispersal to
the environment is represented by the heat sink
pathway at the bottom. The second pathway,
parallel to the simple one, is an autocatalytic
configuration competing with the linear
pathway for the same resource, the incoming
energy. The combination of energy transform-
ation, storage and feedback to interact with the
source flow reinforces and increases the power
flow through the system. If the energy supply is
big enough to support growth of the auto-
catalytic system, countering the depreciation
inherent in its storage, the system will be able
to take the energy away from the linear pathway.

This basic energy system model represents
systems at all scales of size and time. All organ-
isms, including of course humans, are auto-

catalytic systems or units. They use energy to
make themselves able to utilise more energy.
Non-living systems, like for example a city, can
also be seen as an autocatalytic unit. The city
does not receive energy passively, but invests
some of the energy input into capturing more
energy from the source.

Systems that self-organise to develop the most
useful work with inflowing energy resources, by
reinforcing reproductive processes and over-
coming limitations through system organisation,
will prevail in competition with others. This
‘principle of maximum power’, suggested by
Lotka in 1922, is a fundamental theoretical con-
cept underlying emergy synthesis. Taking differ-
ences in energy quality into account, Odum
later modified the principle (renaming it ‘the
maximum empower principle’): at all scales,
systems prevail through system organisation that
first develops the most useful work with inflow-
ing energy sources, by reinforcing productive

The pathways

of energy. The
two flows of
energy - one
linear and one
autocatalytic - in
a self-organising
system.
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processes and overcoming limitations, and sec-
ondly increases efficiency of useful work.

Energy hierarchies

Geological processes, atmospheric systems, eco-
systems and societies are connected, exchanging
energy and materials with each other, interacting
through feedback mechanisms to self-organise
in space, time and connectivity. While processes
of energy transformation throughout the geo-
biosphere build order, cycle materials, sustain
information and degrade in the process, they
organise units in an energy hierarchy.

When many units of one type are combined
to form fewer units of another, the relationship is
hierarchical. Since there is energy in every-
thing, including information, and since there are
energy transformations in all processes, most if
not all things form hierarchies. The scale of
space and time increases along the series of
energy transformations.

Once it was recognised that the hierarchy of

energy transformation networks is general to all
systems, because of the common process of self-
organisation, traditional definitions equating
work and energy had to be revised. Available
energy of one kind at one level in an energy
hierarchy could no longer be seen as equivalent
to that at another level. Odum redefined work as
‘an energy transformation’, converting input
energy to a new form of concentration, capable
of feedback reinforcement. Work increases the
utility of energy while degrading and dispersing
part of that energy.

Convergence of energy through a series of
energy transformations yields a final product,
which carries less energy than invested to power
the chain of transformations. This is due to the
entropic degradation. However, the higher posi-
tion of the item in the energy hierarchy makes it
more valuable, as a large convergence of re-
sources was required to support the process. We
may say that the final product has a higher quality
than the initial input in the transformation chain.

form of heat is released into the surroundings.
Calculations of emergy flow and transformities
are shown in the table below.

As the available energy entering the system
is used, it is transformed into a new form at each
step. The transformity increases along the path-

Emergy
analysis
- a simple
example

In this simple example of emergy
and transformity analysis, a sealed
aquarium receives a daily solar
energy inflow of 2,000 J. The fish
is fed from the plant at 2 J/ day
and material is recycled back with
a flow of 0.002 J/ day. 2,000 J in

ways and is highest  in the feedback of the
nutrients.  The emergy  flow  is the same for all
pathways  and  ends as the last of the availabe

energy feeds back
into the system.



28

This finally brings us back to the emergy con-
cept, since emergy corresponds to ‘quality’ in this
sense.

Emergy and transformity

Emergy accounts for and measures quality differ-
ences between different forms of energy. Emer-
gy express all the energy used in the work pro-
cesses to generate a product or service in units
of one type of energy.  Another way to put it is
that the emergy value of a product is the amount
of energy that was used in producing it. Accord-
ing to a more formal definition, emergy is the
amount of energy in one form (usually solar)
that is required, directly and indirectly, to
provide a given flow or storage of energy or
matter.  The unit used to express emergy values
is the emjoule. When using solar energy as a
gauge the unit will be the solar emjoule.

The emergy driving a process can be seen as
a measurement of the self-organising activity of
the surrounding environment, converged to make
the process possible. It values the environmental
work necessary to provide a given resource, be
it the foliage of a tree or the oxygen stock in the
atmosphere.

A unit closely linked to emergy is trans-
formity: the energy of one kind needed to gener-
ate one unit of energy of another kind. Trans-
formity can also be defined as the ratio of emergy
required to make a product to the energy of the
product. The unit used to express transformity
will be solar emjoule per Joule (sej/J).

Emergy evaluations have been applied to a
wide variety of ecosystems, watersheds, agri-
cultural systems, nations, alternative technolo-
gies and other systems. The list of transformities
presented in the table above has been extracted
from some of the hundreds of papers published
in this field so far.

Emergy evaluations of ecosystem services
from agricultural landscapes are still lacking. But
as emphasised here, the theoretical basis for sys-
tems ecology and emergy synthesis offers an
opportunity to increase our knowledge about
ecosystem services. We need a solid theoretical
scientific ground for the evaluation of ecosystem
services in order to find a good fit between our-
selves and the environment.

Dr Torbjörn Rydberg, Centre for Sustainable Agriculture,
Swedish University of Agricultural Sciences
torbjorn.rydberg@evp.slu.se

Energy price tags.Typical solar transformities of some products, resources and information.
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Nutrient cycling can be defined as “the back-
and-forth movement of nutrients between the
living and non-living components of the bio-
sphere”. Here we will look at nitrogen and phos-
phorus as two examples of nutrient cycles.

Nitrogen has a large reservoir in the atmos-
phere. There are several pools and a lot of pro-
cesses involved in the cycle, most of them driven
by carbon. Phosphorus has most of its reservoir
in the soil and within sediments. The exchange
with the atmosphere is not nearly as extensive as
is the case with nitrogen.

Nutrient cycles can be studied on different
scales:

• the field level, with input of fertilisers, bio-
logical nitrogen fixation and atmospheric
deposition, and outputs like plant products,
leaching to the ground water and gaseous
losses;

• the farm level, where a new input in the
form of feed for the animals occurs. In gen-
eral, introducing animals into the cycle will
mean a considerable increase in the nutrient
flow;

• the catchment level, where the nutrient cycle
of the farm will be linked to the cycles of the
local ecosystems and maybe also to neigh-
bouring urban areas;

• the regional level. In Denmark, for example,
there is a concentration of animal production
in Jutland, while farming in Sealand is mainly
crops. This creates a regional imbalance in
the nutrient cycles. There are many more ex-
amples of such regional imbalances in Euro-
pe, with a concentration of animal produc-
tion in certain areas. In terms of nutrient cyc-
ling, it is a challenge to overcome the prob-
lems created by these imbalances; and

• the global level. One example is the Danish
import of soy beans, mainly from the US, for
animal fodder and the export of Danish pork
to Japan, Germany, the UK and other coun-
tries. This global trade represents an enor-
mous flow of nutrients, which one has to
keep in mind when looking at nutrient cycles
at the local level (see figure on p. 30).

N utrient cycling
as ecosystem services

There are several processes in nutrient cycles that
could be seen as ecosystem services, for
example:

• release of nutrients by decomposition and
mineralisation of organic matter;

• solubilisation of minerals to supply plants and
micro organisms;

• fixation of nitrogen from the atmosphere by
micro organisms, partly in symbiosis with
plants;

• immobilisation of nutrients during microbial
decomposition of organic matter, of impor-
tance for waste management and soil form-
ation; and

• denitrification in wetlands.
A very rough calculation on mineralisation

and biological fixation of nitrogen in Danish
farmland indicates that the value of these two
ecosystem services is about one billion Danish
Kroner (DKK) per year. This almost equals the
total value of N fertiliser in Danish agriculture,
which was 1.1 billion DKK in 1999.  The calcu-
lation is based on the current price of fertiliser
of 4 DKK/kg N and the estimation that net nitro-
gen mineralisation is on average 80 kg N/ha.

We are all aware that agriculture and agricul-
tural science have been extremely successful in

N utrient cycling
in susta inable farming systems

In his Bertebos Prize lecture, Professor Erik Steen Jensen discusses

the nitrogen and phosphorus cycles as examples of ecosystem services,

focusing on the changes needed to overcome present problems and

looking at organic farming as a model providing a set of ethical prin-

ciples to guide the development of agriculture in a sustainable

direction.
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increasing production during the last half cen-
tury. The total amount of food produced in the
world almost doubled from 1960 to the late 1990s.
One reason for this of course is a heavily increased
input of resources: the input of nitrogen has in-
creased by almost a factor of seven and the input
of phosphorus by a factor of 3.5.

Fertilisers in the
globa l nitrogen flow

The industrial synthesis of nitrogen fertiliser is
about 80 million tonnes of nitrogen annually. As
shown in the figure on the opposite page, this
is a considerable proportion of the total global
input of nitrogen from the atmosphere into
terrestrial ecosystems. There are also a number
of other processes in agriculture and human
society that cause big flows of nitrogen in the
same direction, for example the burning of fossil
fuels and the symbiotic fixation of atmospheric
nitrogen in crops. All in all, human activities
account for 210 million tonnes of nitrogen en-
tering terrestrial ecosystems from the atmosphere
every year. This can be compared to the nitrogen
flow from natural sources, mainly nitrogen fixa-
tion in natural ecosystems, which is much
smaller: about 140 million tonnes per year. Of
course, this huge, human-induced nitrogen load
affects terrestrial ecosystems in many ways.

In Danish agriculture the input of nitrogen
both via fertilisers and animal feed has increased
fivefold per hectare of farmland over the last 50
years. In 1999, 46% of the total input of nitrogen

was fertiliser and another 38% was imported feed
for animal production. Of the total input, 20% is
output as animal products and 12% as plant
products. So only 32% of the total nitrogen input
is utilised, the other 68% being lost mainly
through leaching from soils and ammonia vola-
tilisation from manure. Per hectare of farmland,
the nitrogen surplus has increased from an aver-
age of  83 kg in 1950 to about 145 kg today, in spite
of the fact that the efficiency in nitrogen utilisa-
tion has increased from 19% to about 33%  in the
same period. We are all aware of the environ-
mental problems caused by this nitrogen leaching
in our part of the world.

Let us look at Sweden for an example of the
same development concerning phosphorus. Of
the total input into the Swedish agricultural
system, 52% comes from fertilisers and another
39% from imports of animal feed. Atmospheric
deposition and organic waste make up the re-
maining 9%.  Of the total input, 63%  is utilised
in the products, leaving a surplus of 37% or
11,000 tonnes per year. However, there is a
fundamental difference between the phosphorus
cycle and the nitrogen cycle which must be con-
sidered here: most of the surplus of phosphorus
will remain in the agricultural system, because it
is stored in the soil. Nevertheless, there is a limit
to this capacity for storing phosphorus. Today,
Danish agricultural soils contain critical
amounts of inorganic phosphorus, meaning
more than 25% in excess of fixation capacity,
which in turn causes environmentally critical

Global nitrogen

flow . Global trade
represents an
enormous flow of
nutrients. Den-
mark imports soy
beans (mainly
from the US) for
pig fodder and
exports pork. 25%
of the exports go
to Japan.
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phosphorus concentrations in the soil solution.
Through macropore flow or surface transport
this phosphorus can reach aquatic ecosystems
rapidly and cause disturbances.

