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Abstract

Bassler A. W. Organic Broilers in Floorless Pens on Pasture
Doctor’s dissertation., ISSN 1652-6880, ISBN 91-576-6966-X.

This thesis investigates different aspects of rearing broilers organically in floorless
pens on pasture. The birds and pens were moved daily to fresh pasture. The
interdisciplinary studies comprise the birds' growth performance and carcass
quality, health, behaviour, leg condition and the birds’ effect on pasture. In the
final study, on-farm diets were tested in a feeding experiment indoors.

The data are based on four experiments carried out during 2000 to 2003.
In 2000 and 2002, restricted-fed conventional broilers (ROSS 208) were reared in
floorless pens on pasture and in control groups outdoors on straw.
In 2001, two genotypes, ROSS 208 and the slow-growing ISA 657 were reared on
three ground types, pasture, outdoors on straw and indoors on wood shavings with
either an ad libitum or restricted feeding level.
In 2003, a feeding experiment with slow-growing broilers fed on-farm diets in a
choice feeding system was conducted indoors.
Most birds were reared to 12 weeks of age, but ad libitum-fed ROSS birds were
reared to 6 weeks. The experimental phase was from ca. 3 weeks to slaughter.

The experiments indicate that under the given conditions

- access to pasture does not offer sufficient protein and metabolizable energy to
allow considerable feed savings in the farm enterprise (Paper I)

- moving the floorless pens daily provides favourable conditions to prevent
infections with Campylobacter and Eimeria in outdoor broilers (Paper II)

- access to pasture as such appears to play no major role for the broilers'
physical activity (Paper III) or leg condition (Paper IV)

- broiler chickens on pasture can sustain white clover in a mixed
grass/white clover pasture (Paper V)

- with access to high-quality protein during the first three weeks there is a
good potential to produce organic broiler meat with feed produced
on-farm in northwestern Europe (Paper VI).

Keywords: behaviour, botanical composition, Campylobacter, coccidiosis, leg
condition, on-farm diet, organic agriculture, pastured broilers
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Appendix

Papers I-VI
The present thesis is based on the following papers, which will be referred to by
their Roman numerals:

I. Bassler, A.W., Elwinger, K., Kwakkel, R.P. & Ciszuk, P.
Rearing broilers in floorless pens on pasture:
I. Effects on growth performance and carcass quality.
(Manuscript)

II. Bassler, A.W. & Hansson, I.
Rearing broilers in floorless pens on pasture:
II. Effects on the occurrence of coccidiosis, Campylobacter and 
Salmonella. (Manuscript)

III. Bassler, A.W., Presto, M., Elwinger, K. & Keeling, L.J.
Rearing broilers in floorless pens on pasture:
II. Effects on the birds' behaviour.
(Submitted)

IV. Bassler, A.W., Berg, C. & Elwinger, K.
Rearing broilers in floorless pens on pasture:
IV. Effects on the condition of the birds' legs and feet.
(Submitted)

V. Bassler, A.W., Ciszuk, P. & Frankow-Lindberg, B.
The effect of broilers reared in floorless pens on pasture on the
botanical and chemical composition of the pasture.
(Manuscript)

VI. Bassler, A.W., Kwakkel, R.P., Elwinger, K. & Ciszuk, P.
Performance of slow-growing broilers given on-farm diets in a
choice feeding system.
(Accepted, Biological Agriculture & Horticulture)

Paper VI is reproduced with permission of Biological Agriculture & Horticulture.
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General introduction

Historical background
Poultry production in the industrialized countries has changed significantly during
the past 75 years; from pastured flocks of dual-purpose breeds fed on-farm diets
and kept for eggs as well as meat production (Oden, 1994), to specialized
industrial production systems (DeHaan et al., 1997), depending on outside inputs
and based on large economies of scale.

After World War II, the advances in animal nutrition, breeding, veterinary
science and mechanization and automatization, together with increasing labour
costs, fuelled the process to specialize and intensify* agricultural production.
Today, industrial broiler production is a system that has achieved a high meat
yield:cost ratio (costs on farm enterprise basis). The product output per animal and
time unit can be used to give an indication of the development realised during the
past decades. Between 1957 and 1991, the age to reach a 1500 g-body weight and
the amount of feed required to achieve this has been more than halved (Havenstein
et al., 1994). A similar comparative study conducted 10 years later (years 1957 to
2001) showed that this trend is continuing (Cheema et al., 2003). Similar
developments can be observed in different farm animal species (Rauw et al.,
1998).

This high increase in yield was a great success both in zootechnical terms and in
terms of human food supply. The U.S. per capita consumption of broiler meat has
risen from about 4 kg in 1950 (Tarver, 1986) to over 30 kg in 1990 (Perez et al.,
1991). However, the continuing intensification in agriculture substantially
contributed to broiler welfare problems (SCAHAW, 2000, Whitehead et al., 2003),
environmental pollution (Oomen et al., 1998; Statistics Sweden, 2004) and loss of
ecosystem services (Björklund et al., 1999). At the same time, the increased
standard of living gave the human food supply a relatively lower priority in the
industrialized countries (Wegner, 1982). With time, society began to increasingly
concern itself about the sustainability of modern conventional agricultural practices
(WCED, 1987; UNCED, 1992).

Conventional, sustainable and organic agriculture
The numerous existing definitions of 'sustainability' all emphasize the need to
simultaneously care for the ecological, economical and socio-ethical consequences
of development choices for present and future generations (Gibon et al., 1999). In
conventional agriculture economical performance is emphasized to survive on the
market and to remain competitive. Intensification of agricultural production
contributes to keep the costs on farm basis (farm-internal costs) low. But costs

* Intensity is defined here as output of a specific agricultural product
(e.g. kg wheat or milk) per production unit (e.g. land area or cow).
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arising from unsustainable agricultural practices such as pollution of ground- and
surface waters, are not or not-fully reflected in the farm's financial balance. These
costs may be unaccounted for or not related to the production on farm (farm-
external costs). In a sustainable production system, all costs and benefits of
agricultural practice are to be considered (Tilman et al., 2002). These costs and
benefits would also include socio-ethical issues such as animal welfare (Lund &
Röcklinsberg, 2001; Morton, 2004).

Typically, but not always, the realization of ecological and socio-ethical goals
results in lower product output per animal, stable capacity or land area unit than in
more intensive agriculture. As a consequence, the market price often has to be
higher to be equally profitable in today's economic system. This in turn weakens
the competitive market position of sustainable agricultural production.

