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Abstract

Ever increasing attention is being paid to the environmental impact of intensive agricultural practices, and in this context
organic farming is gaining recognition as a relatively friendly production system. In general, the risk of harmful environmental
effects is lower with organic than with conventional farming methods, though not necessarily so. This review examines organic
farming in the light of European conditions with special regard to recent research findings from Denmark. It specifies the
environmental problems caused by modern farming practices and discusses appropriate indicators for assessing their impact.
A driving force-state-response (DSR) framework is employed to organise and understand the processes and mechanisms
that lie behind the impact of agriculture on nature and the environment. Important groups of environmental indicators are
selected that characterise (a) the aquatic environment (nitrate and phosphorus leaching), (b) the soil (organic matter, biology
and structure), (c) the ecosystem (arable land, semi-cultivated areas, small biotopes and landscape), and (d) resource usage
and balances (nitrogen, phosphorus, potassium and energy use).

The paper also reviews several empirical studies. With regard to soil biology, organic farming is usually associated with a
significantly higher level of biological activity (bacteria (Monera), fungi (Mycota), springtails (Collembola), mites (Arach-
nida), earthworms (Lumbricus terrestris)), due to its versatile crop rotations, reduced applications of nutrients, and the ban
on pesticides. In most cases there is also a lower surplus of nutrients and less leaching with organic than with conventional
farming. However, poor management (e.g., the ploughing of grass and legumes (Fabates) at the wrong time of year with
no subsequent crops to capture the mineralised nitrogen), low self-sufficiency in feed, and problems with certain production
systems (such as those involved in organic pig farming, i.e., grazing sows, low crop yields), can lead to a high level of leaching
in some organic systems. Organic farming is faced with a need to expand and develop in line with increasing demands for
organic food and growing environmental concerns. This requires closer attention to the goals, values and principles on which
organic practices are based, and more research into the influence of organic farming on different aspects of the environment.
© 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Over the last few decades attention in Denmark and
other industrialised countries has focused on reduc-
ing pollution by fertilisers and synthetic pesticides in
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intensive agriculture. In particular, the leaching of
nitrogen causes the extensive deoxidation of inland
water reserves and a reduction in the quality of ground
water. The loss of nitrogen in agriculture is also
responsible for much of the environmental damage
caused to many sensitive and natural terrestrial and
marine ecosystems. Furthermore, the use of synthetic
pesticides has (1) reduced the quality of ground water,
(2) raised suspicions of adverse health effects, and
(3) caused changes in the habitats of many species of
flora and fauna.

Interest in organic farming has grown appreciably
over the last few years. Between 1988 and 1999, the
proportion of Danish agricultural land devoted to this
type of farming is thought to have increased from
0.2 to 5%. In line with this, market analyses cur-
rently show a 25% increase in consumer demand for
organic products in Denmark. Organic farming has
also developed rapidly throughout the rest of western
Europe in response to increasing customer demands
and Government policy initiatives. In the period from
1993 to 1998, the area of land devoted to organic pro-
duction more than trebled, from 0.9 to 2.9 million ha
(EU-Conference Statement, 1999).

A fundamental principle in organic farming is to
minimise environmental impacts as much as possible
while sustaining an economically viable level of pro-
duction. The key aspects of organic farming (Stolze
et al., 2000) thus aim
• to increase or at least maintain soil fertility over the

long term,
• to avoid the use of highly soluble mineral and

synthetic nitrogenous fertilisers,
• to avoid the use of synthetic pesticides and feed

additives,
• to maximise animal welfare, and
• to restrict stocking densities.

In view of the recent expansion in organic farming
there is, however, a need to evaluate its environmen-
tal impact with particular regard to problems relating
to the nitrogen and carbon cycles. To do this, dif-
ferent environmental indicators have to be identified
and selected. These must focus on European con-
ditions, and describe the state of the environment
(nutrient leaching, soil organic matter, soil biology,
soil structure, crop rotation, semi-cultivated areas,
small biotopes, and the landscape) and the organic
driving forces (nutrient input and output, energy use)

responsible for observed changes in the environment.
Organic farming can also provide solutions to other
kinds of environmental problems, e.g., by promoting
reductions in erosion and run-off, and decreasing the
salinity of soil and water in such regions as Aus-
tralia (Conacher and Conacher, 1998). This paper
assimilates some of the extensive work undertaken
by experts on the recently disbanded (March 1999)
Danish Bichel Committee (DEPA, 1999). The com-
mittee undertook an inter-disciplinary analysis of the
consequences of phasing out pesticides from Danish
agriculture and a total transition to organic farming.

2. Indicators of environmental impact

Since the underlying principles of organic farm-
ing may not automatically reduce its impact on the
environment relative to that produced by conven-
tional farming, scientific investigations are needed
to confirm this. Alternative types of indicators have,
therefore, been adopted to measure the impact and re-
source use of different farming systems. A generally
accepted model is the driving force-state-response
(DSR) framework (Fig. 1), which was developed by
the OECD (OECD, 1997; CSD, 1997; Stolze et al.,
2000) to ensure consistency between environmental
and agricultural policies, and promote a sustainable
development in agriculture. Within this framework

Fig. 1. The DSR framework for agri-environmental linkages and
indicators (modified from OECD, 1997).
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different agri-environmental linkages and indicators
are identified and qualified.