Today the stock of phosphorus in many soils
in Denmark could support crops without yield
depression for 15 or 20 years without any further
fertilisation. We have been aware for a long time
of the fact that we add much more phosphorus
than is actually needed, and of the environmen-
tal risk of doing so. Nevertheless, phosphorus
fertilisation from inorganic fertiliser and animal
manure has decreased only marginally over the
last 20 years.

Too much of a  good thing

All in all, the cycles of nitrogen and phosphorus
in today’s Danish (and Swedish) agriculture are
a matter of ‘too much of a good thing’. Nitrate
and phosphorus leaching to surface and ground
water is causing pollution, eutrophication and
acidification. Reactive release of nitrogen into
the atmosphere causes eutrophication of natural
ecosystems and contributes to global green-
house gas accumulation and to stratospheric
ozone depletion. High nitrogen loads reduce
the bio-diversity of natural ecosystems. Nitrogen
oxides affect human health.

Considering the imbalances in fundamental
biogeochemical processes outlined above, one
may of course ask what actions are taken to
develop a more sustainable agriculture?

The Danish scientist Klaus Illum has said
that sustainability is about “knowledge about and
respect for the nature of which we are an integral
part”. According to Illum, sustainable develop-
ment is about:

• the way we act on the small and large scale;

• the technological choices we make; and

• showing consideration for the ecological
sys-tems of which we are an integrated part.
Concerning the last point, it should be

stressed that humans must be considered as part
of agro-ecosystems.

Furthermore, it should be emphasised that
sustainable development is something more than
applying the policies and technologies that were
on the environmental agenda long before sus-
tainability entered our vocabulary: combating
pollution, reducing waste, substituting hazard-
ous compounds and so on. With E. F. Schu-
macher, one could say that sustainability is “a
lifestyle designed for permanence”.

When it comes to agriculture, we need a frame-
work or a model to operationalise sustainability.
Although not complete, organic farming is such
a model. Moving from present mainstream con-
ventional farming to organic farming is a step
towards sustainability, but more far-reaching
change will be needed to move from today’s
organic farming to sustainable agriculture. Still,
organic farming provides a set of ethical prin-
ciples to guide us in the many, and often difficult,

Fertilisers make a

difference. Global
annual inputs of
nitrogen from the
atmosphere into
terrestrial eco-
systems (million
tonnes).
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decisions we will have to make on how to de-
velop agriculture in a sustainable direction:

• the recycling principle: recycling and use of
renewable resources. Versatility in produc-
tion;

• the precautionary principle: known and well-
functioning technologies are better than risky
technologies. It is better to prevent damage
than to depend on our ability to cure the
damage; and

• the nearness principle: transparency and co-
operation in food production can be im-
proved by nearness. Direct contact between
producer and citizen is beneficial.
As an example of the outcome when applying

these principles one can look at some aims of
organic agriculture related to the topic discussed
here: nutrient cycling. Of course, organic farming
shares the most basic goal with other farming
systems: to produce food of high quality in suffi-
cient quantity. It strives to do this while encour-
aging and enhancing biological cycles within the
farming system, involving micro-organisms, soil
flora and fauna, plants and animals. Further-
more, it aims to maintain and increase long-term
fertility of soils and promote the healthy use and
proper care of water and water resources. The
production should, as far as possible, use renew-
able resources in local production systems. A
harmonious balance should be created between
crop production and animal husbandry. All forms
of pollution should be minimised. These goals are
defined by the International Federation of Or-
ganic Agriculture Movements (IFOAM).

There is a point in looking at principles and

aims, not at rules. Rules can, and indeed should,
change over time with increasing knowledge and
improvements in practice and technologies.

If we look at the requirements regarding nu-
trient cycling in future sustainable farming sys-
tems, and for that matter societies, we will of
course have to go a bit further than outlined
above. First, such a system must ensure the capa-
city of soils to supply nutrients in the long term.
There must, in other words, be a balance between
input and output. Secondly, the leaks in the nu-
trient cycles must be sealed. Thirdly, Europeans
must consider their diet.

Sealing the leaks

To seal the leaks, intensity in production must
decrease and one way to do this is by switching
to organic farming. With regard to decreasing
intensity, it should be stressed that farmers must
be able to make a living. They must be compen-
sated for production losses by measures taken to
reduce intensity in future agriculture.

But even if lower intensity is the key, there
are also other measures that can be taken. One is
to improve synchronisation of nutrient avail-
ability and demand. There has been a lot of re-
search in this field but the knowledge gained has
not been able to affect the dominance of mono-
culture cropping. Synchronising supply and
demand of nutrients requires agro-ecosystems
composed of mixtures of species of various life
forms. Permanent plant cover, using for example
perennial crops, autumn established crops or cover
crops is another way to minimise leaks. Reduced
fertilisation and precision fertilisation are pro-

Lower intensity,

less leakage.

Example of mass
balances for
nitrogen in
Danish dairy
production from
one conventional
and one organic
farm.
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bably measures that will be taken in organic as
well as conventional farming in the future. Re-
cycling of crop residues is important for fertility
but could also be used to increase immobility of
nitrogen in the autumn. Minimal and timely soil
tillage can reduce the mineralisation of soil
nitrogen in the autumn. Finally, increasing bio-
diversity, through under-sown crops, intercrops
or agroforestry, utilises nitrogen sources more
efficiently. However, any mix of crops does not
necessarily increase the uptake of soil nitrogen.

Concerning our diet, it is well known that the
required nitrogen input for producing animal
protein is much higher than for producing vege-
table protein. Typical figures are 21 kg N/kg ani-
mal protein and 3 kg N/kg vegetable protein. In
Europe, 72% of our protein intake is animal
protein and only 28% is vegetable protein. Even
a modest change in our diet, say to 50% of each
kind of protein, would dramatically reduce the
required input of nitrogen in food production
and thus help in solving the problems that have
been discussed here.

Susta inability
on the research agenda

A starting point for future research on sustain-
ability in agriculture could be to set up specific
goals, for example the ‘Factor 4’ principle for
nutrients. This would mean reducing the input
of nitrogen by half and using it twice as effi-
ciently as at present. This approach, starting from
specific goals and trying to develop systems and
methods to meet these goals, is fundamentally
different from the predominant incremental
approach used today, where we try to develop
conventional farming towards sustainability on
a step-by-step basis. Taking the principles of
organic farming as a starting point, as sug-
gested above, would be to take sustainability as
a starting point.

There is a tremendous amount of research on
nutrient cycling in agriculture. Rather than fur-
ther research in this field, there is a need to ag-
gregate this knowledge and to communicate it
more efficiently to farmers. There is also a need
for incentives to change attitude, not only among
farmers but also among the public, for example
to eat more vegetables and less meat. It is, finally,
the responsibility of everybody to consider the
moral aspects of our way of treating our envi-
ronment. Scientists should pursue a discussion
on the ‘tragedy of the commons’, that is the
difficulty of protecting common resources such
as water and air from pollution from single units
that pollute to obtain an individual, short-term
and mostly economic gain.

Professor Erik Steen Jensen

Royal Veterinarian and Agricultural University, Denmark
erik.s.jensen@risoe.dk
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In the industrialised world, waste management
systems were originally designed to ensure a
high local hygiene standard. They have been
developed to maturity without primary concern
for recycling. The material flows are basically
linear; the flows of nutrients and water are not
closed. Our cities tend to be organised like giant
mixing machines. There is an input of goods and
materials of all kinds, eventually leaving as a
mix of waste, partly in solid form and partly
through the waste water system.

A fundamental and simple prerequisite for
sustainable development is that cities of the future
must control their metabolisms to an extent where
recycling of waste products is near complete.
The urgency of this becomes even more evident
when considering that today half the global
population lives in urban areas compared to just
3% in the middle of the 19th century. Within 30
years probably two thirds of the world popu-
lation will live in cities.

Future w aste management

An average European today produces 60-65 m3

of waste every year, including the water used for
bathing and washing. Out of this, 0.45 m3 is urine,
0.06 m3 is faeces and 0.16 m3 is organic house-
hold waste. Thus 85-90% of the nutrients and
much of the organic matter is contained in about
1% of the total waste volume. Future waste
management systems could be based on a sepa-
rate handling of these fractions, avoiding the
need to purify sewage effluent with regard to
nutrient content and returning the nutrients to
land-based production systems. A very simple
piece of technology to facilitate this is the urine-
separating toilet which is already available.

The figure on the next page shows the distri-
bution of nitrogen from households with the pre-
sent system and the way it could be improved in
a future separating system. Out of the  daily out-

put of 15.7 g of nitrogen, 12 g could be utilised
as fertilisers for agricultural land, and the emis-
sions of nitrogen into the atmosphere and the sea
could be brought down almost to zero. A system
for achieving this could be based on urine sepa-
ration and dry composting of faeces and organic
waste in households. The urine could be used
directly for fertilising, while the compost could
be used for non-food production or even burnt.

Risk  factors

There are some risk factors in such a system that
need to be considered, primarily contami-
nation with unwanted substances and micro-
organisms. However, as can be seen in the table
on p. 36 the concentrations of a number of heavy
metals and xenobiotics in human urine from
separating systems in Danish grassroots pro-
jects are normally hundreds or even a thousand
times lower than in municipal compost or
sludge. Faecal contamination and microbial die-
off  have been studied in tanks containing urine
collected from separating toilet systems in urban
ecology demonstration projects. The concen-
tration of faecal bacteria decreased very rapidly
during storage and was usually below the de-
tection limit (<10 per ml) following three or four
months of storage. Comparitive analyses of pig
and cattle slurry used for fertilisation in agri-
culture showed in general much higher con-
centrations of bacterial indicators and parasites
than were found in human urine. This indicates
that urine may be used as fertiliser in agriculture
with little if any additional risk compared with
animal slurry.

This question can also be addressed in terms
of risk management. We can choose to convey
our waste to the water like we do today, or to the
soil. We know that the microbial biodiversity in
one cubic metre of top soil is commonly greater
than in one cubic kilometre of fresh water or

N utrient recycling
 - a  prerequisite for susta inability

Dr Jakob Magid argues the necessity of closing the rural-urban

nutrient cycle. One way of achieving this could be based on urine sepa-

ration and dry composting of faeces and organic waste from urban

households.
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sea water. So, if the waste contains something
that we do not like, as for example residues of
medicines, you might ask where it should be
placed: in the soil or in lakes or coastal seas?
Where is it most likely to be decomposed?

 Today we are already having problems with
aquatic bacteria developing multi-resistance to
penicillin and other antibiotic medicines and we
know that fish living in waters close to sewage
treatment plants are being affected by hormones
and other substances which pass through the
plants. However, this is a question that is more
easily asked than answered and, while it is very
relevant to ask it, it is necessary also to look
closely at the problem before jumping to conclu-
sions.

Urban w aste w ill not
replace fertilisers

It should be noted that in regions with high-
intensity industrial agriculture, even complete
nitrogen recycling from cities in the region would
not be able to replace synthetic fertilisers by a
long way. In Denmark, for example, Copenhagen
could supply agriculture in the surrounding

region of northeastern Sealand with about 80%
of  its nitrogen needs. But it would take an urban
population of 120 million people to supply the
entire Danish agricultural sector with nitrogen.

Looking at the same thing from a farmer’s
perspective, one can calculate that a farm of
about 100 hectares could absorb nutrients from
about 4,000 people. The farmer serving as waste
manager for urban enclaves of that size might
not seem realistic today, but as was pointed out
above, there are good reasons why ecosystem
services from agriculture should include urban
waste management. Moreover, there is an
underlaying economic basis: the annual per
capita cost for waste management in Denmark
today is about 275 Euro, which adds up to more
than 1 million Euro for an urban area with 4,000
inhabitants.