Measures to enhance sustainability can be varying and which one is the most
appropriate depends on the point in time and place, where the choice has to be
made (Schiere & Rickert, 2004). Partly there is little consensus on which measure
to choose or to what degree. The EU regulation for organic agricultural production
(EC, 1999) is a comprehensive set of measures that aims to create a framework for
sustainable crop and animal production. In most cases, the regulations for organic
farming are more stringent in requirements for ecological and socio-ethical goals
than the local country’s national laws, ordinances and regulations for animal
welfare, food safety and environmental protection. In 2001, the European Action
Plan for Organic Food and Farming was initiated to facilitate the development of
organic farming. Here, the Commission of the European Communities recognizes
organic agriculture as "an important device towards the attainment of
environmentally friendly, quality products" (EC, 2004). But not all of today’s
organic agriculture practices fulfil the sustainability goal and therefore need to be
developed (e.g. leaching of nitrogen to the ground water following the ploughing
of grass/clover leys (Lampkin, 1990) or feather pecking in laying hens (Berg,
2001).

When practically feasible and economically viable, organic farm enterprises
challenge the conventional mainstream. Organic agriculture may then serve as a
pioneer movement, providing experiences that might be of value to the current
process of developing sustainable agricultural practices for the majority of farms.
Seen it this way, organic agriculture is a way to develop sustainable agriculture on
a time axis rather than being an ultimate solution to the undesired side effects of
today's conventional agriculture.

The concepts of conventional and organic agriculture
Modern life science and conventional agricultural research are based on the
worldview that nature can basically be analyzed quantitatively and is governed by
natural laws (materialistic/mechanistic worldview, cf. Newton, 1668). With this
worldview, the human being, for example, is regarded as "… an automaton, and the
fact that we are sensing, feeling and knowledgeable beings is part of this automatic
sequence of life," as quoted in Guyton & Hall (1996). This worldview is strongly
related to the view that a research object can best be understood by dividing it into
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its components and investigating these separately (reductionism, cf. Descartes,
1596–1650; Cottingham et al., 1984). Consequently, conventional agricultural
research has long been characterized by investigating the direct link between an
observed effect and its hypothesized cause i.e. "the effect of x on y." This approach
has been the foundation of the western world's biological and technological
progress during the past 200 years, including agriculture. However, the
reductionistic approach appears to bear the risk that the parts are investigated at the
cost of the attention to the whole and it has been criticised that the reductionistic
approach is not sufficiently effective in controlling the undesired side-effects of
conventional agriculture, e.g. environmental pollution (McRae et al., 1989).

Organic agriculture is based on a worldview that can be called "holistic"
(Merrill, 1983). In contrast to reductionism, holism focuses on the whole. The
approach implies that wholes, for example agro-ecosystems, are more than the sum
of their elements, and elements lose certain properties when their relationships with
other elements are ignored (Hill, 1982). Because it is not possible to consciously
take all elements and levels of organisation (e.g. cell, organism, farm, region,
biosphere) of the whole into account, organic agriculture may have a metaphysical
or spiritual dimension (cf. Steiner, 1924). Also social questions, and thus values,
such as concern for rural communities or fair trade, are components of organic
agriculture (IFOAM, 2002).

Due to the association of the materialistic worldview with natural science on the
one hand and the holistic/organic worldview with spiritual and social, -
'ideological' issues on the other, the question may arise how scientists should
handle values in their work and "… still be scientific." (cf. Alrøe & Kristensen,
2002).

Kuhn (1970) elaborated that all researchers largely build their work upon a body
of beliefs - a paradigm - defined as a matrix of key theories, values and
metaphysical assumptions (Bird, 2005). Kuhn argues that meaningful collection of
data (facts) is actually dependent upon relating these data to a paradigm: without
paradigm, everything would be equally relevant and it would not be possible to
assign priorities to certain research questions. Kuhn concludes that, when scientists
collect and interpret their results, "… more than mere facts are at hand". According
to Kuhn, then, both conventional and organic agricultural methods and all related
research would be based on different paradigms. If science is always based on
paradigms or worldviews, then labelling conventional and organic agriculture as
"scientific" or "ideological" does not correctly describe the underlying differences
between these two forms.

The following section describes the perception of the farm and agricultural
production according to both the mechanistic/reductionistic worldview and the
organic/holistic approach.

With a mechanistic worldview a farm could be compared with a machine. This
would emphasize that the farm is man-made and its primary purpose is agricultural
production. Consequently, the organisation of the farm should facilitate maximized
production. The farm is often specialized in one type of production. The farmer
dominates nature and controls the means of production (e.g. by using embryo
transfer and gene technique). Technological advancements such as precision
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agriculture (Coulson, 1992) and highly-developed external inputs such as
crystalline amino acids or coccidiostatics are means to achieve the desired output.
Negative side effects are eliminated were they arise and with minimum impact on
production. Organizational differences between farms within a region are
deviations from an economic optimum.

In organic agriculture the farm is often likened to an organism, which means that
it is a living entity (a whole), a part of nature. The definition further implies that
the farm (or agro-ecosystem) is composed of sub-elements ("organs": including
soil, crops, farm animals, wildlife etc.). The word "organic" in organic agriculture
originates from this concept (Scofield, 1986). A balance or 'harmony' (IFOAM,
2002), within and among these organisms, is necessary for the production on the
farm as a whole. The central organ of each farm is the soil. The farmers
acknowledge the necessity of interaction and balance between these 'organs' on the
farm and therefore there is a diversification of the farm organization. The farmer
cannot control nature but has to cooperate with her. Agricultural production is
facilitated by support of desired natural processes. External inputs should not
interfere with the system's ability of self-regulation. Undesirable side effects are
regarded as indicators of imbalances in the agro-ecosystem. Each farm is
characterized by individual conditions, including the farmer, and organized
accordingly.

Organic farming practice is guided by rules, principles and aims as formulated in
the Basic Standards of the International Federation of Organic Agriculture
Movements (IFOAM, 2002), founded in 1972, and for the European Union as
written in EU Regulation No. 1804/1999 (EC, 1999).

The differences between conventional and organic agricultural practices are thus
significant and the starting points are profoundly different and can even be in direct
conflict.