The DSR framework incorporates the causes of
environmental change (the so-called driving forces).
These can be environmental (e.g., meteorology),
economic and social, or relate to farm inputs and
outputs (e.g., nutrient and energy use). The changes
in (or state of) the environment can be identified in
the ecosystem, the quality and quantity of natural
resources (e.g., nitrate leaching), and health and wel-
fare. A third aspect of the framework comprises the
reaction of social groups, such as consumers, farmers,
the agri-food industry and the authorities, to problem-
atic driving forces and impacts on the environment.
All three aspects are inter-related and influence each
other.

In this review, the DSR framework is used to orga-
nise the various environmental indicators. Table 1

Table 1
Indicators for the environmental impacts of organic farming used in: (1) a terminated EU FAIR project (Stolze et al., 2000), (2) the Danish
Bichel Committee (DEPA, 1999), and (3) in this paper

Category Group of indicators Stolze et al. (2000) DEPA (1999) This paper

State Soil Organic matter + + +
Biology + + +
Structure + + +

Aquatic environment Nitrate leaching + + +
Phosphorous leaching + +

Air CO2 + + +
N2O + + +
CH4 + + +
NH3 + +

Ecosystem Crop rotation + + +
Semi-cultivated areas + + +
Small biotopes + + +
Landscape + + +

Human health Food quality + +
Resistance to antibiotics + +

Driving forces Input, output and structure Nutrient use and balance + + +
Energy use and balance + + +
Pesticide use + +
Crop rotation + +
Water use +
Farm layout and management +

Response Consumers + (+)

Farmers + (+)

Authorities + (+)

thus gives a comparison of all the different indicators
employed by the Danish Bichel Committee (DEPA,
1999) as well as those used in a recently termi-
nated EU FAIR project that aimed to describe the
environmental impact and resource uses of organic
farming within Europe (Stolze et al., 2000). The work
of the Bichel Committee included inter-disciplinary
analyses of the consequences for agricultural pro-
duction, economics, the environment, the working
environment, public health and energy consumption
of a total transition to organic farming in Denmark.
These analyses included a synthesis of background
knowledge, and required the efforts of approxi-
mately 44 experts working from the spring of 1998
until the spring of 1999. They involved a lot of
assumptions, scenario calculations, and specific ex-
pert knowledge relating to different environmental
indicators.
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3. State of the environment

The indicators described in Table 1 will be used to
evaluate the environmental changes brought about by
organic farming. This will be done by first reviewing
relevant empirical studies that compared the environ-
mental impacts of organic and conventional farming
systems.

3.1. Leaching losses to ground and surface water

Since the use of synthetic pesticides is banned in
organic farming, such natural resources as ground and
surface water are completely protected against these
pollutants (in contrast to other systems).

Organic farming also aims to minimise nutrient
losses for two main reasons. Firstly, nutrients consti-
tute an important resource and contribute to the main-
tenance of production levels. Secondly, a major theme
in organic practices is to operate in tight nutrient cy-
cles to minimise losses to the air and water reserves.

3.1.1. Nitrogen
Of all the nutrients, nitrogen (N) presents the great-

est problems with leaching. This is due to the mobility
of nitrate in water and also the emission of NH3,
N2O and N2 from the soil to the air. Only a few pub-
lished field investigations relate to the leaching of N
in organic farming, and their findings are not directly
comparable because of differences in methodology,
soil type, climate, and the over-representation of dairy
farms, etc. (Table 2). In general, the results show
that nitrate leaching in organic farming is very low
— from 8 to 34 kg N ha−1 yr−1 — outside Denmark
(Brandhuber and Hege, 1992; Eltun, 1995; Granstedt,
1992; Nolte and Werner, 1994; Philipps et al., 1995;
Stopes and Philipps, 1992; Watson et al., 1993; van
der Werff et al., 1995; Younie and Watson, 1992)
and from 27 to 40 kg N ha−1 yr−1 within Denmark
(Askegaard and Eriksen, 1997; Kristensen et al.,
1994; Magid and Kølster, 1995).

Some studies have directly compared conventional
and organic farming. Scottish, German and Norwe-
gian investigations thus demonstrated a higher nitrate
leaching potential with conventional as opposed to
organic farming (Younie and Watson, 1992; Brandhu-
ber and Hege, 1992; Eltun, 1995), while one Danish
analysis (Kristensen et al., 1994) showed no signifi-

cant difference in this regard. Another Danish inves-
tigation employed a modelling approach to evaluate
N leaching from conventional and organic farming
systems (Hansen et al., 2000). It produced evidence
of less leaching in an organic arable crop produc-
tion system and an organic dairy farming system on
sandy soil, when compared to parallel conventional
farming systems (Table 3). However, on the basis of
limited research findings, these authors were unable
to decide whether N leaching was greater or less for
organic crop production on a loamy soil and organic
pig production on loamy and sandy soil, when com-
pared with the same conventional systems (Hansen
et al., 2000). Reduced leaching with organic farm-
ing (compared to conventional farming) is due to (1)
lower stocking densities, (2) lower total inputs of N,
and (3) the greater use of catch crops in autumn and
winter in the organic system. Nevertheless, pollution
of ground and surface water may occur through poor
management of the organic farm, for example: (1)
by ploughing grass and legumes at the wrong time
with no subsequent crops to capture the mineralised
N, or (2) by allowing grazing sows to destroy crop
cover and root systems. Low self-sufficiency in feed
and low crop yields can also lead to a high level of N
leaching in some organic systems.

