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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 21% 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 21* 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 21% General Meeting of the European Federation.

Leopoldo Olea Juan Pifieiro
President of the Spanish Society President of the
for the Study of Pastures European Grassland Federation
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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 (Gémez-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 dekesa 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 (Gonzalez 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.

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
Quercus ilex rotundifolia (=Q .ilex ballota), Q. suber (sclerophyllous and
Species perennial), Q. faginea, Q. pyrenaica (semi-deciduous) and other less
important species.
Density (15) 20 — 100 (200) adult trees ha™
Crown coverage (5) 10 —50 (70)%
TREE Basal area 2-10(15) m’ ha!
LAYER Fuelwood: 800-5000 kg ha'-rotation (DM) 1
Browse (pruning or direct browsing): 400-1500 kg ha™ (DM)(pruning).
Direct browsing is important in coppices (usually cold dehesas, with low
acorn yield)
Acorn: (100) 200 — 600 (800) kg ha™', with inter-annual variations (Olea
et al., 2004; Lopez-Carrasco et al., 2005)
Cork (only Q. suber): 500-1500 (2000) kg ha™'-rotation
Regeneration felling: tree senescence (150 years for Q. suber and 250-
Silvicultural ~ 300 years for other species)
rotations Pruning: 10-15 years
Debarking: 9-12 years
The lack or shortage of natural regeneration of trees in many dehesas is
Threats by far their most important threat. Besides, it is getting worse due to the
sudden dying-off of many trees known as ‘seca’.

Major role

Products: Mean
annual yield

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 distribution of the
PASTURE fresh fodder yield

S

Major role Providing fodder for livestock
Usually annual grasslands: Helianthemetalia, Thero-Brometalia,
Sisymbrietalia.
Edapho-hygrophilous perennial grasslands (Agrostietalia) grow on

Communitics 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.
1000-2700 kg ha™ yr'' (DM). Majadal pastures usually around 3000

Production kg ha' yr' DM, with early growth start in autumn and late
withering.
Spring: 60-70%

Yearly 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 er 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™' P,Os/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', Olsen method (Granda ef al., 1991). Superphosphate is the
usual product, but natural phosphates (ecological products) are also
showing good results (Olea ef al., 2005)
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- Average year
- - bad year, low rainfall

Autum Winter Spring Summer

Figure 1. Annual production of natural pastures.

Table 3. Nutritional quality of the dehesa natural pastures.

Crude protein (g kg O.M.D. % of Legumes
Av
Max Min Average Max Min Average Max Min 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 ez 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.

Major role

Complementing the fodder yield of natural pastures, both in seasonal distribution
and quality

Types

CROPS

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™), straw (2000-5000 kg ha™)
Sown pastures:

Legume rich permanent pastures: around 3000 kg ha™' (DM)
Vetch-cereal: 3000-6000 kg ha™! (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 (8-24-8 or 15-15-15)

Legume rich permanent pastures: P (at least 35-40 kg P,O5 ha™ before sowing)
Vetch-cereal: N-P-K usually 200-300 kg ha™ 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

Crude protein ~ O.M.D. Legumes

ke DM ha’! Average response .

& geresp (gkg") (%) (%)
Natural pastures 1440 - 103 52.0 8.5
P fertilized natural )¢ 55% 110 58.9 18.0
pastures
P fertilized  sown ¢ 86% 136 62.5 30.0

pastures

O.M.D.: Organic Matter Digestibility
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Livestock

Table 6. Major features of the dehesa livestock

Major role The most important direct product
Cattle: avilefia-negra ibérica, morucha, retinta, lidia, blanca cacerefia, berrenda
en colorao, berrenda en negro, atigrada de Salamanca, ...

Species Sheep: merino, Ille de France, Fleischschaff, Landschaff, ...
(breeds) Swine: Iberian pig (negro lampifio, negro entrepelado, colorado,...)

Goat: verata, retinta, serrana,...

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

Cattle: 0.2-0.4 ha'!

Sheep: 2-4 ha™

Goat: 2-3 ha

Iberian pig: 0.4-0.6 ha™

Sustainable The usual management is with several species, each one taking advantage of
stocking rate  the optimal usage of specific natural resources (e.g. Iberian pig is preferred for

LIVESTOCK 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
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 (Lopez-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™ (to reach 140-160 kg live weight)

Management

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 Suarez,
1995; Malo et al., 2000) and fertility (Gomez-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®). 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.,
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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 e al., 1995; Gonzalez 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.

Major role ~ The most important direct product in many cases

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 (dlectoris rufa), wood pigeon (Columba palumbus), turtle-
dove (Streptopelia turtur) and some more

HUNTING Ungulates: 10-20 ind km™. Problems of overstocking.

SPECIES 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.

Wild ungulates: usually ‘monteria’ (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).

Species

Sustainable
stocking rate

Management

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

Table 8. Major aspects of the dehesa environmental quality.

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)
Iberian Imperial Eagle (Aquila adalberti), Hieraaetus fasciatus,Elanus
Endangered  caeruleus, lberian lynx (Lynx pardinus), black vulture (degypius
gll\lj\/ilﬁggMENTAL fauna monachus), black stork (Ciconia nigra), crane (Grus grus), Cabrera’s vole
(Microtus cabrerae) and many others, invertebrates included
Structural and biological diversity: a, B, v
Environmental stability: erosion (Bernet, 1995; Olea et al., 2005), climate
(Joffre and Rambal, 1988, 1993), nutrient and water cycles (Goémez-

Major role

Other Gutiérrez, 1992), fire,...
environmental Genetic biodiversity: traditional livestock breeds, traditional varieties of
services 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 ef 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% 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 ez 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 ef 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" and 5™ 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™ 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. 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™! in dry years, to 4.5 t ha™ in wet years. The quantity of fallen grain is highly variable, being around
200 kg ha™ (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 ef al. (1989) estimated a mean production of 500-900 kg DM ha™' 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 Aragén, 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 in a dry year, to 3.4 t ha™' in a wet year (mean yields 2.4 t
ha™). 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 (Tid, 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™' year) is very high compared to that
of native rangelands (1.8 t DM ha™ year’' in scrublands and steppes) and dry land pastures (1.2 t DM ha’
"year™") (Rios 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™', which reduced harvested grain and
straw 20% and 30% respectively. When cut for hay in spring, forage yields were 2-3 t DM ha™, 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™"°) were
higher than those of barley and rye (53.8 and 54.5 g DM BW™ " 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 ‘Segurefia’ sheep, which lost adaptation to stress conditions
and the capacity to transform feed resources of low nutritional value (Belmonte e 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 sifu 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 a/, 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), ¢) 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 sifu 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™ was cultivated
with cereals, 1/3™ was fallow land, and 1/3™ 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 ef 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 ef 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!, and produced 1.2 lambs ewe™ year' with one lambing year. Ewes lambed outdoors and lambs
were kept permanently with their mothers until reaching a slaughter weight of 22-25 kg. Falagan (1992)
proposed a similar forage calendar using winter cereals, alfalfa and A#riplex.

The traditional system in Zaragoza is an alternate cereal-fallow producing an average of 1.8 t ha™' of
barley; additionally, a stocking rate of 0.7 ewes ha 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™' year™, 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

Sustainable Grassland Productivity 21



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, ¢) 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 ez 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 ef 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, Verdu 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 (Suarez 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 (7etrax 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 ef 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-Ledn), 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 ez a/, 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 i sifu 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°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°C and above, the remaining months averaging -4°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°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°C in contrast to Cagliari in Sardinia of 10.5°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.
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Figure 1. Daily growth rates for timothy cultivar Kédmpe I (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 ef 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 ez 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 ez 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 ez 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 (7rifolium 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” has been achieved (Olea e 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 ef 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™ day™ in June and an annual yield of 11.5 t DM ha™
(Delgado ef al., 2004). In the Cantabrian Atlantic region, a 5-year annual increase of 37% was attained
by summer irrigation (Martinez and Pifieiro, 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 (Niemeldinen ez a/., 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
carlier 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 ez 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 Brenstad, 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 Pecters er al. (2006) in these
proceedings. Notable legumes used in southern Europe include lucerne, red clover (7. 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 Lelievre, 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 ez 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 (Virkajérvi 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 1 cow™, 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”' in early winter or turned out in early spring in Northern
Ireland increased milk production (more than 2 1 cow'day™") and reduced silage consumption (2.5-4 kg
DM day™") 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 (7rifolium 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™' with an metabolisable energy content of about 12 MJ kg 'DM, followed in
order of DM production by swedes (Brassica napus L. var. rapifera) (7t DM ha™', ME about 13.5 MJ
kg"), forage rape (Brassica napus L. ssp. oleifera) (t ha™', ME about 10 MJ kg™) and stubble turnips
(Brassica rapa L. var. oleifera) (4 t ha”', ME 12.5 MJ kg") (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” 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 (4dvena 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™ day™) 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™' 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™) 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 ez 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'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'day™ 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™' during the grazing season increased
nitrate-N leaching by 3 to 10 kg ha” 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 month™ 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 ez 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 ez al., 2004) about 50 kg N ha™ annum™ 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™), the high N use
efficiency of maize and triticale, especially the former, resulted in potentially low N surpluses for the
whole rotation (Wachendorf ez 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 ef 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 (Seegaard et al., 2005), predicting intake of grazing dairy cows (Delagarde ef 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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Abstract

The objective was to evaluate the carrying capacity, the evolution of botanical composition, soil fertility
and porosity of an irrigated pasture of perennial ryegrass (Lolium perenne L.), tall fescue (Festuca
arundinacea Schreb.), white clover (Trifolium repens L.) and lucerne (Medicago sativa L.), subjected to
different irrigation rates and grazing heights. Pasture was divided and subjected to irrigation rates A, B
and C during summer. The irrigation rates were 100% (plot A), 125% (plot B) and 150% (plot C) of
potential evapotranspiration. Cuttings were done when lucerne was: 15 to 20cm (subplots 1), 25 to
30cm high (subplots 2) or full bloom (subplots 3), for a 114 day-period. Subplot A1 was grazed 5 times
(22 grazing days), B1 and C1 6 times (32 grazing days) while A2, B2 and C2 were grazed 4 times — A2
and B2 were grazed 39 days while C2, 43 days. Irrigation rate increased the proportion of lucerne in the
pasture although higher cutting frequency reduced lucerne and increased white clover. The proportions
of ryegrass and fescue were low in every harvest. Soil parameters showed a statistically significant
increase over time regardless of grazing height and irrigation rate. Neither irrigation rate nor grazing
height influenced porosity, which decreased from 50% to 40%.

