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Foreword

Spain is a very large country with a great variety of grassland ecosystems ranging from the humid
temperate North, where species such as Italian, perennial and hybrid ryegrasses, and red and white
clovers are the main species sown to grasslands, being dairy and beef farming the main activities, to the
very dry South East, where browsing of shrubs and grazing of cereal stubbles and fallows make the
largest part of the fodder resources for livestock, mainly sheep and goats. In the middle is the Dehesa,
which, together with the Montado of our Portuguese neighbours and very good friends, represents a
unique and very special ecosystem, which is an excellent example of ‘Grassland Sustainable
Productivity’, the subject of the 21st General Meeting of the European Grassland Federation.

As commented in the first opening paper, the Dehesa is the ‘only possible form of rational, productive
and sustainable land usage’ in a place where arable farming would be unsustainable and unprofitable,
and that, due to its diversification and efficiency, is ‘also a very versatile system and has been able to
successfully satisfy human requirements from the Middle Ages up to the twenty first Century’.

Taking into account the above mentioned features of the Dehesa system, located within an area of
Mediterranean type of climate, the Spanish Society for the Study of Pastures decided to propose
Extremadura as the most appropriate site within Spain to hold the 21st General Meeting because it
represents a very different environment from those prevailing in most of the countries that organized the
General Meetings in the past.

The theme is wide enough to be applicable at a Pan-European level and the Scientific Programme was
designed to cover a wide variety of subjects, under the umbrella of ‘Grassland Sustainable Productivity’,
namely 1) Overcoming seasonal constraints to forage production, 2) Role and potential of legumes, 3)
Production and quality aspects of different animal feeds, 4) Changes in animal production systems to
meet CAP reforms and 5) Grassland and climate change.

A total of 278 papers, from 38 countries, have been accepted to be presented as opening, plenary, oral or
poster papers and will be an excellent basis for scientific discussions during the meeting.

The organizers would like to express their appreciation to the numerous people that helped in different
aspects to make the meeting possible. Thanks are also specially given to 1) the Executive Committee
that promoted a lively discussion among their members to define the theme and subjects of the different
sessions, in order to meet EGF standards and traditions, 2) the Honorary Life Presidents who guarantee
the scientific standards, being permanently ready to solve any question concerning a wide variety of
subjects in a very short time, 3) the sponsors that made it possible to keep the individual fee at a
reasonable level.

Very special thanks are given to the Scientific Committee members and to 133 external reviewers and
language revisers who are a most important resource of the EGF family, in order to improve the
language and scientific quality of the papers. It is a very difficult task because most of the contributions
come from authors whose mother language is different from English.

We hope that all the participants enjoy the special atmosphere of the Dehesa and benefit from the
scientific information and discussions of the 21st General Meeting of the European Federation.

Leopoldo Olea Juan Piñeiro
President of the Spanish Society President of the

for the Study of Pastures European Grassland Federation
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The Spanish dehesa. A traditional Mediterranean silvopastoral system 

linking production and nature conservation 

Olea L.
1
 and San Miguel-Ayanz A.

2

1
Dpto. de Biología y Producción de los Vegetales, Escuela de Ingenierías Agrarias, Universidad de 

Extremadura, Ctra. de Cáceres s/n, 06071 Badajoz, Spain. 
2
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Abstract 

The Spanish dehesa is a traditional, but also up-to-date, Mediterranean agrosilvopastoral system. It 

might be regarded as one of the most successful and efficient examples of how extensive 

agrosilvopastoral management is not only compatible with nature conservation and sustainable rural 

development within  its environment, but also necessary for the achievement of both goals. Its area, of 

about 4 million hectares, is marked by two fundamental features: Mediterranean climate and low soil 

fertility.  

The character, role, management and yield of its major components (tree layer, sward, crops, livestock 

and wildlife) are described.  The current management of the Spanish dehesas is strongly influenced by 

the Common Agricultural Policy, showing a certain dissociation between the natural environment and 

its productivity, on the one hand, and agrosilvopastoral treatments, on the other. The main problem 

affecting the dehesa is the lack or shortage of regeneration of the tree layer. 

Keywords: rangeland, Mediterranean, extensive livestock, Nature 2000 Network. 

Introduction

The term dehesa has many meanings. One of them reflects the word´s etymology: deffesa, defensa, an 

early system of grazing land reserved for cattle used for land ploughing. Nowadays, the most widely 

accepted definition is that of an agrosilvopastoral (or pastoral-silvo-agricultural) system developed on 

poor or non-agricultural land and aimed at extensive livestock raising. Silviculture is not aimed at 

timber production but at increasing the crown cover per tree and at producing acorns, browse and 

fuelwood. The major goal of land cultivation is preventing the shrub invasion of grasslands and 

supplying fodder and grain for livestock, harvesting being a secondary goal (San Miguel, 1994, 2005; 

Montero et al., 2000). According to Olea et al. (2005), the typical dehesa is located in the South 

Western part of the Iberian Peninsula, in Spain and Portugal, covering an area of about 3.5 – 4 million 

hectares. The greatest part of it is concentrated in Extremadura  (1.25 M ha), Alentejo (800,000 ha) and 

Andalucia (700,000 ha). 

The dehesa (montado in Portuguese) is an ancient system: the first written reference is from 924 (Olea 

et al., 2005), though evidence of early dehesas is available from the Neolithic period (Stevenson and 

Harrison, 1992; Joffre et al., 1999). Its expansion is closely linked with historical events: the reconquest 

of the Iberian Peninsula from the Moors and the subsequent re-distribution of that land, its re-population 

and the separation of heritages; the role of the Mesta, a powerful association of herdsmen and 

stockowners, and the sale of Church and nobility lands (Gómez-Gutiérrez, 1992; San Miguel, 1994; 

Joffre et al., 1999). 

The typical environment of the Spanish dehesa is marked by two fundamental features: the 

Mediterranean character of the climate (dry summers and somewhat cold winters) and the low fertility 

of the soil (particularly P and Ca), making arable farming unsustainable and unprofitable. Another 

important factor is topography, which is generally flat or hilly, but never rough. Within this difficult 

environment, the dehesa has arisen as the only possible form of rational, productive and sustainable land 
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usage. It does not try to maximize the output of any particular product. On the contrary, it tries to use a 

strategy of efficiency and diversification of structures with the aim of  taking advantage of every natural 

resource (multiple, scarce and unevenly distributed in time and space) of its environment with a 

minimum input of energy and materials. Due to that diversification and efficiency, the dehesa is also a 

very versatile system and has been able to successfully satisfy human requirements from the Middle 

Ages up to the twenty-first century. That is the secret of its survival. 

The link between the high structural and biological diversity of the dehesa and its efficiency and 

stability is the high diversity of relationships between its components. They are so closely entangled by 

that net of inter-relationships that the management of every single component necessarily affects each of 

the others. That is why the dehesa system should be described from a holistic point of view as a whole 

macro-organism; and why the dehesa is a paradigm of equilibrium and mutual dependence between 

production and nature conservation. Its high environmental value is a consequence of its extensive, 

integrated and efficient management. Therefore, that management should be considered as a powerful 

conservation tool (González and San Miguel, 2004).  

Structure and management 

Due to its large area and its high economic, social and environmental importance, there is much 

available information on the dehesa system. However, most of it is written in Spanish and, what is even 

worse, deals exclusively with one or few of its components. Foresters deal almost exclusively with the 

tree layer but less with livestock or agriculture; agronomists, with crops but not with trees or wildlife; 

experts in animal production, with livestock but not with trees or wildlife; biologists, with flora, fauna 

or biodiversity but not with management, and so on. As a consequence, the aim of this paper will be to 

give a comprehensive view of the whole dehesa system, integrating the management of its different 

components and environmental aspects. To achieve that goal, we will present the essential information 

of every component as tables in which we describe the major role of each component and their essential 

features, regarding composition, production, management and improvement, as foresters do in 

silvopastoral management projects. 

The tree layer 

The dehesa is a savannah-like open woodland (with summer drought instead of summer rainfall, as the 

in true savanah) where trees play a fundamental role of general stabilization providing the so-called 

services or indirect benefits. However, they contribute to the direct general production of the dehesa

with acorns, browse, fuelwood, cork, edible fungus, pollen and some more resources. Its major features 

are summarized in Table 1. The tree layer is an essential component of the dehesa system and, as a 

consequence, sustainable management must be concerned not only with adult tress but also with their 

natural regeneration. This is the most important problem of the dehesa system, since natural 

regeneration is usually absent or scarce. The almost complete abandonment of transhumance, a partial 

substitution of sheep by cattle due to the shortage of shepherds, the increase of stocking rates and 

grazing periods allowed by socio-economic improvement and the Common Agricultural Policy are the 

most important reasons for that situation. In addition, it is getting worse as a consequence of the 

accelerated disappearance of adult trees due to the so called `seca´ (sudden dying-off caused finally by a 

fungal disease and promoted by climatic, edaphic and biological reasons).   
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Table 1. Major features of the dehesa tree layer and its management. 

TREE 

LAYER

Major role 

STABILITY: structure, landscape, climate (Joffre and Rambal, 1988, 

1993), erosion, water and nutrient cycles, shelter, biodiversity, C fixation, 

cultural benefits, fodder,...). Perennial sclerophyllous species might be 

considered as permanent fodder reserves for livestock and wildlife 

Species 

Quercus ilex rotundifolia (=Q .ilex ballota), Q. suber (sclerophyllous and 

perennial), Q. faginea, Q. pyrenaica (semi-deciduous) and other less 

important species. 

Density (15) 20 – 100 (200) adult trees ha
-1

Crown coverage (5) 10 – 50 (70)% 

Basal area 2 – 10 (15) m
2
 ha

-1

Products: Mean 

annual yield 

Fuelwood: 800-5000 kg ha
-1

-rotation (DM) 

Browse (pruning or direct browsing): 400-1500 kg ha
-1

 (DM)(pruning). 

Direct browsing is important in coppices (usually cold dehesas, with low 

acorn yield) 

Acorn:  (100) 200 – 600 (800) kg ha
-1

, with inter-annual variations (Olea 

et al., 2004; López-Carrasco et al., 2005)  

Cork (only Q. suber): 500-1500 (2000) kg ha
-1

-rotation 

Silvicultural 

rotations 

Regeneration felling: tree senescence (150 years for Q. suber and 250-

300 years for other species) 

Pruning: 10-15 years 

Debarking: 9-12 years 

 Threats 

The lack or shortage of natural regeneration of trees in many dehesas is 

by far their most important threat. Besides, it is getting worse due to the 

sudden dying-off of many trees known as ‘seca’. 

Natural pastures

The most important objective of the dehesa is extensive livestock rearing. Therefore, natural pastures, as 

the main source of fodder for livestock, are an essential component of the system. As a consequence of 

the Mediterranean climate, natural pastures are usually annual grasslands. However, perennials play a 

fundamental role in valley bottoms and particularly in dense swards created and maintained by intense 

and continuous grazing, known as majadales. Their major features are summarized in Table 2.  The 

management of natural pastures is aimed at increasing their quality (legumes: protein, minerals), since 

quantity is much less important due to high variability (up to 200 %, according to Olea et al., 1989) and 

the typical uneven seasonal distribution of their production (Figure 1). Therefore that management is 

based upon three fundamental topics: rational livestock grazing, legumes and phosphorus.  A suitable 

management might result in a significant improvement of the quality of natural pastures (Table 3). 

However, seasonal periods of shortage of fresh fodder can not be avoided, so browse, fruits (particularly 

acorns), crops and supplementary food also contribute to a suitable nutrition of livestock in hunger 

periods: summer and winter. The shrub layer is typically absent or sparse. 
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Table 2. Major features of the dehesa natural pastures. 

NATURAL

PASTURE

S

Major role Providing fodder for livestock 

Communities 

Usually annual grasslands: Helianthemetalia, Thero-Brometalia, 

Sisymbrietalia.  

Edapho-hygrophilous perennial grasslands (Agrostietalia) grow on 

valley beds and wither in mid-summer.  

The optimum grassland community is the `majadal’ (Poetalia 

bulbosae), a dense sward of annuals and perennials with a rather 

high representation of legumes (protein) created and maintained by 

intensive and continuous livestock grazing. 

Production 

1000-2700 kg ha
-1

 yr
-1

 (DM). Majadal pastures usually around 3000 

kg ha
-1

 yr
-1

 DM, with early growth start in autumn and late 

withering. 