3.1.2. Phosphorus
Insufficient research data are available to provide

quantitative estimates of phosphorus (P) losses due
to leaching in organic farming. The Bichel Commit-
tee concluded that in Denmark, transition to 100%
organic farming would result in a more even supply
and smaller surpluses of this mineral (DEPA, 1999).
Consequently, the accumulation of P in the soil and
the risk of leaching will probably be minimised by
following organic rather than conventional principles.
Nevertheless, organic farming carries a high risk of P
leaching in particular situations, for example: (1) with
grazing sows (Olesen, 1999) and (2) in fields receiv-
ing or producing sources of organic matter (animal
manure, green manure, catch crops, clover-grass, etc.)
that raise the mobility of P in the soil (Johnston, 1998).

3.2. Soil quality and fertility

A principal objective of organic farming is to main-
tain the natural fertility of the soil. The fertility of soil
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Table 3
N balances and modelled N-leaching for conventional (Conv.) and organic (Org.) agricultural production systems (kg N ha−1 yr−1)

LU (ha−1)a Total Nb Natmosphere
c Nmanure Nfertiliser Nyield Nnet

d Nleaching
e

Arable farm Loam Conv. 146 22 4 120 121 25 32
Org. 116 69 47 0 56 60 19

Sand Conv. 212 31 96 85 105 107 90
Org. 104 61 43 0 44 60 36

Pig farm Loam Conv. 1.4 212 25 102 86 115 97 46
Org. 0.8 (1.4) 214 73 141 0 87 126 30

Sand Conv. 1.5 227 31 126 70 106 122 111
Org. 0.6 (1.4) 211 67 144 0 68 143 61

Dairy farm Loam Conv. 1.4 241 25 130 87 150 91 48
Org. 1.0 215 90 126 0 120 95 28

Sand Conv. 1.8 311 41 160 111 156 155 103
Org. 1.0 216 91 124 0 117 99 65

a Livestock units per hectare.
b Nitrogen inputs (Total N) comprise: atmospheric depositions and N2 fixation (Natmosphere), animal manure (Nmanure), and artificial

fertiliser (Nfertiliser), while nitrogen outputs equal N in crops (Nyield).
c N2-fixation plus atmospheric deposition (the latter set at 20 kg N ha−1 yr−1).
d The surplus of nitrogen for the soil surface (Nnet) equals inputs minus output.
e Nleaching is the modelled (Simmelsgaard, 1998) leached nitrogen (Hansen et al., 2000).

may be defined as its ability to produce a satisfactory
crop with minimal use of such resources as manures
and fertilisers. Soil quality is closely related to soil
fertility, and may be defined as the ability of the soil to
function within the limits of the ecosystem by sustain-
ing biological activity and promoting the immediate
environment of plants and animals (Doran et al., 1994).

3.2.1. Soil organic matter
The supply of organic matter plays a central role

in the maintenance of soil fertility. Changes in soil
organic matter caused by new farming practices may
manifest themselves for the first time many years
later (>100 years). In the longer term, use of the same
agricultural practice will produce a balance between
decomposition and accumulation processes with the
pool of organic matter remaining constant. It is,
however, difficult to assess changes in organic mat-
ter concentrations using model simulations or direct
measurements (Christensen and Johnston, 1997).

Long-term field experiments on sandy soils in Den-
mark have shown that over the last 100–150 years
there has generally been a decline in their pools of
soil organic matter and N (Christensen and Johnston,
1997). On the other hand, investigations on clayey

soils in England show that it is possible to build up the
pool of organic matter through the application of large
amounts of animal manure (Christensen and John-
ston, 1997). Regular tillage of sandy soils makes it
difficult to build up organic matter levels, whereas the
cool climates and heavy annual precipitation levels of
Norway and Sweden are conducive to an increase in
the total carbon content of the soil. It has been shown
that between 1989 and 1995, organic dairy farming in
Norway significantly increased the carbon content of
soils that originally contained less than 1.7% of their
weight as carbon (Løes and Øgaard, 1997).

It may be possible to build up organic matter levels
in agricultural soils by cropping with perennial grass,
or by applying large amounts of organic matter in
the form of crop residues or animal manure (Johnston
et al., 1994). Organic farming systems which involve
the use of catch crops, the recycling of crop residues,
the use of organic rather than artificial fertilisers, and
the use of perennial crops are assumed to promote
higher levels of organic matter in the soil, although ap-
propriate research is needed to confirm this. From their
comprehensive study of European literature, Stolze
et al. (2000) concluded that organic farming performs
better than conventional farming with regard to soil
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organic matter, the content of soil carbon decreasing
less or increasing more than with the former system.

3.2.2. Soil biology
A major objective of organic farming is to encour-

age a high level of biological activity in the soil, in
order to sustain its quality and thereby promote
metabolic interactions between the soil and plants
(Stolze et al., 2000). It is also important to sustain a
wide diversity of soil organisms to secure the stability
of this ecosystem. Soil contains a large number of
different organisms, and amongst its micro-organisms
there exist about one million different species of
bacteria and about 1.5 million species of fungi
(Hawksworth, 1991; Tiedje, 1994; Brussard, 1997).
Different sensitive and key organisms (bacteria and
fungi, springtails and mites, and earthworms) are
therefore employed as environmental indicators to
describe the biology of the soil.