This figure should just be seen as an indi-
cation. It is in fact very difficult to value the
ecosystem service of urban waste management.
One can calculate the value for parts of it, like
using less fossil fuel to produce fertilisers, but
how does one value having fewer or no multi-
resistant bacteria in the water, for example?

Room for improvement. Distribution of the nitrogen content  (g/ day) in household waste with the
present system (top) and a future urine-separating system (bottom).
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Dr Jakob Magid

The Royal Veterinary and Agricultural University, Denmark
jakob.magid@agsci.kvl.dk

Another obstacle is that the food industry
may not accept the products from land fertilised
with human urine whether there is factual ground
for this or not. This of course also makes farmers
reluctant, which is perfectly understandable. Of
course it would be extremely damaging if a farm-
ing system became a source of disease in the
eyes of consumers. However, the areas needed
to absorb urban fertilisers are relatively small.
It could be done on a contractual basis, compen-
sating farmers economically.

Despite the problems, we need to be able to
provide this kind of solution within a generation
or so, not least because large parts of the devel-
oping world are going to build sanitation sys-

Pure urine. Con-
centrations of a
number of heavy
metals and xeno-
biotics in human
urine from sepa-
rating systems in
Danish grassroots
projects, com-
pared to munici-
pal sorted waste
(MSW ) compost
and sewage
treatement sludge.

tems. The same is true for the EU accession
countries and also parts of southern Europe.
Unfortunately, in our part of the world we can
expect a slower development, since we already
have the infrastructure in place, albeit old and
serving an unsustainable system.

Urban planning and management must be
expanded to include understanding of and re-
sponsibility for the urban metabolism. In the
future, planning and management of urban areas
should embody a stewardship of the land re-
sources needed to absorb and transform urban
waste and fertilisers. A waste management
system involving peri-urban farmers should be
developed.
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The DOK long-term experiment in Therwil,
Switzerland, set up in 1978, is designed to find
out to what degree organic farming is sustain-
able. Four farming systems are being compared:
biodynamic; bio-organic; conventional using
farmyard manure; and conventional using exclu-
sively mineral fertilisers. The conventional sys-
tems were adjusted to integrated farming sys-
tems in 1985. The same crop rotation was used
in all four systems including root crops, cereals
and grass-clover.

The input of soluble nitrogen is about 30%
in the two conventional systems, while input of
phosphorus is about 60%. In the organic system
a small input of rock phosphate, potassium and

magnesia was allowed, accounting for about
15% of  total nutrient supply to the fields. In the
biodynamic system no fertilisers were added.
The input of energy in the organic system com-
pared to conventional systems is about 50%. In
both organic systems mean yields were 80% of
that of the conventional systems. Over time, the
wheat yields have increased in all four systems
but increases have been greater in the con-
ventional systems due to the input of pesticides
and fertilisers. For winter wheat the difference
is about 15% and for potatoes as high as 40%,
due to problems with nutrient supply and dis-
eases.

Here we will look at some results from the

Soil fertility in susta inable
farming systems

Dr Paul Mäder looks at some results from the DOK experiment

concerning the effects of farming systems on ecosystem services and

presents the results of studies comparing soil fertility in organic and

conventional farming systems.

The driving force.

Microbial biomass
as related to nu-
trient and energy
cycles. The figure
also shows a
selection of indi-
cators  (green
bullets).
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DOK experiment concerning the effects of farm-
ing systems on ecosystem services, focusing on
the soil processes governing these services.
Long-term evaluations are essential in this field,
as soil quality changes dramatically during the
two decades after conversion from one farming
system to the other.

After 21 years some differences between the
soils in the  four farming systems of the DOK
projects are clearly visible just by looking at the
soil surface. Disaggregation  of soil particles in
the conventional plots leads to more cracks and

a smoother soil surface, formed mainly by the
silt fraction. There are still some weeds and more
earthworm holes and casts in organic farmland.
Last autumn (2002), which was very wet, the
conventionally-managed plots were flooded,
while water infiltration was still intact in the
organically managed land.

When looking at soil fertility in relation to
soil life it should be noted that the energy cycle
and the nutrient cycle are closely linked. The
driving force behind both is mainly the micro-
bial biomass in the soil, as shown in the figure

Soil properties in the DOK field. Conventional farming using farmyard manure = 100.1
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on p. 37. This figure also shows a number of
indicators of soil fertility. The figure on the oppo-
site page shows a comparison of soil fertility in
the different farming systems using some of
these parameters. Soil quality is better in the
organic systems than in the conventional system
based on farmyard manure, while the system
using mineral fertilisers has the lowest values for
most parameters. The biggest differences are to
be found in microbial and faunal soil properties.
The soil animals assessed (earthworms, spiders
and beetles) are roughly twice as numerous in
organically managed soils as in conventionally
managed soils. The differences are not that great
with regard to chemical and physical soil proper-
ties.

Of course these differences are of import-
ance when it comes to nutrient cycling. Phos-
phorus transformation between microbial bio-
mass and soil solution was much higher in both
organic systems. Also nitrogen delivery of the
soil to plant nutrition was higher. Furthermore,
aggregation stability is higher in the organic
systems, which is most important for soil struc-
ture formation affecting resistance to soil ero-
sion.

The DOK project has also shown a positive
correlation between microbial biomass and wheat
yield in organic systems. However, in systems
using mineral fertilisers and pesticides there is
no such correlation, which shows the importance

of soil life if you rely mainly on natural soil
processes, while as soon as you add mineral fer-
tilisers you bypass microbial life in the soil.

An assessment of  the diversity of the entire
microbial community in the soil found the great-
est diversity, expressed as the Shannon Index, in
the biodynamic system and the least in the con-

Correlation between metabolic quotient and
diversity (Shannon index).1

Organic farming

performs better.

Ecological per-
formance of organic
farming (rating
based on a review
of 400 studies).
Subjective confi-
dence interval of the
final assessment
marked with X.2
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ventional system using mineral fertilisers. There
was also a correlation between efficiency in car-
bon transformation processes in the soil and
microbial diversity (see figure p. 39, top).  A
higher diversity was related to a higher effi-
ciency, as indicated by a lower metabolic quo-
tient. Straw decomposition and microbial bio-
mass build-up was more efficient in bio-
dynamic systems than in conventional systems.

The reason why microbial diversity is higher
in the biodynamic system than in the organic
systems may be that there is a transfer of mi-
crobes contained in the manure compost used in
biodynamic farming. However, there is no data
to support this.

There are other long-term research projects
from, among other places, Sweden and Germany
supporting the conclusion that organic farming

1. Mäder, P., Fließbach, A., Dubois, D., Gunst, L., Fried,
P. & N iggli, U., 2002 : Soil fertility and biodiversity in
organic farming. Science 296: 1694-1697.

2. Stolze, M., Piorr, A., Häring, A. & Dabbert, S.,
2000: The environmental impact of organic farming in
Europe. Organic farming in Europe, economics and
policy; Volume 6. University of Hohenheim  (Hago Druck
& Medien,  Karlsbad-Ittersbach, Germany).

systems maintain greater  microbial activity and
greater diversity of invertebrates in the soil than
do conventional systems. A review of 400 stud-
ies evaluating ecosystem services from organic
farming shows that the ecological performance
of organic farming systems is better than that of
conventional farming in most aspects (see figure
p. 39, bottom).

Dr Paul Mäder

Research Institute of Organic Agriculture, Switzerland
paul.maeder@fibl.ch
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The hydrological cycle offers the basic service
that makes agricultural production possible. It
also functions as a fundamental constraint to
potential production in water-scarce regions. We
will look at water from both these perspectives.

Water cycle: the bloodstream of
the biosphere

The global water cycle functions as the blood-
stream of the biosphere. Terrestrial as well as
aquatic ecosystems are incorporated within this
cycle: terrestrial systems feeding on soil water,
and aquatic on surface water. Also, human society
is part of the water cycle, withdrawing liquid

water, transforming it into vapour flow through
consumptive water use and polluted return flow.
In other words, water is a common denominator
of two systems: the global ecosystem and the
societal system. The water cycle makes life pos-
sible in the biosphere but water is at the same
time a vital ingredient of human security. Most
human activities are more or less water-depend-
ent.

While ecosystems provide society with life-
support in terms of ecosystem goods (including
food) and services, society by its way of man-
aging water introduces water degradation in
terms of pollution, salination, depletion and

Agriculture’s interaction
w ith the w ater cycle

Professor Malin Falkenmark gives an overview of agriculture’s inter-

play with the water cycle at global, regional and local levels, arguing

that any discussion of sustainable agriculture has to take this aspect

into account. Water constraints will inevitably be a major obstacle in

feeding the growing world population and this has implications for

European agriculture in years to come.

The bloodstream of the biosphere. Linkages between the circulating water, the terrestrial and aquatic
ecosystems and human society, withdrawing water and returning it as polluted return flow or vapour
flow.
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disturbance of circulating water and the eco-
systems that depend on it. These effects tend to
hit back at human security. Some of them are
avoidable, like leaching of surplus nutrients,
while others are unavoidable, like river depletion
after irrigation.

On the local scale, society has to cope with
two virtually incompatible imperatives: to secure
socio-economic development on the one hand
and ecological protection on the other. This
makes the intentional striking of trade-offs an
essential component of sound environmental
management, which is the background of the
ongoing international Dialogue on Water for
Food and Environment.

W ater consumption by
agricultura l production

All terrestrial ecosystems involving plant pro-
duction consume water. The links between
humans and ecosystems as seen from the per-
spective of the water cycle can be clarified by
studying the partitioning of the continental pre-
cipitation into green vapour flow and blue liquid
flow. Two thirds of the precipitation is consumed
by the terrestrial biomes (the largest part by
forests), while only one third forms the renew-
able blue water resource available for human use
(see figure on opposite page).

The blue water flow is some 40,000 km3 per
year. Only about 10% is being withdrawn for
human use in households, industries and irri-
gation. Of this, two thirds are consumptive use
and transformed into green water flow, while the
remaining third forms return flow. To discuss
agricultural interaction with the water cycle we
can benefit from this distinction between green
and blue water flows. Irrigated agriculture is
supported by blue water, in the process trans-
forming it into green, while rain-fed agriculture
feeds directly on green water.

Altogether, today’s agriculture consumes al-
most 7,000 km3/yr, of which less than half is
from irrigation. European agriculture consumes
almost 850 km3/yr, of which 12% is blue-water-
supported, the rest is based on green water.

The w ater cycle as a  constra int:
feeding humanity by 2025

If we are serious about the Millennium Develop-
ment Goals to alleviate hunger and malnutrition,

agreed by world state leaders at the UN General
Assembly in 1999, any outlook on agriculture’s
future interaction with the water cycle has to
focus on how much water will actually be needed
to feed tomorrow’s humanity.

One question to be posed is how much more
water has to be literally consumed to produce the
food needed on a nutritionally acceptable level
and where is that water to be found: from rivers
and aquifers, as reduction of non-productive
losses from crop fields and canals, or as water
currently consumed by terrestrial ecosystems
like forests and grasslands? Where a particular
region cannot meet the water needs for food self-
sufficiency, food imports from another region
may be the alternative.

Earlier studies on water and future food pro-
duction have basically been projections asking
what production can be foreseen, based on
assumptions regarding irrigation expansion and
market development and taking a blue water
approach. The result, however, leaves a large
‘hidden food gap’ in precisely those areas that
are to be given priority in the efforts to reach the
Millennium Development Goals: Sub-Saharan
Africa and southern Asia. Evidently a fairer
approach is to make a back-casting analysis,
asking how much additional water will be re-
quired and from where it can be taken.