Keywords: irrigated pastures, carrying capacity, herbage composition, soil fertility and porosity.
Introduction

Irrigated pastures in Mediterranean type climate areas constitute an important feed resource allowing to
extend grazing throughout the year. The utilization of the pasture, controlling the species present, will
be reflected on its nutritive value since the botanical composition and the proportion leaf/stem will be
influenced. Knowing the evolution of the botanical composition, its nutritive and feeding value as well
as the recycling potential of the nutrients in the soil, will provide a tool for the producers to decide their
livestock feeding management and the production system sustainability.

Materials and methods

An irrigated pasture with rye-grass, fescue, white clover and lucerne, sown on a clay-calcareous soil,
was subjected to different irrigation rates and grazing heights during summer. The irrigation rates were
100% (plot A), 125% (plot B) and 150% (plot C) of potential evapotranspiration for the Santarém
region. Grazing was performed whenever lucerne was 15 to 20cm (subplots 1) and 25 to 30 cm high
(subplots 2) or as hay at full bloom (subplots 3). The experiment was a split plot in time design with
three replicates. Subplots 1 and 2 were grazed individually by 50 kg dry-ewes, tied to the centre of the
subplot allowing for a grazing area of 41.8m? every time lucerne reached the planned heights, while
subplot 3 was cut for hay. Sampling was done before grazing or haymaking. Herbage botanical
composition was evaluated for all treatments. Nutritive value was only evaluated for grazing heights
treatments. The dry matter (DM) content and chemical composition of the pasture species were
evaluated by cutting the canopy inside quadrats clamped on the grazing plots. Pasture samples were
analysed for DM, ash and nitrogen (AOAC, 1990), for fibre composition (Goering and Van Soest, 1970)
and for in vitro organic matter digestibility (OMD) (Tilley and Terry, 1963). Determinations of minerals
were made after dry-ashing of the samples, by atomic absorption spectrometry (Shimadzu Corporation,
1991) except phosphorus that was measured colorimetrically (AOAC, 1990). Soil was sampled at two
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depths, 10 and 30cm for fertility, and 5 and 10cm for porosity analyses, at the beginning and at the end
of the trial. Pasture was fertilized with phosphorus and potassium at the beginning of the trial according
to previous soil analysis.

Whenever the F-test of ANOVA was significant the Tuckey’s test was used to detect which means were
different (Kaps and Lamberson, 2004).

Results and discussion

During the 114 day-period of observation, the legume species dominated the pasture for all the grazing
heights. The species evolution, evaluated on the clamped quadrats by weighing the cut canopy was:
grazing height 1 - the proportion of ryegrass decreased from 24 to 13%, with a minimum of 9% by the
end of August, fescue varied between 9 and 14%, lucerne decreased steadily from 36 to 8% and white
clover dominated the pasture increasing from 31% to 65% by the end of the period; grazing height 2 —
the proportion of the grass species was small, decreasing throughout the period, however, this grazing
frequency allowed lucerne and white clover to maintain their proportions, respectively 50 and 36% of
the green matter recorded inside the sampling quadrats. Results obtained from grazing height 3 are not
shown. The lower grazing height decreased lucerne DM production. Values obtained for grazing heights
1 and 2 were, respectively, 32 and 74g m™. Statistical differences were not observed for the other
species between grazing heights. The highest irrigation rate increased significantly lucerne DM
production with the following values: 36, 41 and 68g m™, respectively for A, B and C treatments. All
other species were not affected by irrigation rates.

Subplot Al (irrigation rate A and grazing height 1) was grazed 5 times for a total of 22 grazing days,
while B1 and C1 were grazed 6 times (27 and 32 grazing days, respectively). Grazing height 2 allowed
subplots A2, B2 and C2 to be grazed 4 times — A2 and B2 were grazed during 39 days while C2 lasted
for 43 days. Total dry matter produced for grazing height 1 was 572.3, 619.0 and 789.2 g m™ for
irrigation rates A, B e C, while grazing height 2 produced 499.8, 630.3 and 709.3 g m™ for the same
irrigation rates.

The species nutritive value did not vary significantly throughout the study period. However, significant
differences were found for the OMD between grazing heights 1 and 2, with values of 738 and 669 g kg™!
DM. The nutritive parameters evaluated did not differ between ryegrass and fescue or lucerne and white
clover.

When species were grouped under grass or legume, significant differences were found for the following
parameters — ash (131 vs. 110 g kg™"), crude protein (223 vs. 252 g kg™"), neutral detergent fiber (552 vs.
306 g kg!), acid detergent fiber (309 vs. 255 g kg'') and OMD (653 vs. 742 g kg'!). Mean mineral
content was similar for all species, with the following values: phosphorous, 4.1 g kg DM; sodium, 3.4
g kg'! DM; potassium, 28.1 g kg”' DM; and magnesium, 2.3 g kg™ DM. On the other hand, calcium
mean values were 7.7 g kg™ DM for grasses and 16.0 g kg™ DM for legumes.

In general, there was an increase in mineral content for iron, magnesium, manganese, sodium, zinc,
nitrogen and organic matter while phosphorus and potassium were maintained at high levels due to the
fertilization applied. Both irrigation rate and grazing heights did not influence the levels of minerals in
the soil. Porosity was not significantly affected by irrigation rate or grazing heights. However, porosity
under grazing decreased compared with the haymaking areas.

Conclusions

The lower grazing height (15-20cm) increased the percentage of white clover in the pasture.

The maximum irrigation rate (150% PET) favoured lucerne. The availability of dry matter throughout
the study period increased on the plots subjected to higher irrigation rates.

The different grazing heights did not influence the nutritive value of the species in the pasture but the
OMD was greater for grazing height 1. Phosphorous and potassium levels in the soil were maintained
throughout the study. All soil minerals determined increased significantly, regardless of irrigation rates
or grazing heights.
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Abstract

The objective of this study was to evaluate the performance and feeding behaviour of dairy cows by
restricting daily grazing access time and supplementing with maize (Zea mays L.) silage. The
experiment was carried out during 8 weeks (May and June 2005) using 48 mid-lactation Holstein cows
allocated to 4 treatments in a 2x2 latin square design on ryegrass pasture. The treatments were 4 and 8 h
per day of access time available for grazing (A) and 5 and 10 kg DM of maize silage (S) per day
(treatments: A4S5, A4S10, A8SS and A8S10). Herbage allowance above 5 cm was 6.5 and 11.0 kg DM
cow'd™! for S10 and S5 treatments, respectively. Feeding behaviour on grazing was estimated by visual
recording. The effect of grazing access time and maize silage are additive for milk production: 20.5,
21.9,21.8, 22.7 kg for treatments A4S5, A8S5, A4S10, and A8S10 respectively. Grazing time shows an
interaction between the two factorial treatments: 216, 353, 194, 297 min d”' for treatments A4S5, A8S5,
A4S10 and A8S10 respectively.

Keywords: dairy cow, grazing, access time, maize silage.
Introduction

The major problems encountered in dairy systems under grazing conditions are the unfavourable
weather conditions and day length, especially at the end of winter and in autumn. This reduces growth
and herbage availability, so animals are often supplemented to satisfy their nutritional requirements.
Restricting daily access time to pasture can avoid the risks of sward degradations and can be used as a
mean to improve grazing management. However, few experiments have been carried out on the
performance of dairy cows when daily access time is restricted and dairy cows are supplemented with
maize silage. The objective of this study was to evaluate the performance and feeding behaviour of
dairy cows with short grazing access time at two levels of maize silage supplementation.

Materials and methods

Four treatments were arranged in a 2x2 latin square design with 2 durations of daily access time for
grazing, 4h (A4) and 8h (A8), associated with 5 (S5) or 10 (S10) kg DM cow™ d' of a supplement
based on maize silage and soyabean meal (ratio 83:17) (A4S5, A4S10, A8SS, A8S10). The experiment
was carried out over 4 periods each lasting 14 days, from 29 April to 24 June 2005. Forty-eight mid-
lactation Holstein cows were allocated to groups of 12 according to days of lactation (166 d), milk
production (29.6 kg d') and composition, live weight (599 kg) and condition score. During the
experiment, each morning, grazing session started at 09:00. Animals restricted to 4 h d' grazing were
removed from the pasture at 13:00 and housed in a concrete area. Those restricted to 8 h d”' were
removed from the pasture at 17:00 and also confined. Cows were milked twice daily at 07:00 and 17:30.
All cows were fed the supplement indoors in individual stalls once daily subsequent to the afternoon
milking. The pasture area of 7.5 ha consisted of perennial ryegrass (Lolium perenne L. cv Ohio). Each
paddock was sub-divided into 4 sub-paddocks, each allocated to one of the four treatments. These
paddocks were fertilized after each grazing period at a level of 60 kg N ha™ of ammonium nitrate (33%
N) and were strip-grazed with short rotation periods (18 d) in order to have relatively low pre-grazing
sward heights. Daily herbage allowance was 7.5 and 12 kg cow” d' for S5 and S10 treatments,
respectively. The difference between these two levels of herbage allowance was determined to get
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similar post-grazing sward height whatever the maize silage level. Herbage mass and sward bulk density
were estimated twice weekly by motor scythe cutting. Pre and post-grazing sward heights were
determined daily using a plate meter.