Yearly 

distribution of the 

fresh fodder yield 

Spring: 60-70% 

Summer: 0% 

Autumn: 15-25% 

Winter: 5-15% 

Highly variable due to a very high climatic variability 

Management

goals

Legumes are essential due to their protein supply but also because, 

after withering, their nutritional quality is high enough to satisfy the 

maintenance requirements of  livestock. Supplementary feeding 

could then be avoided or reduced (Olea et al., 1989; Olea and 

Viguera, 1998). 

Improvement

Sustainable but intensive grazing aimed at increasing the pasture 

quality and at recycling limiting nutrients  

P fertilization (25 to 35 kg ha
-1

 P2O5/ha during the first year and 18 

- 25 thereafter) aimed at favouring legumes, whenever their 

abundance is high enough to ensure good results (Moreno et al.,

1993, 1994). The available P level should be high enough: 8-12 mg 

kg
-1

, Olsen method (Granda et al., 1991). Superphosphate is the 

usual product, but natural phosphates (ecological products) are also 

showing good results (Olea et al., 2005) 
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 -  Average year

               - - bad year, low rainfall

0 2 4 6 8Autum            Winter           Spring        Summer

Figure 1. Annual production of natural pastures. 

Table 3. Nutritional quality of the dehesa natural pastures. 

Crude protein (g kg
-1

) O.M.D. % of  Legumes 

Max Min Average Max Min Average Max Min 

Av

era

ge

148 85 103 63.3 40.0 55.2 24.0 4.0 8.5 

O.M.D.: Organic Matter Digestibility (%) 

Crops, including sown pastures 

Crops and sown pastures often play a fundamental role in livestock feeding, as a complement to natural 

pastures, both in seasonal distribution (summer and late winter) and in quality (Joffre et al., 1988). In 

addition, cropping is usually carried out in cycles of several years (3-6) with the aim of keeping 

intolerant invading shrubs out of natural grasslands.Some dehesa owners allow other farmers to 

cultivate their dehesas for free when their natural pastures are being invaded by intolerant shrubs, 

usually Cistus sp. The major features of the dehesa crops and sown pastures are summarized in Table 4.  
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Table 4. Major features of the dehesa crops and sown pastures. 

CROPS

Major role 
Complementing the fodder yield of natural pastures, both in seasonal distribution 

and quality 

Types 

Cereal crops: oat, barley, rye, wheat, triticale. They complement the fodder yield of 

natural pastures both in seasonal distribution (summer, late winter) and quality 

(energy). Grain is the most valuable product. It is usually collected, but it may also 

be harvested by direct summer grazing, since transhumance is no longer being 

carried out. Straw is also collected or grazed. Sometimes, there is a late winter 

grazing period of leafy biomass followed by a resting season until the summer grain 

harvest. 

Sown pastures. Aimed at being used by grazing or cutting. In the first case, legumes 

are essential, so subterranean clover (Trifolium subterraneum) and other auto-

reseeding legume species are the basis for permanent sown pastures (Olea et al.,

2005). They complement the fodder yield of natural pastures in quality (protein) and, 

to a lesser degree, in seasonal distribution (air dry biomass and seeds). In the second 

case, vetch-cereal (oat, triticale, barley), with a 3:1 weight rate and conservation as 

hay, is the usual choice. However Lolium multiflorum and winter cereals are also a 

choice. Hay is used as summer and winter fodder.  

Production 

(average climatic 

year) 

Cereal crops: grain (1000-3000 kg ha
-1

), straw (2000-5000 kg ha
-1

)

Sown pastures:  

Legume rich permanent pastures: around 3000 kg ha
-1

 (DM) 

Vetch-cereal: 3000-6000 kg ha
-1

 (DM). Hay making 

Management 

Two-three tilling treatments before sowing (late winter, late spring, early autumn) 

Early autumn sowing  

Fertilization: 

Cereal crops: N-P-K usually 200-300 kg ha
-1

 (8-24-8 or 15-15-15) 

Legume rich permanent pastures: P (at least 35-40 kg P2O5 ha
-1

 before sowing) 

Vetch-cereal: N-P-K usually 200-300 kg ha
-1

 of 8-24-8 

Legume rich permanent pastures should be sown only when natural pastures show a 

very low abundance of legumes. In any other case, P fertilization becomes a better 

option. 

Table 5 compares the yield (quantity and quality) of natural pastures, P fertilized natural pastures and P 

fertilized sown pastures. 

Table 5. Yield and quality of natural pastures, P-fertilized natural pastures and P-fertilized sown 

pastures at the dehesa system of Badajoz (Extremadura, Spain). 

 Yield Quality 

 kg DM ha
-1

 Average response 
Crude protein 

(g kg
-1

)

O.M.D. 

(%)

Legumes

(%)

Natural pastures 1440 - 103 52.0  8.5 

P fertilized natural 

pastures
2238 55% 110 58.9 18.0 

P fertilized sown 

pastures
2670 86% 136 62.5 30.0 

O.M.D.: Organic Matter Digestibility 
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Livestock

Table 6. Major features of the dehesa livestock 

Extensive livestock is the most important direct product of the dehesa, but also a fundamental tool for 

creating and improving natural and sown pastures and for dispersing their seeds (Malo and Suárez, 

1995; Malo et al., 2000) and fertility (Gómez-Sal et al., 1992). As a consequence, sustainable and 

extensive livestock management is an essential tool for the preservation of the dehesa system and its 

biodiversity. However, it should be compatible with the presence and regeneration of the tree layer, 

since trees are browsed and damaged by livestock with different intensities (trees up to 12-15 cm of 

diameter at breast height, or 20-40 years of age, might be shattered by cattle, especially if they are fed 

with concentrates including urea). Due to the high diversity of  the dehesa system, different livestock 

species are required. The major features of the dehesa livestock and its management are summarized in 

Table 6.  

Hunting species 

Hunting species have always been present in the dehesa system, but in low densities (with the exception 

of wild rabbit) since they were considered only as a source of complementary food. However, since 

1960s the situation changed dramatically because hunting became a major economic activity and now is 

often the most important one in many dehesas.Wild ungulates, especially red deer (Cervus elaphus 

hispanicus) and wild boar (Sus scrofa), are now regarded as expensive renewable natural resources, so 

dehesa owners have usually fenced their properties. The result is a dramatic increase of wild ungulate 

densities (usually over 50 red deer individuals/km
2
). This has given rise to a new problem of 

sustainability (because of impacts on woody vegetation and fauna, prevalence of parasites and diseases 

which may affect livestock and even man, genetic loss,...) and new  concepts of land use (Vargas et al.,  

LIVESTOCK 

Major role The most important direct product 

Species

(breeds) 

Cattle: avileña-negra ibérica, morucha, retinta, lidia, blanca cacereña, berrenda 

en colorao, berrenda en negro, atigrada de Salamanca, ... 

Sheep: merino, Ille de France, Fleischschaff, Landschaff, ... 

Swine: Iberian pig (negro lampiño, negro entrepelado, colorado,...) 

Goat: verata, retinta, serrana,... 

Horse (español,...); Donkey (andaluz,...) 

Sustainable

stocking rate 

Cattle: 0.2–0.4 ha
-1

Sheep: 2–4 ha
-1

Goat: 2–3 ha
-1

Iberian pig: 0.4–0.6 ha
-1

The usual management is with several species, each one taking advantage of 

the optimal usage of specific natural resources (e.g. Iberian pig is preferred for 

fall and early winter acorn yield) 

An even distribution of livestock is desired with the aims of reducing damages 

to the tree layer, increasing the efficiency of grazing and reducing the 

prevalence of parasites and diseases 

Management 

Periods of high nutritional requirements of livestock (late pregnancy and 

lactation) should coincide with seasons showing peaks of fresh fodder supply. 

Cattle: desired calving season from November until March, depending on 

winter cold. Lactation: 5-6 months  

Sheep-goat: two systems. One lambing season/year: spring or autumn (better 

prices). Three lambing seasons/ 2 years. Lactation: 45 days. 

Iberian pig: two farrowing seasons/year: spring and autumn (López-Bote, 

1998). Piglets born in autumn are fed for one year (to reach 90-110 kg live 

weight) and then they are fed on acorns and grass from October until January, 

gaining around 0.7 kg day
-1

 (to reach 140-160 kg live weight) 
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1995; San Miguel et al., 1999). Wild rabbit densities have suffered a dramatic decrease because of 

myxomatosis, viral haemorrhagic disease and predators (wild boar included). This has become a major 

environmental problem (Villafuerte et al., 1995; González and San Miguel, 2004), since rabbit is the 

basic prey of many predators (Iberian imperial eagle and Iberian lynx included) and necrophages (e.g. 

black vulture). Red legged partridge, another traditional hunting species, is also endangered by many 

problems including the common introduction of farm-raised individuals (with their parasites, diseases 

and sometimes different genetic heritage) and predators (wild boar also included). Finally, wood-pigeon 

densities have increased, even though they compete with livestock (especially Iberian pig) and wild 

ungulates for acorns. The major features of the dehesa hunting species and their management are 

summarized in Table 7.  

Table 7. Major features of the dehesa hunting species. 

HUNTING 

SPECIES  

Major role The most important direct product in many cases 

Species

Wild ungulates: Red deer (Cervus elaphus hispanicus), wild boar (Sus scrofa), roe 

deer (Capreolus capreolus), fallow deer (Dama dama), mouflon (Ovis ammon 

musimon)

Wild rabbit (Oryctolagus cuniculus), hare (Lepus granatensis)

Red legged partridge (Alectoris rufa), wood pigeon (Columba palumbus), turtle-

dove (Streptopelia turtur) and some more 

Sustainable

stocking rate 

Ungulates: 10-20 ind km
-2

. Problems of overstocking. 

Wild rabbit: traditionally over 10 ind/ha. Nowadays it has disappeared from many 

dehesas and their densities are much lower. 

Red legged partridge: densities vary with food and shelter supply. 

Wood-pigeon: high densities in autumn and winter there where acorn yields are 

high. Estate owners often scare them with the aim of reserving acorns for livestock 

or wild ungulates. 

Management 

Wild ungulates: usually `montería´ (individuals are driven towards concealed 

hunters by dogs and dog handlers), but also, in a lesser extent, trophy-stalking. 

Culling: about 15-20% with the exception of wild boar (higher, up to 100% or even 

more). 

Lagomorph and bird species: stalking. Red legged partridge is also hunted by `ojeo´ 

(individuals are driven towards concealed hunters by people). 

Environmental quality 

The dehesa is a system protected by the 92/43/EEC Habitat Directive, and included in the Nature 2000 

network. In addition, it provides a wide variety of services, or environmental benefits: structural and 

biological diversity, environmental stability (erosion, climate, nutrient and water cycles, fire,...), 

landscape, leisure activities, tourism, cultural heritage and some more (Table 8). It is also the habitat of 

many protected animal and plant species and communities. As a consequence, in spite of the fact that it 

is usually a private property, the environmental quality of the dehesa system should be considered as a 

fundamental objective of its management and results in the so-called environmental rent (Campos et al.,

2001). However, as we stated above, that high environmental quality is a consequence of its extensive, 

integrated and efficient management and, therefore, that management should be considered as a 

powerful conservation tool. As an example of it's importance agro-silvo-pastoral management is a basic 

activity of three LIFE Projects aimed at the conservation of Iberian lynx, Iberian imperial eagle, black 

vulture and black stork (González and San Miguel, 2004).  The conclusion is that this kind of 

management, whose profitability is usually low, should be supported by European, Spanish and regional 

governments.    

The tree crown coverage and distribution has shown to be a major factor in determining the diversity 

and population density of many animal groups in the dehesa system. It is widely known for livestock 
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species, ungulates, small mammals and birds, but has also been demonstrated for lizards (Martín and 

López, 2002), ants (Reyes et al., 2003) and dung-feeding beetles (Galante et al., 2001).  

Table 8. Major aspects of the dehesa environmental quality. 

ENVIRONMENTAL 

QUALITY  

Major role 

The most important service or indirect benefit of the dehesa system. 

Demanded by society and considered as a fundamental goal by every public 

policy (European Community, Spain, Authonomic Communities), even 

though most dehesas are private estates.  