The calculation has to start from the amount
of water consumed in food production with to-
day’s diets, which varies from 690 m3 per capita
per year in undernourished regions to 1,640 m3/
p/yr in well-fed regions. A mixed diet on an
acceptable nutritional level would need 1,300
m3/p/yr  more or less irrespective of climate,
since differences in evaporative demand is being
compensated by the difference between C3 and
C4 plants (differing in terms of the time stomata
stay open to take in carbon dioxide, thereby
losing water). This means that the additional
green water flow needed by 2025 to achieve diet
upgrading while at the same time feeding the
additional population amounts globally to 3,800
km3/yr. This is of the same magnitude as the
total global use of blue water today.

Looking at this problem at the regional scale,
one finds that the two regions dominating the
‘hidden food gap’ would need almost incompre-
hensible additional amounts of water to reach
nutritionally acceptable food production. Sub-
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Saharan Africa would need 3.1 times as much
water as used today and Asia 2.2 times as much.
There are four possible sources for this addi-
tional water:

• irrigation/blue water (opposed by environ-
mentalists);

• reducing losses (‘crop per drop’ improve-
ments);

• expansion into forests and grasslands (op-
posed by environmentalists); and

• virtual water imports (imports of food grown
elsewhere).
A recent assessment1 indicates that by 2025,

on a global scale, increased irrigation might cover
a maximum of 20% of the overall additional
water needs; loss reduction may cover a maxi-
mum of 40%; while horizontal expansion or
import will have to provide the remaining 40%.
This means some 1,500 km3 of forests and grass-
land turned into agricultural land for food pro-
duction every year. There are, however, large
regional differences. There is not much room for
horizontal expansion in southern Asia, while, in
this rather short time perspective, only limited
irrigation can be expected in Sub-Saharan
Africa, where 95% of the farmers are currently
rain-fed.

In any region, local considerations will have
to arrive at acceptable trade-offs between in-

creased agricultural production and protection of
ecosystems. Many parallel water uses and
conflicting interests will have to be reconciled.
Since agricultural intensification will often in-
volve increased consumptive use, the result will
be river depletion, which has to be balanced
against needs for minimum flows for down-
stream aquatic ecosystems. In the developing
world many river basins are already ‘closing’ in
the sense that there is not much water left for
additional consumptive use. The margin for agri-
cultural expansion is limited.

In 2025 another three billion people can be
expected to live under conditions of water scar-
city or chronic water stress. Wherever conditions
do not allow food self-sufficiency the alternative
will have to be food imports from better
endowed regions. Today, world food trade, when
translated into water flows, already amounts to
somewhere between 500 and 1,100 km3/yr.
Moreover, a certain correlation has been iden-
tified between water stress and food imports
with a breaking point around 1,500 m3/p/yr.
Based on this correlation, the water deficit-
induced potential demand for cereal import is
expected to grow by 110 Mtonne per year.

The outlook outlined above clearly has
implications for European agriculture in years
to come. Today’s perception in Europe is that
agriculture has to defend itself economically by

Most water is green. Consumptive water use by terrestrial ecosystems as seen in a global perspective,
and green water flows from different biomes in tropics and temperate zone.
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identifying more functions besides food pro-
duction. As shown here, there may also be a need
to take into account the rapidly growing global
needs for food. Achieving the Millennium
Development Goals will demand global solidar-
ity.

The trend towards increasing food imports
by poor countries is being further exacerbated
by economic and ecological considerations.
Economic criteria suggest that the use of scarce
water for urban and industrial use is more
worthwhile than producing food that could be
imported from better-endowed regions. Eco-
logical criteria call for limiting river depletion

Professor Malin Falkenmark

Stockholm International Water Institute, Sweden
malin.falkenmark@siwi.org

so that some 20-30% of the river flow is being
con-served for downstream aquatic ecosystems
and their biodiversity.

Since Europe can be seen to a large degree
as a better-endowed region, we ought to look
ahead and incorporate into today’s agricultural
planning a long-term  perspective, besides today’s
concentration on multifunctional agriculture.

1) Falkenmark, M & Rockström, J 2002: Neither water
nor food security without a major shift in thinking - A
water scarcity close up. World Food Price International
Symposium, Des Moines, Iowa 2002. In press.
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The effect of ecosystem services like biological
control and pollination can be dramatic. One of
the most dramatic examples of biocontrol ever
seen is from Lake Mbondarra in Australia, where
an introduced weed, Salvinia molesta, had  inva-
ded the lake, covering the entire surface and
causing drastic eutrophication. The problem was
solved when biologists went back to the original
environment of the weed and found the salvinia
weevil, a 3 mm-long beetle feeding on the water
weed. The beetle was introduced in the lake and
three yaers later the weed was completely gone.

However, this sucess story is unfortunately
a rather rare exception. Most biocontrol attempts
– where species are moved to new areas to serve
as control agents – during  the last 100 years
have failed. The rate of success is in fact just 10%,
and it has not increased over this long period of

time. This is because the fact has been largely
overlooked that the biocontrol agents need
help. They need biodiversity, primarily pollen,
nectar, shelter or alternative hosts, to survive and
be able to do their job.

By adding biodiversity to the landscape, we
can improve ecosystem services like pollination
and biological control of pests. But to do the
right thing, we must know the ecology of the sys-
tems we are working with.

Shelter

To start with shelter, a classic example from
Europe showing that fairly simple measures to
increase bidoversity can be very efficient, are
the so-called beetle banks. Beetle banks are
winter refuges for predatory insects in the form
of soil banks in the fields, sown with one single

Fairly simple measures in the agricultural landscape can greatly improve

ecosystem services such as biological pest control and pollination.

However, knowledge on the ecology of the organisms involved is crucial,

says Professor Steve Wratten.

Biologica l control and pollination
in susta inable agriculture

Beetle banks work. Emigration of the beetle Demetrias atricapillus from beetle banks, spring 1989.
Mean proportion of total caught/ date at 0-60 meters from ridge.
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species of grass (Dactylis glomerata). The preda-
tory insects need such dry and slightly elevated
areas for their hibernation, until the pests they
prey on are back in the crops in the springtime.
All the farmer has to do is to create the banks,
the beetles will come by themselves. Within two
years from the establishment of a beetle bank
there will be about 1,000 insects per square
metre, which means that a typical bank, 400 or
500 metres long and about 1.5 metres wide, will
house about one million beneficial insects in the
wintertime.

As shown in figure on p. 45 the predatory in-
sects move from the beetle bank into the field
when the spring comes, and they move at least
60 metres from the bank. This also indicates that
an optimal distance between beetle banks in
practical agriculture would be around 150 metres.

Furthermore, the beetle banks do not just im-
prove invertebrate biodiversity, they also provide
extra ecosystem services in the field of conser-
vation. Today, the highest population density of
the partridge in Britain is on beetle banks. Also
the harvest mouse (Mus minutus), which is the
rarest land mammal in Britain, has its highest
population densities on beetle banks.

Pollen and nectar

Using parasitic wasps to control aphids is the
most succesful biocontrol method implemented
so far. The wasps lay their eggs  inside the aphids,
and the aphids die as they are consumed from
inside by the wasp larvae. However, the wasps
themselves do not feed on aphids. They need
pollen and nectar to survive, as do hoverflies,
another group of insects whose larvae feed on
aphids. By growing pollen-rich flowers, such as
for example Phaselia  in gardens or around crop
fields, populations of wasps and hoverflies can
be increased and aphid populations reduced (see
figure below) at very low costs.

It is of course crucial that the biocontrol agents
are provided with the right kind of biodiversity.
As can be seen from the figure on the opposite
page it is a big mistake to believe that any
flower providing nectar or pollen will do to
support any pollen- or nectar-feeding insect.
The figure shows the survival of two species of
small parasitic wasps in enviroments with one
single species of flower present. While one of
these species lives for more than three weeks if
offered Phaselia to feed on, the other species
dies after just one week. In fact, it manages
better if there are no flowers at all to feed on,
just water. The explanation for this is that the
Phaselia flower has upward projecting hairs on
the style and stamen appendages partly protect-
ing the nectaries. Only insects of a certain size
and strength can overcome these obstacles.

Another example of the same thing can be
found in vineyards in New Zealand, where
Alyssum flowers have been used to provide bio-
control agents – also in this case a wasp – with
nectar. With Alyssum present in the vineyard the
longevity of the wasps is 12-15 days, compared
to less than five days with no Alyssum flowers
present. Furthermore, with Alyssum present, the
female wasp will be able to lay about 150 eggs
during her lifetime. Without that food source,
she will only lay about 20. So the abundance and
performance of the biocontrol agent is dramati-
cally enhanced just by sprinkling some seeds of
the right species in the vineyards.

Pollination

Red clover is an important agricultural crop in
New Zealand. A European species of bumble-

Biocontrol agents need flowers. Hoverflies
reduce aphid population when Phaselia is
planted next to a wheat field. Mean number of
aphids/ stem.
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bee, Bombus hortorum, has been introduced to
pollinate the red clover, since it cannot be polli-
nated by the honey bee, whose tongue is too
short. However, in many areas there are not
enough bumbleebees to perform this ecosystem
service efficiently, and the reason for this is a
shortage of housing. Bumblebees are social in-
sects and the queens need old mouse nests to
establish their colonies each spring. In modern
farmland, however, the soil along fencelines is
compacted by tractors and not many mice nest
there. This  problem can be solved by artificial
nests – bumblebee motels.  Basically, a bumble-
bee motel is simply a wooden box with a small
entrance hole on one side and a filling of grass
or some other suitable material for the bumble-

bees to nest in. Placing bumblebee motels in
agricultural areas has proved to give tremen-
dously good results, not only in terms of high
rates of occupancy, but also in the sense that the
number of bumblebee species present increases
in just a few years.

The examples given here all show that bio-
diversity added to the landscape can improve
ecosystem services like biological control and
pollination. The biodiversity added does not
have to be complicated, but it has to be the right
type. Sometimes one single plant species will
do, sometimes a mixture of species is needed.
In order to pick the right species and take the
right measures we must know the ecology of the
system we are working with.

Biocontrol agents have specific needs. Probability of survival of a medium sized wasp (Fam.
Ichneumonidae) fed with water, honey and three different plant species.

Professor Steve Wratten

Centre for Advanced Bioprotection, Lincoln University, New Zealand
wrattens@lincoln.ac.nz
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Disease management in organic farming sys-
tems includes a number of strategies such as:

• relatively long crop rotation, resulting in higher
spatial diversity than in conventional farming;

• maintenance of soil organic matter and an
active and diverse food web, by returning
organic matter to the soil (manure, compost
etc.) and reducing tillage depth;

• minimising excess of easily available nu-
trients;

• optimal plant spacing;

• selection of resistant cultivars. However,
organic farmers often put food quality (taste)
ahead of pest resistance;

• intercropping or mixed cropping, still on an
experimental basis in Western Europe;

Integrated approaches
to root disease management

The microbial community in agricultural soils provides important eco-

system services. Healthy soils support healthy ecosystems. Professor

Ariena van Bruggen explains why microbial biodiversity is important and

why it is different in organically managed soils compared to con-

ventional agriculture.

The (in)compatibility hypothesis. Selecting
cultivars compatible with organic farming soil
types reduces root diseases in organic farming.
(Garcia Vera and Termorshuizen, unpubl.)

