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activities:

e applied R & D addressing agronomic and marketing issues/
challenges in ‘low input’, integrated and organic food production
systems

o strategic R & D into the effects of agronomic practices on
sustainability and environmental impact of agriculture and food
quality and safety

e maintaining field research facilities (e.g. the long-term Nafferton
factorial systems comparison field experiments) for fundamental
research groups in the areas of soil, plant, animal, ecology,
molecular and environmental science

e providing technology transfer services to the ‘low-input’ and
organic food and farming industries

Within the UK the NEFG currently has projects on winter and spring
cereals, pulses, field vegetables (brassicas, alliums, lettuce and carrots)
and protected crops (tomato and cucumber). In collaboration with
companies and academic institutions in Greece, Italy and Turkey the
NEFG group also has ongoing R & D projects on olive, citrus, top fruit
and winter greenhouse and vegetables production systems in the
Mediterranean area. Projects have focused mainly on improving crop
protection, fertilisation, rotational designs and variety, and on rootstock
selection and irrigation systems used in organic and low-input production
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Introduction
Carlo Leifert, Newcastle University, UK

The production and consumption of organic food has increased rapidly over
the last 20 years. In Europe the land area under organic management increased
from less than 0.1 to more than 6 million ha between 1985 and 2004. It is
estimated that more than 30 million ha of land are farmed organically across
more than 600,000 organic farms, creating an organic food and drinks market
of more than £16.5 billion (= €24 billion = US$ 32 billion) (Soil Association,
2006).

The increase in demand and consumption of organic (also known as
ecological or biological) foods has mainly been due to an increasing number
of consumers associating significant environmental, biodiversity, ethical (e.g.
animal welfare, local, fair trade) and food quality and safety benefits with
organic foods and/or food production systems. Since organic production
systems are frequently associated with lower yields and higher costs, consumers
currently have to pay significant price premiums for organic food. Future
increases in demand will therefore rely on maintaining and/or improving
consumer confidence in the benefits of organic foods (e.g. Soil Association,
2006).

The environmental and biodiversity benefits of organic farming practices
are now widely accepted and have become the main rationale for government
support of organic farming (e.g. DEFRA, 2006 a, b; Swiss Federal Office for
Agriculture, 2006). Benefits include (a) reduced levels of pollution of surface
and ground water from leaching and/or run-off of mineral nitrogen and
phosphorus fertilisers and chemosynthetic crop protection products (Drinkwater
et al., 1998; Porter et al., 1999; Stolze et al., 2000; PAN 2002), (b) reduced
energy use (and associated CO, carbon emissions) (Helsel, 1992; Fluck,
1992; Duboais et al., 1999; Cormack, 2000; Pretty et al., 2002) and (c) increased

1
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density and diversity of small mammal, bird, invertebrate and non-crop plant
populations (Bengtsson et al., 2005; Critchley et al., 2004, 2006; Pysek and
Leps, 1991; Pysek et al., 2005; Berry et al., 2004; Stoate et al., 2001). Also,
there is evidence that soil biological activity, organic matter content structural
stability/erosion resistance and inherent fertility (level of yield obtained per
unit fertiliser input) has decreased in soils used for ‘high input’ crop production
(Matson et al., 1997; Reganold et al., 1987, 2001; FlieBbach and Mider,
2000; Mider et al., 2002).

However, while the environmental and biodiversity benefits are well
documented (see publications quoted in the paragraph above), there is still
considerable controversy about nutritional and sensory qualities and safety
aspects of organic foods from both livestock and crop production systems.
For example, consumer studies show that an increasing number of consumers
perceive organic foods as having higher sensory and nutritional quality and
being safer with respect to microbial pathogens and agrochemical residues
in foods (see Chapter 6 below).