Micro-organisms (bacteria and fungi) play a cen-
tral role in maintaining the fertility of the soil, and are
therefore crucial to organic farming. Within the soil,
the decomposition of organic matter is primarily due
to microbial activity, these organisms also contribut-
ing to the food chain of a great many of the soil fauna.
Springtails and mites constitute the main species of
the meso-fauna in the soil. They increase the rate of
release of plant-available N from the soil organic mat-
ter by “grazing” the micro-flora (Hanlon and Ander-
son, 1979; Ineson et al., 1982; Seastedt, 1984; Setälä
and Huhta, 1990), and they also play a central role
as prey for predatory animals in spring time (Sunder-
land et al., 1986). Earthworms are a key species of the
macro-fauna, and are very important for soil fertility.
They are one of the first links in the decomposition of
plant constituents.

Table 4
Statistical estimates (mixed model) of the occurrence of moulds (total occurrence), the genusPenicillium, and yeasts (total occurrence) at
24 organic, 20 conventional (with manure) and 21 conventional (with artificial fertiliser) locations (modified from Axelsen and Elmholt,
(1998))a

Mould fungi Penicillium Yeast fungi

Organic 85570 a 3600 39650 a 2700 28090 a 2000
Conventional (animal manure) 56930 b 5300 25160 b 3700 28800 a 3200
Conventional (artificial fertiliser) 60370 b 5300 37960 a 4000 15070 b 2700

a Total spore counts per gram of soil. Standard deviations in italics. Means in the same column with different letters are significantly
different (p < 0.05).

The number of organisms in the soil is influenced
by many factors, including soil type, type of fertiliser,
crop rotation, cultivation, climate, time of the year,
etc. It is therefore difficult to separate the effects of or-
ganic farming from other factors. In the case of moulds
the evidence suggests greater numbers of these fungi
in organic farming systems (Table 4). Furthermore,
propagules of the genusPenicillium tends to occur in
larger numbers at organic locations, although not in
numbers that are significantly greater than for conven-
tional arable farming. Yeast (Ascomycetes) numbers
are significantly higher in organic and conventional
dairy farm systems than in conventional arable sys-
tems (Axelsen and Elmholt, 1998).

Krogh (1994) found that the occurrence of micro-
arthropods (springtails and mites) was higher with or-
ganic than with integrated and conventional farming
systems (Table 5). A similar observation was made
in a Welsh investigation, in which largest numbers of
mites were found in organically managed soil (Yeates
et al., 1997). The supply of organic manure clearly
influences the number of earthworms in the soil. For
example, between 1986 and 1997 the population of
earthworms increased by a factor of 20 as a conse-
quence of converting a location at the Research Centre
Foulum, Denmark from conventional arable produc-
tion to organic farming (Christensen and Mather,
1997). In general terms it is estimated that the density
of earthworms will increase by a factor of more than
2.88 after making this transition (Table 6), depending
on the type of fertiliser used (Axelsen and Elmholt,
1998).

In an extension of the work done by the Danish
Bichel Committee, Axelsen and Elmholt (1998) es-
timated that a transition to 100% organic farming in
Denmark would increase the microbial biomass by
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Table 5
The mean occurrence of micro-arthropods (springtails and mites) with four different production systems at the Research Centre Foulum,
Denmark where data refer to total numbers per square meter (from Krogh, 1994)

Organic Integr. feed
production

Integr. arable
crop production

Conv. arable
crop production

Springtails 16900 8100 13000 6800
Mites 15700 14000 14200 9700
Micro-arthropods 32600 22100 28200 16500

77%, raise the concentration of springtails by 37%,
and augment the density of earthworms by 154% as a
national average. Conversion to organic farming there-
fore provides opportunities for significantly increasing
the biological activity of the soil.

3.2.3. Soil structure
A well-structured soil is an important asset for sus-

taining high crop yields and controlling erosion, and
is crucial to organic farming. The high level of biolog-
ical activity in organically managed systems encour-
ages good soil structure, and vice versa. Soil structure
is improved by the incorporation of organic matter,
the gums and mucilages formed during its breakdown
by bacteria helping to bind the peds together (Bridges,
1978). Earthworms also influence soil structure
profoundly through the process of bioturbation.

The structure of soil can be weakened by the pas-
sage of vehicles with high axle loads across fields,
this resulting in compaction and damage to both sur-
face soil and deeper horizons (>40 cm). The result
is a permanent reduction in crop yields (Håkansson
and Reeder, 1994). Even low-pressure compaction
by vehicles has been shown to have a big effect on
the biology of the soil and crop yields in organically
farmed fields (Bakken et al., 1987; Jensen et al., 1996;
Hansen, 1996).

3.3. Diversity of the ecosystem

Agricultural practices dominate the landscape in
many parts of Europe, thereby influencing wildlife
conservation as well. It is generally recognised that
through its use of simplified crop rotations and the
extensive use of synthetic fertilisers and pesticides,
conventional farming is responsible for many of the
adverse changes in the habitats of many floral and
faunal species Stolze et al. (2000).