The so-called environmental rent of the dehesa is very high and is still 

increasing (Campos et al., 2001)  

Endangered 

fauna 

Iberian Imperial Eagle (Aquila adalberti), Hieraaetus fasciatus,Elanus 

caeruleus, Iberian lynx (Lynx pardinus), black vulture (Aegypius 

monachus), black stork (Ciconia nigra), crane (Grus grus), Cabrera´s vole 

(Microtus cabrerae) and many others, invertebrates included 

Other

environmental 

services

Structural and biological diversity: , ,

Environmental stability: erosion (Bernet, 1995; Olea et al., 2005), climate 

(Joffre and Rambal, 1988, 1993), nutrient and water cycles (Gómez-

Gutiérrez, 1992), fire,... 

Genetic biodiversity: traditional livestock breeds, traditional varieties of 

agricultural species, ecotypes of pasture species selected by grazing over 

centuries. 

Landscape

Cultural heritage 

The tree crown coverage, as well as the percentage of land covered by natural or sown pastures or 

shrubs, is also closely related with erosion in the dehesa system (Maldonado et al., 2004 ). The arrival 

of autumn rainfall is the worst season from the point of view of erosion risk in the dehesa system, so 

suitable land use policies (Table 9) may significantly contribute to soil conservation.  

Table 9. Land vegetation coverage (%).  

Treatment November February March April 

Fallow (recently ploughed land) 0 0 0 0 

P fertilized sown pasture (1
st
 year) 18 76 83 99 

Burnt pasture 25 68 79 79 

P fertilized natural pasture 82 95 97 99 

Natural pasture (unimproved) 70 81 84 90 
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Abstract

In dryland areas of Spain and in other similar areas of the Mediterranean Basin, mixed agro-pastoral 

systems where sheep rearing is associated with cereal-fallow crops are very common.  

The present review analyses first the history and origin of the mixed sheep-cereal system; secondly 

describes the system in Spain and other Mediterranean countries; thirdly, compares it with other arable 

and livestock systems and finally, makes proposals to improve the sheep-cereal system in the context of 

sustainable rural development and nature conservation. 

The historical analysis suggests that after several millennia of independent development in the 

Mediterranean Basin, sheep and cereal systems merged probably during the Middle Age, as a risk 

reduction strategy, because mixed sheep-cereal systems are more productive, diversified, reliable and 

better adapted to fluctuating climatic and social environments. Economic globalization and 

intensification of crop and livestock systems are threatening the viability of the Mediterranean sheep-

cereal systems, but compensatory payments for public services such as protection of rural life, 

environment, biodiversity, landscapes, and traditional food production systems (organic farming), are 

some of the justifications to maintain and integrate extensive sheep rearing in association with low-

intensity cereal crops in marginal drylands. 

Key words: sheep-cereal systems, barley, stubbles, fallow weeds, steppe-birds, rural life. 

1. History and origin of mixed sheep-cereal systems 

Agriculture was a prerequisite for any high civilization, like those of Mesopotamia and Egypt, because 

city dwellers are consumers, not food producers. The bulk of the food produced and consumed came 

from four domesticates: wheat, barley, sheep, and goats (Harlan, 1975). However, goat and sheep 

domestication (pastoralism) started before cereal cultivation.  

According to mitochondrial DNA analysis, there were at least three geographically and temporally 

separate captures of founder female bezoar goats (Capra aegagrus) during the formation of early 

domestic populations. Fossil records suggest that the three goat lineages (Asia, Fertile Crescent and 

Europe) diverged much earlier (200,000 BC) than its domestication (c. 13,000-9,000 BC) (MacHugh 

and Bradley, 2001: Luikart et al., 2001). In the case of sheep, mtDNA indicates they derived from two 

different maternal lineages, and that some of the modern domestic sheep (Ovis aries) and European 

mouflon (Hiendleder et al., 2001) derive from one of these two common ancestors. These recent genetic 

discoveries indicate that goats and sheep could have been domesticated in Europe and North Africa (di 

Lernia, 2001), independently from its domestication in the Near Eastern Centre, and under different 

forms of pastoralism. 

According to archaeological records, goat domestication started in the Eastern Mediterranean ca. 7200 

BC, but size reduction, an indicator of domestication, began later in sheep, ca. 6500 BC. Cereal 

cultivation appeared about a millennium after caprine husbandry. By 5500 BC, domestic goats and 

sheep are found at Neolithic sites throughout Southwest Asia, frequently associated with evidence of 

cereals. Therefore we can expect that agriculture and pastoralism became the dominant mode of 

subsistence across much of the region between the 7
th

 and 5
th

 millennium (Bar-Gal et al., 2003).  

Initially, herders and cultivators of lands surrounding villages coexisted, but as populations increased, 

and with it the demand of foodstuffs, both activities dissociated and finally shepherds became nomads 
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who only contacted sedentary village cultivators to trade animals and animal products (Abdi, 2003; 

Johnson, 1983). Mixed cereal-sheep husbandry is a relatively modern type of pastoralism, not identified 

as such among the early types of prehistoric pastoralism in the Near East.  

The globalization process in the Roman period led to large scale cereal production in the so-called 

Rome’s granaries, scattered around the Mediterranean (Syria, Turkey, Egypt, Cyrenaica, North Algeria, 

Tunisia, Morocco, Sicily, and the Iberian Peninsula). These granaries may have offered the optimal 

conditions for the origins of sheep-cereal mixed systems during the fall and disintegration of the Roman 

Empire, and with the social changes associated to the beginnings of the medieval period. Since then, the 

convergence of sheep pastoralism with cereal agriculture became a common practice around the 

Mediterranean, especially in its more marginal areas, as a strategy to reduce risk and diversify 

production.  

During the Middle Ages, as populations increased, more forest was cleared and converted to farmland 

and pastures with livestock excreta being the main source of fertilizer. As livestock numbers increased 

and due to the seasonality of Mediterranean climate and pasture resources, livestock rearing demanded 

seasonal movement of animals along networks of drove roads connecting summer and winter pastures 

(Bignal and Cracken, 2000).  

In Spain, this transhumant pastoral system was well developed by the 8
th

 century, and by the year 1273 

the king Alfonso X had established a national livestock association, the ‘Honrado Concejo de la Mesta’, 

which defended the rights of livestock raisers undertaking transhumance across Spain, until its abolition 

in 1836. The Mesta maintained large numbers of Merino flocks moving towards regions where natural 

conditions provided green pastures (highland and mountains in summer, plains and coastal areas in 

winter) or to cropping areas like winter cereals to graze stubbles and weedy fallows. During the last 

decades, old agrosilvopastoral sheep rearing systems have evolved towards more intensive and 

economically efficient agro-pastoral systems, where use of concentrates and agricultural by-products 

make up the largest part of the animals feed. However, in marginal environments, like those prevailing 

in semi-arid Mediterranean basin countries, agriculture and livestock are still associated, and sometimes 

integrated. 

2. The sheep-cereal mixed farming system  

In Mediterranean countries, low-intensity arable systems are mainly confined to drylands (non-irrigated) 

which are particularly significant in the Southern European Union (Spain, Portugal, Italy and Greece), 

Middle East and North Africa (Syria, Tunisia, Morocco, etc). Very often, winter cereals use fallowing to 

maintain soil fertility, and associated with them, sheep rearing; animals graze stubbles in summer and 

weedy fallows in autumn-winter. The proportion of fallow (30-80%) and the importance of livestock 

increases as rainfall decreases. The number of fallow years also increases in poor soils (2-3 years). The 

components of the sheep-cereal/stubble/fallow systems are described below. 

2.1 Cereal year 

In Spain, winter cereals occupy around 6 mill ha (35% of arable land), and in summer, the majority of 

cereal stubbles are grazed by livestock, as well as nearly 3 million hectares of fallow land in the 

autumn-winter. During the last 20 years, the area cultivated with wheat has been maintained around 2.2 

mill. ha, while the area of barley has been reduced from 4.3 mill. ha in the period 1985/92, to 3.1 mill. 

ha in 1999/2004. EU subsidies to increase arable land under fallow in marginal areas are probably the 

main cause of the reduction of barley cultivation. Oats and rye occupy small areas (391.000 ha and 

161.000 ha respectively). During the decade 1995-2004, mean barley production in Spain was 9 mill. 

tons of grain (ranging from 5 to 11 mill. tons) and average yields 2400 kg ha
-1

. Spanish barley 

production represents about 20% of EU barley production and 6% of world production. 

The amount of straw produced by each unit of grain is 0.60 for wheat, 0.72 for barley, 0.78 for oats and 

1.20 for rye (Kossila, 1984). In the barley straw, 35% corresponds to leaves, 58% to stems and 7% to 

awns and axis of spikes. Straw quality in Mediterranean semi-arid and marginal areas is generally better 

than in temperate zones (Rihani, 2001). Barley grain and straw are the most important livestock 

supplements during seasonal feed scarcity periods in dry Mediterranean areas (providing up to 50% of 
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animal nutritional requirements with 70% in the Middle East). When cereal yields are very low, as in 

dry years, grain is not harvested and animals graze cereals directly, maintaining their nutritional 

requirements during summer. 

2.2 Stubble 

After cereal harvesting, livestock enter the fields to graze the stubbles, which supply the remaining 

straw, weeds and the fallen grains. Sheep graze selectively; first the spikes and grains, secondly dry 

leaves, thirdly cut and fallen stems, and finally, standing stems. Summer weeds, such as Polygonum, 

Cynodon, Amaranthus, Salsola, Chenopodium, can be present in cereal stubbles, especially in areas 

where summer rains are relatively frequent. Some of these weeds are positively selected by sheep and 

contribute a fundamental part of their stubble diet. The biomass available in the stubbles ranges from 0.8 

t ha
-1

 in dry years, to 4.5 t ha
-1

 in wet years. The quantity of fallen grain is highly variable, being around 

200 kg ha
-1

 (Robledo, 1991), and it is related to spike density, soil topography, and soil stone content. 

According to Caballero et al. (1992), cereal stubbles represent a regular and important source of 

nutrients during the summer season for the Spanish sheep population –a mean of 24 million ewes during 

the last 15 years-.The capacity of stubbles to maintain sheep is limited because grain is consumed soon 

and the other stubble fractions cannot satisfy the nutritional requirements of gestating ewes (Guessous et

al., 1989). In such cases, animals are supplemented with concentrates. Sometimes, summer weeds 

represent an important fraction of stubbles: in North Greece, 33% of stubble biomass was made of 

weeds contributing up to 78% of the total diet (Yiakoulaki & Papanastasis, 2003). 

2.3 Fallow year 

The cycle of the fallow year starts with the autumn rains, which induce the germination of fallen cereal 

grains and other spontaneous plants. The biomass produced is highly dependant on rainfall and winter 

temperatures. Species of the Gramineae are the dominant fallow ‘weeds’, barley being the most 

important, followed by Lolium, Bromus, Avena, Leguminosae (Vicia, Lathyrus, Medicago, Trigonella, 

Melilotus, Coronilla), Cruciferae (Eruca, Biscutella, Sisymbrium,Diplotaxis), Papaveraceae (Papaver, 

Hypecoum, Roemeria, Fumaria) and others (Centaurea, Bupleurum, Orlaya, Bifora, Silene, Vaccaria, 

Cerastium, Anchusa, Galium, Linaria, Consolida, Muscari, etc.). At the end of spring, summer species 

germinate (Salsola, Chenopodium, Polygonum, Hypericum and Amaranthus).

Surprisingly, very few data are available on the biomass produced by cereal fallows, despite the 

important area they cover and the feed they provide to livestock. In SE Spain, Robledo (1991) and 

Robledo et al. (1989) estimated a mean production of 500-900 kg DM ha
-1

 during the period December-

May; barley contributed 50% of the total biomass, followed by Lolium rigidum (19.3%), Bromus 

diandrus (11.3%), Papaver rhoeas (2,3%), Vicia peregrina (1.2%), Trigonella polyceratia (1.2 %) and 

others (77 species with a 14% contribution). It is so important that the yield contribution of Gramineae 

species during the fallow year could be consider as another cropping year, but one achieved without 

ploughing the soil and with the incorporation of manure from the grazing animals.  