With respect to nutritionally desirable compounds (essential micronutrients,
vitamins, antioxidants and unsaturated fatty acids such as conjugated linolenic
acid or omega 3 fatty acids) several recent scientific reviews conclude that
there is a trend towards higher levels of nutritionally desirable micronutrients
and certain antioxidants (e.g. vitamin C) in organic compared to conventional
foods. However, they also concluded that the (a) variability and often conflicting
results between studies and (b) the lack of scientifically sound human dietary
intervention and cohort studies which clearly linked organic food consumption
to positive health impacts, make it currently impossible to claim that organic
foods have superior nutritional quality compared to conventional foods (Woese
et al., 1997; Brandt and Molgaard, 2001).

In considering pesticide residues, it was clearly shown that crops from
organic production systems contain no or significantly lower levels of pesticide
residues than crops from conventional systems (Baker et al., 2002). However,
while some scientists are concerned about the potential health impacts from
such residues (Porter et al., 1999; Benbrook, 2002), pesticide legislators
maintain that current pesticide risk assessments and pesticide registration
procedures are adequate and that residues below the current legal limits can
not have a negative health impact in humans (e.g. PSD, 2006).

With respect to other undesirable compounds (e.g. mycotoxins, antibiotics)
and microbiological food safety risks, some scientists have claimed that
organic food production systems are associated with higher food safety risk
(Avery, 1998; Trewavas, 2001). However, apart from identifying the more
frequent use of manure-based fertility inputs in organic systems, they did not
produce substantiating scientific evidence to underpin their claims. In contrast,
a range of studies focused on quantifying risks at specific critical control
points, indicated that the agronomy practices used in organic farming systems
result in reductions in risks from mycotoxins and enteric pathogen
contamination (Obst et al., 1998; Diez-Gonzalez et al., 1998; Wyss, 2005).
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However, quantitative surveys comparing the incidences of foodborne diseases
and/or mycotoxin related illnesses between consumers of organic and
conventional food are currently not available. This makes it difficult to
compare the relative risks associated with different organic and conventional
production systems.

Given the controversy and uncertainties regarding the relative quality and
safety of organic foods, and the lack of structured textbooks describing the
current state of the art with respect to quality and safety assurance in organic
food and farming systems, the Handbook of organic food quality and safety
aims to:

e C(ritically evaluate the currently available evidence for differences in
food quality and safety between foods from organic and conventional
production systems;

e Describe (where possible) the production system components (e.g. crop
or livestock health management practices, soil fertilisation methods,
crop rotation designs, livestock feeding and husbandry regimes, crop
varieties/livestock breeds used) responsible for differences in food quality
and safety between production systems;

e Identify strategies to improve nutritional, processing and sensory quality
and safety characteristics in organic farming systems;

e Review the current concepts and practices of quality assurance in organic
production systems.

This handbook is subdivided into four main parts which are each subdivided
into several chapters.

Part I provides an introduction to the concepts of quality and safety as
recognised by different stakeholder groups involved in organic food supply
chains, including organic/biodynamic farming pioneers (Chapter 2), nutrition
and food scientists (Chapter 3), quality assurance specialists (Chapter 4),
organic/biodynamic farming researchers (Chapter 5) and social scientists in
qualitative and quantitative consumer research studies (Chapter 6).

Part II provides detailed information on the main quality and safety issues
related to the production of organic livestock foods. This includes three
chapters (Chapters 7 to 9) which review the effect of livestock husbandry on
nutritional and sensory quality of livestock foods: including milk and dairy
products (Chapter 7), poultry (Chapter 8) and pork (Chapter 9). It also includes
four chapters (Chapters 10 to 13) which review the strategies used to minimise
microbiological risks and antibiotic and veterinary medicine use in livestock
production systems including safety of ruminants (Chapter 10), mastitis
treatment in organic dairy production systems (Chapter 11), internal parasites
(Chapter 12) and pigs and poultry (Chapter 13).

Part III provides detailed information on the main quality and safety
issues relating to the production of organic crop foods. This includes two
chapters (Chapters 15 and 16) which focus on the effects of agronomic
methods used in crop production on the nutritional and sensory quality of
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crop foods, for phytochemicals (Chapter 15) and shelf-life of fruit (Chapter
16).