However, the definitions of these two farming methods are not clear-cut (Alrøe
& Kristensen, 2002) and elements that seem to be typical for organic agriculture
may appear in varying degrees in the many forms of conventional agriculture. For
example conventional agriculture practices often include some form of crop
rotation and the use of animal manure as crop fertilizer. Organic agriculture
practices include the use of conventional, high-yielding farm animal genotypes
(e.g. for milk and egg production) and the specialization of the farm organization.
Further, both conventional and organic methods undergo continual developments.

Although there do exist 'alternative research methods' in organic agricultural
research, as for example 'copper chloride crystallisation' (Koenig, 2002) or
'phenomenology', described in Smith (2003), research in organic agriculture is
predominantly conducted with the same research methods as research in
conventional agriculture, and with the same policy of keeping the subjective
element out of experimentation, observation and technical procedures to the
greatest possible extent. - The difference lies in the basic framework that is the
starting point for defining the research goals and the subsequent appraisal of
priorities.
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Organic and conventional broiler production
The requirements for organic broiler production, as written in EU Regulation No
1804/1999, can be summarized as follows:
- Use of slow-growing genotypes
- Use of farm-own feed
- No use of preventive allopathic veterinary medication
- Access to pasture
- Relatively low stocking density, compared with conventional systems

In many cases, organic agricultural practices can be well explained in contrast to
undesirable side effects of conventional agriculture. The use of slow-growing
genotypes and the use of farm-own feed shall be taken as examples:

Slow-growing genotypes in organic agriculture
Broiler growth rate is negatively related to feed:gain ratio (feed intake per unit
deposited tissue) and both factors are key elements to maximize meat yield:cost
ratio (Walker, 2001).

Conventional broilers are usually raised to five to six weeks of age, with a mean
daily weight gain of 50–60 g (Anonymous, 2004; Aviagen, 2004). As a
consequence of the selection for high-growth rate and low feed:gain ratio, the
musculo-skeletal system (e.g. of the legs) and some so called ‘energy-supplying
organs’ (e.g. the cardiovascular system) do not develop in proper relation to serve
their functions (Decuypere & Verstegen, 1999; Whitehead et al., 2003). Between
5–30% of today’s flocks may have leg disorders of a severity that the bird’s
welfare is compromised (gait score >2 from Kestin et al., 1992; Sanotra & Berg,
2003). Ascites, which reflects chronic heart failure, can increase flock mortality by
up to 2% units at low altitudes and more at high altitudes (Savory, 1995;
Butterworth, 2004). According to Julian (2004), sudden death syndrome (acute
heart failure, heart attack) may be the cause for the death of 2–4% of the male birds
in "good flocks". These and other diseases related to fast growth are sometimes
grouped under the term 'metabolic disorders' (Julian, 2004). Scheele (1997) points
out that only some of the birds that suffer from metabolic disorders die before
slaughter day and concludes that the effects on broiler welfare is much higher than
can be derived from the mortality rate.

Broiler parents have a similar growth potential as their progeny (Savory, 1995;
Hocking, 2004). Fed ad libitum, egg production and hatchability would be poor
and mortality high, due to metabolic disorders (Hocking et al., 2002). Feed
allocations during rearing are 60–80% less than birds would consume ad libitum,
and are 25–50% less during the laying period (Yu et al., 1992, Savory et al.,
1993). Broiler parents on commercial-restricted rations tend to show stereotyped
pecking behaviour at non-food objects, overdrinking or excessive preening (Savory
& Maros, 1993) and increases in the heterophil:lymphocyte ratio and the portion of
basophilic cells in the blood, recognized as indices of physiological stress
(Hocking & Maxwell, 1993).

Further, there are indications that physiological and immunological stress in
broilers with high growth rates makes these birds more sensitive to infectious
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diseases (Yunis et al., 2000, Lamont et al., 2003). From other studies it was
concluded that the genetic and possibly nutritional changes have put faster growing
broilers in a disadvantageous situation in terms of humoral immune function
(Koenen et al., 2002).
In organic agriculture, slow-growing genotypes should therefore be used to avoid
specific diseases or health problems associated with intensive production, as
described above (IFOAM, 2002).

Farm-own feed
Establishment of specialized crop and livestock farms and the concentration in
different regions has geographically separated animal manure production from crop
production. In the most specialized regions with animal production, animal manure
became a waste product for disposal instead of being a valuable local resource of
plant nutrients and soil organic matter. In 1997, The Netherlands, Brittany (in
France) and Denmark depended on 85, 40 and 20%, respectively, of feed imports
for their intensive pig and poultry industries. Consequently, large quantities of
manure had to be transported to “manure deficit” areas. The transportation distance
rose up to 100 km in the Netherlands, an average of 15 km in Brittany, whereas in
Denmark, almost all manure could be applied in the immediate surrounding area
(DeHaan et al., 1997). It has been shown that regional excess of animal manure
production reduces the efficiency of manure as a crop fertilizer in the regional
agro-ecosystem (Oomen et al., 1998), and that a re-integration of animal and crop
production results in a considerable reduction of nutrient losses (Cederberg, 2002,
Lantinga et al., 2004).

In organic agriculture, all animal feed should therefore be produced on the farm
itself or within the region (IFOAM, 2002), which determines the number of
animals that can be kept in a region.

Systems and reductionistic approach of problem solving
The problems described above are specifically associated with intensive and
specialized production. In organic broiler husbandry metabolic disorders, abnormal
behaviour, immunodeficiency and nutrient losses or fossil fuel used for manure
transportation over longer distances would be regarded as indicators of imbalance
in the "organism", the regional or farm ecosystem.

It has earlier been indicated that the organic approach and the system approach
are closely related. The systems approach evolved independently of organic
agriculture (Bertalanffy, 1968, Sands, 1986, Schiere et al., 2004), however, both
emphasise more holistic than reductionistic approaches. Instead of interpreting the
above mentioned problems as imbalances in the organism, the system approach
would define these as side effects that are more or less systemic in nature, i.e. the
effects are linked to each other and/or to the performance of the conventional
broiler production system as a whole that has the primary goal of economically
viable meat production.
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The more systemic the nature of undesired side effects, the more questionable it
becomes how effectively they can be tackled when they are treated individually as
they arise (reductionistic approach). The system approach then promises to be
more effective in identifying the problems and addressing the causes by taking into
account the relationships between the elements involved (Conway, 1985). Changes
on system level may have implications elsewhere in the system in contrast to
limited, ‘precision’ measures. The two examples outlined below, 'leg disorders in
broilers' and 'nutrient losses from manure to the environment' illustrate this.