2.4 Sheep and herds

Sheep are the livestock species most related to cereal crops, with many races well adapted to different 

climatic and topographic conditions and able to convert cereal by-products into animal products. In 

1995, a majority of Spanish livestock herds (60%) had less than 200 ewes, and very little economical 

future; 25% of total herds having 200-500 sheep made up one third of the census; however, herds with 

more than 500 sheep (13% of total) represented 50% of the national census and provide the best 

economic option for the future of the sheep-cereal system. Castilla-La Mancha and Aragón, two of the 

Spanish regions where sheep herds are larger (210-240 ewes/holding), are also regions where winter 

cereals are widely cultivated (Hoyos, 2003). 
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2.5 Climatic scenarios

The productivity of the system is very much related to rainfall; thus in Spain, during the last 20 years, 

mean barley yields oscillated from 1.4 t ha
-1

 in a dry year, to 3.4 t ha
-1

 in a wet year (mean yields 2.4 t 

ha
-1

). In a mean year, the sheep-cereal system is well balanced, but during dry years, its components 

must be adjusted to get a minimal economic return that assures its continuity. Global climatic change 

scenarios open up new questions, but the versatility of the sheep-cereal system provides opportunities 

for adaptation to future climatic changes.  

During dry years, production is reduced to 50% of a normal year (90% in lower rainfall regions) and in 

these occasions, cereal crops are fully grazed at the end of the spring Thus livestock are a fundamental 

tool to get an economic benefit from failed crops, a situation that can be prolonged during several years 

of drought, as occurs rather frequently in Mediterranean dryland regions. The price of cereal grains, 

straws and concentrates increases in dry years, what in turn increases the cost of animal feeding, 

because cereal products make up a large part of the animals diet.  

During wet years, barley yields in Spain are 25% higher than in average years, and livestock feed 

resources are abundant; additionally, cereals are sometimes grazed during winter, with little reductions 

in grain yields. In wet years, weeds proliferate and compete with cereals, reducing the final grain yields, 

but in compensation, fallows are more productive. 

2.6 Subsidy scenarios 

EU subsidies to zones with environment or structural factors limiting development were initially used to 

increased sheep numbers and stocking rates in many regions of Mediterranean countries. In Spain, sheep 

numbers increased 52% during 1982-1993, and something similar happened to the area cultivated with 

cereals. With the new CAP starting in 1992, agriculture subsidies were given to producers instead of 

products. Since then, sheep numbers and cereal areas have stabilized or experienced a small reduction. 

In the case of livestock subsidies, they have not been used to improve forage production, infrastructure 

of farms, or to manage agrosilvopastoral territory, but have resulted in the intensification of farms and a 

movement of sheep from dryland to irrigated areas.  

In Middle East and North African countries, governments offered subsidized grain to encourage the 

supplementation of grazing with cheap barley. This produced a rapid increase in the number of animals 

and the meat produced, but also meant more animals on less land, leading to degradation of rangelands 

to a generalized use of concentrate feeds and increased cost of meat production (feed costs represent 

more than 50% of livestock output; Nefzaoui and Ben Salem, 1999). 

Fodder by-products from cereals represent the second largest resource in quantitative terms (after 

rangeland and natural pastures), but in terms of quality and seasonal availability, they represent the most 

reliable fodder resource for livestock during most of the year. Any future reduction of cereal area in 

economically marginal areas, due to reductions in subsidies, will diminish livestock feed resources and 

consequently, the stoking rate capacity of these areas. 

In the near future, EU support to farmers must be linked to a double function: as producers of quality 

food, and as managers of a large territory with responsibilities for preservation of the environment. 

Future sustainable models for these territories should consider economic aspects, such as rural tourism, 

creation of second residences, winter sports, preservation and restoration of historical and cultural 

holdings, hunting activities, etc, as well as activities for the preservation and rehabilitation of the 

environment, such as reforestation, maintenance of natural parks, control of soil erosion, management of 

the territory, etc (Tió, 1996). 

2.7 Maintenance of biodiversity 

The cereal-fallow system maintains a pseudo-steppe landscape of great importance for nature 

conservation. The adventitious flora associated with cereal cropping represents about 20% of western 

Mediterranean flora, but also provides supplemental feeding and habitat for steppe wild birds such as 

partridges, quails, wood-pigeons, turtledoves, great bustard, etc, which are becoming under danger of 

extinction with the reduction of cereal-steppe habitats. Changes in the agricultural production systems in 
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recent years (intensification, low-tillage, general use of herbicide, pesticide and chemical fertilizers, 

etc), loss of landraces and old crop varieties and abandonment of traditional field uses, have reduced the 

quantity and number of weeds to critical levels, resulting in some bird species becoming close to 

extinction in many European countries. 

3. Comparison of sheep-cereal systems with other systems 

Farming systems can be classified as extensive, semi-extensive or semi-intensive, and intensive, 

depending on the inputs, labour, capital and biodiversity involved.  

3.1 Extensive-low input systems

According to Bignal and McCraken (2000), extensive systems can be classified as: livestock systems, 

arable systems, permanent crop systems and mixed systems, in which sheep-cereal and sheep cereal-

legume systems could be included. Livestock systems are still present in upland and mountainous 

regions and in arid zones, but sheep numbers are decreasing, resulting in an increase of inflammable 

biomass and of forest areas affected by fires. 

Arable systems, which are mainly confined to semiarid areas, are low yielding and use fallowing to 

maintain soil fertility, frequently in association with grazing. Permanent crop systems, such as olives, 

fruits and vines are an important component of Mediterranean lands, but inter-cropping with cereals and 

livestock grazing is practised in poorer areas. 

Sheep-cereal systems are examples of mixed agro-pastoral systems, occupying an intermediate position 

between livestock and arable systems. Winter cereals represent the best alternative in terms of yields 

compared with the potential biomass produced by dryland pastures and rangelands. As an example, in 

semi-arid NW-Murcia (SE-Spain), where about 50% of the land is under cereal cultivation, the mean 

productivity of the biannual barley-fallow systems (2.7 t DM ha
-1

 year
-1

) is very high compared to that 

of native rangelands (1.8 t DM ha
-1

 year
-1

 in scrublands and steppes) and dry land pastures (1.2 t DM ha
-

1
 year

-1
) (Ríos et al., 1992). 

Higher labour cost and declining prices have contributed to the reduced viability of farming in marginal 

areas where forestation, marginalisation or complete abandonment has occurred in some places. Thus, a 

loss of agricultural habitats associated with the drier, traditionally less intensive farming systems has 

been detected in southern Europe countries. 

3.2 Intensive-high input systems 

Intensive systems like continuous cropping, or animal feedlots, in general are economically more 

efficient, and can feed more people per unit area in terms of calories and protein, than extensive 

systems. In intensive cropping systems, the role of animals is taken over by resources from fossil 

reserves; tractors using diesel oil instead of animals, fertilizers instead of dung, and herbicides instead of 

grazing. In the case of feedlots, the role of grazing is taken over by cereals, with livestock now 

consuming more than a third of the entire world’s grain as feed concentrates. Every kilo of meat 

produced uses 5-21 kg of animal feed, which has to be grown somewhere. Grain cereals are also used to 

produce ethanol by fermentation, a process that leaves a 50% residual (DDGS), rich in protein, which is 

used as animal feed. 

3.3 Intermediate systems 

A semi-extensive system which is becoming generally adopted in Spain and other semiarid 

Mediterranean countries is that of maintaining dry ewes on grazing resources from cereal crops and 

rangelands, but fattening lambs and supplementing animals with barley grain and other concentrate 

feeds during periods of high nutritional requirements. The energy requirement of a sheep in a shaded 

feedlot may be 70% lower than that of a sheep grazing on stubble (Landau et al., 2000). There are also 

semi-intensive agro-pastoral system around irrigated areas and fertile valleys, where intensive 

agriculture generates large amounts of by-products, which together with concentrates, make up the 
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largest part of the animals feed, and nearby urban populations absorb the animal products (Correal and 

Sotomayor, 1998). 

4. Proposals to improve the sheep-cereal systems  

The Mediterranean region is a complex mosaic of diversified landscapes. Much of the region is semi-

arid and soils become saline, dry and unproductive in response to a combination of natural hazards 

(droughts, floods, forest fires) and human-controlled activities, notably over-tilling and overgrazing. 

Hence, proposals must be diverse and related to particular regions. 

‘Integration’ by which farmers produce cereal and livestock to the mutual benefit of each enterprise is a 

must; however, in most cases owners of livestock do not have land, and cereal farmers do not have 

animals. 

Long term security of land tenure and cooperative management of large territories will provide 

opportunities to improve livestock feed calendars with measures such as: controlling stocking rates on 

fallows and stubbles; practise deferred grazing in autumn to get more green feed in winter from weedy 

fallows; increase water supplies and fence part of cropland to make better use of feed resources; replace 

part of the fallow with forage legumes, etc. 

4.1 Review cereal breeding in relation to sheep utilization of stubble products 

Land-race based cultivars with improved straw quality for feeding purposes have been released by 

ICARDA in Middle East and North African countries. In dry areas, drought stress is associated with a 

marked reduction of stem height and grain production in barley, but the nutritive value of the straw 

increases; stubbles also contains more protein in years of lower rainfall. In Syria, barley straw with 

shorter stems had more leaves (55 vs 36%) and appeared more extensively degraded in vitro (80.6 vs

68.3%) in research by Thomson and Ceccarelli (1991) which showed a relationship between leaf to stem 

ratio and straw degradability. Ohlde et al. (1992) also found leaves were more degradable than stem 

internodes. 

The quality of stubble from early maturing cultivars is lower than from late maturing cultivars. For this 

reason, selection of tall and early maturing varieties, which can escape drought, is in conflict with the 

increase in straw quality required for arid areas, where straw represents an important feed resource 

(Susmel et al., 1994). 

Recently, breeders have engaged in ‘reverse evolution’, aimed at establishing barley as a permanent 

pasture crop: a) selecting for wild seed to enable self-regeneration of the pasture; b) replacing awns by 

hoods to increases palatability of barley hay (Hadjichristodoulou, 1997). 

4.2 Use of forage cereals and cereals as forage 

When cereal yields are low, as in semiarid marginal areas, whole cereal crops such as barley can be used 

as forage for livestock, either for winter and spring grazing, or cut for hay at the end of the cycle (milky 

grain stage) for later use in periods of forage scarcity, such as winter. In Aragon, NE-Spain, several 

authors have evaluated the possibilities of cereals as forages. Joy and Delgado (1989) evaluating barley, 

oats and rye, measured winter yields between 200-400 kg DM ha
-1

, which reduced harvested grain and 

straw 20% and 30% respectively. When cut for hay in spring, forage yields were 2-3 t DM ha
-1

, rye 

being more productive in winter, and oats in spring. 

Andueza et al. (2004) studied in vivo the nutritive value for sheep of hays made from barley, oats, rye, 

and triticale, and reported that daily intakes of oat and triticale hays (67.7 and 64.4 g DM BW
-0.75

) were 

higher than those of barley and rye (53.8 and 54.5 g DM BW
-0.75

respectively). Barley had the highest 

dry matter digestibility (0.69 DMD) and crude protein (8.02 CP), but gave lower intake values than oat 

and rye, which the authors suggest could be due to differences in palatability related to presence of 

awns.

Valiente (2003) investigated the use of whole barley crop as a sheep summer diet; animals consumed 

first the spikes (50% of the initial biomass), secondly the leaves and thirdly the straw. The barley crop 

maintained a stocking rate of 65 ewes/ha for 30 days, with liveweight gain of 100 g/animal/day, but 
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46% of the initial production was left as residual (80% straw and 20% leaves and spikes) when animals 

were withdrawn from paddocks. 

4.3 Organic farming

People living on marginal areas are confronted by several challenges: ecological sustainability (produce 

whilst preserving basic resources), feed survival (get enough food to feed the population living on it), 

and economical return (get a commercial benefit). Our modern, mechanized intensive agriculture is not 

a renewable resource because it consumes fossil energy and requires more work and energy per unit of 

food. Only a small part of land surface –deep fertile soils- is suitable for intensive agriculture; the rest of 

the land, which is better suited for range and forest and can be used by domestic ruminants that 

transform plant production that man cannot utilize (Harlan, 1975). 

During recent decades, sheep rearing has gone through an intensification process that has given a 

negative selection of local breeds, as with ‘Segureña’ sheep, which lost adaptation to stress conditions 

and the capacity to transform feed resources of low nutritional value (Belmonte et al., 1991). Thus a 

new selection process to recover robustness may be required before moving sheep flocks to extensive 

conditions, as proposed by the new EU-CAP.  