It also includes two chapters (Chapters 14 and 18) focusing on the effects
of agronomic practices on pesticide residues and their potential health impacts
(Chapter 14) and the strategies to reduce the use of copper-based fungicides,
which are among the limited number of pesticides that can be used (under
derogation) in organic farming systems: (Chapter 18).

Finally, Part III also includes two reviews (Chapters 17 and 19) of the
relative risks and novel strategies available to reduce mycotoxin and enteric
pathogen contamination in organic crop production systems, for mycotoxin
and fungal alkaloid contamination in organic and conventional production
systems (Chapter 17) and for the microbiological safety of fruit and vegetables
(Chapter 19).

Part IV focuses on improving and assuring food quality and safety throughout
the food supply chain. This includes Chapter 20 which focuses on novel
post-harvest strategies to reduce enteric pathogen contamination in crop
foods. It also includes Chapter 21 on trading behaviour in organic food
supply chains, which is an organisational aspect related to food quality and
safety. Finally there are two chapters (Chapters 22 and 23), which review
quality assurance strategies and innovations specific to organic food supply
chains, including protocols to prevent GM-contamination of organic crops
(Chapter 22) and organic HACCP systems (Chapter 23).

Most of the authors of individual chapters are senior scientists and/or
industry based quality assurance specialists who have participated in the
EU-funded Integrated Project (IP) QualityLowInputFood. The project aims
are: ‘improving the quality and safety and reduction of cost in the organic
and low input food supply chains’. Several chapters in handbook report
preliminary results from the IP and/or associated/linked projects supported
by national governments and/or industry (see IP website: www.qlif.org for
further details).

Other chapters have been contributed by leading scientists and research
groups in North America (see for example Chapters 10, 14 and 22 which
focus on prevention of enteric pathogens, pesticide residues and prevention
of GM-contamination, respectively).
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2

History and concepts of food quality and
safety in organic food production and
processing

Urs Niggli, FiBL, Switzerland

2.1 Introduction

Organic agriculture is a multifaceted phenomenon in the field of agriculture
and food production. On the one hand, it is a low external input production
technique originating from both traditional and alternative farming practices
developed in the late 19th and early 20th century and from European and
USA contexts of intensive agriculture. On the other hand, it reflects societal
debates on the sustainability of agriculture, on food quality and nutritional
habits and on ethical issues like animal welfare. A growing number of scientists
and policy makers qualify organic agriculture as an efficient and holistic
approach to reach the multiple goals of agriculture including food security,
sustainable use of natural resources and the dignity of creatures (Jaber, 2000).

Organic farming is a food production method defined at great length in
many international (e.g. Codex Alimentarius), supranational (e.g. EU Regulation
on Organic Farming) and national (e.g. the US National Organic Program
(NOP), the Japanese Agricultural Standard for Organic Products (JAS) or
the Swiss Regulation on Organic Farming) standards.

In the developed world, crop production was intensified in the 19th and
first half of the 20th century by the use of commercial fertilizers. Soluble
phosphorus and nitrogen triggered a first increase in yield levels. The next
step in the intensification of agriculture was the widespread use of insecticides,
fungicides and herbicides, a practice that also made many conventional farmers
feel uncomfortable. The pursuit of yield increases also took hold in livestock
husbandry, leading to changes in feeding regimes, industrialized methods for
keeping animals and increasing use (and misuse) of veterinary medicines
(e.g. antibiotics, anthelmintics) and growth hormones. The arrival and
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continuous expansion of organic farming has to be seen against this background
of continuous intensification of food production and the associated negative
impact on environment and biodiversity (Stolze et al., 2000; Stoate et al.,
2001; Pycek et al., 2005).

Although it is perceived by the public as a rather uniform and regulated
farming method, organic farming has had a range of origins and a multifaceted
development until standardization started in Europe in the late 1980s. The
most important of these historical food and farming concepts are described
in this chapter. Although in some cases only of historical interest, these
concepts reveal the background of modern organic farming and food processing
and help to elucidate some of its characteristics.