Example 1. Leg disorders in broilers
Leg disorders in broilers are a consequence of genetic selection for high growth
rate (Whitehead et al., 2003). Use of slow-growing genotypes extensively reduces
leg problems (Kestin et al., 2001). On the other hand, slow growth also implies
reduced meat production rate and a higher feed:gain ratio: Van Harn & Van
Middelkoop (2001) found that an extension of the growing period to 2.2 kg from
42 to 56 days increased the costs on farm by 10% per bird and 10–15% for the
white meat.

An example of a more reductionistic approach to this problem would be to focus
on specific ways to suppress the abnormal cell death in the tibial growth plate, a
symptom for tibial dyschondroplasia (TD) (Weaver, 1998). However, the
development of such a treatment is time consuming and its effect is likely to be
limited to TD, whereas the other side effects of fast growth need to be treated
separately. Suppression of the cell death might be suppressed with an industrial
feed supplement, but this would increase the farms' dependence on external inputs.

Example 2. Nutrient losses from manure to the environment
Regional specialization of animal production finally leads to an excess of animal
manure in relation to regional crop production which reduces its efficiency as a
crop fertilizer in the regional agro-ecosystem. (Oomen et al. 1998). In organic
agriculture, all animal feed should therefore be produced on-farm or within the
region (IFOAM, 2002), which determines the number of animals that can be kept
in a region. But it also reduces the possibilities to take financial advantage of trade
with feedstuffs.

A more reductionistic approach to this problem (nutrient losses) would be for
example to optimize the protein quality in the diet with synthetic amino acids
supplements. Under precise feeding conditions this can minimize the animals’ N
excretion by up to 20–40% (Verstegen & Jongbloed, 2003), without reducing
animal production performance or affecting farm organization. However, the
excretion of other nutrients, e.g. phosphorus, is not reduced by supplementation of
amino acids in the same order of magnitude and may have to be dealt with
separately. And also here, this strategy would increase the farms' dependence on
external inputs.
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Starting point and concept

Starting point
The European standards for organic animal husbandry aim to achieve the use of
100% organic feed (EC, 1999). In 1999, the Swedish Board of Agriculture
announced that the study of mixed animal husbandry systems would be a field
prioritized for research (Frid, 1999). The starting point for experimental design of
the present project was broiler nutrition in organic agriculture, with special
attention to the nutritional contribution of pasture (Papers I & VI). Regarding
pasture as a part of an on-farm diet for broilers led to the idea of studying the
interaction between broilers and pasture, the behavioural effects of access to
pasture and the effect on subsequent leg condition (papers III & IV), and the
broilers' effect on the botanical composition of the pasture (paper V).

Paper II was motivated by the findings of a Danish study that found all studied
organic broilers in the country Campylobacter-positive and related this finding to
the fact that these birds had all access to outdoor ranges (Heuer et al., 2001).

Coccidiosis was monitored to be able to see whether the parasite might have
affected growth performance in the different treatments. Salmonella was monitored
primarily for reasons of food safety.

The relevance of the selected research areas was later confirmed by a Dutch
investigation by Rodenburg & van Harn (2004) that identified the following fields
in need of further development for organic broiler husbandry:
- Prevention of coccidiosis, Campylobacter and Salmonella
- Composition of feed rations with 100% organic ingredients
- Information about mobile housing
- Design of the outdoor range
- Comparison of slow-growing genotypes

Concept behind the studies
The concept behind the present studies with broilers in floorless pens is a mixed
agricultural production system with pastured poultry and cattle as described by
Ciszuk (1999, Figure 1). 'Mixed' in this context implies the use of different animal
species in a common grazing system, whether or not the species graze the same
area of land at the same time (cf. Hodgson, 1979).

As McNaughton (1976) showed for Serengeti migratory wildebeest, the grazing
of different species facilitated grazing and improved grassland productivity, Nolan
& Conolly, 1977 and  Nolan, 1992 have shown that also mixed grazing systems
with cattle and sheep are more feed-resource efficient than mono-grazing systems.
Mixed systems were further less susceptible to disease than mono-grazing systems
(Nolan & Conolly, 1977). A study of a mixed grazing system with heifers and sows
had comparable results (Sehestedt et al., 2000).
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Ciszuk (1999) describes a design to develop ecologically beneficial interactions
between cattle and poultry on pasture and farm level. The papers included in this
thesis focus on broilers for meat production.

Figure 1. Diagrammic illustration of a mixed farming system with cattle and pastured
chickens, scetching potential links between animal species and on-farm feed (Ciszuk, 1999).

Grass is a common component in the diet of wild chickens (Savory et al., 1978).
However, grass is hardly the main source of energy and protein in wild or
domesticated chickens. Together with a rotation of the birds on pasture to sustain
bird health, chickens consume only a minor part of the herbage production on
pasture (Bassler et al., 2000). The majority of pasture is for the cattle (or other
ungulates). Cattle grazing creates a pasture with short grass, which is beneficial for
poultry (Thaer, 1990). Potentially, waste products of milk or whey and earthworm
compost may be available as chicken feed. The pastured chickens' manure fertilizes
the grassland. In the present study this system remains itself "hidden" behind the
experimental scenery. However, it is the basis to each experiment.
The work as a whole is interdisciplinary. Papers I to IV concern the birds'
zootechnical performance, behaviour and health on pasture. Paper V looks at the
broilers' effect on pasture and paper VI investigates the performance of broilers fed
on-farm diets.
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These studies do not describe an agricultural system as a whole, as for example
the studies of Coppock (The Borana Plateau of Southern Ethiopia, 1993) or Strid
Eriksson (Environmental Systems Analysis of Pig Production, 2004). Nor do they
focus on a key element, as for example the studies of Waldenstedt (Coccidial and
clostridial infections in broiler chickens, 1998) and Berg (Foot-pad dermatitis in
broilers and turkeys, 1998). Instead, selected topics from different disciplines were
investigated to gather specific information about aspects of the floorless pen
system, and about organic broiler production in general.

Socio-economic and meat quality aspects are not covered in the present project.

Aims of the thesis
The main objective of the work presented was to contribute to the development of
husbandry systems for organic broilers in Sweden from the perspectives of animal
nutrition, management and health. All studies except the feeding experiment
presented in paper VI were conducted with the floorless pen system.