• pest control using plant extracts or approved
fungicides, disliked by many organic farmers;
and

• application of biocontrol agents, which is in
practice hardly ever used by organic farmers.
Generally, root disease severity is lower in

organic farming systems than in conventional
systems. One obvious reason for this is the
longer crop rotation, but apart from that there is
not much knowledge to explain the difference.
However, there are indications that the better
balance between nitrogen and carbon supply in
the soil can be of importance, as can the greater
microbial diversity due to the organic amend-
ments (compost, cover crops etc.). Other factors
of importance may be the biodiversity in time
and space (mixed cropping and under-storey
crops), the variety of crops and cultivars per
farm and the use of appropriate cultivars for
organic farming1.

Studies of the appearance of corky root (a
root disease) in tomato plantations in California
have shown that the soil and plant variable most
associated with corky root is nitrogen. The higher
the nitrogen content in soil or plant tissue, the
higher the corky root severity, and the higher the
nitrogen mineralisation potential the lower the
severity of the disease. However, most of the
differences between organic and conventional
systems in this case can be explained by the crop
rotation factor 2.

A long-term study of 400 farms in the Nether-
lands showed that the occurrence of four dif-
ferent plant diseases was consistently lower in
organic  than in conventional farms and there
was a positive correlation between disease sever-
ity and total nitrogen application (reanalysed
from Tamis and van den Brink, 19983).

Most cultivars used today have been selected
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Disease

suppression in
bioassays, take-all
disease of barley,
for three different
inoculum doses
(0%, 0.5% and 2%)
for compatible and
incompatible
cultivars. (Garcia
Vera and Termors-
huizen, unpubl.)

for conventional farming systems and may not be
the best for organic farming. In particular root
development and disease resistance may not be
good enough. In other words, cultivars for con-
ventional farming may be incompatible with
organic farming soil types and vice versa. If this
is the case, the incompatible combinations would
perform less well than the compatible ones. As
can be seen in the figure on the previous page
‘compatible’ soil/cultivar combinations of
barley were far more suppressive to take-all
disease than were incompatible combinations.
The same was  true for leaf rust on barley in pot
experiments. However, comparing organic and
conventional fields simply in terms of disease
severity does not take into account the pos-
sibility that the disease may not have been intro-
duced to some fields. This is why experiments
comparing disease severity in farming systems
should include tests in which the pathogen is
added to soils. This was done with Gaeumann-

omyces graminis, the causal agent of take-all
(see figure above). Even after addition of the
pathogen the difference between compatible and
incompatible combinations was sustained, al-
though to a lesser extent at the highest inoculum
dose.

For the farmer the choice of cultivar is often
a trade-off between the higher production poten-
tial of modern cultivars and the better pest resist-
ance or nutrient uptake capacity of older culti-
vars. The higher production potential has often
been developed at the expense of a weak root
system, that is not very well adapted to looking
for nutrients in the soil and is sometimes also

very susceptible to root diseases. There is a need
for modern cultivars adapted to organic farming
systems.

Soil hea lth and ecosystem hea lth

Rapport4 suggested a number of indicators for
ecosystem health:

• integrity of nutrient cycles and energy flows;

• stability in terms of amplitude of fluctuations
and resilience to disturbance and stress;

• biological diversity;

• interconnectedness between functional units;
and

• limited plant and animal disease outbreaks.
One way to assess soil health is to study

microbial responses to disturbance or stress, in
terms of populations, diversity and successions

5
.

Typically, soil disturbance induces an increase
in microbial biomass, followed by a decrease,
while microbial diversity decreases first, follow-
ed by an increase. A number of such fluctuations
with decreasing amplitude will take place until
equilibrium is eventually re-established. Such
fluctuations can also be observed along wheat
roots, where they can be described as ‘moving
waves’  induced by the disturbance of the root
tip protruding through the soil (see figure on p.
50).

Microbial populations are generally larger
in the rhizosphere than in the bulk soil. The
rhizosphere effect is greater in conventional
soils than in organically managed soils, resulting
in fluctuations with greater amplitudes in
conventional soils.
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Moving waves.
As root tips make
their way through
the soil they
create fluctuations
in bacterial
populations.
Number of CFU
(colony forming
units) along wheat
roots.

More bacteria, less disease. Relation between waves in disease lesions of Rhizoctonia and microbial
populations along roots.

Molecular analysis of microbial communi-
ties along roots shows that there are different
microbial communities in the increasing phase
compared to the decreasing phase. This variation
does not occur in the bulk soil at a distance of 3
cm from the root (along the whole length). The
repeating pattern in microbial communities indi-
cates that an impulse of nutrients from the root
tip results in growth of micro-organisms behind
the growing tip, followed by death due to nu-
trient or oxygen limitation (accompanied by a
shift in microbial composition) and regrowth of
the original community from recycled carbon
sources supplemented by substrate from soil

organic matter and decaying root cells. This
wave-like pattern has a tremendous implication
for biological control of root diseases. As shown
in the figure below, Rhizoctonia disease lesions
exhibit a spatial wave pattern opposite to that of
microbial populations along the root6.Thus, root
health may be related to soil health, which can
be measured by microbial response to a distur-
bance. Considering this complex and dynamic
system one can understand why biocontrol agents
selected from certain locations from the rhizo-
sphere do not always perform well when added
to soils or seeds.

Biological control agents added to soil also
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oscillate along roots in response to nutrients from
the root tip. However, they decline faster in
organically managed than in conventionally
managed soils, so that roots do not encounter
introduced bacteria anymore below a certain
depth, resulting in wave-like fluctuations only
close to the root base. Thus, biocontrol agents
are more likely to work in conventional soils
than in organic soils, probably because they are
not facing the same degree of competition and
thus are more likely to survive long enough to
do their job. This is why individual control
measures like inundative biocontrol may not
work in organic farms. This also means that
results from conventional farming systems, in
terms of disease management, cannot be directly
transferred to organic farming systems.

Plant disease management needs a systems
approach, such as organic farmers use already.
There is very little we can actually add to control
soil-borne diseases in organic systems, except by
maintaining good soil health, keeping microbial
diversity and activity high and available nitrogen
low.

1. Van Bruggen, A.H.C., Termorshuizen, A.J. 2003.
Integrated approaches to root disease management in
organic farming systems. Australasian Plant Pathology
32: 141-156.

2. Clark, M.S., Ferris, H., Klonsky, K., Lanini, W.T., van
Bruggen, A.H.C., and F.G. Zalom, F.G., 1998.
Agronomic, economic, and environmental comparison of
pest management in conventional and alternative tomato
and corn systems in Northern California. Agric.
Ecosystems Environ. 68:51-71.

3. Tamis, W.L.M., and van den Brink, W.J. 1998.
Inventarisatie van ziekten en plagen in wintertarwe in
gangbare, geïntegreerde en ecologische teeltsystemen in
Nederland in de periode 1993-1997. IPO-DLO Rapport
nr. 98-01. Wageningen

4. Rapport, D.J. 1995. Ecosystem services and
management options as blanket indicators of ecosystem
health. Journal of Aquatic Ecosystem Health 4: 97-105.

5. Van Bruggen, A.H.C., and Semenov, A.M. 2000. In
search of biological indicators for soil health and disease
suppression. Applied Soil Ecology 15: 13-24.

6. Van Bruggen A.H.C., Semenov A.M., and Zelenev
V.V. 2002. Wave-like distributions of infections by an
introduced and naturally occurring root pathogen along
wheat roots. Microb. Ecol. 44:30-38.



52

For hundreds of years, agriculture has contri-
buted to the development of a great variety of
landscapes in Europe. Today rural landscapes
are developing in different directions. There is
a separation process, in that productive sites are
used intensively for agriculture, while marginal
areas are abandoned or set aside for other pur-
poses. In the productive areas, land use is be-
coming increasingly large scale, while in the
marginal, abandoned areas, natural succession
and eventually reforestation takes place. The
number of people working in the landscape is
declining. A lot of species disappear after aban-
donment of marginal grasslands and arable field
plants disappear in the fields.

In trying to cope with the effects of these
changes in land use and landscape, the focus of
nature conservation has been changing from the
preservation of single species into preservation
of biotopes or habitats and further into creating
a network of biotopes. Today, demands for mod-
ern sustainable land use approaches are being
raised. The question to be asked here is to what
extent organic farming can meet such demands
by implementing wider crop rotations, adapting
animal husbandry to the site and cultivating the
land without the use of pesticides and artificial
fertilisers.

Despite the positive effects of converting to
organic farming one should keep in mind that
organic food production does not necessarily
include the aim to produce biodiversity, although
the numbers of species on organic farmland is
clearly higher than on conventional farmland.
Even in organic farming there are trends point-
ing in the opposite direction. As in conventional
farming, for example, the fields become larger
and the tools more rational. Some species, like

the skylark, have problems with survival in areas
of modern field fodder management.

Different approaches could be used to make
agriculture contribute to landscape development
in the future. One is agri-environmental schemes,
where payment for environmental services serve
as income support for farmers. Another, so far
less used, is nature conservancy advisory services
linked not only to goals of nature conservation
but also to farmers’  ideas and approaches. When
it comes to incentives for working with land-
scape development, intrinsic factors like per-
sonal historical links to the landscape or per-
sonal perceptions of nature are more important
to most farmers than are extrinsic factors like
economy.

Below, a few examples of the different ap-
proaches outlined above will be presented.

Frankenhausen Sta te Farm

An example of how landscape development and
nature conservation can be integrated into sus-
tainable agriculture is found in the Hessian State
Domain Frankenhausen, a farm of 320 hectares
serving as a research farm for the University  of
Kassel. It was converted to organic farming in
1998. The landscape here is a mirror of intensive
use. The fields are cleared and drained, the
brooks are canalised. There are problems with
erosion and the vegetation shows that nutrient
conditions are eutrophic. Parts of the landscape
that are not productive, such as a dry hill, show
signs of land use in the past. Nowadays they are
abandoned and shrubs re-appear. The central
aim of the project is to integrate nature
conservation goals, not as a top-down approach
of landscape planning, but to inspire farmers
running the farm to comply with the aims of the

Integrating susta inable farming
w ith landscape development

Professor Thomas van Elsen argues that when it comes to incentives

for working with landscape development, intrinsic factors like

personal historical links to the landscape or personal perceptions of

nature are more important to most farmers than are extrinsic factors

like economy. Here he gives some examples of how landscape devel-

opment and nature conservation can be integrated into sustainable

agriculture.
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project. A participatory approach is striven for.
The scientists and planners take the role of
companion catalysts or moderators. In this way,
excursions in the landscape and workshops with
the farmers and other stakeholders during a pilot
study have given important inputs into planning
the future main project.

M edew ege Farm

Landscape seminars on organic farms have also
been tested at the Medewege Farm. Medewege
is a farm of 80 hectares in northeastern Ger-
many.  This farm has been able to lease an addi-
tional 147 hectares of land, of which 100 hectares
is one large field. There are some dry ponds in
the field, but apart from that no structural ele-
ments. It would have been easy to plan the crop
rotation and the division of the new field at the
computer. But one of the farmers wanted a real
encounter with this new piece of landscape and
asked for a landscape seminar in which people
from the farm, local authorities and students
took part. Exercises in landscape perception
during the seminar, including paintings,
revealed an exciting variety within the large
field that had seemed so monotonous before.
Some personal affection concerning the ponds
was revealed. Before, a farmer said the ponds
had been just something that relieved the mono-
tony of ploughing in straight lines.

This seminar was of course only the first step
in developing the landscape in a participatory
process with farmers using individual percep-
tions and the knowledge of the people being in-
volved. In Medewege it has been possible to con-
tinue after the first seminar. The planning pro-
cess has so far led to practical measures like
dividing the large field with hedges.