Current EU policy on sustainable rural development promotes livestock systems adapted to local 

resources and environment, and oriented towards production of quality food; however, future 

predictions indicate that rural populations will continue their current decline and cereal production will 

evolve towards a competitive open market, as promoted by GATT agreements. With such a scenario, it 

seems logical that part of winter cereals, particularly barley, should be used for in situ consumption in 

extensive livestock systems. 

Organic farming is an alternative to sustain sheep-cereal extensive systems in marginal Mediterranean 

drylands. In place of fertilizers and pesticides, organic farming relies on local biological resources: 

fertilizers vs. animal manure or legume cover crops; herbicides vs. animal grazing; confined animals vs. 

walking animals; medicine vs. plant’s medicinal effects. In summary, organic farming could offer 

consumers foods free of chemicals, environmentally friendly and better tasting. There is more hand 

labour in organic farming, but livestock are healthier and prices of animal products are usually higher; 

however, there is still a big gap in the technical-scientific knowledge of Mediterranean agro-ecosystems 

and its self regulating capacity (Fersino et al, 2002) and hence, a lot of research is still needed (IFOAM-

EU, 2004) before the economical, ecological and human sustainability goals of organic farming can be 

fully achieved. 

4.4 Introduction of woody forage species  

To establish crop hedges and field margins in environmentally sensitive areas, could provide food and 

habitat for wild fauna and reduce soil erosion (Atkinson et al., 2002). Similarly, introducing woody 

forage species as natural fences and as protein feed supplements in cereal cropping areas could improve 

feeding calendars, preserve biodiversity and protect soils. 

Fodder shrub plantations (e.g., winter legumes Medicago, Cytisus, or summer ‘green’ C4 species 

Atriplex, etc.) can be used for several purposes: a) to create fodder banks for annual and inter-annual 

feed scarcity periods, b) as protein or mineral supplements to improve sheep intake of nutritionally 

deficient feeds (i.e., cereal straws, Stipa grasses, etc), c) to control soil erosion in cultivated areas with 

steep slopes, d) to provide refuge and feed to wild fauna, (Correal, 1993). 

Perennial woody legumes, like tree medics (M. arborea, M. citrina) are a good option for winter-spring 

grazing. Cereal-Atriplex alley cropping with saltbushes planted in widely-spaced rows following 

contour lines provides an in situ protein supplement to straw/stubble and protects the soil against soil 

erosion during autumn heavy rains. In Morocco, Narjisse (2005) reported that a barley-Atriplex system 

gave 31% and 97% more grain and straw respectively than the barley-fallow system. In Spain, cereal 

farmers in Murcia (SE-Spain) planted a few thousand hectares of Atriplex (mostly A. halimus and A. 

nummularia) as feed banks or supplements for summer and winter periods, but in most cases, poor 

management reduced the life and success of the plantations, which were well grazed by sheep (in fact, 

were overgrazed). Sotomayor and Correal (2000) showed that dry sheep fed with a mixed diet of 
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Atriplex and cereal straw could be maintained during summer with significant increases in weight and 

body condition. 

4.5 Introduction of legumes in cereal fallows 

Before the massive mechanization of agriculture, farmers had to cultivate forages of high feeding value 

as grain and hay legumes, and maintain cereal-legume fallows to produce enough feed for draft animals. 

Thus, in Seville (Spain), cropped land was rotated in a three year systems in which 1/3
rd

 was cultivated 

with cereals, 1/3
rd

 was fallow land, and 1/3
rd

 was cropped with legumes (peas, beans or vetch); animals 

consumed cereal and legume stubbles, weedy fallows, the harvested straw and some of the harvested 

grain (Kayser, 1992). 

With the advent of mechanization, most forage and pasture legumes were lost; however, fallow 

replacement with legumes for food, feed and pasture has been investigated by ICARDA (Jones, 1992). 

Grain legumes, such as lentils and chickpeas, had a certain degree of success in areas with good soils 

receiving more than 300 mm of rainfall, but annual pasture legumes in rotation with cereals were badly 

accepted by farmers. Approximately 350,000 ha of medic pastures were sown on North Africa and the 

Middle East during the 1970´s and 1980´s, mainly using imported seeds, but the results were far from 

being positive, and few of them are still functioning as the intended ley farming (Riveros et al., 1989). 

In Morocco, the small farms size forced farmers to use high stocking rates, which reduced seed 

production and the regeneration of the self-seeding legumes (Jaritz, 1992). In fact, the majority of 

farmers in North Africa have a multifunctional concept of livestock rearing with the livestock being a 

source of revenue, nutrition, financial liquidity and providing status in society (Riveros et al., 1989). 

Hence, they keep stocking rates far in excess of potential plant growth and any significant increase in 

animal feed is reflected in an increase in the animal population (Jaritz, 1992). 

The ley farming system fits well to Australian conditions were properties and flocks are large, there are 

infrastructures to maintain sheep permanently grazing on the field (fences, watering points, etc), and 

flocks are stocked at reasonable rates, allowing high seed production and persistence of pasture legumes 

However, such conditions do not exist in a majority of semiarid Mediterranean countries where attempts 

were made to introduce annual legumes, with the result that legumes are almost absent from cereal-

fallow rotations. 

4.6 Annual forage calendars to match resources with sustainable stocking rates 

The planning of annual feed calendars for livestock, combining all the possibilities offered by fodder 

resources such as cereal crops, fodder cereals, grain legumes, pasture legumes, and fodder shrubs can 

reduce grazing pressure on degraded rangelands and improve the efficiency of animals. Delgado et al.

(2004) experimented in semiarid Zaragoza (NE-Spain) with a forage system based on the combined use 

of alfalfa, winter cereals and the forage shrub Atriplex halimus; paddocks were fenced, and forage 

resources rotationally grazed by a flock of local ewes. This continuous forage system maintained 2 ewes 

ha
-1

, and produced 1.2 lambs ewe
-1

 year
-1

 with one lambing year
-1

. Ewes lambed outdoors and lambs 

were kept permanently with their mothers until reaching a slaughter weight of 22-25 kg. Fálagan (1992) 

proposed a similar forage calendar using winter cereals, alfalfa and Atriplex.

The traditional system in Zaragoza is an alternate cereal-fallow producing an average of 1.8 t ha
-1

 of 

barley; additionally, a stocking rate of 0.7 ewes ha
-1

 is maintained with cereal by-products and other 

rangeland forage resources, but the system is in crisis because of scarcity of shepherds and the limited 

gross margins of farms. With a final product of 2.4 lambs ha
-1

 year
-1

, the proposed forage system could 

economically compete with the traditional system and is also socially and environmentally more 

sustainable because of reduced needs for shepherds and labour, and because livestock are maintained in 

balance with forage resources and are less dependent on external inputs. 

The feeding calendar for a majority of livestock-cereal mixed systems in North African and Middle East 

countries (Nefzaoui, 1999) is based on the following feed resources: rangelands, cereal stubbles, cereal 

fallows, standing barley (green or whole dry crop), cereal and legume straws, barley grain, wheat bran, 

crop residues, olive tree by-products (cake, leaves, twigs), and other supplements (cactus, Atriplex, etc.). 

The contribution of the resources mentioned is changing rapidly with the contribution from native 
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pasture and rangelands decreasing while the contribution from cereal grains, straw and crop residues is 

increasing.

5. Promotion of plant and animal diversity 

Agricultural policy in Europe is changing from supporting production to encouraging environmental 

benefits in the context of sustainable rural development. Biodiversity may benefit from integrated 

farming techniques, such as sheep-cereal systems, but these need to incorporate environmental 

objectives explicitly, rather than as a fringe benefit. The loss of traditional crop rotations and the 

polarization of pastoral and arable farming has led to a marked reduction in mixed agriculture, and with 

it, a dramatic reduction in landscape diversity (Robinson and Sutherland, 2002). The intensification and 

modernization of cereal cropping has reduced the food supply for wild fauna because of: a) the removal 

of hedgerows and “rough patches”, b) the use of herbicides that eliminate weeds, c) suppression of 

fallow lands and d) earlier ploughing of stubbles (Newton, 2004). 

Weeds are major constraints to crop production, yet they have a role within agro-ecosystems in 

supporting biodiversity, especially phytophagous insects and birds (Marshall et al., 2003). Fields left 

fallow after harvest (i.e. stubble fields) support high wintering densities of many species of granivorous 

birds. In central England, seed abundance and area of bare earth were significantly greater on barley 

stubbles than on wheat stubbles (Moorcroft et al., 2002). In S Portugal, studies on the diet of wild 

rabbits (Oryctolagus cuniculus) stress the relevance of cereals crops to increase the carrying capacity of 

‘montados’ for rabbits (Martins et al., 2002). In Spain, Verdú and Galante (2002) found positive 

relationships between density of rabbits, surface grazed by sheep and goats, and the dung beetle 

endemism index. 

5.1 Arable weeds 

Relations between arable field crops (cereals, legumes, etc.) and arable weeds are a very old process 

handled by men. Many weeds may be consumed as wild food and weeds are a source of medicinal 

products and potential sources of nutraceuticals (Rivera et al, 2005) with some weeds providing animal 

self-medication (Engel, 2002). 

Many countries of central Europe and the UK (Sprenger et al. 2002; Sutcliffe and Kay, 2000) have a red 

list of endangered plant, where arable weeds represent about 20% of the wild flora targeted for 

conservation. According to Waldhardt, et al. (2001), in Central Europe´s marginal cultivated 

landscapes, the seed bank of arable-land weeds is depleted after cultivation is abandoned and largely 

exhausted after only ca 20 years; on the other side, several aggressive weed species have increased 

markedly over the past 30 years, mostly because of the increased nitrogen input from intensive 

techniques.  

5.2 Steppe birds

The conversion of forest lands to pastures and cereal crops produced a transformation of the territory 

and the appearance of spaces similar to secondary steppes and pseudo-steppes (Tucker and Dixon, 

1997). About 60% of endangered birds in Europe live on these steppe habitats, and the areas where 

cereal-sheep mixed systems are present are the most important habitat for the preservation of steppe 

birds (Suárez et al. 2005). In Europe, the largest steppe area is in the Iberian Peninsula (about 17 mill. 

ha). Of all steppe birds, the great bustard (Otis tarda) and the little bustard (Tetrax tetrax) are the two 

species most threatened. Both species are classed as ‘endangered’ under current IUCN conservation 

criteria, with 50% of the world bustard population found in the Iberian Peninsula. The measurements 

suggested to protect steppe bustards are: to maintain fallows and their rich flora; preserve or create 

borders and living hedges; eliminate herbicides and pesticides, fertilize with organic manure; use native 

seeds; and maintain traditional cropping cycles (Alonso et al., 2003). 
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5.3 Cereal land races and old cultivars 

In Spain, Gadea (1954) made a cereal inventory through all the country, finding over 200 landraces of 

several wheat species. The provinces with greater diversity were Asturias, Murcia, Albacete, Cuenca 

and Eastern Andalusia, provinces where sheep-cereal mixed systems did exist; on the contrary, other 

Spanish provinces with better conditions for cereal production (e.g. Castilla-León), had lower levels of 

agro-diversity. 

A recent ethnobotanical study in the province of Albacete catalogued 28 local races of wheat, but five 

less than in 1954 (Fajardo et al. 2000). Conservation of old cereal cultivars could be of great value for 

future breeding of cereals as forage for livestock. 

5.4 Local animal breeds: sheep and goats

In the mountain areas of Italy, France Spain and Portugal almost half (47%) of the breed races present in 

Mediterranean countries are localized with the Alps-Pyrenean axis being like a hot spot for ovine 

diversity (Mason, 1967; MAPA, 1985). A particular example is the Merino ewe (origin in Spain and 

Portugal), whose diversity has been multiplied through all European countries, South America, 

Australia and New Zealand. Other important racial groups are the Awassi (with fat tail), from the 

Middle East, and the Barbarine, from North Africa. More than 200 ovine races and a smaller number of 

goat races are distributed in the Mediterranean area, occupying a large diversity of ecological niches. At 

least 80% of these races are bound to agriculture by-products for its feeding. Unfortunately, the 

mounting extinction rates among domestic breeds are diminishing the genetic diversity on which 

adaptability to marginal conditions and future breed improvement might depend (Luikart et al, 2001). 