Individual milk yields were recorded at each milking. Milk protein and fat concentrations were
measured over 4 consecutive days at the end of each period. Grazing activity was recorded individually
every 5 minutes by direct observation, 2 days during the second week of every period.

Results

Pre-grazing sward height did not differ between treatments. Herbage mass above 5 cm was slightly
higher (p<0.05) on A4 compared to A8 swards. Herbage CP content and OM digestibility averaged 225
g kg”' DM and 0.774, respectively. Herbage allowance was slightly lower than expected whatever the
treatments. Residual sward height was higher on A4 than that on A8 (on average +1.25 cm, p<0.01) and
lower on S10 than on S5 (-0.7 cm, p<0.05).

Table 1. Effects of grazing access time and supplementation level on sward and grazing characteristics,
milk production and composition and on grazing activity in dairy cows.

Significance
Treatment A4S5 ABS5 A4S10 AS8S10  Syx A S A*S
Sward height (cm) 11.1 10.6 11.2 10.3 0.65 NS NS NS

Herbage mass ' (kg DM ha™') 1468 1351 1478 1289  140.6 * NS NS
1

Herbage an"fiv_?)nce keDM 11 106 66 67 092 NS  ** NS

Residual sward height (cm) 7.2 5.7 6.3 53 0.54 *x * NS

Milk production (kg d™) 205 219 218 227 1.0  ***  #=xx NS

Ml'kpr"temkcg‘??)ce“tra“"“ (€ 293 208 299 304 065 *x ek NS
Milk fat concentration (g kg')  40.3 394 39.5 394 1.64 * NS NS

Grazing time (min d') 216 353 194 297 29.2 ok ok ok

Proportionofimespent g 74 ggy 63 83  mkx  mex NS

grazing

A, grazing access time; S, supplementation level; Significant level *, p<0.05; **, p<0.01; *** p<0.001
Labove 5 cm.

The average intake of the supplement was 4.8 and 9.8 kg DM for S5 and S10, respectively. The effects
of grazing access time and of supplementation level were additive for milk production and composition.
Milk production was significantly lower in cows receiving 4 h than those receiving 8 h of grazing access
time (21.1 and 22.1 kg for A4 and A8, respectively, p<0.001). Milk production was higher on S10 than
on S5 (22.3 and 21.2 kg, respectively, p<0.001). Milk fat content was slightly higher on A4 compared to
A8 (+0.5 g kg!, p<0.05) and was not affected by supplementation level. Milk protein content was lower
on A4 than on A8 (- 0.5 g kg, p<0.001) and higher on S10 than on S5 (+0.6 g kg™!, p<0.001).

Grazing time was affected by grazing access time according to supplementation level (interaction:
p<0.01). It was lower on A4 compared to A8 by 137 min with 5 kg of supplement and by 103 min with
10 kg of supplement. On average, grazing time was reduced by 39 min when supplementation level was
increased from 5 to 10 kg (p<0.001).

The proportion of time spent grazing was higher on A4 than on A8 (0.86 vs. 0.68, p<0.001) and lower
on S10 than on S5 (0.72 vs. 0.82, p<0.001).
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Discussion

The objective of this experiment was to test the ability of the grazing dairy cows to adapt their feeding
behaviour when restricting the access time for grazing in order to maintain their performance. This
study clearly showed that cows were unable to maintain milk production when access time is restricted
to 4 h, even for a high supplementation level. Similar results were found by Mattiauda et al. (2003)
when comparing 4 and 8 h of grazing access time. When comparing higher grazing access time (6 vs. 8
h or 8 vs. 16 h), Chilibroste et al. (2004) found no effect on milk production.

However, in our experiment, the reduction of milk production at low grazing access time (-1.1 kg, i.e. —
5%) is much less pronounced that the relative variation of the time that cows spent to graze (-120 min,
i.e. =37%). It is probable that cows showed a higher motivation to graze and a higher intake rate when
grazing access time was restricted, as supported by the results of Gekara et al. (2005).

The decrease of milk protein content at low grazing access time probably reflects the lower energy
intake, but was not observed by Mattiauda et al. (2003). The observed effect of grazing access time on
milk fat content was opposite to the results of Mattiauda et al. (2003).

The low response in milk production is not easy to compare to the literature supplementation results
because the herbage allowance has been reduced according to the supplementation levels and the
residual sward height was lower at high supplementation level, contrary to the initial objective. It can be
hypothesized that milk response to supplementation level would be higher at similar residual sward
height.

Conclusions

Restricting access time for grazing to 4 h daily only slightly decreases the milk production whatever the
supplementation level. Short grazing access time can thus be used as a tool to improve the grazing
management in seasons with adverse weather conditions.
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Abstract

The objective of this study was to compare hybrid and perennial ryegrass cultivars in a simulated
grazing system with particular focus on the early spring grazing period. Five grass cultivars were used
for this plot study — a late diploid and tetraploid perennial ryegrass and three hybrid ryegrass cultivars.
Three different managements were imposed — management A (control) was defoliated in early February
and mid-April, management B was defoliated in early February, early March and mid-April while
management C was defoliated in early February, late March and mid-April. Two different defoliation
heights (4cm-low and 7cm-high) were applied across each management. Silage was harvested on 8
June from all plots. Plots were defoliated with a motor Agria and DM yields were calculated, pre - and
post - cutting heights were measured and growth rate was determined. Following all defoliations there
was a significant effect (P<(0.001) of defoliation height, spring management and grass variety on
cumulative DM yields up to mid-April. A higher total DM yield was achieved by defoliating to 4cm
(+1,109 kg DM ha™', s.e. 27.7). The highest DM yields were harvested from management B (4,324 kg
DM ha’', s.e. 33.9). The hybrid cultivars had higher total DM yields than both the late heading diploid
and tetraploid cultivars.

Keywords: hybrid ryegrass, spring grazing, DM yields.
Introduction

Increasing the proportion of grazed grass in the diet of the dairy cow is seen as one of the main avenues
to reduce production costs. The greatest potential to increase the proportion of grazed grass in the diet
of the spring calving dairy cow exists during the peripheries of the grass-growing season (i.e. early
spring and late autumn). The concept of early spring grazing has been well researched by Sayers and
Mayne (2001), Dillon et al. (2002) and Kennedy ef al. (2005). However, due to the deficit of grass
growth during this early spring period grass silage and concentrate have previously constituted a large
proportion of the spring calving cow’s feed budget. In the overall context of the grazing system, extra
dry matter (DM) produced during the early spring period can replace grass silage or concentrate or a
combination of both in the animal's diet at this time. Therefore hybrid ryegrasses (Perennial X Italian
ryegrass cultivars) may now have a role to play in an early grazing system. The objective of this study
is to compare hybrid and perennial ryegrass cultivars in a grazing system with particular focus on the
early spring grazing period.

Materials and Methods

The study was carried out at Moorepark Research Centre, Fermoy, Co. Cork, Ireland (50°07°N;
8°16°’W). The soil is a free-draining, brown earth soil with a sandy loam-to-loam texture. Ninety plots
[1.5m x 6m (9m?)] were sown in September 2004 in a 5 x 3 x 2 factorial design. This incorporated 5
different ryegrass cultivars, 3 defoliation managements and 2 defoliation heights. The cultivars used
were Navan (late heading tetraploid perennial ryegrass, heading date (HD) 6 June), Foxtrot (late heading
diploid perennial ryegrass, HD 6 June), Foyle (hybrid tetraploid ryegrass, HD 22 May), Brutus (hybrid
diploid ryegrass, HD 21 May) and Belleek (hybrid tetraploid ryegrass, HD 16 May). Navan was used as
the control cultivar. Late heading date cultivars were used as the control varieties as they represent over
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70% of seed sales in Ireland. All plots were harvested before closing on 22 October the previous year.
Three different spring defoliation managements were imposed across all plots — management A
(control) was defoliated on 2 February and 20 April, management B was defoliated on 2 February, 3
March and 20 April while management C was defoliated 2 February, 23 March and 20 April. Two
different defoliation heights (4cm - low and 7cm - high) were applied across each management. All
plots were closed and silage was harvested on 8 June.

Subsequent to sowing all plots were fertilised with 50 kg N ha”'. Forty kg Nha™ were applied to each
plot after the initial defoliation in February. Following the final defoliation in April all plots had
received a total of 140 kg N ha'. Phosphorus (P) and Potassium (K) were applied at the rate of 15 kg
ha and 40 kg ha™, respectively divided into two applications during the year. The first application was
applied in late January while the second was applied in late June.

Plots were harvested with a motor Agria (Etesia) scythe; all the mown herbage from each plot was
collected and weighed. A subsample of approximately 0.5 kg was taken from each defoliated plot.
Approximately 0.1 kg of the herbage subsample was dried for 48 h at 60 °C to determine the DM
content. Samples were then milled through a 1mm sieve for chemical analysis. All pre and post
defoliation heights were also recorded. DM yields and sward density were determined from the weight
of herbage defoliated from the plots. Tiller density was also measured.

Results and Discussion

The results of the study are displayed in Table 1. There was a significant (P<0.001) difference in DM
yield between varieties when defoliated in early February. Navan (1,049 kg DM ha™'), the control
variety had a higher DM yield than Foxtrot, Foyle, Brutus and Belleek (-341, -77, -44 and -27 kg DM
ha!, respectively). A significant (P<0.001) difference in DM yield at both defoliation heights also
occurred, however this was because of the management imposed.