Table 6
This density index for earthworms shows the percentage difference
in earthworm numbers in alternative production systems measured
relative to those obtained in conventional arable production (from
Axelsen and Elmholt, 1998)

Production type Density index

Conventional dairy farming 288
Conventional pig farming 125
Conventional arable farming 100
Organic farming >288

The naturally occurring flora and fauna is affected
by a transition to organic farming. Consequently,
wildlife changes will be considered in the context
of crop rotations, semi-cultivated areas, and small
biotopes. The semi-cultivated areas consist of exten-
sively used agricultural land, such as meadows, grass-
lands, heathlands, fringes. Small biotopes comprise
uncultivated areas close to fields, such as windbreaks,
grass- and stone dikes, ditches, riverside banks, road-
sides, marl pits, boundaries of woods, etc.

3.3.1. Arable land
In organically farmed fields the density and species

diversity of the weed flora is larger than with con-
ventional management. At both English and Danish
locations, about five times as much weed biomass,
2.4–5.3 times greater weed density, significantly
greater species diversity (Hald and Reddersen, 1990)
and about 1.8 times greater weed cover (Moreby
et al., 1994) have been observed in organically cul-
tivated fields of cereals (Reddersen, 1999). These
effects on the weed flora are primarily due to the ban
on herbicides in organic farming (Reddersen, 1999).

It is established that, compared to conventional
farming, organic practices result in a lower density
of aphids (Homoptera) (Moreby et al., 1994; Red-
dersen, 1997). This may reflect slower crop growth
and a smaller supply of N with this system. On the
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other hand, several investigations have shown higher
densities of beneficial insects (e.g., ground beetles
(Carabidae) and spiders (Araneae)) in association
with the organic approach (Reddersen, 1999).

Only a few species of birds, such as the skylark
(Alauda arvensis) and lapwing (Vanellus vanellus), are
restricted to agricultural land, and several studies have
shown that these have suffered a decline in numbers
in recent years (e.g., Wilson et al., 1997). The num-
bers and diversity of birds in a farming area are very
dependant on the total distribution of small biotopes
(Reddersen, 1999). One Danish investigation found
markedly more birds and greater bird diversity with
organic, than with conventional farming (Braae et al.,
1988; Christensen et al., 1996). Similarly, in associ-
ation with organic farming, an English study (Cham-
berlain et al., 1995) observed larger numbers of birds
at edge-biotopes during the summer and in the fields
during winter. The use of insecticides reduces the sup-
ply of insect food for skylarks, and this may explain
why this bird is favoured by organic practices (Chris-
tensen et al., 1996; Fuller, 1997). However, mechani-
cal weed control is frequently used in organic farming,
and tillage has been shown to cause high mortality
amongst the eggs and young of skylarks (Odderskær,
personal communication; Reddersen, 1999).

The influence of agricultural practices on the lives
of mammals has only been comprehensively investi-
gated for hares (Lepus timidus) and roe deer (Capre-
olus capreolus) (Reddersen, 1999). The recording of
hare numbers at Danish organic and conventional farm
sites showed no significant difference in population
density (Braae et al., 1988).

3.3.2. Semi-cultivated land
The semi-cultivated areas constitute sensitive

ecosystems which contain a high proportion of plant
and animal species that are on the red list. Fertiliser
applications, herbicide usage, and intensive grazing
threaten the wildlife flora in these areas through eu-
trophication, species exodus, etc. It is assumed that
because of the herbicide and insecticide bans, organic
practices will protect semi-cultivated areas more ef-
fectively than does conventional farming. There is,
however, a lack of comparative studies to prove this,
although on permanent grassland Younie and Baars
(1997) observed higher bio-diversity in favour of
organic farming.

3.3.3. Small biotopes
Small biotopes are greatly influenced by neighbour-

ing agricultural practices, because of their proximity
to arable land and a high boundary: area relationship.
For example, airborne gases and particles from pes-
ticide and fertiliser applications are readily deposited
in small biotopes. Few investigations have been con-
ducted on the vegetation in small biotopes adjacent
to organic and conventional farms. However, the
negative influences of conventional farming are ex-
pected to cease with a transition to organic practices,
although previous damage may be irreversible (Red-
dersen, 1999). Stopes et al. (1995) reported that 11
years of organic farming resulted in a 10% increase
in species diversity amongst the ground vegetation of
fences when the latter were systematically managed.
A Danish investigation showed that the edge biotopes
on eight organic farms of 6–40 years standing did not
have a large and varied herbal vegetation (Gramstrup,
1998; Jens Reddersen, personal communication).

Compared to conventional holdings, larger numbers
of butterflies have been found in the edge biotopes
of organic farms (Feber et al., 1997), although the
numbers of harmful butterflies, such as the cabbage
white (Piesrisspp.) were not effected.

3.3.4. The landscape
Organic farming promotes more versatile crop rota-

tions and more grazing animals in the countryside. It
thus alters the aesthetics of the whole landscape. Braae
et al. (1988) found 2–3 times more individual birds
on organic than on conventional farms. This is prob-
ably not due to the ban on artificial fertilisers or pes-
ticides in organic practices but rather to the structural
diversity of the landscape (Reddersen, 1999). Stolze
et al. (2000) concluded that organic farming provides
the potential for positive impacts on the landscape, for
instance, by offering the opportunity for re-qualifying
rural sites. Landscape quality is an area of research
that deserves greater attention in the future, to assist
in the evaluation of environmental impact by different
farming practices.