6. Conclusions 

The sheep-cereal farming is an original Mediterranean system which probably appeared in the Middle 

Age, during a critical economical situation, as a diversification response to reduce risk and optimize 

food and feed production. 

Sheep-cereal systems survive better on marginal dry land, where cereal yields are low and animal 

production is economically more interesting; cereals are consumed in situ as animal feed in its different 

forms.

The winter cereal-stubble-fallow system maintains a cereal-steppe landscape where an important part of 

Mediterranean flora and fauna, especially steppe birds, depends on the habitat and feed resources 

generated by stubbles and fallows. 

Mixed sheep-cereal systems are restricted by their low profitability and the poor integration between 

agriculture and livestock activities, which limit their economic, ecological and social efficiency. 

The practise of sheep-cereal organic farming in marginal areas could not only help the preservation of 

local cereal races and local sheep and goat breeds, which are better adapted and more productive under 

difficult conditions than selected races and breeds, but also be justified by the originality and quality of 

their final products. 

The preservation of extensive production systems adapted to the environment, and the quality products, 

biodiversity and landscape associated with them, are reasons that justify their maintenance in 

Mediterranean marginal areas. However the search for economic and ecological solutions for Rural 

Development in these territories, is most crucial to avoid human desertification, a possible scenario that 

would make unviable their preservation. 

Seasonal fluctuation of animal nutritional requirements and forage and pasture resources must be 

matched in an optimal way. However, even if fodder gaps exist, there are possibilities to improve the 

system by approaches such as creating fodder banks or hedges with forage shrubs, which can also 

support biodiversity, or introducing infrastructures like fences, water points and animal shelters in part 

of the farmland, to maintain animals grazing permanently during long periods, and thus, reduce labour 

cost and shepherd’s demand. 
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Abstract 

Climatic zones in Europe range from semi-arid in the Mediterranean basin to polar and so intensity of 

seasonality in forage production differs widely, influenced mainly by temperature and soil moisture. 

Management systems which overcome seasonal limitations vary widely. Forage may be conserved at 

times of excess supply, whether of grass or crops, for feeding stock in times of undersupply, principally 

as silage and hay. Seasonal forage growth curves can be manipulated by the use of fertilizer (mainly 

nitrogen), by irrigation, by selection of appropriate species and varieties, including development of 

secondary grasses and legumes, and by grazing management. Alternative forages or feeds such as 

maize, cereals, brassicas, a range of crop byproducts, and fodder trees and shrubs (in some regions) are 

valuable complements to grassland forage. Management systems including adjustment of stocking rates 

to reflect more closely grass growth and forage supply and their efficient integration, or changing stock 

reproduction cycles, contribute to overcoming seasonality. The additional constraint of minimizing 

adverse environmental impact in any strategy to overcome seasonality is acknowledged and some 

possible means of utilizing the feed resources to minimize nitrogen and phosphorus losses are 

considered. It is concluded that while decision support systems are useful in aiding farmers to make 

decisions to deal with seasonality problems, more information is required on the true costs of producing 

grassland forage and complementary feed alternatives to ensure options can be intelligently chosen. 

 Keywords: climate, growth curves, alternative feeds, conservation, grazing, environment. 

Introduction

Seasonality of production of grassland and forage in Europe is primarily influenced by temperature and 

soil moisture which limit the length and determine the intensity of the growing season. In most of 

Europe, temperature dictates the main seasonal trends in herbage growth but, in southern and eastern 

Europe in particular, summer trends are conditioned by the availability of soil moisture. Excluding the 

countries in the Mediterranean Basin, Topp and Doyle (2001) have divided Europe into eight 

agroclimatic zones, based on spring temperatures and summer rainfall/potential evapotranspiration, each 

zone having distinct seasonality. For example in the zone with the mildest winter, western Brittany has a 

mean average air temperature of about 6
o
C or above for all 12 months of the year in contrast to 

Rovaniemi in Finland, in the north east of Europe, where on average only 4 months have mean 

temperatures at 6
o
C and above, the remaining months averaging -4

o
C (http://www.climate-

zone.com/climate/). The balance between precipitation and potential evapotranspiration during the 

growing season, an indication of the likelihood of drought adversely affecting growth, is almost 100 mm 

in deficit for Debrecen in Hungary compared to 200 mm in surplus at Dublin in Ireland.  

In southern Europe, while all of the area is characterized by warm to hot summers mean monthly 

average temperatures for June to August typically approach 25
o
C in southern areas, and winter 

temperatures vary from mild to cool. For example in Italy around Milan the mean monthly temperature 

from November to February is about 4.5
o
C in contrast to Cagliari in Sardinia of 10.5

o
C for the same 

period. In these southern European countries annual rainfall varies between 400 and over 1000 mm with 
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potential evaporation in the most southerly areas exceeding 1200 mm, and so soil moisture deficit is 

severe in much of the area during summer. 

Seasonality in grass production  

Examples of seasonal grass growth curves of timothy (Phleum pratense L.) grown under similar 

management at a range of sites throughout northern Europe are presented in Figure 1 (adapted from 

Corrall, 1984). They highlight the long growing season in the south west of Ireland in contrast to the 

short season in Iceland and while the growing season in southern Finland is relatively short, growth rate 

in spring is rapid. The adverse impact of summer drought in continental Europe, in this case the 

Netherlands, is also highlighted. So, unless animal requirement mirrors herbage supply, herbage will be 

in surplus in some periods and deficit in others relative to immediate animal requirement.  

Figure 1. Daily growth rates for timothy cultivar Kämpe II (mean of 2 years) at Cork (Ireland), Korpa 

(Iceland), Wageningen (Netherlands) and South Savo (Finland) (From Corrall, 1984). 

A stylized growth curve of grassland production rate in semi-arid or warm Mediterranean areas shows 

the consequence of the excessively high evapotranspiration rate in summer during which there is no 

growth (Figure 2). This is followed by a small autumn peak as growth resumes with onset of rain. Low 

temperatures in early winter reduce growth but in late winter and spring rapid growth ensues until soil 

moisture deficit severely reduces growth (Papanastasis and Mansat, 1996). 
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Figure 2. Diagrammatic growth curve of grass production in semi-arid or warm Mediterranean area 

(adapted from Papanastasis and Mansat, original from Olea et al., 1991). 

The requirement for feed for ruminants does not usually correspond to forage availability as outlined in 

the above growth curves. Therefore systems have had to be developed which 1. reduce demand for feed 

by adapting the animal production system to meeting the limitations in supply of fresh herbage from a 

given area, e.g. manipulation of the reproductive cycle of the livestock; transhumance is another more 

extreme example, or 2. require non-forages (such as grains or arable crop byproducts) to be fed or 3. 

require forages which grow during the gap in normal grass growth to be included or 4. retain excess 

herbage at times of oversupply to be fed during gaps (In this last case, herbage or forage can be retained 

either by conservation or by deferring its use for grazing (stockpiling)) or 5. manipulating the growth 

curve, e.g. by fertilizer nitrogen use  to reduce imbalances in forage supply. Developments in the 

application of options 3 –5 have been reviewed, particularly in production systems in the British Isles 

and Spain, by Frame et al. (in press). Often, more than one of these strategies is adopted within the one 

system to synchronise forage supply and demand. Of all of these strategies, conservation of herbage 

(either as surplus or to preserve a forage crop specifically grown) for silage or hay is probably the most 

widely adopted method to reduce seasonality throughout most of Europe.  

Conservation 

Although the aim in silage making is to conserve herbage at as high a quality as grazed fresh grass, the 

quality of the grass at harvest and management from cutting until feeding, including all of the 

preserving/ensiling processes, are variables which prevent that aim being attained (Mayne and O’Kiely, 

2005). The main method of storage is by sealed clamps but wrapped big bale silage has become popular 

for both large amounts, for which silos represent a significant capital cost, and for small amounts when 

there are temporary surpluses of grass growth. Systems based on big bale silage have proved 

particularly suitable for small holders in all parts of Europe, and the operation can be contracted out or 

the holding can belong to a cooperative machinery ring. 

While grass and forages may be grown specifically for grazing or conservation, as discussed later, often 

good management dictates that the same sward be grazed and cut depending on demand for grazed 

herbage at specific times. So decisions need to be taken as to how much and when the sward in whole or 
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part should be closed off for conservation. Feed budgeting, which involves balancing animal 

requirements and grass supply on an annual, intermediate and short term (immediate) basis, provides a 

framework for taking decisions on the management of grassland (Mayne et al., 2000).  

During periods of low pasture growth decisions on how animals are to be fed have to be taken. While 

conserved herbage is an option, some systems rely heavily on bought-in feed (supplements) which may 

be calculated to be cheaper than home produced forage. In Northern Ireland, comparing a dairy 

production system which relies on high quality silage, high allowance of grazed grass and moderate 

amounts of concentrates with a system comprising tight grazing, medium quality silage and dependence 

on a high concentrate level, Ferris et al. (2003) found that overall animal performance was similar but 

stocking rate in the latter allowed one third more cows to be kept on the same area. While it may be 

inferred that the latter is the more cost effective system, when the economics of dairy production are 

considered in relation to the reliance on grass in the diet, Dillon et al. (2005) in a worldwide survey 

calculated that for every 10% increase in the diet comprising grass, the cost of producing 1 litre of milk 

declined by about €e2.7. Some studies calculate grazed grass to be substantially cheaper (e.g. Wilkins et

al., 1999) or only slightly cheaper (e.g. Keady et al., 2002) than high quality grass silage and alternative 

forages. Apparent lack of unanimity in methods of calculating relative costs of grazed and conserved 

grass demonstrates the complexity of whole systems management when dealing with seasonality and 

also points to the need for more detailed studies using standardized methodology. 

For many years there has been little hay conservation research in Europe in spite of its important role in 

small farms in central and southern Europe. However, the tenets of good haymaking are well established 

(McCartney, 2005). Losses during harvesting, storage and feeding were the traditional causes for its 

replacement by silage, certainly in northern Europe. Harvesting in southern Europe where hay crops 

may or may not be grown under irrigation, is less of a problem because of long rain-free periods. Some 

countries e.g. Spain and Italy, produce lucerne pellets dehydrated by a combination of field and artificial 

drying; these pellets are then used for a protein rich feeding supplement when grass for grazing is 

inadequate. Silage from maize (Zea mays L.), grass or cereal/vetch (Vicia spp.), arable byproducts and 

hay are options for use as a ‘buffer’ feed to assure adequate forage intake and animal performance. The 

use of buffers can also prevent overgrazing and so avoid jeopardizing pasture persistence and vigour. 

Current practices and developments in forage conservation, ensiling in particular, have been covered 

recently (Park and Stronge, 2005) and so will not be considered further here. However one development 

in plant breeding which has direct relevance to ensiling but also to animal production generally is the 

breeding of increased water soluble carbohydrate (WSC) content in perennial ryegrass which has 

potential to improve ensilability and nitrogen efficiency in the rumen, the latter has both financial and 

environmental implications. Difference in WSC content in trials between a high WSC cultivar and 

control were higher in Norway (12%) than in Ireland (7%) and differences between the cultivars were 

less marked at a high rate of N fertilization (O’Kiely et al., 2005).  

Manipulation of the seasonal herbage growth curve 

Use of fertilizers  

Producing herbage at a time when it is most likely to be needed is a major function of fertilizers, 

especially nitrogen, and also especially if an extended grazing strategy is to be adopted. In Ireland 

Hennessy (2005) has shown that it is possible to control herbage availability throughout the season by 

adjusting the distribution of nitrogenous fertilizer applied over the season. Applying only 20% of the 

annual total up to May (in contrast to the conventional 60%) and the remainder thereafter, herbage 

available in autumn was increased at the expense of spring-early summer herbage but total annual 

production was not affected. In Norway, in a two cut silage system, only at the higher annual rate of N 

application was there a slight advantage in favour of half or 60% being applied to produce the first cut 

(Lunnan and Nesheim, 2002). The growth curve of grass/white clover (Trifolium repens L.) swards can 

be altered by applying nitrogen fertilizer in spring i.e. when clover contribution to production is low. 