When it comes to approaches to support farm-
ers in developing their landscapes, hand-books
with practical hints are not sufficient. An
advisory service for landscape development is
needed. This has been tested in Lower Saxony,
where the special advisory service supports farm-
ers to develop their landscape at the farm level.
The service helps the farmers to recognise the
natural values of their farm. It provides know-

ledge and helps the farmers to realise their ideas.
Typically, advisors start their work on a farm by
asking the farmer what he or she wants to do.
The advisory service system can be seen as a
bottom up concept aiming to develop landscape
as a participatory process.

In order to be able to assess the contributions
of farms and farmers to landscape values, a
common assessment tool has been developed
jointly by three scientific institutes in Germany.
It consists of two types of core indicators, one
focusing on biotic benefits (result-oriented) and
the other on landscape benefits (action-ori-
ented). These indicators have been tested on 42
farms in Germany, half of them organic and half
conventional. In this pilot project all farms have
been evaluated against the same goals. For prac-
tical use, however, the system would need to be
developed so that regional goals are defined.
The idea is that farmers should be able to use the
indicators by themselves.

Professor Thomas van Elsen

University of Kassel, Germany
velsen@wis.uni-kassel.de

A grass-roots approach. Landscape seminar at
the Medewege Farm.
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Thirty or forty years ago farmers and conser-
vationists in Sweden were not exactly friends.
There was more or less total confrontation, for
which both sides were equally responsible.
There were of course simple economic reasons
for this: conservationists and bird watchers were
pleading for biodiversity protection without
much concern about the economy of the land-
owners, while farmers were defending their eco-
nomic interests.

Today, this confrontation is more or less over.
Both sides have realised that co-operation is
essential for preserving biological and cultural
values in the landscape and that this is also ba-
sically a matter of survival for farmers, because
providing these ecosystem services can generate
additional income. There is a growing awareness
that maintaining or adding biological and cul-
tural values to the landscape is something that we
as citizens will have to pay for, one way or the
other.

If we do not develop this co-operation further
we can indeed foresee a rather gloomy future for
our landscapes being basically divided into two
sorts: forests and large-scale agricultural land-
scapes of arable fields.

However, sometimes we tend to overestimate
the scientific value of species and biodiversity in
this context. What is most important for the
majority of people is the recreational value of the
landscape, not the specific features of biodiver-
sity or culture, like bird species or archaeologi-
cal sites. However, people spending time in the
rural landscape for physical and psychological
recreation will gain experiences and eventually
knowledge that will increase their appreciation of
its full range of values.

Grazing, which keeps landscapes open, is an

agricultural ecosystem service of great import-
ance for recreation. But what makes these kinds
of open landscapes important to us is not only
that they are nice to look at, but also what they
represent in a historical perspective as a cultural
heritage from earlier generations. Locally, many
people are linked to the landscape on a personal
level through their parents and grandparents.

Incentives for grazing

Keeping cattle in semi-natural grasslands is one
of the key things in maintaining the landscape
values. We cannot pay for this service on an
individual basis, so in most of Europe today the
system we have developed is to pay via our tax
bills. We need to develop this system further to
support a landscape that produces food, fibre,
biodiversity, cultural values, recreation and other
ecosystem services. We have to find ways to pay
for all these services thus improving the possi-
bilities for farmers and other people living in the
landscape to support themselves.

This does not necessarily have to be done on
a central basis via the tax bill. There are several
projects today trying to use consumer strategies,
one being the ‘Kaprifolkött’ in Bohuslän in
western Sweden. ‘Kaprifol’ is the Swedish name
for honeysuckle, Lonicera periclymenum, a
well-known and widespread plant species in this
part of Sweden. Meat from farms with cattle on
semi-natural grasslands is marketed in the region
under the brand of ‘Kaprifolkött’ and consumers
are informed that in buying this meat they are
helping to maintain the beautiful open landscape.

Another example can be drawn from the is-
land of Öland in southeastern Sweden (see figure
on p. 56). Most of the southern part of this island
is a large semi-natural grassland on calcareous

Recreation – an opportunity
to engage w ith citizens

Dr Urban Emanuelsson argues that we tend to overestimate the scien-

tific value of species and biodiversity. What is most important for the

majority of people is the recreational value of the landscape, not the

specific features of biodiversity or culture. However, people spending

time in nature for recreation will gain experiences and knowledge that

will increase their appreciation of its full range of values.
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ground. It is in fact one of the largest grazed
areas in Europe, covering about 26,000 hectares.
In the early 1990s large parts had been aban-
doned. There were grazing cattle and sheep on
only 40% of the total area, with juniper and other
shrubs slowly taking over the rest. The biologi-
cal and cultural values of this unique landscape
were in great danger. Today almost the entire area
is grazed and at least 1,500 hectares have been
cleared of shrubs and restored as grassland. The
EU subsidies are a key factor in this develop-
ment, because without them it would not have

been economically viable to keep cattle here. But
an interesting point is that the possibility for
subsidised farming in itself was not enough to
bring about change. It was not until a close co-
operation was developed between farmers, local
and regional authorities and other actors in-
volved that the downward trend was curbed.
Also, the size of the area has been of importance.
It takes a certain ‘critical mass’ to facilitate pro-
grammes like this.

In other parts of Europe there are a number
of large grasslands like that on Öland, for

Bringing eco-

system services to

the market. The
producers of open
landscape and
’Kaprifolkött’ ....

...and the product
in the food store,
making consumers
aware of what
they are paying
for.
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Dr Urban Emanuelsson

Swedish Biodiversity Centre
urban.emanuelsson@cbm.slu.se

Restored grass-

land. Ten years
ago 60 % of
’Alvaret’, a large
semi-natural
grassland on the
island of Öland in
southeastern
Sweden, was
abandoned.
Today, most of the
area is grazed
again.

example in Romania, that most likely will be
abandoned and lost unless they can be subject to
similar joint efforts to maintaining their land-
scape value.

N ew  role for fa rmers

The new role for farmers in the future outlined
here is that of ecosystem service providers pro-
ducing not only food but also biodiversity, resto-
ration of wetlands, recreational values and other
things, including ecotourism activities (so far a
small but rapidly growing sector). From a Euro-
pean perspective the most urgent change needed
to make this happen is to shift present agricul-
tural subsidies from goods to ecosystem serv-
ices. This is also a matter of justice for the
Developing World.

However, local authorities will be key players.
If they are proactive in supporting the ecosystem
service production of farmers, a lot can be
achieved. Physical planning is another key issue.
It takes more than just identifying habitats and
areas of cultural interest to protect biodiversity
and create well-functioning recreation areas. You
need to plan on the landscape level and some-
times you need to design large areas for certain
purposes. Of course, special attention should be
paid to areas close to where most ecosystem
service ‘buyers’ live, i.e. urban areas.  Further-
more, we need to develop relevant education in
multifunctional agriculture in order to support
this development.



57

Some people would call Aarstiderne (‘The
seasons’) a box scheme because it distributes
food in boxes from farms to households. It could
also be called a farm-based fresh produce busi-
ness, an organic farm company, a food culture
educator, a complex adaptive system, an
orchestrator of food-driven ecosystems or even
a self-organising hot-house experiment. Which
description you get depends on who you ask.
Aarstiderne is a farm based in Barritskov on the
east coast of Jutland in Denmark. It is a Natura
2000 area, which indicates the presence of high
landscape and biodiversity values.

The philosophy of Aarstiderne is to recreate
a close link between the work of the organic
farmer and the work in kitchens: transforming
the bounties of the land into feasts of honest,
nutritious, seasonal and inspired food.

At the start, Aarstiderne distributed organi-
cally grown products to about 200 households.
What has happened since is mainly a response
to the growing interest in the concept. In 1999
Aarstiderne involved  2,000 households and the
annual turnover was about two million Danish
Kroner (DKK). This year Aarstiderne serves as
a link between over 100 farms and 40,000 house-
holds. The turnover is about 165 million DKK
(22 million Euro), which is 5-10% of the total
turnover for organic farming in Denmark. More
than 160 people are employed in the business
today and the products are sold in most parts of
the country.

About 80% of the boxes are delivered to the
Copenhagen area, while the farms are located in
Jutland. This is not an ideal system and the goal
is to develop a more local system where the pro-
ducts are grown closer to the consumers.

The guiding values of Aarstiderne are

empathy, quality, creativity, communication,
growth, transparency and ecology. Some may
find it strange that growth is included, but the
reason for this is that to enable some things to
grow other things will have to stop growing.
Transparency is a matter of making the systems
providing people with food open. More than
20,000 people visit Aarstiderne every year, which
among other things gives an opportunity to dem-
onstrate how biodiversity works as a paradigm,
in agriculture as well as in natural, undisturbed
ecosystems.

Today the website is very much the basis for
linking producers and consumers. It was devel-
oped because the number of contacts and re-
quests reached levels that were no longer possi-
ble to handle by telephone. The website has
about 20,000 visitors per week. But Aarstiderne

still handles 2,500-3,000 phone calls per week
because conversation with customers is regarded
as a very important input in order to develop the
concept further.

N ex t step farmers’ markets

However, if one really wants to have public par-
ticipation and broaden the platform for the con-
cept, this must be taken even further. The
concept and the products should be taken to the
streets to enable people to taste what ecosystem
services are. The next step in this respect will
probably be the establishment of farmers’ mar-
kets.

Aarstiderne intends to use the network of
farmers and citizens now established for things
other than distributing food in order to support
its goals. One thing is to welcome people as vol-
untary workers on the farm within the frame-
work of WWOOF (World Wide Opportunities on

Developing agriculture through
producer/ consumer interactions

The role of markets and consumers as a driving force in the sustain-

able development of agriculture is highlighted by Aarstiderne director

Thomas Harttung. The rapidly growing Danish organic farm com-

pany is today linking 100 organic farmers with some 40,000 house-

holds in an attempt to recreate a close link between the work of the

organic farmer and the work in kitchens.
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Organic Farms). This operates throughout the
summer and the workers do all kinds of non-
commercial work such as managing non-culti-
vated areas. This enables better management of
the system than would have been possible other-
wise.

The boxes in which the products are deliv-
ered to customers can be used to return green
waste to the farms rather than just returning
them  empty. This is important in helping to
close the urban-rural nutrient cycle. This pro-
ject is still in its early phase but could be an
example of a privately-driven ecosystem service.

Going carbon neutra l

Aarstiderne is also investigating the possibilities
of engaging private money in carbon seques-
tration. The idea is to make companies or even
private households carbon neutral by investing
in biodiversity projects, forests or other types of
carbon sequestration. One source of inspiration
to this was the Rio+10 conference in Johannes-

Director Thomas Harttung

Aarstiderne, Denmark
th@aarstiderne.com

burg last year. It was decided to go carbon
neutral by compensating carbon emissions from
conference-related travel, air conditioning, food
and so on by carbon sequestration measures of
the same amount. It should be possible to bring
the same concept into the microcosm of the farm
by establishing hedgerows and wetlands, turning
areas into semi-natural grasslands and so on,
while funding this through private sector contri-
butions.

Aarstiderne wants to prove the point that
farms and forests can turn themselves into multi-
functional ecosystem service providers through
private sector initiatives. Even if the public
sector may play the major role for many years
to come, private sector initiatives are important
to trigger change. A prerequisite for this is that
farmers understand and use the potential of
interactions with citizens instead of just being
victims of subsidy bureaucracies. Food is a good
place to start!
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The common agricultural policy (CAP) of the
EU has changed over the last ten years from tra-
ditional price support, direct payments to farm-
ers, supply controls and border measures. The
MacSharry reforms in the early 1990s reduced
product-support prices and broadened other
measures such as direct compensation payments
to farmers and support for agri-environmental
schemes. In the Agenda 2000, preparing for
enlargement of the Union, this was taken further
and rural development was introduced as the
‘second pillar’ of CAP. This year the Com-
mission proposed further reforms in the Mid
Term Review. However, they were only partially
adopted.