When the cumulative yields from February to April were analysed by management there was a
significant effect (P<0.001) Management B had the highest cumulative DM yield (4,324 kg DM ha™"),
managements A (-77 kg DM ha') and C (-454 kg DM ha!) yielded less than management B. A
significant (P<0.001) variety effect was recorded for the cumulative DM yield (Feb - April). Navan
recorded a cumulative yield of 3,958 kg DM ha™', Foxtrot yielded 478 kg DM ha™' less, while Foyle,
Brutus and Belleek yielded +128, +742 and +548 kg DM ha™' more than Navan, respectively.

Cumulative DM yield was significantly (P<0.001) higher for the lower defoliation height, swards
defoliated to 4cm yielded 1,109 kg DM ha™' more than those defoliated to 7cm (3,592 kg DM ha™).
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Table 1. A comparison of perennial and hybrid ryegrass cultivars under three managements and
defoliated at two defoliation heights.

Navan Foxtrot Foyle Brutus Belleek
(ke v
DM High Low High Low High Low High Low High Low SED H M v *
ha™) H
DM ) N Hk N
Yield 694 1403 416 1001 605 1339 678 1331 657 1389 252 « S s
2 Feb.
Management A
Cum
: *%k ok ok
yed | san a5 | 3052 4110 | 3684 4689 | 4307 5294 | 4007 5205 | 480 L, L, . %
Apr
Silage N N
DM 6611 6355 6613 6421 7054 5824 6760 6402 6043 6368 200.5 * S S *
yield
Management B
Cum
: Aok ek ek
)::L(f 3667 4604 3122 4194 3615 4912 4328 5427 4115 5251 48.0 " " " *
Apr
Silage N N
DM 6809 6264 6959 6182 6388 6596 6925 6344 6268 6249 200.5 * S S *
yield
Management
Cum N N
. *% * *
);:’1;_1 3134 4228 2606 3802 3298 4320 3804 5043 3734 4725 48.0 « " " *
Apr
Silage N N
DM 6855 6628 6804 6746 6699 6694 6882 6795 7130 5796 200.5 * S S *
yield

NS=Non-significant, *=P<0.05, **=P<0.01, ***=P<0.001. *“values in the same row not sharing a
common superscript are significantly different. Cumul = Cumulative (All cuts from 2 Feb to 20 April). V
= Variety, H = Defoliation Height, M = Management.

There was a defoliation height X management interaction (P<0.05) between the three managements;
management A (+1,317 kg DM ha™) had the largest difference in cumulative DM yield between
defoliation heights. Brutus was deemed the more productive of varieties as defoliation height had least
of an effect on DM yield.

Defoliation height had a significant effect (P<0.05) on silage DM production. There was also a
significant interaction (P<0.05) between defoliation height X variety.

Conclusion

Hybrid ryegrass cultivars yielded a greater quantity of herbage from early February to late April than the
two perennial ryegrass varieties. However, from the different defoliation dates used it is evident that the
hybrids did not out perform the late tetraploid (Navan) in the early spring period (February /early
March). Higher DM yields were achieved by all varieties when defoliated to a lower defoliation height.
However, it should be noted that this is only one year’s data collected from newly reseeded pastures.
Thus the study needs to be repeated in order to account for between year variations.
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Abstract

The Natural Park of Bardenas Reales is an important territorial base for a large number of cattle
enterprises, along the banks of the River Ebro, and migrating flocks from the Pyrenees of Navarra.
Management practices have lead to the degradation of landscape and natural resources. In order to
rationalise the use of the pasture resources according to profitable management systems, the park
manager group have decided to divide the region into individual agricultural and cattle districts. To
current project was developed to achieve this goal, using methodology based on the application of
Geographical Information systems. (GIS) (Wilwy, 1999).

Keywords: GIS, land degradation.

Introduction

The Natural Park of Bardenas Reales is a broad area of 41,800 ha located in the south-east of Navarra
(Spain), in a semi-arid area. Cattle production is traditionally the main use of this area. The pasture
resources of the region have widely different ecological and nutritional characteristics and support
100,000 animals throughout the year. The prevailing management systems have negatively affected not
only the sustainability of the habitats but also aspects of enterprise profitability. The high density of
cattle during specific times of the year, the absence of high quality resources and the absence of grazing
control have lead to a degradation in the vegetation cover, producing, in some cases, erosion problems.
The present project aimed to optimise the allocation and use the forage resources in the natural park by
dividing the area in individual agricultural and cattle districts. Its main objective was the classification
of the Bardenas Reales area into agricultural and cattle districts, based on objective criteria and the
environmental demands consequent to natural park status. In summary, it used GIS tools to facilitate the
planning of natural resources. A cattle district is defined as the area which can support an UTH (Man
work unit), consisting of around 600 sheep in extensive pasture.

Materials and methods

The methodology consisted of the following three steps:

1. Collection, integration and analysis of existing data over the studied area: The project approach and
methodology are made possible by the large quantity of territorial data available for Bardenas Reales
area. The following cartographic information was used: Crops and land use digital maps of Navarra
(1/25.000); Vegetation series digital map. (1/25.000); Soils digital map (1/25.000); Cadastral data base
(1/25.000); Digital color orthophoto (1/5.000); Digital Terrain Model; Digital tophografic map
(1/5.000); Digital tophografic map (1/25.000) (Servicio de Estructuras Agrarias, 1998) Additional
sources of information included: Location of cattle infrastructures such as livestock and cattle pens;
location of watering places(ponds); road networks (cattle tracks, roads and paths) and protected areas
(natural parks and natural areas, “ZEPAS”).
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2. Pasture evaluation of the area: The first step was the pastoral evaluation of the area,
cartographically represented as a Base Map in which every parcel was assigned a pastoral value in
Forage Units (FU/ha/an). Natural feed resources were evaluated using the method designed by Daget
and Poissonet (1972). The pastoral evaluation index and its transformation into energetic units were
obtained by field work. Evaluation of agricultural resources, including yield, productivity and
edaphological information, was achieved by two approaches: (1) taking the current situation (one year
barley) and (2) taking the future situation (different crops rotated over an eight year period, including
barley, cereal and legumes).

3. Data process and delimitation of the agricultural and cattle districts using GIS technology: To
identify agricultural and cattle districts all the data were incorporated into a GIS project, according to
the following procedure:

3.1. Pasture base map generation: Cropping and land use digital maps of Navarra. Scale 1/25.000 were
used to generate the pasture and cartographic base provided by the methodology described above.

3.2. Delimitation of areas that should be excluded from pasture evaluation: According to the criteria of
environmental or legal constraints on access, the following areas were excluded: a) Protected areas with
pasture restriction, b) areas used for military exercises, c) steeply sloping areas and those at risk from
erosion, and d) road networks including a three meter protection strip and cattle tracks.

3.3. Definition of potential district limits: It was decided that boundary lines should follow physical
features of the area, be regular and easily located. These included: steeply sloping areas, roads, cattle
tracks, main and secondary paths, ravines and field limits.

3.4. Definition of cattle district limits: Districts were allowed to cover different surface areas but had
similar pasture contents with respect to meeting the nutritive requirements of an average sheep flock
during a defined period of time, without degrading the pasture resources. These conditions provided
objective criteria for delimiting districts. Further parameters prescribing the district pattern were:
Irregular and elongated topographical features should be avoided to minimise movements.

Boundaries should follow regular physical features of the area, including roads, paths and cattle tracks.
Districts should exclude certain areas for military reasons, proximity to main roads and erosion risk
(e.g. cliffs).

To ensure accessibility, all districts should be reached by navigable paths.

The above criteria were accommodated in the interactive design of the districts. However, although this
appeared relatively straightforward in theory, in practise it was very difficult.

Results

The main results of this project are:

The pastoral evaluation of the area, cartographically represented as a Base Map in which every parcel is

assigned a pastoral value. Furthermore every parcel has been linked to a comprehensive database

containing information on land use, percentage of this use and the total pastoral value, etc.

The delimitation of agricultural and cattle districts under two different scenarios (Figure 3); the current

situation consisting of one year barley, consisting of 66 districts, and a future situation consisting of
different crops under an “eight year” rotation, consisting of 87 districts.

The generation of summary descriptions of the main features of every district, including surface areas,
land-use and pasture values. The graphical information shows the general location in Bardenas Reales,
topographical information and geographicical limits over the orthophoto, together with the location of
cattle infrastructures and watering places.

Conclusions

The procedure followed in this project has proved to be an excellent tool for environmental resource
planning. The use of GIS technology allows the analysis of different scenarios to be conducted without
to much effort, and district areas identified according to different parameters, incorporating layers of
new information and modifications in agricultural practices (i.e. crop rotations, new irrigation areas,
etc.).
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Abstract

The content of nitrate in forage is important either due to poisoning when contents are high or due to its
effects on silage fermentation. The aim of this work was to determine the nitrate content in green forage
produced under different grassland management intensities and its subsequent effects on the silage
fermentation process. Therefore 780 samples of green forage varying in the nitrogen fertilisation
intensity and cutting frequency that had been imposed on grassland were investigated for nitrate content.
Furthermore, silages made under laboratory conditions from green forage of low (N= 111), high (N=
178) and zero (N=281) nitrate content were analysed for relationships with butyric acid, acetic acid and
ammonia. The results show that the nitrate content is independent of N fertilisation: < 4.4 g nitrate kg ™'
DM in nearly 90 % of all investigated samples of green forage made under practical conditions.
Depending on nitrate content of green forage, metabolism and pattern of fermentation products in
silages were significantly different during comparable fermentation stages. The problems in practice
with evaluation of fermentation quality have to be traced back to differences in material being ensiled.