Lately, the progress in organic farming has been dominated by standard
setting, their harmonization and the introduction of equal certificates. These
activities were driven by (a) fears among organic farmers that organic standards
and principles may be compromised by competing strategies like integrated
pest management (IPM) or integrated production (IP), (b) consumers who
wanted protection from deceit and (c) emerging markets (in particular
supermarket chains) in search of certified quality standards. In food markets
worldwide, organic foods represented the first food standards, which defined,
audited and certified a specific food production process (tracking) rather
than specific product properties (e.g. size or colour of vegetables) or
composition of the end product (tracing). Such a process-oriented approach
in quality management was necessary as organic and conventional foods
were difficult to distinguish.

2.2 History of different food concepts of organic farming

One of the earliest sources of inspiration for organic farming was the concept
of naturalness of foods. It derived from different ecosocial movements of the
early 20th century like the ‘naturalist’, the ‘vegetarian’ and the ‘reform’
philosophies. Of particular influence was the German Lebensreform movement,
which became important during the time of the Weimar Republic (1919 to
1933). Deteriorations in the living conditions of people during the transition
from an agrarian to an industrialised society were correlated with the
‘unnaturalness’ of the living conditions of the cities (Vogt, 2000). Back to
nature was seen as an escape and alternative. Medical doctors and nutritionists
like Werner Kollath, Max Bircher-Benner or Stefan Steinmetz propagated
whole food (raw vegetables and fruits, whole meal bread or muesli). In this
context, the pioneers of ‘natural’ husbandry and gardening, the Germans
Julius Hensel, Heinrich Bauernfeind, Ewald Konemann or the Swiss Mina
Hofstetter, experimented — among other farming and gardening techniques —
with different rock powders as natural fertilizers to cure the negative effects
of mineral sources of nutrients (Vogt, 2000). It can be concluded that ‘natural’
husbandry was the first concept of organic farming in Europe, which developed
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quickly from lifestyle movements in the 1920s to an alternative farming
method based on the emerging soil and agricultural sciences and on practical
farming and gardening experience in the 1930s.

Such idealistic ‘back to nature’ movements also developed in other parts
of Europe. Almost contemporaneously, a group of British writers including
Harold John Massingham, Adrian Bell and Rolf Gardiner, promoted their
vision of a revitalised countryside (Moore-Colyer, 2001). Central to this
vision was an agriculture based on organic principles and this movement
became one of the origins of Soil Association which was founded in 1946.

The concept of the vitality of food was raised for the first time by Rudolf
Steiner in his seven lectures in 1924 (Steiner, 1929). The emphasis of his
lectures was less ecological or agronomical, but focused on describing his
views on the deterioration of modern food quality. As part of a wider ‘holistic’
philosophy called anthroposophy which covered education, art, social theory
and science, Steiner developed a spiritually based plant, animal and human
nutrition theory, where the real quality of food was not linked to compounds
and their metabolisms, but to the spiritual forces which are supposed to
‘bound’ to them. Many agricultural practices he introduced (e.g. biodynamic
preparations, the consideration of lunar or cosmic rhythms when cultivating,
sowing or harvesting) aimed to influence these spiritual forces, which were
in Steiner’s thinking vital for all organisms (Endres and Schad, 1997).
Subsequently, anthroposophic scientists introduced the term ‘vital quality’
(Balzer-Graf and Balzer, 1991; Bloksma et al., 2001).

The efficacy of the specific biodynamic agronomic measures introduced
by Steiner has been studied extensively over the last 75 years, but focused
mainly on investigations into the way that lunar cycles and biodynamic
preparations affect yield, the composition and the nutritional quality of crops.
The relative efficacy of these measures is often considered to be less than
that of other agricultural measures like variety choice, the intensity of organic
fertilization, soil tillage and/or other permitted plant protection measures. To
conclude, the improvements achieved by these specific biodynamic techniques
are small, often not reproducible and therefore, from a scientific point of
view, obsolete. However disenchanting the lack of activity of these specific
measures might be, the overall management approach taken by biodynamic
farming as a whole is a surprisingly effective and efficient one. In addition,
long-term biodynamic soil management has been shown to achieve greater
improvements in soil biological activity, structural stability and inherent
fertility than more ‘mainstream’ organic management practices in the long-
term field trial DOK where bioDynamic, Organic and conventional (in German
Konventionell) plots have been compared since 1977 (Méder et al., 2002).