Along with the CAP there have been a num-
ber of other policy initiatives in the field of agri-
culture during the last decade:

• European Council in Cardiff (1998): envi-
ronmental concerns should be integrated into
all Community policies;

• Agriculture Integration Strategy (1999). Coun-
cil to the European Union;

• Directions Towards Sustainable Agriculture
(1999). Commission;

• Commission Communication on Agri-envi-
ronmental Indicators (2000); and

• Biodiversity Action Plan for Agriculture
(2001), part of the Sixth Environmental
Action Plan by the Commission.
According to the Commission there are four

cultural and environmental non-trade concerns
associated with agriculture: conservation of bio-
logical diversity; maintenance of farmed land-
scapes; preservation of cultural features; and
protection against disasters. One of the main
policy tools that has been brought forward by the
Commission is agri-environmental schemes,
based on the perception that farmers are seen as
stewards of the land and that society is in-
creasingly willing to pay for the environmental
services of farmers. Agri-environmental schemes

The CAP and agricultura l
ecosystem services

Dr Paul Campling gives a brief overview of the foundation of the

Common Agricultural Policy of the EU where, even if the concept of

ecosystem services is not yet recognised, multifunctionality in agri-

culture is a key issue. He discusses the IRENA project which is using

a set of indicators to monitor to what extent the intention to create

multifunctional agriculture is making any difference on the ground.

IREN A

indicators. The
IRENA pro-
gramme uses five
kinds of indi-
cators to monitor
the integration of
environmental
concerns into
agricultural
policy.
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were introduced by several member states during
the mid 1980s. Since 1992, they are obligatory
for all EU members. Today they are essential
components of rural development programmes
and cover 20% of all agricultural land in the EU.

So, even if the concept of ecosystem services
is yet not recognised, multifunctionality in agri-
culture is certainly a key issue from an EU point
of view. The agri-environmental issues, such as
nutrient leaching, pesticide use, biodiversity and
landscape, are certainly matters of concern and
the existing policy tools, such as agri-environ-
mental schemes, rural development plans and
Natura 2000, offer possibilities for addressing
these issues.

Agri-environmenta l indicators
– the IREN A project

As indicated above, there is a political intention
within the EU to integrate environmental con-
cerns into agricultural policy. The Indicator
Reporting on the integration of Environmental
concerns into Agricultural policy (IRENA) pro-

ject was set up to find out to what extent this in-
tention is making any difference on the ground.
More formally, the aim of the project is:

• to help monitor and assess agri-environmental
policies and programmes;

• to identify environmental issues related to
European agriculture;

• to help target programmes that address agri-
environmental issues; and

• to understand the linkages between agricul-
tural practices and the environment.
IRENA aims to employ in the field 35 indi-

cators that have been identified by the Com-
mission. The indicators will be presented in a
web-based data service and in addition two re-
ports will be published next year. The first one
is an environmental assessment report of Euro-
pean agriculture based on the indicators and the
second a policy assessment report on integration
of environmental concerns into agriculture
policy.

Using indicators is a way of providing sim-

Monitoring key

issues.

Indicators for
two key agro-
environmental
issues in the
IRENA project.
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plified information that reveals complex pheno-
mena. In this case the indicators are derived from
a number of EU-wide data sets such as CORINE
Land Cover, the Farm Structure Survey, Euro-
waternet, Natura 2000, MARS database on
meteorological data and the European soil
database.

Good agri-environmental indicators should
be policy relevant in that they address key en-
vironmental issues. They have to change suffi-
ciently quickly in response to action. They should
be based on sound science and be measurable,
which also implies that they must be feasible in
terms of data availability. They must be easy to
interpret, communicating essential information
that is unambiguous and easy to understand.
Finally they should of course be cost-effective.

Key agri-environmenta l issues

The indicator framework being used by IRENA
consists of indicators of the driving forces
behind change, pressures on the environment,
the state of the environment, the impact of the
pressures and the policy responses to these im-
pacts, which in turn feed back into the other
indicators. See figure on p. 59.

There are a number of key agri-environ-
mental issues that the IRENA operation will
monitor using the following indicators.

• fertiliser and pesticide use and the impact on
water quality and eutrophication;

• impact on biodiversity and landscape;

• water use and the impact on water resources;

• impact on soil erosion and levels of soil orga-
nic matter; and

• greenhouse gas emissions, the monitoring of
agricultural energy use and the production of
biofuels.
The figure on the opposite page shows the

indicators used in monitoring two of these key
issues.

The nitrogen balance map below is an
example of output from IRENA. To generate this
kind of regionalised output, input data is pro-
cessed in rather simple models.

To give another example, but using a more
complicated, regional modelling approach,
maps of the risk of soil erosion (kg per hectare
per year) can be derived. (Source: PESERA 5th
Framework Project  http://pesera. jrc.it) .

The indicator of high nature value (HNV)

IREN A output.

EU wide nitrogen
” surplus”
estimates (kg/ ha,
1997).
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farming areas is monitoring the geographical
distribution of HNV areas, assessing the target-
ing of agri-environmental measures and the im-
pact of CAP regimes on these areas. To define
high nature value areas not only data on habitats
and species (such as the population of farmland
birds) is used, but also information on farming
characteristics such as inputs, products, farm
size and specialisation. It is important to point
out that a large proportion of Natura 2000 areas
are found within agricultural habitats. Therefore
an indicator of the importance of agriculture to
areas proposed for inclusion in the Natura 2000
network is the ratio of the area of agricultural
habitats within Natura 2000 areas to the total
area of Natura 2000 sites.

Agro-ecosystem services
from a  societa l point of view

In conclusion, even if the concept of ecosystem
services is yet not recognised, multifunctionality

in agriculture is certainly a key issue from an EU
point of view. Proponents of agro-ecosystem
services should trumpet the agri-environmental
issues that agro-ecosystems address: lower nu-
trient levels, no pesticide residues, higher bio-
diversity and better landscapes. In addition, it
should be possible to demonstrate to a wider
audience the agro-ecosystem model through
agri-environmental schemes, rural develop-
ment plans, regional levels of good farming
practice and Natura 2000.

One of the indicators used for biodiversity
and landscape is the area under organic farming.
Having increased throughout the 1990s, there is
now evidence that it is declining. It is of course
important to find out why this is happening and
to address whether organic farming is profitable
and viable for European agriculture and whether
it will just remain a niche in the agricultural
‘goods’ market for the foreseeable future.

Dr Paul Campling

European Environmental Agency (EEA), Denmark
paul.campling@eea.eu.int
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A farmer’s view
of ecosystem services

Dr Peter Edling expresses the view that the concept of agriculture as

an ecosystem services provider fits very well with his perception of his

role as a farmer.

Being a farmer is great, or as Cicero put it: “No
profession is more worthy of a man than being
a farmer.” The farmer can be seen as a sun
catcher, using the green plants grown on the farm
to catch solar energy, transforming it into
something that is needed by people and by our
cattle, which in turn are also needed by people.
I feel related to the people who have lived on my
farm in earlier times and I look upon myself as
the 30th generation of farmers managing this
land. My wish is that in a thousand years from
now somebody will enjoy  the view of the land-
scape in the same way as I do.

About 15 years ago, at a conference in Stock-
holm on the values and qualities of the farm
landscape, I expressed my joy at travelling through
the province of Östergötland in southeast
Sweden. It is an intensively farmed, undulating
landscape with patches of woodland and dark
forested hillsides in the distance. In August, when
colours are shifting, it is beautiful and, since the
land is fertile, the harvest is almost always good.
I enjoy the beauty of the landscape and as a
professional farmer I also recognise and
appreciate the efforts made to produce the
harvests. Other participants of the conference

Solar-driven, but slow. Ploughing with horses leaves room for reflection.
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strongly opposed this view, telling me that it was
just nostalgia.

View s have changed

I am very happy to find that views have changed.
What I was talking about on that occasion 15
years ago was what this year’s Bertebos Con-
ference is focusing on: the qualities of the farmed
landscape. Even though the concept of ecosystem
services is rather new, it fits very well into the
perception of my role as a farmer which has been
guiding me ever since I started farming 30 years
ago.

I know perfectly well that the idyllic small-
scale farm of yesterday and the beautiful farmed
landscape was created and maintained only
through hard work, discipline and sacrifice. This
may well be true for all idylls.

Ploughing w ith horses

Sometimes, for my own pleasure, I use my two
horses, Bella and Saga, to plough. They weigh
about one tonne each – a powerful, renewable,
solar-driven system. Still, one should keep in
mind, that it is a full day’s work for this solar-

powered system to do what would take me about
half an hour and nine litres of diesel fuel to do,
if using my tractor. The input of energy is, as far
as I can see, a crucial factor that we do not want
or dare to discuss, in spite (or because) of what
it does to us and our environment. When using
muscle power, the pace is slow.  Fifty years ago,
spring farming in my farm took three weeks.
Today we do it in three days. To me it is evident
that the increasing speed is affecting our en-
vironment in many ways. We try very hard to
save the lapwing’s nests and the fawns of the
reed deer when working on our fields. But still
I am convinced that the increasing speed is
detrimental to biodiversity, because we cannot
do much for the great majority of creatures that
we are not aware of. Unfortunately, I think the
increasing input of energy affects our environ-
ment in many other ways as well.

The good life is not for free

Still, I think the idyll – “the good life” – can still
be found, but it is not for free.  In fact I think it
should be the aim of all human activity to
achieve the good life, fulfilling our needs of

A place for comfort and advice. Among the Bronze Age graves under the birches on the ridge.
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Dr Peter Edling

Valla Gård, Sweden
edling.peter@swipnet.se

food, shelter and spiritual well-being.  The two
first ingredients of this good life are easy to
comprehend, while it is far more difficult to
define the third one. A Spanish monk suggested
that spiritual well-being requires three things.
We need to be aware of the right proportions of
everything. We need to understand the import-
ance of creativity. Finally, we need to understand
the importance of goodness – to realise whether
things are big or small, important or futile,  con-
structive or destructive and whether they bring
joy or sadness to the world.

A place for comfort and advice

There are remains of a Bronze Age settlement on
my farm and on a small, grazed ridge there are
1,000-2,000-year-old graves. When facing
difficulties I often sit down under the trees
among the old graves to seek comfort and
advice because in many ways being a farmer is
not very different today from what it was a
thousand years ago. Our joys and our fears are
very similar: good crops and healthy cattle,
droughts and bad kings or governments. During
the last 30 years, however, agriculture has turned
into a surplus problem and an environmental
problem and not only in the eyes of the public.
Among farmers also there is a strong feeling that
the resources we manage seem to create more

problems than they solve. Hopefully, the new
ideas on ecosystem services discussed here can
bring about change in this respect.

To society at large, agriculture is a support
system, a prerequisite for the good life. From the
farmer’s point of view, however, there are two
problems he always must work to overcome:
farming takes a lot of time and costs a lot of
money.  Without appropriate organisation and
sound economic development in agriculture there
would be no need to organize conferences dis-
cussing agricultural matters of any kind.