Keywords: Silage, nitrate, fermentation quality, fermentation process, butyric acid.
Introduction

The nitrate content in green forage depends on factors like the level of N fertilisation and the intensity of
grassland management. For the present situation only, the results of surveys indicate that most green
forages are nitrate-free or contained < 4.4 ¢ NO; kg ! DM.

The knowledge of ensilage applies currently to forage with nitrate contents between 4.4 to 13.3 g NO;
kg ' DM (Kaiser, 1981). At the beginning of the fermentation process nitrate acts as a natural inhibitor
of clostridia. Furthermore, nitrate has also substantial effects on the metabolic pathways in the
fermentation process (Hein, 1970; Kaiser, 1981), mainly in lactate degradation. Nitrate acts as a
hydrogen acceptor in this process in which acetic acid (AA) is formed. The fermentation processes
when ensiling materials that are low in nitrate or nitrate-free are substantially different from those in
green forage containing nitrate (Weil3, 2000).

The aim of this study was to determine the nitrate content when the level of nitrogen fertilisation and
cutting frequency of grassland were varied. In the second part of this study the relationships between the
parameters of undesirable metabolism in silages were investigated, depending on low, high or absent
nitrate content in herbage at ensiling.

Materials and methods

For the determination of nitrate content, green forage was harvested within the project “performance
and N balance of grassland on sandy soils” (Trott et al., 2004). The experiment was carried out at the
experimental farm Karkendamm in northern Germany in a split-plot design with 4 replicates (plot size:
18 m?) including four mineral nitrogen (N) application rates and two slurry levels. Mineral N fertilizer
levels were 0, 100, 200, 300 kg N ha - yr ! ag calcium ammonium nitrate. Cow slurry (0 and 20 m’ ha
") with an average total N content of 3.5 kg m™ was applied in March (see also Trott et al., 2004).
Additionally cutting frequency was varied using a simulated grazing system (SG) with on average six
cuts per year and a cutting only system (CO) with four cuts per year. Two sward types were compared:
pure grass swards and grass-white clover mixtures. At the end of the season, the swards were dominated
by perennial ryegrass in swards receiving high amounts of nitrogen and by a mixture of perennial
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ryegrass and white clover in swards receiving no nitrogen or moderate levels of nitrogen. Samples were
taken during the years 2000 and 2001.

For the determination of silage quality depending on the nitrate content in herbage at ensiling the
relationships with BA, AA and ammonia (NHj3) in silages were investigated. Therefore under laboratory
conditions 570 silages were produced from different green forages of known chemical composition: 281
silages from green forage that was nitrate- free (< 1g NO; kg ~' DM), 111 silages from forage low in
nitrate (< 4.4 NO; kg ' DM) and 178 from forage containing nitrate > 4.4 NO; kg ™' DM. The ensiling
material was analysed for dry matter (DM), watersoluble carbohydrates (WSC), buffering capacity (BC)
and nitrate. The silages were analysed for pH, volatile fatty acids (GC) and ammonia (Conway Method).
Data were submitted to analysis of variance. In all variants the normal distribution was not reached,
therefore the medians were compared with Kruskal-Wallis-test and test of Nemenyi.

Results and discussion

Independent of the cutting frequency and N- fertilisation level the median nitrate content was very low
in green forage (shown in Table 1). The range of nitrate contents was high in the variants. Higher
nitrate contents occurred in clover containing swards produced under the conditions of SG. As mineral
N-fertilisation increased the nitrate content also increased. The single highest value for nitrate was 11.23
g NO; kg ™' DM. In 89.7 % of all analysed samples the nitrate content was < 4.4 g NO; kg ' DM.

Table 1. Nitrate content in grass and clover depending on utilisation intensity (exemplary).

Cco SG
Pure grass swards White clover-grass swards
N Without cow slurry Cow slurry Without Cow slurry Cow slurry
2000 2001 2000 2001 2000 2001 2000 2001
kg ha' Median of nitrate content (g NO; kg ' DM)

N X X N X N X N X N X N X N X

N
0 12 005a 8 0.05 10 0.07a 8 0.07a 23 022a 11 1.70ab 24 0.19a 12 14la
100 14 0.08ab 8 0.07 14  0.10a 7 009ab 27 1.48ab 12 0.60a 25 0.69a 12 1.48a
200 31 031bc 15 007 30 020a 16 0.11ab 28 264b 14 195ab 29 3.05b 14 252ab
300 17 ll4c 7 0.09 16 1.49b 8 037b 27 486c 16 3.83b 26 438b 16 4.92b

Significant at P<0.05. N, Number ; x, median.

The investigations with green forage as the ensiling material (EM) varying in nitrate content showed
that the relationships between the parameters of undesirable metabolism differ depending on the nitrate
content of EM. In EM with high nitrate levels AA is formed in silages during lactate degradation, as
long as nitrate is available. In such BA-free silages with increasing AA-content, ammonia is formed (see
Figurel, a) and thereby the pH is increased. After complete nitrate reduction BA is metabolised and the
ammonia content increases considerably due to protein degradation (Figure 1,b). There is no strong
correlation between Ammonia and AA levels. In silages from nitrate-free EM the AA is not formed
during lactate decomposition irrespective of BA formation (Figure 2) and the content of AA is very low,
under 30 g kg! DM. The content of ammonia is also negligible. Ammonia increased significantly due to
protein degradation with BA formation in the later stage of lactate degradation. The change of pH
depends also on the occurrence of nitrate in EM. During the lactate degradation in EM with nitrate the
pH increased more than in nitrate-free EM.
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Figurel. Relationships between BA, AA and ammonia in silages a) without BA (N = 135) and b) with
BA (N = 43) from green forage with nitrate (> 4.4 g NO; kg ™' DM)
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Figure 2. Relationships between BA, AA and ammonia in silages without BA (N = 83) and with BA (N
= 198) from green forage without nitrate (< 1 g NO; kg ™' DM).

Conclusions

Current intensities of grassland management in Germany are obviously linked with low levels of nitrate
in green forage. Depending on the nitrate content there are differences both in the fermentation process
and the resulting pattern of fermentation products. The content of ammonia and the pH are directly
related to the nitrate content in green forage. Knowledge about fermentation process, pattern of
fermentation products, assessment of ferment ability of herbage and silage quality are basically different
by ensiling of green forage with nitrate and green forage with low or free in nitrate.
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Maize silage production in a kura clover living mulch

Albrecht K. A. and Sabalzagaray A.
University of Wisconsin-Madison, 1575 Linden Drive, Madison, Wisconsin 53706, USA.
Abstract

Cropping systems that improve soil conservation and reduce nitrogen fertilizer inputs for mixed crop
and livestock enterprises are needed to improve environmental and economic sustainability. Our
objectives were to determine whether established kura clover (Trifolium ambiguum M. Bieb.) could
serve as a living mulch and nitrogen source for no-till maize (Zea mays L.) silage production. Maize
was no-till sown into kura clover that had been either killed (control) or suppressed with herbicides in
two Wisconsin (USA) locations over 3 years. Maize grown in kura clover living mulch was fertilized
with from 0 to 84 kg ha™' nitrogen and the control treatment with 84 kg ha™'. Maize silage yield (dry
matter basis) ranged from 9.8 to 20.5 t ha over six environments, and adequate suppression of the
living mulch resulted in no yield loss in the mulch compared to the control system. Silage yield in kura
clover living mulch did not respond to nitrogen fertilizer application over six environments, indicating
that maize silage nitrogen requirements were fully met by the suppressed kura clover. In all
environments, kura clover recovered to full production by June the year following maize production.

Keywords: kura clover, living mulch, maize silage.
Introduction

Alfalfa (Medicago sativa L.) and maize silage, grown in rotation, have long been the primary high
quality forages harvested to support the dairy industry in the North-Central USA. However, removal of
essentially all plant residue with maize silage production results in excessive erosive soil loss (Gallagher
et al., 1996), prompting the need for alternative soil conserving systems. Furthermore, the ever-
increasing cost of nitrogen fertilizer encourages the search for cropping systems that rely on biologically
fixed nitrogen. Legume living mulches have been tested in the northern USA as a means to meet
nitrogen requirements of maize (Eberlein et al., 1992; Hartwig and Ammon, 2002), but perennial
legumes evaluated reduced maize yields or failed to recover after maize harvest. Kura clover seems to
be ideally suited to serve as living mulch. It is extremely persistent through frigid winters and produces
rhizomes that allow it to fill in gaps that may otherwise be invaded by weeds (Albrecht and Kim, 1998).
Our preliminary research (Zemenchik et al., 2000; Affeldt et al., 2004) has demonstrated that with
adequate suppression, kura clover can be managed to provide minimal competition to maize and that
this system results in reduced soil erosion compared to conventional maize silage production systems
(Eleki, 2003). Our objectives were to test the system under a wide range of environmental conditions
and to determine if kura clover living mulch could fully meet nitrogen requirements of maize silage.