4. Driving forces

The state of the environment is influenced by several
driving forces that are related to agricultural practice.
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In organic farming there is a fundamental desire to use
natural resources efficiently, thereby maintaining tight
nutrient cycles. In this context the present review will
focus on N, P and potassium (K), since these nutrients
are often growth-limiting in practical agriculture. With
regard to energy usage, fossil energy and the emission
of greenhouse gases (CO2, CH4, and N2O) will also
be considered.

4.1. Nutrients and self-sufficiency

One way to assess nutrient utilisation and the envi-
ronmental impact is to calculate input/output balances
for each element at (1) the soil surface, (2) the farm
gate and (3) the national level.

4.1.1. Nitrogen
Soil surface balances for actual conventional farms

and model organic farms have shown that the sur-
plus of nitrogen (N) is sometimes lower (dairy and
arable farms on sandy soils), and sometimes higher
(arable farms on loamy soils, and pig farms on sandy
and loamy soils) with organic farming (Hansen et al.,
2000).

Large imports of feed (low self-sufficiency) and
manure to the organic farm enhance the environ-
mental impact, due, e.g., to the potential risk of
leaching losses (Table 7). In studies by Simmels-
gaard (1998), different organic models were set up,
and soil surface balances and leaching losses of N
were calculated according to an empirical formula.
A 70% self-sufficiency in feed produced a N surplus
of 161 kg ha−1 yr−1 (88 kg N-leaching ha−1 yr−1),
while 100% self-sufficiency gave a surplus of only
97 kg N ha−1 yr−1 (61 kg N-leaching ha−1 yr−1). Im-
portation of manure to the farm (Table 7, model 2) up

Table 7
Soil surface balance and modelled N leaching for different model organic farms with different degrees of self-sufficiency in feed and
manure (Hansen and Kristensen, 1998)

LU
(ha−1)a

N input
(kg ha−1 yr−1)

N output
(kg ha−1 yr−1)

N surplus
(kg ha−1 yr−1)

Modelled N-leaching
(kg ha−1 yr−1)

Model 1 (70% self-sufficiency) 1.39 300 139 161 88
Model 2a (85% self-sufficiency) 1.00 216 117 99 65
Model 2b (85% self-sufficiency

+ import of manure)
1.05 256 120 135 72

Model 3 (100% self-sufficiency) 1.00 234 137 97 61

a Livestock units.

to the maximum allowed, raised the surplus from 99
to 135 kg N ha−1 yr−1 and nitrogen leaching from 65
to 72 kg ha−1 yr−1.

Halberg et al. (1995) investigated 16 conventional
and 14 private organic farms in Denmark with mixed
animal (dairy) and crop production systems. They
found significant differences in N surplus at the farm
gate level, on an average 242 kg N ha−1 yr−1 with
the conventional compared to 142 kg N ha−1 yr−1 at
the organic farms. The surplus of N correlated with
the stocking rate. Another investigation showed that
organic pig production had a higher N surplus per
kilogram meat and a lower N efficiency than did
conventional pig production (Dalgaard et al., 1998).
However, the study also showed the reverse for or-
ganic dairy farming.

The Bichel Committee calculated N balances for
the whole of the Danish agricultural sector, assuming
a transition to 100% organic farming (DEPA, 1999).
They found an appreciably lower surplus of N with dif-
ferent 100% organic farming models (146–245 million
kg N yr−1) compared to that of current Danish farm-
ing methods (418 million kg N yr−1).

4.1.2. Phosphorus
The surplus of phosphorus (P) per hectare rises

with increase in stocking rate (5.4 kg P for each live-
stock unit), and the farm gate level has been observed
to be significantly higher with conventional compared
to organic dairy farms (Halberg, 1999). Simmelsgaard
et al. (1998) calculated the soil surface balance of P for
different model organic farms. For model dairy farms
this surplus varied between 2 and 15 kg P ha−1 yr−1

according to the degree of self-sufficiency with feed.
Depending on the amount of manure brought onto the
farm, the surplus for arable crops varied from−16 to
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8 kg P ha−1 yr−1. In the case of pig farms, the surplus
ranged between 3 and 25 kg P ha−1 yr−1 according to
stocking rate and the imports of feed and manure. Cur-
rent organic practices in Denmark thus show an ability
to both exhaust and accumulate P in the soil (Olesen,
1999), particularly in the case of grazing sows.

The Bichel Committee’s assessment for the 100%
organic farming scenario in Denmark (DEPA, 1999)
also included a calculation of P balances for the whole
agricultural sector. With different models, a lower sur-
plus was calculated (−4 to 23 million kg P yr−1) than
are found with current farming practices (40 million
kg P yr−1).

4.1.3. Potassium
In organic farming potassium (K) is supplied in ma-

nure and plant residues. Simmelsgaard et al. (1998)
calculated K balances at the soil surface for different
models of organic farming. They found that arable,
pig and dairy farming can all exhaust or accumulate
K in the soil. Organic farming on sandy soils cannot
maintain the supply of K to the crop, if this element
is not imported in feed, manure or sanctioned fertilis-
ers. Because of the weathering of K-rich minerals, a
negative surplus of K on loamy soils is generally not
a problem.