Grass growth is promoted without unduly adversely affecting clover contribution later in the season 

(Frame and Paterson, 1987). In semi-arid areas, water supply is a necessary adjunct to efficient use of 

fertilizers, N and supporting nutrients, in manipulating herbage supply and quality. 
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All aspects of the role and use of fertilizer N and other nutrients on grassland have been reviewed  by 

Whitehead (2000). However, there are increasing limitations on N use in EU countries, due to CAP 

reforms, which have specific restrictions on N inputs to land. With current uncertainties over oil 

supplies and price which affect the energy cost required for N fertilizer manufacture, and therefore its 

cost to farmers, N-fixing forage legumes have undergone substantial reappraisal. As a result it is evident 

that they will play a more important  role in the N economy and sustainability of European and indeed 

world grasslands (Frame, 2005; Frame and Laidlaw, 2005). 

Use of irrigation 

Drought may depress grass growth during the growing season. Options to overcome this shortage of 

herbage include irrigating or feeding supplements e.g. silage. In northern Europe, soil moisture deficits 

(SMD) of 70 or 80 mm are not uncommon during mid-late summer and this can represent a reduction in 

potential growth of 50% or more. Herbage growth is usually reinstated quite soon after SMDs fall. In 

central and eastern parts of the region, e.g. the Netherlands, irrigation in intensively managed grassland 

farms is practised although economics of cost of irrigation and response of the grass or forage crop and 

also the environmental implications of large scale water usage need to be taken into account. 

In semi-arid regions irrigation can increase forage yields 5- to 8-fold and for example production of 10-

16 t DM ha
-1

 has been achieved (Olea et al., 1990). In trials in southern Spain tall fescue (Festuca

arundinacea Schreb.) proved particularly suitable because of its productive persistence in mixture with 

white clover (Trifolium repens L.) or lucerne (Medicago sativa L.) though a lucerne monoculture was 

even more productive (Ratera et al., 1977). Lucerne is the most popular species for irrigation on the 

more fertile land (MAPA, 2003) and is mainly hayed or dehydrated for onward sale. With irrigation, the 

growing season in north-east Spain can extend from early March to the end of October and achieve 

maximum growth rates of over 90 kg DM ha
-1

 day
-1

 in June and an annual yield of 11.5 t DM ha
-1

(Delgado et al., 2004). In the Cantabrian Atlantic region, a 5-year annual increase of 37% was attained 

by summer irrigation (Martínez and Piñeiro, 1994). 

Species and varieties 

In Europe, the number of bred varieties registered in the European Catalogue has increased in recent 

years, for example, from 857 in 1989 to 1594 in 1999 (European Commission, 1999 cited by Peeters, 

2004). The most numerous were 565 for perennial ryegrass (Lolium perenne L.) and 237 for Italian 

ryegrass (L. multiflorum L.), together representing 50% of the total. Numbers of other species such as 

tall fescue, cocksfoot (Dactylis glomerata, L.), timothy, hybrid ryegrass (Lolium x hybridum Hausskn.) 

and meadow fescue (Festuca pratensis Huds.) ranged between 106 and 45. Several mainly secondary 

species were within the range 33 to 1 making up only 7% of the total. Clearly, this situation in Europe 

whereby selection by breeders has been concentrated on relatively few species is not ideal; conversely it 

represents breeding opportunity for the future. The two main ryegrasses above accounted for 83% of the 

amount of grass seed sold for forage production in the recent past while meadow fescue, cocksfoot, tall 

fescue and smooth meadowgrass (Poa pratensis L.) made up 17% (Kley, 1995), a situation which is not 

likely to have changed much currently. 

Species differ in their annual growth pattern as do cultivars within species. The prevalence of grass 

species sown in intensive grassland varies throughout Europe. For example in western Europe perennial 

ryegrass is widely grown while in Nordic countries timothy and meadow fescue are more prevalent as 

they can withstand lower winter temperatures than perennial ryegrass. In Norway smooth meadowgrass 

is commonly sown, in mixture with other species, for the same reason. However the supremacy of these 

species is being challenged, especially as silage crops. In Finland tall fescue produces more dry matter 

in the cuts subsequent to the primary cut than meadow fescue, although its nutritive value under these 

conditions has still to be determined (Niemeläinen et al., 2001). If nutrient levels applied to intensively 

managed grassland fall as predicted due to current implementation of the CAP reforms areas the current 

most appropriate species may need to be re-evaluated for lower input conditions and some species 

hitherto regarded as secondary need to be re-assessed (Peeters, 2004). He nominated three species for 

priority breeding: tall oat-grass (Arrhenatherum elatius L. Beauv. ex J. & C. Presl), red fescue (Festuca 
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rubra L.) and Yorkshire fog (Holcus lanatus L). Compatibility with legumes in mixture will also 

assume greater importance.  

Maturity class of varieties of grass species sown influences the seasonal growth curve. Perennial 

ryegrass varieties are classified according to their date of heading. Maximum growth rate is reached 

during the reproductive phase and so early heading varieties can reach their maximum 4 to 6 weeks 

earlier than the latest varieties in the late heading group and post-flowering depression is usually more 

pronounced than for late heading types (Laidlaw, 2005). In a dairy production trial, yield and 

digestibility in early summer were lower in swards containing intermediate than late heading cultivars 

(O'Donovan, 2001).  

While components of mixtures in long term swards may behave unpredictably, depending on which 

component is favoured, in short term leys all of the components may make a predictable contribution. 

For example, mixing barley (Hordeum vulgare L.), Italian ryegrass and legumes for a short term organic 

ley receiving compost and rotationally grazed by dairy cows, the dominant species is barley for the first 

two grazings after which a balance is maintained between the ryegrass and legumes (Kuusela et al., 

2004).

Plant breeding has contributed to meeting the problem of low herbage growth in early spring. White 

clover tends not to grow as early in the season as perennial ryegrass or any of the other commonly sown 

temperate grasses. However, the white clover variety AberHerald has also been bred to grow earlier 

than others in its peer group and shown to do so in a range of northern European environments 

(Wachendorf et al., 2001). Breeders also take account of overcoming environmental stress in breeding 

programmes which contribute to seasonality in forages. Freezing temperatures, snow cover, low light, 

heat, drought, anoxia (due to ice encasement), and flooding are all potentially stress-inducing factors 

which influence long term growth patterns of forages (Wilkins and Humphreys, 2003). Although 

attempts to produce more winter hardy ryegrasses by hybridizing perennial ryegrass with meadow 

fescue to produce festuloliums have not been successful when tested under Nordic conditions (Nesheim 

and Brønstad, 2000), hybrids between Italian ryegrass and tall fescue are showing more promise (L. 

Nesheim, unpublished data).  

In addition to the obvious advantages in mineralizable soil nitrogen content which legumes confer, 

mixing grass and white clover can be advantageous in reducing the adverse impact of post flowering 

decline of perennial ryegrass in dry matter production and in digestibility. White clover's seasonal 

growth pattern reaches a maximum around mid-summer and so the seasonal growth curve of the 

mixture is likely to be more uniform for most of the summer than for the grass component on its own 

(Frame and Paterson, 1987). A database of the most common temperate forage legumes grown in 

northern Europe has been compiled from 330 trials carried out over 20 years. Analysis of the data 

confirms the higher yield potential of red clover (Trifolium pratense L.) and lucerne (Medicago sativa

L.) than of white clover, birdsfoot trefoil (Lotus corniculatus L.) and galega (Galega orientalis Lam.) 

across northern Europe (Halling et al., 2004). See also the review by Peeters et al. (2006) in these 

proceedings. Notable legumes used in southern Europe include lucerne, red clover (T. pratense L.), 

white clover and sulla (Hedysarum coronarium L.) and of course a range of annual legumes from 

Trifolium and Medicago spp. in particular. Annual species, including Italian ryegrass and cereals, 

assume increasing importance with increasing length and intensity of the summer drought. Conversely, 

with a less severe climate, the use of perennial species increases, whether in the natural pastures or in 

sown swards. Lucerne and Italian ryegrass are popular sown species for potential high production under 

irrigation. Tall fescue and cocksfoot of Mediterranean origin are two relatively drought resistant grass 

species, inter alia because of their ability to develop a deep rooting system and in the case of cocksfoot, 

dehydration tolerance in surviving tissues and the ability of roots to extract water at low soil water 

potentials (Volaire and Lelièvre, 2001). However, cocksfoot has become less popular in many parts of 

Europe because of the nutritive value and stock acceptability shortcomings (Peeters, 2004). 

Some plant species which are weeds on cultivated land are also part of the grazing resource (Porquedda 

et al., 2005). Garland (Chrysanthemum coronarium L.) is a spontaneous species in Mediterranean 

grassland acceptable to animals (but classed as a weed in grain cereal crops). Preliminary work suggests 

that it may also have potential for ensiling (Valente et al., 2003). 

The use of deep rooting herbs such as chicory (Cichorium intybus L.) is likely to increase. The re-

introduction of potentially productive legume species from Australian breeding programmes based on 
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Mediterranean plant collections is well documented. However, there can be potential genetic erosion of 

existing adapted landraces in such situations (Rebuffo and Abadie, 2001) and imported cultivars do not 

always outperform local ecotypes (Falcinelli et al., 1993). 

Grazing management 

Growth curves of rotationally grazed or intermittently cut swards tend to reach a peak at flowering, 

followed by a trough or a plateau lower than the peak while the growth of set stocked swards is less 

extreme (Parsons and Chapman, 2000). Management at specific time of the year may also influence the 

growth and quality of the sward later. Grazing in early spring in Finland can have a beneficial impact on 

the growth and quality of swards later in spring and summer in rotationally grazed swards and swards 

are more easily managed later in the season (Virkajärvi et al., 2003). Provided stocking rates are not 

extreme in spring, early turn out (March in Ireland) results in higher grass utilization and milk yield 

(about 1 cm lower post grazing height and 1.5 l cow
-1

, respectively) than turning out in mid April 

(O’Donovan and Delaby, 2004). 

While in northern Europe growth during winter contributes little to herbage production, in some areas in 

Mediterranean regions, especially the most southerly, this period may account for most of annual 

herbage production. Although very little herbage is likely to be produced in winter grazing may extend 

beyond the growing season in western Europe in early winter and late winter-early spring where climate 

and ground conditions allow. This can be achieved by allowing herbage in autumn to accumulate and by 

deferring grazing until later, usually by extending the rotation by introducing swards which would 

otherwise have been cut in late summer/early autumn for silage (Laidlaw and Mayne, 2000). The 

amount of herbage which can be saved for out-of-season grazing is limited as rapid death of leaves and 

tillers in heavy stands reduces the amount of green herbage, although the limit rises with length of 

growing season (Hennessy, 2005). Guidelines introduced into Europe from New Zealand to minimize 

damage to swards in winter are summarized by Mayne and Laidlaw (1995). 

Allowing cows access to grazing for 2-3 h d
-1

 in early winter or turned out in early spring in Northern 

Ireland increased milk production (more than 2 l cow
-1

day
-1

) and reduced silage consumption (2.5-4 kg 

DM day
-1

) compared with those continuously housed (Mayne and Laidlaw, 1995; Sayers and Mayne, 

2001). Turning out steers to grass in mid March for finishing before slaughter in summer produced a 7 

kg advantage in carcass weight relative to those remaining indoors until early May on a grass silage diet 

before turnout (Steen, 2002). These examples demonstrate that in areas in which ground conditions will 

sustain grazing, benefits to animal performance can be accrued from utilizing grass by grazing, and 

manure accumulation during the winter housing period is reduced. 

In regions with a Mediterranean or warm temperate climate, annual legume-based swards, e.g. 

subterranean clover (Trifolium subterraneum L.), which have a life cycle adapted to escaping summer 

drought, are an important resource. The swards are hard-grazed in winter but then leniently grazed in 

spring so as to permit seed production, the seed burrs being embedded or buried in the soil. The 

subsequent sward density and forage production depend on adequate seeding density which comes from 

current production together with seed reserves from the soil seed bank (see Porqueddu and Gonzalez, 

2006, these proceedings for a review). 

In mild winter Mediterranean conditions grazing lucerne with sheep has very little impact on spring 

production and improves nutritive value (Chocarro et al., 2005). Lloveras et al. (1998) also noted that a 

late-autumn harvest of lucerne in Mediterranean conditions had little effect on the yield of the first 

spring harvest or on total annual yield. However, it is well documented that a late autumn rest period 

prior to dormancy is required in colder climates to ensure winter survival. 