Materials and Methods

Field studies were conducted near Arlington (43°18’N, 89°21°W) and Lancaster (42°50°N, 90°47°W),
Wisconsin, USA, in 2001, 2002 and 2003. Glyphosate resistant maize (hybrid DKC50-73 RR46) was
no-till sown into 3 to 6 year old fields of ‘Endura’ kura clover that had been suppressed with glyphosate
(1.66 kg a.e. ha™') and dicamba (0.14 kg a.e. ha™") (living mulch) or killed with clopyralid (0.10 kg a.e.
ha™) (control plots) the previous day. After sowing, a 20-cm band of clopyralid (0.10 kg a.e. ha™) was
applied over the maize seed rows in the living mulch plots. A second application of glyphosate (0.83 kg
a.e. ha™") was made at the V3 maize growth stage to control annual weeds and provide additional kura
clover suppression. Nitrogen fertilizer treatments of 0, 28, 56 or 84 kg ha™' were applied to the living
mulch treatments and 84 kg ha™' to the control plots at the maize V3 stage. Whole plant maize (as for
silage) was harvested when grain was at the 50% kernel milk line stage. Maize was chopped, weighed,
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and a 1-kg subsample was taken to calculate dry matter yields. The experiment was arranged as a
randomized complete block design with five treatments replicated four times. Analysis of variance was
conducted with SAS, and means were compared with Fisher’s protected LSD (P=0.05). Single degree
of freedom contrasts were used to compare treatment groups or specific treatments.

Results and Discussion

Abnormally low precipitation at both locations in 2001, and at Lancaster in 2003 resulted in relatively
low whole plant maize DM yields, and a cool wet spring resulted in delayed maize development and
reduced yield at Arlington in 2002 (Table 1). Yields approaching 20 t DM ha" were produced at
Lancaster in 2002 and Arlington in 2003 when growing conditions were excellent.

Table 1. Yield of whole-plant maize grown in kura clover living mulch or killed kura clover near
Arlington and Lancaster, WI, USA over 3 years.

Arlington Lancaster
Nitrogen Treatment 2001 2002 2003 2001 2002 2003
(kg N ha™) t DM ha’! t DM ha’!
0 11.9at 14.0b 18.8a 9.8a 20.2a 13.8a
28 12.1a 14.5ab 18.3a 9.8a 185b 13.7a
56 11.3a 16.3a 19.3a 9.9a 18.8ab 13.1a
84 13.6a 13.3b 18.8a 10.8a 19.0ab 14.4a
84 (killed kura control) 13.7a 14.4ab 20.5a 10.3a 18.9ab 14.4a
CV, % 142 11.0 14.1 9.3 5.5 7.1
Contrasts Significance
Control vs. rest NS NS NS NS NS NS
84 N vs. control NS NS NS NS NS NS
Linear NS NS NS NS NS NS

T Within columns, means followed by the same letter are not significantly different at P = 0.05
according to Fisher’s protected LSD. NS is non-significant at P = 0.05.

Over all six environments, maize silage yields in suppressed kura clover living mulch were equal to the
control treatment where maize was grown in a killed kura clover stand (Table 1). Clearly the herbicide
suppression that was applied was effective in controlling competition from kura clover over a wide
range of environmental conditions. But because well-established kura clover has a massive rhizome
system, glyphosate was not effective at killing it, and the clover recovered to full production by June in
the season after maize production (data not shown). The lack of whole-plant yield response among
nitrogen fertilizer treatments suggests that suppressed kura clover living mulch fully satisfied the
nitrogen requirements of the maize crop (Table 1). Earlier research (Zemenchik et al., 2000) revealed
borderline deficient soil nitrate concentrations under maize-kura clover living mulch, but no apparent
loss of yield, suggesting that nitrogen was mineralized from the decaying clover tissues at rates rapid
enough to meet the maize requirements.

Conclusions
Maize silage can routinely be produced in a kura clover living mulch with no maize yield loss if kura

clover is adequately suppressed. Furthermore, all of the nitrogen required for maize silage production
appears to be available through the suppressed clover, and kura clover recovers to full production by
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June the following season. We used glyphosate resistant maize (GMO) and glyphosate herbicide in
these experiments, but it is likely that other herbicides could be used to control both kura clover and
weeds in this living mulch system.
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Influence of supplemental irrigation on annual ryegrass
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Abstract

The objective of this research was to evaluate the effect of supplemental irrigation on increasing and
stabilizing yield and quality of forage produced by annual ryegrass (Lolium multiflorum Lam.) in
southern Portugal. The following four irrigation treatments were tested: rainfed (control), and irrigation
up to 25%, 50% and 100% of soil water holding capacity. The results showed that water irrigation
doubled the number of harvests, four instead of two compared to the rainfed treatment, and also doubled
the yields of dry matter, crude protein and dry matter digestibility which shows the importance of
supplemental irrigation in stabilizing forage availability along the year, even at the lowest level of
irrigation used. The differences between the control and the irrigation treatments were more noticeable
with respect to crude protein yield.

Keywords: productivity, nutritive value, annual ryegrass, irrigation.
Introduction

Annual ryegrass (Lolium multiflorum Lam.) yield in southern Portugal is strongly affected by soil water
availability in early autumn and especially late spring. This species is usually cultivated under rainfed
conditions allowing usually two harvests. Lourengo and Palma (2001) reported total dry matter yield
values ranging from 5,274 to 6,790 kg ha”'. However, values lower than 3,500 kg ha have been
reported by Lourengo and Palma (2005). This shows the great variability of forage production of the
region depending mostly on total amount and rainfall distribution along the year. Supplemental
irrigation, can increase and stabilize yields, but since water is becoming an expensive and scarce
resource, it is important to investigate the response of this species to irrigation.

Material and Methods

The experiment was conducted in 2003/2004 that, in spite of October being very rainy, was a dry year
since the amount of rainfall (433 mm) was lower than the normal (634 mm). On the other hand, the
temperatures were higher than the normal except in October. The field trial was set up in a Luvissol of
the Experimental Center of Currais, located near Evora (14 km), with 82 mg kg ' of P, Os, 62 mg kg™!
of K,0, and pH (H,0) of 5.78. The following four irrigation treatments were tested: rainfed (control),
and irrigation up to 25%, 50% and 100% of soil water holding capacity. The seeded area of 8,100 m’
was divided into four areas, one for each treatment. A sprinkler irrigation system was used with two
lines for each of the three irrigation treatments. A profile probe PR1/4 was used to monitor soil water
content at different depths (10, 20, 30, and 40 cm). The values measured, usually twice a week, were
used to adjust the irrigation requirements, estimated by the Cropwat model (FAO, 1992) using
meteorological data and the Penman-Monteith equation (Allen ez al., 1994), in order to maintain the soil
water content at each desired irrigation treatment level. Planting date was on October 8, 2003, using the
Pollanum variety, and seeding at the rate of 750 live seeds m™ (38 kg ha™!). Harvest dates where the
following: March 8, May 11, June 15, and July 13. Nine randomised samples, of 1 m® each, were
harvested in each irrigation treatment to evaluate forage production. After harvests, 50 kg ha' of
nitrogen was applied.

Dry matter yield was determined after oven drying at 65°C during 48 to 72 hours. Crude protein was
analyzed by the Kjeldhal standard procedure (AOAC, 1975), and in vitro dry matter digestibility by the
Tilley and Terry technique (Tilley and Terry, 1963).
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Results and Discussion

Dry matter yield values are presented in Figure 1. Irrigation allowed to double the number of harvests
and to increase dry matter yield even at the lowest irrigation treatment, which shows the importance of
irrigation in regularizing the curve of dry matter production in the Mediterranean environment.
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Figure 1. Seasonal dry-matter yield for annual ryegrass subjected to three
irrigation treatments in relation to the rainfed control.

With respect to protein yield the advantage of irrigation seemed to be even bigger since the values
(Figure 2) were more than 50% higher, compared to the results for rainfed conditions.
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Figure 2. Seasonal crude protein yield for annual ryegrass subjected to three
irrigation treatments in relation to the rainfed control.

Results for dry matter digestibility yields (Figure 3) were not so consistent compared to protein yield
but, once again, even the lowest irrigation treatment produced more than the rainfed one.
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Figure 3. Seasonal digestible dry matter yield for annual ryegrass subjected to three
irrigation treatments in relation to the rainfed control.

Conclusions

As a general conclusion, it can be stated that in years drier than average, such as 2003/2004, even a
small amount of water can make a big difference in stabilizing the curve of forage production along the
year, doubling the number of possible harvests. With respect to crude protein and digestible dry matter
yields, the differences between the control and the irrigation treatments were more noticeable for crude
protein.
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Irrigation of grass/clover under grazing and cutting
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Abstract

With the aim to examine the drought sensitivity and to assess evapotranspiration in grazed grass/clover
an irrigation experiment with cutting and continuous grazing with heifers was carried out on coarse
sandy soil in 2004-2005. There were three irrigation treatments; full irrigation at 25 mm soil water
deficit, half irrigation with irrigation every second time of full irrigation and no irrigation. Irrigation was
managed by decision support system Vandregnskab. The treatments greatly affected the seasonal
growth and proportion of white clover (Trifolium repens L.). For the whole season the utilization of the
irrigation water (kg dry matter mm™") was the same under cutting and grazing. However, measurements
of soil water content showed that the Vandregnskab DSS model overestimated evapotranspiration under
grazing, which then had caused an overestimation of the irrigation needs. In the second year there were
nearly no yield increase due to irrigation, which indicates the need for more varied tools taking into
account precipitation forecasts and grazing parameters such as residual effects on growth rates and
needs for continuous growth.

Keywords: irrigation, grazing, cutting, white clover.
Introduction

On sandy soils an important constraint for grass/clover production is the availability of soil water. Under
continuous grazing, especially with dairy cows, there is a need for constant herbage production, whereas
under cutting a period with depressed growth is less critical. Under grazing it has been indicated that the
root depth is less than under cutting (Deinum, 1985), which decreases the amount of available water.
Further white clover is often reported more drought sensitive than grass. These circumstances mean that
grass/clover pastures on sandy soils are irrigated frequently with high amounts of water. In Denmark a
great part of intensive managed grass/clover is placed on coarse sandy soil with low soil water
availability. Currently used irrigation management tools like Vandregnskab and Markvand (Plauborg
and Olesen, 1991, Plauborg et al., 1996) are based on data from irrigation experiments under cutting.
However, the soil water balance is affected by continuous grazing, which maintain a more constant and
often lower leaf area index than under cutting.