When I try to find solutions to problems that
I face on my farm I often try to do it in terms of
an exercise well-known to everybody who has
done military service. It is about ‘conquering the
hill’, and the challenge is to understand all
aspects of the situation, to foresee the intentions
and actions of the enemy, to evaluate all alter-
native strategies and finally to act according to
your analysis and decisions. The target, the prob-
lems, the resources available to reach the target,
your strengths and weaknesses – everything must
be kept in mind  and considered carefully. By
mentally ‘conquering hills’ I have learnt that
there are often several solutions to every prob-
lem and that, sometimes, you may need to revise
your goals.
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Ecosystem services are economic benefits to
humans derived from the functioning of local
and global ecosystems. Defined this way the
concept is useful because it facilitates communi-
cation with policymakers and the public using
the language of economics. It provides a cur-
rency. However, we need to be aware that in
ecology currency is a unit of value: it could be
energy, nitrogen or something else; while in
economics it is used in its more narrow, literal
sense: money.

Another reason why ecosystem services is a
useful concept is that it is quantitative. We can
use it for calculations, for example if we want
to reimburse farmers for producing things other
than food. Trade-offs, which are a central issue
in ecology, can be measured, quantifying bene-
fits and costs and calculating optimal solutions.

Limita tions and dangers

However, there are also limitations and, if the
concept is taken too far, even dangers in this
approach. There is no single measure or scale
that can adequately summarise the multiplicity
of human values. Ecosystem services is an
attempt to do this, taken to its extreme by Björn
Lomborg, for example, who in his book “The

true state of the world” uses a language similar
to that of ecosystem services to convert the value
of everything into dollars or euros. Needless to
say, this is problematic because some things
simply cannot be measured this way.

One can draw a parallel to the philosophical
discussion of what is ‘good’. There was a Pla-
tonic idea that ‘goodness’ was some kind of
currency or ultimate measure that all human
actions had more or less of, so that they could
be calculated or balanced out. The modern view

is that there is no such essence of ‘goodness’ and
that different kinds of ‘goods’ can be in conflict.
In fact we see these kinds of conflicts all the time
in our everyday lives.

Let us look at some examples that may be
relevant to ecosystem services. The first con-
cerns the Berte Mill, run by the Stenström fam-
ily, and the use of methyl bromide. Methyl
bromide is a toxic chemical used to kill insects
in mills and other places where food is handled
and processed. But methyl bromide is also de-
stroying the atmospheric ozone layer and it is
much more potent in this respect than the CFC
gases. When the Stenström family learned about
this they decided to stop using methyl bromide
and developed a heat treatment method that could
control the insects in a far more environmen-
tally friendly way. The point here is that this
decision was not based on calculations of costs
of benefits and environmental damages. It was
an ethical decision. The use of methyl bromide
was simply considered to be unacceptable.

Consider the idea of using slaves in promot-
ing ecosystem services. No doubt many eco-
system services could be promoted with the use
of free labour. Of course, no one is willing to
accept this. This is another example of ethical
constraints, showing the limitations of what should
or could be calculated.

W hat is a  w ife w orth?

To bring the discussion even further into the ex-
treme, consider the question of how much a wife
is worth. This has in fact been calculated by
feminists trying to illuminate how much work
women were doing, by calculating what it would
cost to pay employed labour to cook, look after
the children, clean the house and so on. This can

The use and potentia l misuse
of the concept of ecosystem
services – a  critica l comment

Professor Jacob Weiner argues that even if there is a risk in  assessing

ecosystem services using one single currency, be it money, energy,

nitrogen or anything else, the concept of ecosystem services is useful

because it is quantitative, thus facilitating communication with policy-

makers and the public.
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be calculated, but still obviously something will
be missing in the picture. What about love, family
values and so on?  It is neither possible nor
desirable to put a monetary value on these things.

The use of emergy has been suggested as a
currency or single measurement for ecosystem
services. The concept should be developed
further because emergy may reflect some things
better than money does. On the other hand, using
emergy as currency, we will lose the ability to
communicate with politicians, because they will
not understand it. And again, we will not be able
to calculate everything in terms of emergy. In
her presentation, Professor Falkenmark used
water as the currency of ecosystem services and
she was able to take this a long way. But still it
was not able to cover everything we need to
deal with.

M ultifunctiona lity
is something else

Multifunctionality is a word that has been used
here in connection with ecosystem services. A
multifunctional agriculture provides a number
of ecosystem services, not just food. Still the
concept of multifunctionality is profoundly
different from ecosystem services in the respect
that it implies different goals. If you are selling
chocolate and start selling beer as well, this is
not really multifunctionality because you are
still selling. Multifunctionality includes the
values of nature and therefore it is implicit that
there is no single way to measure it. Obviously,
the value of a beautiful landscape cannot be
measured by calculating the cost of sending
people to Tivoli to enjoy themselves, for exam-
ple, if the countryside is ruined.

An anthropocentric concept

Another important thing to keep in mind is that
the concept of ecosystem services is anthropo-
centric. It is still a radical point of view that
nature has value independent of humans, that
humans themselves are not the ultimate measure
of everything. But values change and a change
away from anthropocentric thinking in some
form or another may well be underway.

What then is the alternative to the idea of a
single currency that has been criticised here?
The only alternative is to discuss these issues
and to try to work out what is most important.
What type of agriculture do we want?  What do
we want agriculture to do? What environmental
costs and risks are we willing to bear? Even
though we cannot reduce these questions to
calculations we have to make judgement of what
the trade-offs are between different types of
goods.

We also have to find out what is acceptable
and what is not, or in other words: what are the
ethical constraints?

The problems are in the process

I am convinced that if we were able make a list
of the most important things we want from agri-
culture, and the ethical constraints that must be
respected, it would be possible to design an agri-
cultural system to meet these requirements. The
conflicts are not so great. The biggest problems
are in the process, in the way policy-making
works in practice, including the strong influence
of interest groups and other distortions of the
democratic process. But the potential is certainly
there, because values change.

Professor Jacob Weiner

The Royal Veterinary and Agricultural University, Denmark
jw@kvl.dk
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General awareness of the concept of ecosystem
services must be raised at all levels. There is a
great need for interdisciplinary research to de-
velop the concept further. A key issue in making
the concept operational is to develop methods
to evaluate ecosystem services.

These were a few of the findings from the
thematic working groups of the Bertebos Con-
ference, facilitated by Associate Professor
Lennart Salomonsson.  This digest from the
reports of the working groups is not complete,
nor does it by any means represent a common
view of the conference participants.

Identifica tion of
ecosystem services

In order to utilise a broader array of  ecosystem
services in agriculture, they have to be re-
cognised and understood as such. Therefore,
there is a need for holistic research and educa-
tion at university level. Scientists must also co-
operate with organisations outside universities.
The problem of separated disciplines at univer-
sities must be overcome.

Society has unconsciously used many eco-
system services without recognising their func-
tions. They have been taken for granted. A first
step in developing the concept further is to raise
awareness through education at all levels. If we
really think that the concept of ecosystem serv-
ices is a useful tool in the future development
of a sustainable society, then we should be con-
cerned by the fact that today it is hardly used,
let alone discussed, even at university level.

A better knowledge of ecosystem services
would help in defining sustainable development.

An urgent task is to identify those ecosystem
services which may be more or less irreversibly
lost because of human activities. It is important

to build resilience, for example through increas-
ing the capacity of ecosystems to self-organise
and recover. Resilience could be seen as an in-
surance.

Valuation of ecosystem services

If future agriculture is to be paid for providing
ecosystem services, society has to find ways to
identify and evaluate these services. In other
words, to make the concept of ecosystem serv-
ices operational. To do this, it is crucial to find
the relationships between ecosystem functions
and ecosystem services. Consider, for example,
the capacity of a river to absorb or handle waste.
The river will be able to handle waste up to a
certain level or threshold, above which the river
ecosystem will be damaged and its ability to
provide the ecosystem service of waste water
management will deteriorate. There is probably
this type of threshold for most ecosystems and
ecosystem services, but in most cases we do not
have the knowledge to define them. Further-
more, the thresholds may shift over time because
of external factors such as climate change.

In the ‘perfect’ market the price mechanism
will prohibit over-exploitation of ecosystem serv-
ices, as the price will go up when the resources
are getting limited. However, such a purely eco-
nomic strategy would be dangerous, since it would
exploit ecosystems to the limits of  their capaci-
ties.  Environmental issues, directly or indirect-
ly connected with agricultural production, are
not taken care of by the market price/volume
equilibrium. Furthermore, ecologically-based
production such as agriculture and forestry
needs long-term considerations which normally
cannot be supported by a free commodity market.

The valuation of ecosystem services should
not be determined exclusively by current per-

Awareness raising, interdisciplinary research and the development of

evaluation methods: these are three key issues for developing the

concept of ecosystem services in agriculture further, identified by the

thematic working groups at the Bertebos Conference.

Aw areness ra ising and
interdisciplinary research
- key issues for the future



69

ceptions of what is important. Values change and
today’s ecosystems are also to be used by to-
morrow’s society.

Another important issue is to find ways to
valuate the ‘work’ done by all biological
organisms. Even if oxygen has no value on the
market, no-one argues that the oxygen
production of green plants is worthless.

To solve these problems, more scientific syn-
thesis work has to be done. Evaluation tools like
the emergy concept should be further developed.
In doing this, interdisciplinarity is essential as
well as co-operation between science and policy
makers. It is equally important to communicate
how to use knowledge for practical measures.

Key issues in this process are local initia-
tives, transparency and participation.

While some ecosystem services are quanti-
fiable by scientific methods, others are not
quantifiable at all, like the ecosystem services
providing the basis for human life. There are also
ecosystem services that can be valued only by
reaching consensus through local and contextual
participatory processes. Social values are com-
plex and all components in rural development
are hard to measure or quantify. To increase the
awareness of the non-quantifiable resources the
feedback loops must be shorter, i.e. the conse-
quences of one’s actions must be sensed or
noticed or experienced. The system has to be
changed so that it enables sensory feedback
loops.

Participatory research
and development processes

Implementing the concept of ecosystem serv-
ices, as discussed here, requires changes at many
levels in society. Many conflicting interests are
involved and, furthermore,  a number of con-
flicting interests can be identified in the very
concept of sustainability.  Therefore, participatory
processes will be crucial.

Farmers do not participate in defining re-
search tasks today. There is virtually no feed-
back from farmers to researchers. To facilitate
participation local arenas should be created as
meeting points for scientists of different disci-
plines, farmers and consumers.

In any participatory process it is crucial to
be aware of who defines the focus of the process,
on whose initiative it is run and who is bene-

fiting from it. The degree of true participation
is dependent on the answers to these questions

The focus and aims of the process must be
clear. On the other hand, standards and regula-
tions can kill initiatives and eliminate the possi-
bility of participants being responsible.

Everybody involved has to trust the process.
The process must be allowed to develop in other
directions than was originally the aim. This is
because the original aim may not be the most
urgent issue for most participants.

Participatory processes are long-term pro-
cesses. No quick solutions or results can be ex-
pected.

Implementation in
a  multifunctiona l system

In order to develop multifunctional agriculture,
awareness about multifunctionality and the need
for it must be raised at all levels, including the
political level. Meeting places, physical and vir-
tual, should be created to integrate stakeholders
in an educational process, identify obstacles for
change at local level and provide practical
support schemes to farmers.

Existing development work with multifunc-
tional systems should be mapped and good ex-
amples should be communicated widely. Or-
ganic farms could be used as pedagogical tools.

Existing agri-environmental schemes could
be improved and refined to make them more
coherent and effective.

Communication

Communication between researchers,  the public
and policy makers is crucial to increase the
general understanding of the value of ecosystem
services. There is also a need to increase inter-
disciplinary communication within the scien-
tific community.

Seminars, courses, workshops and popular
publications are needed. To explain the concept
of ecosystem services to the general public, the
garden could be used as an example.

KSLA is encouraged to make ‘From vision
to action’ the theme of next year’s conference,
focusing on how the gap between research and
action can be bridged.
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