The specific aims of the thesis were to study
• The nutritional contribution of pasture to the broilers' diet (paper I)

• The occurrence of coccidiosis, Campylobacter and Salmonella in pastured
broilers (paper II)

• The effect of pasture on the broilers' behaviour and leg condition
(papers III & IV)

• The broilers' effect on the pasture's botanical composition (paper V)

• The effect of feeding a low-methionine diet with on-farm ingredients on
diet selection, feed intake, growth and carcass characteristics (paper VI)
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Summary of Materials & methods and Results
(Papers I-VI)

Summary of Materials & methods (Papers I-VI)
The data are based on four experiments conducted between 2000 and 2003.

In 2000 and 2002, conventional broilers (ROSS 208) that were on restricted
rations were reared in floorless pens on pasture (PAST) and the control groups
were reared outdoors on straw (STRW).

In 2001, the experiment included three ground types, PAST, STRW and indoors
on wood shavings (INDO); two genotypes, ROSS 208 and ISA 657 (slow-growing
genotype); and two feeding levels, ad libitum or restricted.

Figure 2 shows a drawing of a floorless pen used in the present experiment. A
detailed description of it can be found in paper III.

In 2003, a feeding experiment with slow-growing broilers fed diets with different
methionine levels in a choice feeding system was conducted indoors. Four diet
treatments were administered from day 22 to 81: (1) a concentrate of ingredients
that can be produced on-farm in northwestern Europe plus whole wheat, in a
choice feeding system (FARM); (2) as (1), but crystalline methionine and lysine
added to the concentrate (FARM+); (3) a concentrate of conventional ingredients
plus whole wheat, free choice (CONW); (4) as (3), but all wheat ground and
included in the concentrate, no free choice (CTRL).

Most birds were reared to 12 weeks of age, but ad libitum-fed ROSS birds were
reared  to 6 weeks. The experimental phase was from ca. 3 weeks to slaughter.

Growth performance (weight gain, feed conversion ratio and mortality) was
measured in all experiments. The effect of pasture on the birds' chemical
composition at slaughter was measured in 2002. Carcass yields and weight of
organs were measured in 2002 (effect of ground type/pasture) and 2003 (effect of
diet/on-farm diet).

Also in 2003, choice feeding of whole wheat and concentrate was studied
weekly.

The occurrence of Salmonella, Campylobacter and coccidiosis was monitored at
different ages between 3 and 12 weeks of age during 2001 and 2002.

In 2001, all treatment groups were studied for their behaviour, especially
physical activity, and the condition of legs and feet, both at 5 and 11 weeks of age.

The effect of broilers on the botanical and chemical composition of the pasture
in the autumn of the year of grazing and in the spring of the following year was
studied for all pasture experiments (2000–2001).
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Figure 2. Drawing of a floorless pen, 3.30 wide x 4.00 x 0.65 m, containing 2 experimental
groups. Both pen-halves are designed identically.

(1) Rear half furnished with water resistant cardboard.
(2) Tank for drinking water.
(3) Wire net, dividing the pen along the longitudinal axis.
(4) Roofs, covering feeders and drinkers, slide under water tank.
(5) 3 Feed troughs, 350 cm feeder space per group.
(6) 2 Drinkers, each 13 cm wide, per group.
(7) 3 Perches, 5 m total length, per group.
(8) Set-up to move the pen: One wheel attached at each rear corner,

trolley hooked to the front side.

Summary of Results (Papers I-VI)
Growth performance on pasture (paper I) showed that ad libitum-fed Ross 208
birds outdoors on straw and indoors had significantly higher body weight gains and
carcass weights than those on pasture in  2001. Ad libitum-fed ISA birds outdoors
on straw and indoors had significantly higher carcass weights than on pasture.

The restricted-fed ROSS 208 birds performed differently in the different
experimental years. In 2001, birds on pasture and indoors both grew significantly
faster than outdoors on straw. In 2000 and 2002, the housing environment did not
affect growth rate significantly. Differences in relative weight of breast meat, wings
or thighs between birds raised on pasture or straw were negligible (restricted-fed
ROSS 208 birds, measured in 2002).
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Paper II examined Campylobacter, coccidiosis and Salmonella. Campylobacter
were found only in broilers outdoors on straw in samples taken from the cloaca. At
the abattoir, neck skin samples revealed Campylobacter also in those groups that
had entered the processing line after the groups from outdoors on straw. Levels of
Eimeria oöcysts in the faeces were low in all groups. Salmonella was not found in
any of the groups.

In Paper III, the focus was on behaviour. Ground type did not affect behaviour
that could be seen as a reaction to stimuli from the ground (e.g. scratching or
ground pecking). Birds kept indoors preened more than birds kept outdoors. ISA
birds perched more than ROSS birds. Ad libitum-fed ROSS birds spent more time
lying than birds in any other treatment. Feed restriction of ROSS birds increased
the time spent standing idle, preening, drinking and ground pecking.

Paper IV examined the condition of legs and feet. The ad libitum-fed ROSS
birds had a considerably higher gait score indicating a worse leg condition at 5
weeks of age than any other group at 5 or 11 weeks. There was no significant effect
of ground type on gait score at 5 weeks of age whereas the different 'genotype ×
feed' combinations and the bird's sex both significantly affected gait score. At 11
weeks of age, restricted-fed ROSS birds on straw had higher gait scores than the
birds on pasture or indoors, whereas this was not the case with ad libitum-fed ISA
birds.

Varus/valgus deformities were predominant in the groups outdoors on straw (17–
22% at 11 weeks), probably due to poor litter quality, and were found in all of the
ad libitum-fed ROSS groups (17–25% of the birds at 5 weeks of age). Also
findings of foot-pad dermatitis were localized to the groups outdoors on straw (12–
45% of the birds).

The effect of broilers on pasture was studied in Paper V. Broilers increased the
crude protein content of the herbage measured in the autumn, but the increase was
not evident in the following spring compared with the control. Sward height in the
autumn was lower after broilers than in the control. The proportion of clover after
broiler grazing was lower than in the control in the autumn, but in the following
spring, there was a higher proportion of clover compared to control.

Paper VI examined farm-own feed: The birds in the choice-feeding systems
consumed less whole wheat and more concentrate — and thus more crude protein
— than expected. Access to grit stones reduced feed:gain ratio and increased the
intake of whole wheat in CONW.

The birds on FARM showed signs of compensatory growth but neither these
birds nor those on FARM+ reached the body weight of the birds on the two diets
with conventional ingredients at slaughter.