Materials and methods

In 2003 a perennial ryegrass/white clover sward (Lolium perenne L. and Trifolium repens L.) was
established and an experiment with irrigation was carried out during 2004 and 2005 with the same
treatment in the plots each year. Results up to September 2005 are included in this paper. The swards
were either cut (60 m> plots) or grazed continuously (600-1000 m? plots) by second year heifers. The
plots were (100-W) irrigated with 25 mm at a soil water deficit of 25 mm in the internet DSS
Vandregnskab (www.planteinfo.dk), (50-W) irrigated every second time 100-W was irrigated after start
of a new drought period and (0-W) unirrigated. The plots were irrigated by a spray boom with an
intensity of 36 mm hour™. A buffer area for grazing was used to keep the compressed sward height at 8
cm in the plots in the beginning of the season decreasing to 6 cm later in the season. The grazed sward
was topped once per season about July 1. There were three replicates in a split plot design with
irrigation as main plots. Herbage production was measured by a Haldrup plot harvester five times during
the season both in the cut and grazed plots. In the grazed plots an area was cut by the plot harvester to
obtain the same stubble height as in the cutting plots and the area was fenced off in the same period as a
regrowth period in the cutting plots. In that way the production was measured in an area, which until
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fencing off had been grazed. Compressed sward height was measured weekly by 50 measurements with
a plate raising meter. Soil water content was measured weekly by the TDR-method. The soil type was
coarse sandy with c. 90 % coarse and fine sand and 2-3 % humus and with a field capacity for plant
available water of c. 60 mm.

Results and discussion

In 2004 there was a drought period in the 1% regrowth and 100-W was irrigated three times (Figure 1)
and 50-W was irrigated once. Later in the season there were only two smaller drought periods that
released one irrigation in 100-W and none in 50-W. A similar picture was found in 2005 with the only
difference that the strong drought period occurred one month later. The seasonal growth is shown in
figure 1 for the first experimental year. Because of no drought in spring and no residual effects of
cutting/grazing there was no differences in 1% cut. In the rest of the season, dry matter (DM) yield was
higher in the grazed plots than in the cut plots and the clover content was lower. This can be due to the
N-excretion from the heifers and the effect of grazing on the plant morphology. The drought in 1%
regrowth greatly depressed the yield in 2™ cut, but as the drought in the 2™ regrowth was limited, the
DM yield in 0-W was the same as in 100-W, which could be due to compensatory growth in 0-W after a
drought period. The proportion of white clover in the herbage was lower in 0-W plots than 100-W plots
in most of the season, which also was expected due to the normally found greater drought sensitivity in
white clover than perennial ryegrass. However, at the last cut it was opposite, and in 2005 especially in
100-W cut plots the clover content was still low (Table 1).

kg DM/ha % white clover of DM
5000 ‘ 60
2004 2004
—@— Grazing - 100W
4000 1 —O— Cutting - 100w | 90 1
—@- Grazing - OW
—O- Cutting - OW 40 4
3000 H
/ 30
2000 | \\y
\ - \ 20 4
o AN ~
1000 - O =— 10 4
il ] -
0 T T T T T 0 T T T T T
May June July Aug. Sept. Oct. May June July Aug. Sept. Oct.

W) at grazing and cutting respectively. | 100-W irrigated with 25 mm.

The hypothesis was that the grazed sward should be more drought sensitive than the cut sward. The
utilization of the irrigation water (kg DM mm’' irrigation) was, however, not higher under cutting than
under grazing (Table 1). In the second harvest year, 2005, there was surprisingly nearly no effect of
irrigation. This could be due to a later drought than in 2004 and residual effects from 2004.
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Table 1. Dry matter yield (t DM ha™), amount of irrigation (Irri) (mm), yield increase per mm irrigation
(kg DM mm") and proportion of weighted white clover (% clover of herbage DM).

2004 2005
Clover Yield Irri ke Clover Yield Irri kg
(%) (tha’)  (mm) (]n?rl\f)/ (%) (tha)  (mm)  (DM/mm)
0-W Grazing 14.7 9.8 0 21.7 11.0 0
Cutting 27.6 7.9 0 35.1 8.3 0
50-W  Grazing 19.1 9.8 25 0 19.9 10.9 25 -2
Cutting 22.4 8.1 25 9 28.8 8.4 25 4
100-W  Grazing 26.0 14.1 125 34 22.0 11.2 100 3
Cutting 314 11.9 125 32 16.2 8.5 100 2
Cutting/grazing Hox ok NS HAk
Irrigation * HHE NS NS
Irrigat.*cut/graz. NS NS NS NS

*#%: P<0.001, **: P<0.01 and NS: non significant.

The soil water balances of the treatments were simulated by the Vandregnskab DSS model for grass
under cutting. This model uses temperature sums to predict the leaf area index (LAI), which assumes a
value of 0.5 during winter and after cutting and then raises to a maximum LAI of 5, corresponding to
full potential evapotranspiration from the grass. From simulations of the 2004 TDR-measured soil water
content data, it soon became clear, that the model overestimated evapotranspiration and soil water
deficit in the grazed treatments. The maximum LAI of the model was then calibrated to the 2004 data to
give a better fit. While a maximum LAI of 5 was ok under cutting, it was shown that a maximum LAI of
about 1.5 gave the best prediction of seasonal data of soil water deficits under grazing. This is in
accordance with LAI measurements under continuous grazing showing an average of 1.1 (Seegaard,
2002). The new model for grazing was tested on the 2005 soil water deficit data, and fitted the data
fairly well.

Accordingly, since the original model (with a max. LAI of 5) was used for irrigation management in all
of the experiment, irrigation needs were overestimated in grazing treatments. Therefore higher yield
responses to irrigation could probably have been obtained by better scheduling taking into account that
evapotranspiration under grazing does not reach full potential level for much of the season. For 2005 the
model triggered an irrigation of 25 mm on 31% of May, which however was followed by 49 mm of
precipitation the following days. This may have contributed to leach recently applied nitrogen, decrease
yield compared to unirrigated; and it underlines the need to take into account precipitation forecasts in
irrigation scheduling.
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Abstract

In semi-arid Mediterranean regions, perennial forage species could play a primary role in rain-fed
agricultural systems by complementing the commonly used annual species in order to widen the forage
utilization by animals. To identify cultivars characterized by high drought resistance and water use
efficiency a greenhouse study was carried out on 3 cultivars of Dactylis glomerata L., 1 cultivar of
Festuca arundinacea Schreb and 1 cultivar of Phalaris acquatica L. Net photosynthesis, transpiration
rate, stomatal conductance, Relative Water Content and Specific Leaf Area were monitored during the
water stress period. D. glomerata ‘Ottava’ showed the highest photosynthetic activity while P.
acquatica ‘Partenope’ and F. arundinacea ‘Tanit’ showed the lowest transpiration and photosynthesis
rates. Under drought conditions, stomatal conductance and transpiration rate were less variable than net
photosynthesis. D. glomerata seemed more adapted to severe water deficit conditions since it
maintained longer a high photosynthetic rate even at the most severe drought treatment.

Keywords: perennial forage grasses, drought resistance, net photosynthesis.
Introduction

Forage species have a strategic importance in semi-arid and arid regions. In Mediterranean areas, dry
matter production of pastures and its seasonal distribution are strongly related to the meteorological
pattern. The choice of suitable forage species and varieties, taking into account their growth behaviour
and their adaptation to drought conditions, represents one of the main strategies to improve forage
production in semi-arid areas. Drought resistance is generally defined as the maintenance of plant
production during moderate or severe water deficit. Several studies have been carried out on drought
resistance in annual forage species while less experimental results are available on perennial forage
grasses (Sanderson et al., 1997). To identify the main ecophysiological characteristics of herbaceous
perennial grasses conferring drought survival, as the ability to survive at low soil moisture under
Mediterranean summer drought and optimal water use efficiency (WUE), an experiment on 5 perennial
grasses was carried out.

Materials and Methods

On December 2003, seeds were sowed into containers and at the beginning of March transplanted at the
5" Jeaf stage in 45 1 pots arranged in a factorial complete randomised design with five replicates. From
the end of March, three water regimes were applied: 1) control, soil humidity was kept at the field
capacity, 2) W1, water losses from pots were reintegrated at 75% 3) W2, water losses from pots were
reintegrated at 50%. Three genotypes of Dactylis glomerata L. (‘Ottava’, ‘Jana’ and ‘Gusana’), 1
cultivar of Festuca arundinacea Schreb (‘Tanit’) and 1 cultivar of Phalaris acquatica L. (‘Partenope’)
and 3 water regimes were compared in a pot experiment trial under greenhouse from December 2003.
At the beginning of March 2004, after seed germination in containers, 2 plants per pot at the 5" leaf
stage were transplanted in 45 litres of 50:50 sand:nursery substrate mix and well irrigated until the
drought treatment started. Two times per week, pots were weighed to determine water losses and water
volumes for irrigation. Net photosynthesis, transpiration rate and stomatal conductance by a gas
analyser (CIRAS-2), Relative Water Content (RWC) and Specific Leaf Area (SLA) were monitored
during the water stress period.
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Results

Water content at field capacity was

16/05 03/06 16/06

08/07 constantly maintained in the control,

while W1 and W2 reached the wilting

- point at the end of May and June
J respectively  (Figure 1). At the
beginning of June the soil water

content between treatments was

Soil water content (% weigth)

strongly different, therefore the results
at this stage are presented. RWC was

83% in the control treatment and
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Figure 1 - Evolution of soil water content in three water.

decreased accordingly to water stress
imposition reaching 56% in the W2
pots (Table 1). ‘Gusana’ accession
showed the highest RWC (82,3%),

while ‘Tanit’ tall fescue had a RWC around 65%. SLA was not significantly influenced by substrate
water content, whereas different SLA were measured between accessions: ‘Tanit’ and ‘Jana’ showed the

lowest values, on average 20 m” kg™ (Table 2).