Since Steiner’s aim was to improve ‘immaterial’ qualities of foods,
anthroposophic scientists have developed analytical methods, which aim to
visualize this kind of ‘inner’ quality. This is done by preparing watery solutions
of the plant, meat or milk (= juices) which are then brought into reaction
with metallic salts like copper chloride (copper chloride crystallization method)
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or silver nitrate (two different capillary picture methods). The quality of the
pictures is either interpreted by visual evaluation or by computerized image
texture analysis (Meier-Ploeger et al., 2003). Both interpretations are
reproducible and the results are often correlated with standard food analytical
quality parameters (e.g. for a case study comparing organic and conventional
apples, see Weibel et al., 2000). The main concept of analysing the pictures
created by such methods is that crops grown under optimal biodynamic
conditions should have a higher degree of ‘order’ and should be better organized
and structured. However, there are currently no sound scientific data that
validate and calibrate such methods against standard food composition and
metabolic profiling analyses and no studies that demonstrate that consumption
of food showing a greater level of ‘order’ when assessed by ‘picture forming
methods’ results in improved animal or human health.

Another important concept introduced by Steiner was that of ‘holism’ or
‘integrity’ of food and farming (Steiner, 1929). Steiner saw a farm as an
organism with an inner structure and functionality and not purely as a business
with different lines of production. He stressed greatly the common bonds
between physiological processes in soils, plants and livestock. This was one
reason why organs of cattle (e.g. cow horns or bovine peritoneum) played an
important role in the production of biodynamic preparations which aimed to
improve soil fertility and plant quality. He believed that, like an organism, a
farm has to be managed as a whole unit in its full complexity and integrity.
Steiner was influenced by the theory of ‘emergent properties’ which was
developed in the 19th century and which is still used today to characterize
very complex systems and phenomena, in nature, physics or engineering
(Fromm, 2004). An emergent property can appear when a number of simple
subsystems operate as a collective and show more complex and often
unexpected behaviours which cannot be explained by adding up the behaviour
of the single subsystems. As a consequence, biodynamic farmers are very
sceptical about isolated partial interventions (e.g. phytomedical treatments)
and rely very much upon preventive and long-term strategies of farm
management.

The concept of self regulating and healthy systems was introduced by the
English pioneer Sir Albert Howard who stated in the 1930s: ‘[E]vidence for
the view that a fertile soil means healthy crops, healthy animals, and healthy
human beings is rapidly accumulating. At least half of the millions spent
every year in trying to protect all three from disease in every form would be
unnecessary the moment our soils are restored and our population is fed on
the fresh produce of fertile land’ (Howard, 1942). Lady Eve Balfour, the
founder of the Soil Association in Great Britain later described the same
concept: ‘The health of soil, plant, animal and man is one and indivisible’
(Balfour, 1943).

To some extent this concept of a self-regulating nature dovetailed with the
idealisation of nature by the philosopher Jean-Jacques Rousseau. In Albert
Howard’s words:
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The crops and livestock look after themselves. Nature has never found it
necessary to design the equivalent of the spraying machine and the poison
spray for the control of insect and fungus pests. There is nothing in the
nature of vaccines and serums for the protection of the livestock. It is true
that all kinds of diseases are to be found here and there among the plants
and animals of the forest, but these never assume large proportions. The
principle followed is that the plants and animals can very well protect
themselves even when such things as parasites are to be found in their
midst. Nature’s rule in these matters is to live and let live (Howard, 1943).