The Bichel Committee also included calculations
for K balances for the whole of the Danish agricultural
sector, assuming a transition to 100% organic farming
in Denmark (DEPA, 1999). Using different models
they found lower surpluses of K (−10 to 20 million
kg K yr−1) compared to those associated with current
conventional farming practices (94 million kg K yr−1).

4.2. Fossil energy and the production of greenhouse
gases

The use of energy influences natural fossil resources
and may also affect the climate. The agricultural

Table 8
Total energy inputs (MJ) for different crops with organic (Org.) and conventional (Conv.) farming systems (modified from Refsgaard et al.,
1998)

Not irrigated sand Irrigated sand Clay

Conv. Org. Conv. Org. Conv. Org.

Spring-sown grain and winter-sown grain 10054 6529 12097 8543 9983 6572
Fodder beet 17080 12619 20478 15904 16821 12619
Clover-grass/Lucerne and whole crop silage 13667 3832 20260 9865 13846 4137

consumption of fossil energy has both direct and
indirect aspects (i.e., related to the production of
fertilisers and pesticides, etc.). A study of energy
use and efficiency on livestock farms showed a
lower total (direct and indirect) usage of energy per
hectare in organic than in conventional feed produc-
tion (Refsgaard et al., 1998). The differences were
29–35% for small grains, 51–72% for grass-clover
(TrifoliumL. + LoliumL.)/Lucerne (Medicago sativa
L.) and whole-crop silage, and 22–26% for fodder
beet (Beta vulgarisvar. crassa Mansf.). These differ-
ences mainly reflected the indirect energy supplied
in fertilisers on conventional farms (Table 8). Even
though the yields per hectare were lower on the or-
ganic farms, this did not counterbalance the difference
in energy usage. The organic farms used less energy
per unit of fodder produced, and the overall energy
use per unit of milk sold was 19–35% less. However,
the feeding of grass pellets in organic dairy farming
raises the energy requirements per unit of milk to
a level close to that of conventional dairy farming
systems.

In their extension of work done for the Bichel Com-
mittee, Dalgaard et al. (2000) estimated that a transi-
tion to 100% organic farming would result in a 9–51%
reduction in the net consumption of fossil energy, de-
pending on the amount of feed brought in and the level
of animal production. The decrease in (i) agricultural
energy consumption, (ii) N turnover, and (iii) animal
production in a 100% organic Denmark would pro-
duce a corresponding decrease (13–38%) in the na-
tional emission of greenhouse gases (CO2, CH4, and
N2O).

Stolze et al. (2000) concluded that the most
important factors for securing the better use of energy
in organic farming (compared to conventional farm-
ing systems) are (a) no input of mineral N-fertilisers
(which require a lot of energy for their production and
transportation), (b) the lower use of energy-demanding
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feed products (concentrates), (c) lower inputs of min-
eral fertilisers (P and K), and (d) the ban on pesticides.

5. Discussion

5.1. Selection of indicators

Assessment of the environmental impacts of organic
farming requires the selection of indicators that appro-
priately describe the state of the environment and the
forces which bring about its observed changes. Indi-
vidual environmental indicators are studied according
to typical empirical methods which have a high degree
of objectivity. The selection of appropriate indicators
is thus value-weighted (Bossel, 1999) in accordance
with the inevitable and necessary choices associated
with this inter-disciplinary analysis.

5.2. The most positive environmental effects of
organic farming

In Table 9, a weighted assessment of the overall ef-
fect of organic farming on the environment is achieved
by synthesising existing knowledge for the environ-
mental indicators described. The values used in the
assessment are based on the results of comprehensive

Table 9
A weighted assessment of the overall effect of organic farming on the environment relative to conventional farming achieved by synthesising
the existing knowledge describeda

Category Group of indicators Effect Major driving force

State of the environment Aquatic environment Pesticides leaching ++ Ban of pesticides
Nitrate leaching +/0 Crop rotation, nutrient use
Phosphorous leaching +/0

Soil Organic matter +/0
Biology ++
Structure +/0

Ecosystem Arable land ++/+ Crop rotation, ban of pesticides
Semi-cultivated areas +/0 Ban of pesticides, nutrient use
Small biotopes +/0
Landscape +/0 Crop rotation, farm layout

Driving forces Resource use and balance Nitrogen +/0/−
Phosphorus +/0
Potassium +/0
Energy use ++/+

a (++) much better; (+) better; (0) the same; (−) worse.

analyses conducted in the different research areas cov-
ered by the Danish Bichel Committee. It is evident
that, compared to conventional farming, the largest
beneficial effect of organic farming is associated with
the lack of pesticides leaching and soil biology (bacte-
ria, fungi, springtails, mites, earthworms), the higher
level of biological activity being driven by the use of
versatile crop rotations and the reduced use of nutri-
ents in the organic system. At the ecosystem level, or-
ganic farming also benefits arable land by promoting
(a) greater densities and species diversity in the weed
flora, (b) lower concentrations of aphids, (c) greater
numbers of beneficial insects (ground beetles and spi-
ders), and (d) bigger populations of birds (skylark and
lapwing). These positive effects are driven by the as-
sociated ban on pesticides and the versatile crop ro-
tation. The use of fossil energy and the production of
greenhouse gases is also markedly lower in organic
than in conventional agriculture, mainly because of
the lower use of indirect energy related to the ban on
synthetic nitrogen fertilisers.