There were no differences among treatments in relative breast meat yield or in
percent of the weight of the skinned carcass.
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General Discussion

The experiments with broilers in floorless pens on pasture showed that the pens
moved daily can help to prevent Campylobacter and coccidiosis infections and that
the pastured birds sustained the white clover in the pasture. These studies showed
further that both the nutritional contribution of the pasture and the effect of access
to pasture on the birds ' physical activity and leg condition was negligible. The
frequency of the movement of the pen, the number of birds per pen and the fact
that the birds were confined in the pen were all factors that determined stocking
rate in space and time. This probably affected all results of our experiments with
floorless pens on pasture in one way or another.

The floorless pen system used in the present study is designed for small-scale
poultry operations. Small groups (60 to 90 birds per pen), controlled stocking rates
and effective protection from predators make the system also suitable for
experimental research. However, being confined to the surface of the pen at all
times, the birds cannot be regarded as free ranging, even though pens moved daily
cover more pasture area in total during a broiler's life than most free-range systems
offer (floorless pen: 8 to 10 m2 per bird, Bassler & Ciszuk, 2002; free range: 2.5to
4 m2 per bird, EC, 1999).

Broilers with access to range would probably have had a larger daily supply and
variety of herbage and soil fauna to choose from (Paper I). The systematic cover of
the pasture by moving the pens regularly probably decreased disease pressure
(Paper II) and influenced the birds' effect on pasture (Paper V). The confinement to
the pen probably also limited the birds' physical activity which consequently may
have influenced the birds’ leg condition, compared to free range (Papers III & IV).

The floorless pen system can thus offer one desired element in organic broiler
husbandry: high control over stocking rate and resting periods for the land to
manage bird health and effect on pasture. But it does not or not fully offer another
desired element: the contribution of free range to the birds' nutrition and behaviour
(Rodenhoff & Dämmrich, 1971, Castellini et al., 2002).

Appleby et al. (1992) assume that the floorless pen system, as used for laying
hens prior to the 1960s ('fold unit' as mentioned in Robinson, 1953) is extinct. In
the US, however, small-scale farmers use the floorless pen system for broiler
chickens (APPPA, 2004). One level above the small-scale floorless pen system is
the mobile housing system for broilers that are moved after each batch and can
hold up to a few thousand birds depending on the design (Gordon & Charles,
2002). The intermediate design is for smaller mobile houses for a few hundred
birds that are moved once every 2 to 5 weeks. These houses are usually closed at
night but are opened during the day to allow for free range (Beck-Chenoweth,
1996).

Tuberculosis (TB) in humans has been a feared disease in the first half of the 20th

century. Compared with the human form of TB (Mycobacterium tuberculosis),
man is less susceptible to the bovine form of TB and rather resistant to the avian
form (Mycobacterium avium). But children are much less resistant to the bovine
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form than adults (Seiden, 1952) and in the 1940s, at least 2000 children in Great
Britain died annually after drinking unpasteurized milk infected with bovine TB
(Mycobacterium bovis) (Bell & Palmer, 1983).

Prevention of TB has been a motivating factor for separating cattle from free-
range chickens. Cows only rarely react to exposure to poultry infected with M.
avium (Seiden, 1952), and in general this does not result in the cow becoming ill or
the risk for spreading infection (Rosenberger, 1970).

Chickens younger than two years are much less susceptible to TB than are older
birds. In order to minimize the risk of TB in a mixed-grazing system with cattle
and chickens, only younger chickens, such as for example broilers and first-year
layers, should share pasture with cattle.

The fast-growing genotype ROSS 208 is dominant in all pasture experiments
because at the start of the project in 2000, no slow-growing genotype was
commercially available in Sweden except for cocks from laying strains like Derco
(Anonymous, 1998). It was only in 2001 that the slow-growing ISA 657 was
temporarily available and included in the investigations.

The ROSS birds were fed restricted, mainly to maintain an acceptable leg health
until the end of the experiment at 12 weeks of age. Zootechnically, the birds
performed well (Paper I) and leg condition was good even at 11.5 weeks of age
(Paper IV). The generally strong appetite and high-feed intake capacity (Leeson et
al., 1996) of fast-growing broilers made restricted-fed ROSS 208 birds a relatively
good choice to experimentally test the potential pasture intake of broilers.

However, the birds' behaviour indicated that the applied level of feed restriction
led to frustration (Paper III). Since the welfare of these broilers' parents is
questionable and remains a critical issue as described in the Introduction, we agree
with Thomsen et al. (2001) that ROSS 208, as well as probably any other fast-
growing genotype, is not suitable for organic production in a long perspective.

Genotypes bred to reach about 2.4 kg body weight at 81 days of age like the ISA
657 are typical of the French market for slow-growing broilers (Label Rouge). This
growth rate agrees well with the idea of slow-growing genotypes in organic
agriculture. However, in the Label Rouge program, diet supplementation with
crystalline amino acids as well as anticoccidial drugs is permitted and practised
(Anonymous, 1992), whereas in organic agriculture, the use of crystalline amino
acids has so far been regarded as a questionable and temporary measure and, and
the use of anticoccidial drugs is generally prohibited.

The outbreak of cannibalism in the restricted-fed ISA 657 groups in our
experiment (Paper III) raises the question of the suitability for this genotype to
exist on sub-optimal diets. If it would react similarly to a low-protein quality, its
value for organic agriculture would be questionable.

Genotypes that can reach 2.2 kg body weight at 56 days such as the ISA 957
(Paper VI) have a growth potential somewhere in between ROSS 208 and ISA 657.
If these genotypes are raised under optimal conditions, the daily mean growth rate
between day old and 81 days would lie above 35 g per day, which is 5 g above the
maximum growth capacity for slow-growing broilers (30 g per day, day 1–81), as
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mentioned by Pedersen et al. (2003) and Hermansen et al. (2004). A sub-optimal
diet protein quality, as a form of qualitative feed restriction, will reduce this growth
rate. The higher growth potential in this genotype compared to the slow-growing
genotypes will enhance the effect of compensatory growth (Proudman & Mellen,
1970; Paper VI).