The idea that husbandry means to maintain a health chain from soil to
plant to livestock to human being greatly stimulated the development of
organic farming towards a modern, science-based agroecological concept.
The scientific work of the Austrian—Hungarian Raoul Heinrich Francé (1874—
1943) on soil biology, which has inspired all organic pioneers, was a key
factor in the development of this concept. At the beginning of the 20th
century, Francé was the first soil ecologist who described the soil as a complex
network of organisms (he called it an ‘edaphon’). His and — after his death
— his wife Annie Francé-Harrar’s work on humus in arable soils (Francé,
1922) was the very foundation for what later became the core concept of
organic crop production. This concept was based on dynamic processes of
composition and decomposition of organic matter, took into account the very
complex food chains of millions of organisms and animals in the soil, and
made use of the various ecological and agronomical functions of humus and
soil microorganisms. In contrast, at very much the same time, conventional
crop nutrition was still using ‘simplistic’ input—output models of macro- and
micro-nutrient elements, based on the work of Justus von Liebig (1803-
1873) and Eilhard Alfred Mitscherlich (1874—1956), which did not consider
soil physical characteristics and biological processes (Von Liebig, 1840,
1855; Mitscherlich, 1952, 1954; Van der Ploeg et al., 1999).

In Switzerland, Germany and Austria, organic farming was taken up by a
significant number of farmers earlier than elsewhere in the world. These
farms were economically viable and early collaborative forms of marketing
and commercialisation emerged. It was the great teachers and motivators
Hans Miiller (1891-1988) and Maria Miiller (1899-1969) who made this
first boost possible, supported by scientific work on soil fertility by the
microbiologist Hans Peter Rusch (1906-1977). Their approach to organic
farming was very much influenced by Mina Hofstetter, Albert Howard and
Raoul Francé. Miillers’ and Rusch’s concepts cannot be seen as genuinely
new. However, what was surprisingly novel was the fact that they reduced
complex theories to a manageable practice and were therefore extremely
important for the spread of organic farming. Their approach was participative
(farmers were researchers and advisors), they developed analytical tools
which helped farmers to check the progress and the ‘organic’ quality of their
farms (the so-called Rusch test) and they saw how important were the training
and education of farmers.
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In one way or another, all these historical concepts of organic farming
were responses to undesirable or one-sided developments in mainstream
intensive agriculture. These concepts are still influencing the framework of
organic farming and its standard setting. In 2005, the worldwide umbrella
organization of organic farmers, the International Federation of Organic
Agriculture Movements (IFOAM), substantiated and updated these historical
concepts in the form of four principles: the principle of health, the ecological
principle, the principle of fairness and the principle of care IFOAM, 2005),
thus adding two important ethical concepts (fairness and care) to historical
concepts.

The perception that organic agriculture and foods are characterised as
more ‘natural’ is widespread among consumers and the concept of naturalness
is used by organic farmers to distinguish their technique from those of their
conventional colleagues (Verhoog ef al., 2002). As an educational strategy,
Dutch farmers and advisors use three approaches in order to introduce and
understand the concept of naturalness during the conversion from conventional
to organic farming. The first step is to ban chemosynthetic pesticides and
mineral fertiliser inputs in production and processing and to replace them, if
possible, by more natural substances or techniques. In a second step,
‘preventative strategies’ are introduced to achieve agro-ecological stability
(e.g. beetle banks are established to increase natural enemy populations). In
a third step, the integrity of plants, animals, humans and ecosystems is
explained and treated as an intrinsic value and thus influences the attitude of
farmers (Baars, 2002). This practical experience from working with farmers
in the Netherlands shows how important the conceptual background is in
order to improve the sustainability of organic farming systems continuously.

2.3 Where are modern organic food and farming concepts
heading?

There is no question that organic farming is mainly about the sustainable use
of natural resources, including livestock, while at the same time reaching
acceptable levels of productivity. Three indicators that appear most frequently
in a definition of sustainable agriculture are (i) environmentally sound, (ii)
economically viable and (iii) socially acceptable. The debate among scientists
and policy makers about which concept of agriculture and food production
best matches sustainability has already filled many books and conference
proceedings and has remained controversial (Trewavas, 2001, 2004; Stoate
et al., 2001, Pretty et al., 2003). However, there appears to be a wider
consensus for the view that organic agriculture should primarily be analysed
in the context of sustainable land use and food production, as it ranks high
in all three criteria mentioned above.