5.3. Positive and neutral environmental effects of
organic farming

The content of organic matter in soils can be assu-
med to be greater with organic farming because
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of the production of catch crops, the recycling of
crop residues, the use of organic rather than artifi-
cial fertilisers, and the growing of perennial crops.
This has been demonstrated in field trials in England
(Christensen and Johnston, 1997), Norway, Sweden
(Løes and Øgaard, 1997) and Australia (Conacher and
Conacher, 1998). For sandy Danish soil conditions,
however, more research is required to test this hypoth-
esis (Hansen et al., 2000). Soil structure is assumed to
be positively affected by organic farming as a conse-
quence of the high level of biological activity in these
systems. However, organically managed fields are also
sensitive to structural damage, even that caused by low
pressure compaction by vehicles.

With regard to nutrients (leaching, resource use and
balance), compared to conventional systems, organic
farming usually produces lower nutrient surpluses
(with less leaching) at the soil surface, at the farm
gate and at the national level. This reflects the type of
crop rotation (i.e., the use of catch crops in association
with soils of high leaching potential) and the lower
input of nutrients with organic systems. Nevertheless,
poor management practices (e.g., the ploughing of
grass and legume fields at the wrong time of year),
low self-sufficiency in feed, and problems with cer-
tain organic production systems (such as grazing pigs,
low crop yields) can result in similar or even higher
leaching losses from organic than from conventional
farming practices.

Regarding the ecosystem, semi-natural areas and
small biotopes are assumed to be better protected by
organic practices because of the associated ban on
pesticides and the reduced use of nutrients. However,
changes already incurred may be irreversible. Land-
scape is expected to be improved by organic farm-
ing, with greater structural diversity reflecting versatile
crop rotations and larger numbers of grazing animals.

5.4. Using the DSR framework to pursuit the basic
principles of organic farming

It has been shown that the basic principles of or-
ganic farming do not automatically ensure that this
form of agriculture is always less harmful to the
environment than conventional practices. According
to Stolze et al. (2000), the key points of organic
farming relate either to the state of the environment
(increasing/maintaining soil fertility, ensuring maxi-

mum animal welfare) or to the forces responsible for
causing environmental changes (exclusion of artifi-
cial fertilisers, synthetic pesticides and feed additives,
restrictions on nutrient use/stocking densities). It is
relatively easy for organic farming to live up to the
latter principles because they can be measured and
are controlled by regulations and legislation. There
is a direct link between the responses by groups in
society (National and EU authorities) and the driving
forces (exclusion of artificial fertilisers, etc.). On the
other hand, it is more difficult to assess principles
that relate to the state of the environment, since there
is a lack of scientific information on how to achieve
these goals. There is no direct connection between
human activities and some states of the environment
(increasing/maintaining soil fertility, etc.). How, e.g.,
does one measure and secure high fertility in the soil?

Previously, the intention of organic farming was to
introduce goals relating to the driving forces and local
environmental conditions (e.g., soil and animal condi-
tions, and farm inputs and outputs). However, society
now demands the achievement of certain goals for
the regional and global environment in the name of
sustainable agriculture. This is reflected in the latest
principles and ideas of International Federation of Or-
ganic Agriculture Movements (IFOAM, 1998), which
have been broadened into comprehensive statements
of objectives, e.g., “to interact in a constructive and
life-enhancing way with natural systems and cycles”
and “to minimise all forms of pollution”. This de-
velopment in IFOAM’s principles of organic farming
makes it even harder to connect responses by groups
in society and the state of the environment caused by
organic farming.

The future goals for organic farming are, there-
fore, to continue the pursuit of organic principles, test
hypotheses, redefine principles where necessary, and
improve the state of the environment. In this way or-
ganic farming will continue to be distinguished from
conventional systems by its positive effects on nature
and the environment.

6. Conclusions

Over the last few decades, consumer pressures
and Governments policy initiatives have stimulated
a rapid growth in organic farming throughout west-
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ern Europe according to the mechanisms depicted
in Fig. 1. Organic farming is now being challenged
by the need for further expansion and development
to meet the increase in demand for organic food and
growing concerns for the environment. To satisfy the
consumer, therefore, the relationships between pro-
duction and environmental concern must be balanced.
The aims of organic farming are not just to minimise
environmental impact and optimise production, but to
combine these two concerns.

In general, the risk of harmful environmental effects
is lower with organic than with conventional farming
practices. These findings are in agreement with the
conclusions of the European investigation by Stolze
et al. (2000) and the British case study by Cobb et al.
(1999).

It has been shown that the DSR framework is a very
usable tool in organising and analysing the processes
and mechanisms that lie behind the impact of organic
farming on nature and the environment. The basic
principles of organic farming make it distinguishable
from conventional farming. IFOAM’s (1998) latest
redefinition of the basic principles of organic farming
has resulted in very broad and comprehensive state-
ments of objectives relating to the regional and global
level. This development constitutes a risk for making
the connection very unclear between the desired state
of the environment and the responses by groups in
society. In this way there is a risk for loosing con-
trol of the impact of organic farming. It is therefore
advisable to formulate principles in organic farming
as local as possible in order to be able to live up to
the principles and control the impact of the organic
farming on nature and environment.
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