The ideal genotype for organic production is probably a dual-purpose breed of
which the hens are used for egg production and the cocks for meat (Postler, 1999;
Schiötte, 2001). It can be seen as ethically rather precarious to sacrifice all male
birds from egg-laying strains when one day old (BMVEL, 2003). In the European
Union, this practice would amount to about 280 million day-old chicks per year
(FAL, 2001). The (re-)introduction of dual-purpose chicken breeds to agriculture
would imply a reduced level of growth performance compared with today’s
conventional production, because the net effects of genetic increases in growth rate
on egg production are negative (Chambers, 1993).

The limiting factor in feeding 100% organic and preferably on-farm diets in
northwestern Europe appears to be protein quality, and particularly the essential
amino acid methionine (Elwinger, 1996). Methionine has a wide variety of
functions in the animal and plays an important role for the growth of muscles and
feathers. Most vegetable feedstuffs have relatively low methionine contents,
compared with the nutritional recommendations for broilers (Thomke, 1983).
Processed potato protein and corn gluten have considerably higher methionine
contents but can usually not be produced on-farm.

Protein from meat and bone meal and milk contains higher levels of methionine s
than most vegetable protein, and the protein quality of fish and eggs in this respect
is outstanding. The use of fish meal has become an environmental issue since the
world's marine fish catch is facing diminishing returns due to resource depletion
(Harrison & Pearce, 2000). Milk and eggs are high-quality animal products and
their use as feedstuffs should, from an ecological perspective, be limited to
products that cannot be used otherwise such as dirty or broken eggs, colostrum or
whey (Ciszuk, 2005). Meat and bone meal appear to fit well with the organic
principle of nutrient recycling but has been prohibited for use in poultry feeds
within the EU since the outbreak of  bovine spongiform encephalopathy (BSE)
(EC, 2001). Whether or not crystalline amino acids should be accepted generally in
organic broiler and egg production or rather seen as temporal exception from
organic production standards has been an issue of discussion (Elwinger, 2005).
The production of amino acids is environmentally not friendly (OMRI, 1999) but
insufficient protein quality in poultry feed is reducing production performance, is
possibly affecting animal health negatively, and leads to an increased N content of
the excreta, requiring effective methods of recycling this nutrient in the agro-
ecosystem.

If the broilers shall be given access to range at three to four weeks of age, it may
be advisable to feed the birds fully to their nutritional recommendations up to that
age. At the end of the starter period the birds then have the maximum body size for
that age which may positively affect ranging ability and reaction to predators.
Further, the absolute size of the digestive tract will support the bird to cope with
feed found on the range. If the diet after three to four weeks of age should have a
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sub-optimal protein quality, these birds would be more able to cope with that, than
birds that had been fed restricted at a lower age (Harper et al., 1970).  If the main
protein and the main energy source are offered separately in a choice feeding
system, the birds might be able to partly compensate a sub-optimal protein quality
through diet selection and compensatory growth. The results presented in Paper VI
support this idea. Since the bird's weekly intake of feed is relatively low during the
first three weeks when compared with weeks 4 to 12, extra investments in the
starter diet may be economically viable.

Free-choice feeding (Emmans, 1991) can be an economically advantageous
feeding system, especially when on-farm feedstuffs are included in the diet (Tauson
et al., 1991, Ciszuk & Charpentier, 1996). The requirement for access to free range
with its changing weather conditions and likely individual differences in the birds’
physical activity make this feeding system interesting particularly for organic
farming. A commonly used choice-feeding system offers a choice between a
protein concentrate and whole grain. The majority of publications that report
experiments with choice feeding support the view that chickens are able to
compose an optimal diet from an appropriate set of feedstuffs. However, not all
experiments were successful (Hughes, 1984) and the issue has been a matter of
scientific dispute (Cumming & Mastika, 1987).

It is well established that the diet's energy concentration is a major factor in
determining a bird's total-feed intake (Scott et al., 1976). It has been shown that
broilers in choice-feeding systems react to diets deficient in certain amino acids by
composing their diets in a direction that better meets their nutritional requirements,
although with varying results (Newman & Sands, 1983; Steinruck et al., 1990;
Steinruck & Kirchgessner, 1992). It has further been shown that broilers in choice-
feeding systems with a protein concentrate and whole grain steadily increased the
intake of whole grain with increasing age, well in accordance with their decreasing
protein demands (Cowan & Michie, 1978; Scholtyssek, 1982: Leeson & Caston,
1993). In contrast to this, chickens over-consumed protein in other experiments
(Kiiskinen, 1987; Farrell et al., 1989;), suggesting a less effective regulatory
mechanism in the birds (Newman & Sands, 1983), a lack of training (Forbes &
Shariatmadari, 1994) or an effect of taste (Hughes, 1984).

In the experiment presented in Paper VI, free-choice feeding was applied in
order to measure both the feed consumption and the feed choice of the broilers.
The aim of the experiment was not only to measure the birds' performance when
fed a diet low in methionine, but also in which way the birds would react when
offered the free-choice diet and, under these conditions, to what extent the birds
compensate for the low methionine content of the feed.

Protein over-consumption is undesirable both for economic and environmental
reasons. A semi-choice feeding system that offers a limited amount of protein feed
next to ad libitum-fed cereals would still have the advantage to let the individual
animal adapt its energy intake to varying requirements, for example due to
changing weather conditions.
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Conclusions

The summarized results presented here support the view that there is a promising
potential to rear broiler chickens organically. It is likely that imbalances
(imbalances according to the concept of organic agriculture) in the broilers (e.g.
disorders or diseases) or imbalances in the agro-ecosystem (e.g. lack or excessive
surplus of nutrients) can thereby be avoided. The development of organic broiler
production would thus support efforts to adopt more sustainable ways of
agriculture.
These conclusions can be drawn from the investigated perspectives of animal
nutrition, agro-ecology, behaviour and health, with the available bird genotypes,
and for North Western Europe. The current work did not investigate socio-
economic issues like for example profitability, consumer preferences or working
conditions.

The results from the present experiments led to the particular conclusions that:

Pasture does not offer sufficient energy and protein to allow feed savings in a
broiler farm enterprise, under the conditions of the presented experiments.

Daily moved pens provide favourable conditions for preventing infections with
Campylobacter and coccidiosis in outdoor broilers.

The hypothesis that pasture is a stimulus for physical activity in broilers and
consequently affects leg condition could not be verified. The confinement of the
birds to the area of the pen is a possible explanation for this result.

Broiler chickens on pasture can sustain white clover in a mixed grass/white clover
pasture and thus benefit mixed-grazing systems.

There seems to be a potential to produce broiler meat in North Western Europe
with feed produced on-farm, even though the feeds' methionine concentration is
below today's conventional standards.