By modelling soil erosion, Pimentel et al. (1995) showed that 30% of the
world’s arable land was lost from 1955 to 1995. As losses continue by 10
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million hectares per year, the approaches taken by mainstream conventional
agriculture so far to reverse or at least stop further soil degradation — e.g.
integrated production (IP) and minimum tillage techniques — have obviously
failed. Soil degradation processes are irreversible and trigger a chain of
reactions of further decline such as reduced water-holding capacity in soils
resulting in water shortage, loss of ecological habitats and biodiversity and
finally migration of farmers from the land. Organic agriculture, on the other
hand, was demonstrated to build-up soil fertility and to improve the physical
and biological properties of soils (Méader et al., 2002) and was described as
an avenue towards achievement of sustainability and long-term prosperity
(Pretty et al., 2003). The future advancement of the organic concept will
depend on maximising its potential as a viable approach to sustainable and
efficient use of natural resources. The key elements that should be further
explored and exploited by scientific efforts are described below.

2.3.1 Organic crop husbandry — a model for sustainable crop
systems

In organic crop production, prevention and recycling should be the predominant
strategies used and further developed. Prevention is the preferential measure
for the control of weeds, pests and disease pathogens. Recycling of organic
matter maintains soil fertility and provides a balanced supply of nutrients to
crops. How close agricultural production systems are to achieving crop health
via preventive strategies and how closed their nutrient cycles are, are crucial
criteria when evaluating ecological sustainability. Therefore, these two
techniques should be the focus and the starting point of any crop research
focused on sustainability (Lampkin, 1999).

Fertility management

Traditionally, organic farms are mixed ley/arable systems with relatively
short nutrient cycles, based on fertility-building legume crops and application
of fresh manure and immediate incorporation. This is the best way to recycle
maximum amounts of nutrients back to the field production environment.
The mixed farm is still the model for the efficient recycling of nutrients, but
economic pressures often result in specialization of organic farms too.
Therefore, highly specialized organic farms emulate closed cycles through
cooperation with other farms. Recent research work on the use of farmyard
manures has primarily targeted the reduction of nitrogen losses through
leaching and gaseous emissions (Philipps and Stopes, 1995). This research
has further reduced losses and improved the nutrient use efficiency of the
whole manure and slurry chain from livestock to plant uptake (Fortune et al.,
2000; Von Fragstein, 1995). The traditional knowledge of organic farmers
and gardeners of composting techniques combined with government support
for the recycling of communal green waste and organic household waste as
well as technological innovations and new composting machinery, has resulted
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in organic matter recycling based methods of fertilization which not only
improve the productivity of organic horticultural production in particular,
but are also increasingly adopted by conventional farms.

Nitrogen is the only nutrient element which can be supplied in sufficient
quantities on each farm, either via manure and organic matter recycling
approaches or by introducing grain legumes, legume-rich leys for fodder
production and cover crops into arable and horticultural rotations. So-called
‘catch crops’ (Thorup-Kristensen et al., 2003) are grown to catch available
nitrogen in the soil in order to prevent nitrogen leaching losses and improve
the nutrition of the succeeding main crops. Most frequently sown cover
crops in central and northern Europe are crucifers (fodder radish, white
mustard), monocots (ryegrasses, winter rye, oats) and legumes (hairy vetch,
red, white, sweet and crimson clover, faba bean, field pea and alfalfa).