Alternative forages 

Some farming systems are unable to produce sufficient or consistently maintain high quality conserved 

grass. So alternatives are grown to contribute to meeting animal requirement. These can be used to 

provide a) fresh forage in autumn and winter, b) buffer grazing feed during the growing season when 

grass growth or quality are poor i.e. to bridge the summer gap or c) a conserved forage fed as a 
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substitute or, more commonly, as a supplement to grass and other constituents of a winter feeding 

programme (Leaver, 1990). 

Forage crops for grazing or feeding fresh 

Brassica crops are the most common alternatives grown for grazing in many parts of northern Europe of 

which kale (Brassica oleracea L. ssp. acephala) is the highest yielding under English conditions 

producing about 9 t DM ha
-1

 with an metabolisable energy content of about 12 MJ kg
-1

DM, followed in 

order of DM production by swedes (Brassica napus L. var. rapifera) (7 t DM ha
-1

, ME about 13.5 MJ 

kg
-1

), forage rape (Brassica napus L. ssp. oleifera) (t ha
-1

, ME about 10 MJ kg
-1

) and stubble turnips 

(Brassica rapa L. var.  oleifera) (4 t ha
-1

, ME 12.5 MJ kg
-1

) (Ingram, 1990).  So they compete 

favourably with grass silage as a source of ME. These are utilized at times when grass quantity or 

quality is low which in northern Europe is usually in autumn and winter. Of these, turnips and rape are 

usually grazed in autumn having been sown in early summer while kale and swedes are harvested and 

fed in autumn and early winter as are the two high yielding and high energy forages in the family 

Chenopodiaceae i.e. fodder beet and mangolds (both Beta vulgaris L.). Rye (Secale cereale L.) or 

triticale sown in autumn can produce 2 t ha
-1

 of utilisable herbage in early spring. All of these crops, 

especially the brassicas and rye, have the capability to grow at relatively low temperatures and so are 

suited to the extremities of the growing season in cool temperate conditions. This also applies to early 

sown turnips offered to dairy cows during late summer in dry periods when grass is scarce. Utilisation 

of forage crops grazed, or even harvested, in late autumn and winter is often difficult especially on 

heavy soil and the high labour demand of root forages is a disincentive to their wide usage, despite their 

high energy content. 

In southern Europe fast growing fodder crops are a valuable complement to grazed pastures. Cereals 

feature strongly and, for example, in Sardinia local landraces of oats (Avena sativa L.) and barley are 

winter grazed prior to allowing the crops to ripen for grain while forage brassicas e.g. stubble turnips, 

provide late summer/autumn feed (Porqueddu et al., 2005). In some areas densely sown maize may be 

cut at the vegetative stage in summer and fed to stock. Byproducts of processing industries e.g. olive, 

grape, citruses, cottonseed, are available as feed in some localities (Seligman, 1998). The importance of 

successfully integrating available feed resources of pasture, cereal, byproducts and annual forage crops 

cannot be overemphasized (Talamucci and Pardini, 1999). 

Performance of animals grazing brassicas, especially root crops, can be variable. This has been ascribed 

to variability in the efficiency of utilization of the standing crop, due to ground conditions, and variably 

high contents of glucosinilates which can have an adverse effect on intake and of S-methyl-cysteine 

sulphoxide (SCMO) which reduces the efficiency of utilization of ingested dry matter (Milne, 1990). 

Inclusion of brassicas, especially the leafy types, is limited when fed to cattle and dairy cows (usually a 

maximum of about 5 kg DM head
-1

 day
-1

) to ensure that potential animal health problems are avoided.  

Grazing brassica crops in early winter may be environmentally disadvantageous as, in a study of nitrate 

losses in a dairy system in southern England, Allingham et al. (2002) recorded very high losses when 

the cows were grazing turnips in early winter. 

Fodder trees and shrubs

Several species of fodder trees and shrubs are a valuable source of animal fodder via grazing, cutting or 

browsing in the summers of semi-arid regions (Papanastasis et al., 2006). Examples are the ‘Dehesa’ 

system in western Spain or the ‘Montado’ system in Portugal whereby oak trees (Quercus suber L. and 

Q. ilex ssp. rotundifolia (Lam) Schwarz ex Tab. Mor.) provide leaves and small branches for cattle feed 

and tagasaste (Chamaecytisus palmensis (Christ.) Hutch and C. proliferus Link.), which originated in 

the Canary Islands and whose use has spread elsewhere (Frame, 2005). Black locust (Robinia 

pseudoacacia L.), amorpha (Amorpha fruticosa L.), retama (Retama sphaerocarpa (L.) Boiss) and the 

tree medic (Medicago arborea.L.) are valuable leguminous shrubs. Some species suggested for further 

investigation (Porqueddu et al., 2005) are Atriplex spp., Salsola vermiculata L. and Opuntia ficus-indica

(L.) Miller. Most authors indicate that substantially more research is needed concerning establishment, 

management, and nutritive value in particular, because of various anti-quality factors such as excessive 
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tannin or salt content. In more temperate areas there is scope for greater use of trimmings from poplars 

(Populus spp.) and willows (Salix spp.) (see New Zealand review by Charlton, 2003). 

Forage crops for conservation 

The most prevalent role of forage crops is as an ensiled crop fed in conjunction with grass or 

grass/clover silage. Forage or ensilable arable crops which can grow and develop under temperate or 

cool temperate conditions include whole crop cereals, vetches (Vicia spp.), forage peas (Pisum sativum 

L.) or field beans (Vicia faba L.), cereal/bean or cereal/pea bicrop, and cereal/kale. Even as far north as 

central and eastern Norway, field beans, peas and vetch produce acceptable yields (Nesheim and 

Bakken, 2004). Crops for Mediterranean conditions include some of the above species such as 

cereal/vetch mixtures (e.g. Caballero et al., 1995) and peas, but maize is of major importance. In the 

search for potential alternative crops, saffron (Carthamus tinctorius L.) for silage or hay is a promising 

example for adoption as a cattle feed (Landau et al., 2004) 

The highest yielding of the cereal crops for forage in the more southerly and western countries of 

Europe is winter wheat (Triticum aestivum L.) which is capable of producing about 15 t DM ha
-1

 under 

British conditions (e.g. Weller et al., 1993). It is ensiled if harvested at DM contents of up to 40% while 

more mature crops are preserved by treatment with urea.  Other ensiled whole crops which offer 

possibilities to improve intake and animal performance include cereal/legume and barley/kale bicrops. 

Although the higher energy and starch content in whole crop cereal provides a potentially complement 

to grass silage and often increases intake, it does not always result in increased animal performance 

(Keady, 2005). 

The benefit of forage maize exploited in southern Europe for many years has gradually extended north 

due to the development of early maturing hybrid maize varieties. While high yields can be sustained 

under conditions in southern Europe, covering the seed bed with a plastic mulch at sowing to promote 

early establishment usually results in earlier maturation, and higher yields (by 3-4 t ha
-1

) and starch 

content (by up to 50%) in more northerly environments (Easson and Fearnehaugh, 2003).  Despite these 

advances risk of failure still limits the areas in northern Europe in which it can be exploited currently. 

While maize can be grown as far north as Norway, it is limited to very specific milder climatic areas of 

the country (Bakken et al., 2005). 

Feeding maize silage with grass silage generally increases DM intake, milk yield and milk protein 

content although benefits decline when harvested at a very mature stage, the optimum dry matter 

content being about 300 g kg
-1

DM.  In a recent review of the value of maize silage for beef and dairy 

cattle Keady (2005) concludes that it has a concentrate sparing effect of up to 5 kg cow
-1

day
-1

 and is as 

cheap to produce and use as grazed grass.  However, these costs depend on the assumptions made and 

include Arable Aid which is less relevant under EU Single Farm Payment. 

Environmental implications of overcoming seasonality 

N and P losses during extended grazing 

Although in northern Europe, grazing is considered as the norm for utilization of grass in summer, it is a 

major source of nitrate leaching, especially when intensive (e.g. Cuttle and Jarvis, 2005). With regard to 

extended grazing, while Laidlaw et al. (2000) did not detect an effect on soil nitrate levels by dairy cows 

grazing for 2-3 h each day throughout November, Webb et al. (2005) calculated that extending the 

grazing season by 30 days on dairy farms receiving 250 kg N ha
-1

 during the grazing season increased 

nitrate-N leaching by 3 to 10 kg ha
-1

 meaned over total grazed and slurry-applied area. These 

calculations were based on models of N mass balances and data from five dairy farms in England, on a 

range of soil types, subject to different managements.   

Similarly, phosphorus losses over winter increase progressively with delay in housing. McGechan 

(2003) has calculated that loss is approximately 0.2 kg inorganic P ha
-1

 month
-1

 delay in housing, 

depending on extent to which soil is at or close to field capacity. From an environmental aspect, 

animals, particularly dairy cows which are more likely to be farmed intensively, should have access to 
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pasture for out of season grazing for only limited periods each day to maximize intake rate and 

minimize soil damage and N and P loss. 

Ammonia emission from grazing animals is likely to be about 5 times less than from housed animals 

due to infiltration of ammonia into the soil rather than be volatilized (Webb et al., 2005). The nature of 

manure produced determines the amount of emission from storage and during spreading. Farmyard 

manure emits about 35% less ammonia and leaches about 65% less nitrate than a corresponding amount 

of slurry so the system of housing has an impact on the environment. 

Integrating crops and grassland to reduce losses 

An inevitable consequence of housing animals is the accumulation of manure either as slurry or 

farmyard manure. Effective use of manure reduces the amount of inorganic fertilizer necessary to 

sustain a given level of forage production and so reduces N surplus leading to lower N loss (Cuttle and 

Jarvis, 2005).  Due to the Nitrates Directive, all EU countries should have action plans to reduce N 

surpluses.  In surveys of N balances, soil mineral N concentrations and efficiency of N utilization of 

systems involving grassland and forages, grass cut for conservation and lucerne crops are more nitrogen 

efficient than systems relying on annual forage crops (e.g. Grignani and Zavattaro, 2000). However, in 

some situations integration of grassland and forage crops offers opportunities to reduce N loss and 

increase N use efficiency, mainly on dairy farms. Introducing a forage crop with high energy content 

and efficient uptake of inorganic N into ploughed grassland reduces the amount of N fertilizer required 

to produce forage for ensiling compared with that required for grass for ensiling. In a long term 

experiment involving 3 year ley-3 year maize rotation in Belgium compared with all arable and 

permanent pasture (Nevens et al., 2004) about 50 kg N ha
-1

 annum
-1

 applied to maize crops could be 

saved compared with current practice. The maize crop's requirement for N was met from N released by 

ploughing the ley in the first year and from slurry with very little N fertilizer in the two subsequent 

years. In northern Germany on free draining soils comparing the 3 component rotation (clover/grass, 

silage maize, triticale) at 3 intensities of fertilizer inputs (75, 150 and 225 kg ha
-1

), the high N use 

efficiency of maize and triticale, especially the former, resulted in potentially low N surpluses for the 

whole rotation (Wachendorf et al., 2004). However, prevention of loss of nitrate N leached subsequent 

to ploughing cannot be assured and so this risk when ploughing grassland has to be taken into account. 

Conclusions 

Due to the wide range in climatic conditions and levels of intensiveness throughout Europe there is not a 

fixed common formula to deal with seasonality of grass and forage production to ensure adequate 

profitability and satisfactorily meet the demands of agri-environment programmes. Information on 

which farmers can make informed decisions about, for example, whether their systems should be more 

or less dependent on forage relative to supplements, or grass silage relative to alternative forages or 

grass silage relative to grazing is not always clear. Also decision making is further complicated by the 

complexity of integration of grazing and conservation, animal requirement and level of 

supplementation. Environmental legislation and prescriptions are becoming progressively influential in 

ruminant production systems imposing steps to control emissions e.g. Nitrates Directive (imposing 

limits on production of organic N) and to improve perception of welfare of animals (e.g. obligatory 

grazing season in Nordic countries). In addition, climate change cannot be ignored which is a further 

factor influencing seasonality (Rounsevell et al., 2005). Decision support systems are being developed 

to deal with some of the components of these systems e.g. forecasting growth in continuously stocked 

swards in Denmark (Søegaard et al., 2005), predicting intake of grazing dairy cows (Delagarde et al.,

2004) or predicting outcomes from whole systems e.g. Dairy_sim (Fitzgerald et al., 2005). As more 

regulation and limits are imposed on farming, the requirement for such aids becomes increasingly 

pressing.
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