25

Suggested further research:

• Investigation of alternatives to chicken meat production in  northwestern Europe,
from an agro-ecosystems perspective, e.g. fish, ducks, geese, rabbits, nutria
(Myocastor coypus).

• Investigation of long-term effects of pastured chickens on grass/clover swards
(herbage yield and botanical composition).

• Identification of a sustainable scale of broiler production in an agro-ecosystem,
from an organic perspective.

• Breeding a dual purpose chicken for meat and egg production.

• Development of on-farm diets (screening of feedstuffs, testing of diets).

• Investigating the potential to cultivate worms and insects as chicken feed,
preferably on-farm or in the region.

• Investigating the nutritional contribution of different types of pasture in
combination with different bird x housing systems.

• Investigating the nutritional contribution of pasture in form of minerals and
vitamins.

• Definition of resting periods for the land as a mean of disease prevention for
different housing systems.

• Development of winter housing systems.
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Populärvetenskaplig sammanfattning

Ekologisk slaktkyckling på bete

Forskningsprojektet handlar om uppfödning av slaktkycklingar i ekologiskt
lantbruk. "Ekologiskt" innebär bl.a. att kycklingarna ska ha tillgång till grönbete.
Jag undersökte, hur detta påverkar kycklingarnas nutrition, hälsa och betet själv.
Ekologisk kycklingproduktion är ganska sällsynt idag. Men en ökande
medvetenhet om miljö- och djurskyddsfrågor ger den en potential inför framtiden.
Jag försöker tillsammans med medarbetare utveckla kycklingproduktionen på
grönbete. Resultaten ska också visa, vilka gränser det finns för den typen av
produktion.
Kycklingar som får tillgång till bete söker instinktivt efter föda. De rör då på sig,
äter lite klöver och kanske hittar en mask, men de påverkar också betet.

Mitt forskningsprojekt kan delas i fem delar, varav fyra har att göra med bete.
Betesförsök 1-3 hade samma upplägg till grund: Vi jämförde kycklingar som växte
upp på bete med sådana som föddes upp under precis samma förhållanden, fast inte
på bete utan utomhus på halm. Tillgång till foder var begränsad. För studierna 2
och 3 hade vi även inomhusgrupper att jämföra med. Alla kycklingar föddes upp i
burar (3.3 x 4.0 x 0.6 m) som på betet flyttades dagligen. Burarna saknade golv
och innehöll foder- och vattenautomater. Kycklingar kunde inte lämna buren:

1. Kycklingar hittar tydligen föda på bete. Men är det tillräckligt mycket så att
lantbrukaren kan spara på kycklingfoder? Experimentet gick i tre år och
kycklingarnas tillväxt var varken mycket bättre eller sämre i någon av grupparna.
Det verkar alltså som att man inte kan spara på kycklingfoder.

2. Kycklingar med utevistelse kan lättare komma i kontakt med sjukdomar, t.ex.
genom vildfåglar eller när det är blött och smutsig ute. Alla våra kycklingar var
friska, men vi hittade Campylobakter i grupparna utomhus på halm. Vi hittade
däremot inga på bete eller inomhus. Campylobakter är en bakterie som inte gör
kycklingen sjuk, men vi människor kan insjukna om vi får i oss kött eller vätskan
från rå kyckling. Salmonella hittade vi ingenstans.

3. Idag har kycklingar ofta benproblem, därför att de växer för snabbt. Musklarna
växer då snabbare än andra organ. Detta kan orsaka smärta. - Fysisk aktivitet är bra
för benen. Men stimulerar tillgång till bete kycklingarna så pass mycket att det gör
en skillnad? - Vi gjorde beteendestudier för att se om kycklingarna på bete var
mera aktiva än de på halm. Dessutom registrerade vi, tillsammans med en
veterinär, kycklingarnas benhälsa. Vi observerade och undersökte både snabb- och
långsamväxande kycklingraser. Men vi hittade inga skillnader mellan miljöerna.
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4. Kycklingarna på bete betar, krafsar och gödslar, och på det sättet påverkas betet.
Eftersom kycklingarna bara äter lite av gräset som kan växer upp under en sommar,
är betet i praktiken i första hand till för vanliga betesdjur som nöt eller får.
Kycklingarna får alltså inte försämra betet, t.ex. genom att minska andelen av den
värdefulla vitklövern. Under tre år undersökte vi den botaniska sammansättningen
av betet efter betning med kycklingar och jämförde den med betesytor utan
kycklingar. Vi såg att andelen vitklöver minskade under betessäsongen med
kycklingar, men att den hade fullständigt återhämtat sig till våren året därpå.
Kycklingar skadar alltså inte betet och deras gödsel kan t.o.m. ses som en tillgång.

Resultaten från studierna 1-4 är säkert kopplade till det inhysningssystemet vi
använde oss av: Våra burar gav tydligen ett bra skydd inte bara mot rovdjur utan
också mot olika sjukdomar, eftersom de på bete flyttades dagligen. (Burarna på
halm och inomhus flyttades inte.) Däremot innebar inhysningssystemet att
kycklingarna inte hade fri tillgång till ett större område, vilket kan ha begränsat
möjligheten till både fysisk aktivitet och näringsintag från betet. Flyttningen av
burarna gjorde också att kycklingarnas effekt på bete blev jämnt fördelat över hela
betesytan.

5. I ekologisk djurhållning ska fodret helst vara hemmaproducerat. Detta syftar
bl.a. till att begränsa antalet djur (och därmed gödselproduktionen) i regionen på
ett naturligt sätt, vilket förebygger näringsläckage till grundvattnet (t.ex. nitrat).
Men går det att göra ett bra foder bara med grödor som kan odlas i Sverige? Vi
jämförde ett hemmaproducerat foder med ekologiska råvaror med ett vanligt
koncentrat. Kycklingarna växte snabbare på koncentrat, men vi ansåg att de
kycklingarna som fick det hemmaproducerade fodret också växte relativ bra. Vi
konkluderade att det finns en potential för att utveckla ekologiskt foder för
slaktkyckling som kan ge bra resultat.

Sammanfattningsvis kan vi säga att det finns anledning till att tro att det efter fler
utvecklingsstudier är mycket möjligt att med gott resultat föda upp slaktkycklingar
på bete och med hemmaproducerat foder. Någon ekonomisk kalkyl har vi dock inte
gjort.
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