Advances in cover crop techniques have made even stockless organic
systems a productive and economically viable option (Schmidt et al., 1999;
Welsh et al., 2002). Despite the availability of efficient biological nitrogen
fixation and conservation-based strategies, chemo-synthetic, mineral nitrogen
fertilisers have remained the main nitrogen input in conventional farming.
The production of mineral nitrogen fertilisers requires extremely high fossil
fuel inputs and is therefore associated with substantial CO, emissions. Their
continued use has to be questioned. For example, the production of 1 kg N
requires 11 litre fuel (Finck, 1979), which means a 100 ha stockless arable
farm (which applies 170 kg N/ha, a level commonly used for cereals) will
use approximately 17,000 litres of fuel each year. This and the high level of
nitrogen losses and associated environmental problems, make the sustainability
of nitrogen fertilizer-based food production systems increasingly questionable.
The nitrogen self-reliance of organic systems is a major advantage in times
of fossil energy shortage (Cormack, 2000).

On the other hand, self-sustaining nitrogen supply in crops is a major
innovation of organic farming and a step forward to making agriculture
independent from fossil energy supply. In the near future, rising oil prices
and decreasing oil reserves are expected to increase the economic
competitiveness of the organic ‘low input’ approach to nitrogen supply and
it is likely also to become the predominant approach in conventional food
production systems.

Crop rotation

The key to successful organic crop production is a carefully designed crop
rotation. It is recommended that organic rotations are not based on large,
homogeneous fields, which are typically used by conventional farming for
convenience of maximum economic efficiency. Instead smaller fields, careful
monitoring of crops to allow optimum timing of field operations and increased
labour inputs are used, owing to the need to fine tune field activities in
response to weather and to specific environmental conditions at the field
level.
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It has been shown that an ideal sequence of crops can significantly reduce
or alleviate many crop protection and fertility management problems in
farming (Robson et al., 2002). In conventional farming the rotations are
mainly designed following relatively short-term economic considerations
which often focus on maximising yields and reduction of, in particular,
labour costs. However, convenience (the desire for a regular working day)
and a reduction of the need for field by field, season by season, decision
making are also thought to have been motivations for the adoption of
conventional farming practice. This leads in most cases to a simple rotation
(or even monoculture) focused on few cash crops. In contrast, organic crop
rotations aim to build up and maintain soil fertility, producing nitrogen through
legumes, ‘organising’ loss-free nitrogen transfer to demanding crops and,
most important, minimising weed, disease and pest problems (see Robson et
al., 2002 for a detailed review).

For example, growing crops promotes the establishment of weeds with
similar life cycles in the same field. Therefore, by alternating crops with
different life cycles and periods of growth in the field, any one weed will
find it more difficult to establish itself year after year, because of the differential
effects (e.g. below and above ground growth pattern, canopy structure, spacing,
allelopathic effects) expressed by the succession of crops in the rotation
(Robson et al., 2002). Also, in arable crops, ecosystem complexity (e.g. a
minimum density and greater diversity of weed ground cover to maintain
high levels of predatory beetles within the crop) can best be achieved by
complex rotations resulting in habitats where the balance between beneficial
and noxious insects can be better controlled (Gurr et al., 2004). Finally,
diverse crop rotations can efficiently prevent many problems associated with
soilborne pathogens attacking plant roots (Cook and Baker, 1983). The
combined use of rotations and organic matter-based fertility management
practices may also reduce the incidence of foliar diseases by minimising the
persistence and dispersal of diseases (Zadoks and Schein, 1979) and by
inducing crop resistance (Van Loon et al., 1998).

Crop rotations are supplemented by proven agronomic practices including
the use of (a) tillage and mechanical weed control measures, (b) row spacing
and planting dates, (c) cover-, intra- and intercrops and (d) pest and disease
tolerant or resistant varieties. Such rotation-based agronomic systems are
often summarized by the term ‘habitat management’, which also includes
the establishment of botanically diverse field margins and hedgerows or
wildflower strips, in order to increase both levels of natural enemy populations
and biodiversity in agricultural ecosystems (El-Hage Scialabba and Hattam,
2002; Hole et al., 2005; DEFRA, 2006). An overall logical framework
describing the additive and/or synergistic effects of combining organic fertility
management, rotation design and crop protection practices is published by
Leifert et al. (2007).

Important food quality and safety issues associated with organic livestock
production are addressed further in Part 2 of the book.
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Fig. 2.1 Logical framework for organic production systems (redrawn with
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