Table 1 - Relative Water Content (RWC, %) in
relation to ecotypes and water regimes.

Table 2 - Specific Leaf Area (SLA, m® kg') in
relation to ecotypes and water regimes.

Water regimes Mean Water regimes Mean
Control W1 w2 Control Wi w2
Genotype Genotype
Ottava 83.2 81.4 57.0 73.9p Ottava 25.7 314 24.9 27.30ab
Gusana 84.2 82.5 80.0 82.2a Gusana 32.8 36.6 304 33.27a
Jana 86.6 81.7 41.8 70.0c Jana 19.8 23.2 19.0 20.67b
Tanit 82.0 72.4 41.1 65.2d  Tanit 22.1 18.0 17.2 19.11b
Partenope 81.5 72.2 61.9 71.9bc Partenope 28.2 299 32,0 30.01a
Mean 83.5a 78.1b 56.3¢ Mean 25.70a 27.83a 24.69a

Means with the same letter are not different for P<0.05;

Means with the same letter are not different for P<0.05;

Partenope y = 1.2138x - 2.6515; R?=0.345 *

Tanity = 1.2657x - 5.729; R? = 0.6755 *;

Ottava y = 1.0152x + 0.8833; R?=0.3684 *;

Gusana y = 0.8087x - 0.8765; R? = 0.4022 *;

Janay = 0.6485x - 0.7777; R? = 0.4885 *
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Figure 2 - Relationship between stomatal conductance vs soil humidity in 5 ecotypes.

Regression analysis between stomatal conductance and soil water content (Figure 2) and net photo-
synthesis and soil water content (Figure 3) evidenced the influence of available soil water reduction on
physiological behaviour. Considering the relation between stomatal conductance and soil water content,
‘Gusana’ and ‘Jana’ showed lower regression coefficients, 0.8087 and 0.6486 respectively, seeming to
respond less rapidly to drought. ‘Partenope’ and ‘Tanit’ had the highest regression coefficients for the
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photosynthesis rate vs soil water content. ‘Partenope’ showed a lower photosynthesis activity than D.
glomerata accessions, probably due to an earlier phenological development as a response to progressive
water deficit.

Conclusion

The experiment allowed a complete control of the drought imposition through water content monitoring
in pots and simulated a progressive soil water deficit in late spring. At the beginning of the drought,
plants maintained a high photosynthetic activity, in order to accumulate carbohydrates to be used for the
autumn vegetative re-growth (Voilare and Leliévre, 1997). As a response to water stress, all the
accessions tended to reduce the length of the phenological cycle anticipating the summer senescence
induction. D. glomerata accessions, and in particular ‘Ottava’, were characterized by the highest
photosynthesis rate. D. glomerata seemed more adapted to severe water deficit conditions since it
maintained longer a high photosynthetic rate even at the most severe drought treatment. Among D.
glomerata accessions, the high photosynthesis activity of ‘Gusana’ could be explained by a lateness of
the reproductive stage, probably due to an inefficient fulfilment of cold requirements for material
collected at high altitude and low winter temperature environment (Ledda et al., 2002; Ledda and
Seddaiu, 2003). Phalaris ‘Partenope’ responded to severe drought drastically reducing the stomatal
conductance, the transpiration and photosynthesis rate, and closing earlier the growth cycle. Festuca
‘Tanit’ showed a similar pattern of the monitored physiological variables to Phalaris ‘Partenope’, even
though the reproductive stage was reached later. Phalaris “Partenope” seemed to react to drought stress
closing early the growth cycle, which could be considered a drought escaping mechanism, while the
behaviour of Dactylis accessions could be mainly explained as drought tolerance (Turner, 1979).

25

Ottava y = 0.3337x + 3.5874; R? = 0.4966*;
Tanit y = 0.3831x + 1.043; R? = 0.5903*;
Partenope 'y = 0.3904x - 0.351; R? = 0.5576*;
Gusana y = 0.2766x + 3.6769; R? = 0.3939*;
. Janay = 0.2268x + 2.8952; R? = 0.3532%;

20

Photosynthesis rate (umoli COz m 2 s'1)

40 35 30 25 20 15 10 5 0

Soil water content (% weigth)
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Figure 3 - Relationship between photosynthesis vs soil humidity in 5 ecotypes.
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Abstract

Water use efficiency (WUE) of forage crops is becoming a major character under Mediterranean
conditions. Thus, WUE will be a main trait in the selection of new cultivars for these areas. The need of
accurate and simple variables to estimate WUE in large selection field experiments will also be of great
interest. In this sense, the objective of the present work was to evaluate WUE in three cultivars of
Dactylis glomerata L. by gas exchange parameters and gravimetric methods. Potted plants of cultivars
Porto, Jana and Kasbah were subjected to three water regimes namely 50%, 70% and 100% field
capacity. Soil water content and water consumption were measured by gravimetric methods every day
along a four-week period. Leaf gas exchange was measured one and three weeks after the beginning of
the treatments to determine intrinsic WUE at leaf level (A/g). At the end of the experiment, plant
biomass parameters were determined and WUE at plant level was calculated as leaf biomass production
per water consumed. Large differences were observed among cultivars and treatments, with cultivar
Porto showing the highest biomass accumulation and WUE at plant level. The relationship between
WUE at plant level and A/g was not always clear.

Keywords: biomass production, Dactylis glomerata, drought, photosynthesis, stomatal conductance,
water use efficiency.

Introduction

The greater needs of water and food resources as a consequence of the world population increase lead to
a future scenario where agricultural production should increase without an extra income of irrigation
water. In such a situation, water use efficiency (WUE) of forage crops will be a main trait in the
selection of new cultivars for Mediterranean areas where, in addition to the increase of water
requirements, the foresighted climate change predicts an increase of aridity (McCarthy ef al., 2001). In
this sense, several attempts have been made to establish accurate and simple variables to estimate WUE
in large selection field experiments. Moreover, the relationship between leaf-level WUE, crop WUE and
plant production has been found to be different depending on species and conditions (Condon et al.,
2004 and references therein). Under Mediterranean conditions, where the rainfall pattern is highly
variable and heterogeneous within and among years, the use of perennial forage species, usually less
productive than annuals, but with the ability to take profit of late summer precipitation, and thus of a
longer growing season, could be interesting in order to extend the grazing season. In this sense, the
objective of the present work was to evaluate WUE in three cultivars of Dactylis glomerata by gas
exchange parameters and gravimetric methods.

Materials and methods

The experiment was carried out in the experimental field of the Balearic Islands University in Mallorca,
West Mediterranean Basin, during late-spring and early-summer 2005. The climate is typically
Mediterranean with warm and dry summers and cool wet winters. Seeds of three contrasting cultivars of
Dactylis glomerata: Kasbah (summer dormant), Porto (non dormant) and Jana (‘mild’ dormant) were
sown in seed benches with horticultural substrate in January. At late March, seedlings were transplanted
to 5 L pots (four seedlings per pot) and randomised disposed outdoors under a rainout shelter. The
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substrate was a mixture of 50% horticultural substrate and 50% clay calcareous soil. All plants (24 pots
per cultivar) were kept under optimal soil moisture conditions until the beginning of the experiment,
when they were cut at 5 cm height. At this point, the total biomass of six pots per cultivar was measured
(initial biomass). After cutting, the remaining plants (18 pots per cultivar) were kept under saturating
irrigation during one week and then three different water regimes were imposed: field capacity
(control), 70% field capacity (mild drought) and 50% field capacity (severe drought). The soil water
content capacity was previously calculated by gravimetric methods on four substrate samples. The pot
weight at field capacity and its water content were then calculated. Soil water regime was controlled by
weighing each pot daily and restoring the soil water content specific to each treatment. Three weeks
after treatments were imposed, leaf, stem and root biomass were determined in six pots per treatment
and cultivar. The leaf area was measured in a sub-sample (of total leaf biomass) by using a portable
AM-100 leaf area meter (ADC, Herts, UK) in order to calculate the specific leaf area and the total pot
leaf area. In addition, green and senescent aerial biomass were considered separately. The leaf biomass
production (UB) was calculated by: JB=B,-B,, where: B, is the mean (six replicates) pot leaf biomass
at the end of the experiment and B, is the mean (six replicates) pot leaf biomass at the initial point of the
experiment. Gas exchange measurements (six replicates per cultivar and treatment) were taken one and
three weeks after the beginning of the treatment by using an infrared gas analyzer (Li-Cor 6400, Li-Cor
Inc., Nebraska, USA). The cuvette conditions were fixed at 1500 Omol photons m™2s™ and 370 ppm of
CO,. The measurements were done at mid-morning of sunny days on healthy sunny exposed leaves. An
ANOVA was performed, by using SPSS 11.0 statistical package (SPSS, Chicago, IL), to study the
influence of cultivars, treatments and its interaction on water use efficiency at plant level, measured as
the leaf biomass produced per water consumed.

Results and discussion

The climatic conditions during the experiment were those typical of Mediterranean summer (data not
shown). Biomass accumulation differed among cultivars (Figure 1). Porto showed the highest biomass
accumulation and Kasbah the lowest. Jana accumulated less biomass than Porto when irrigated at field
capacity, but the opposite was observed at 50% field capacity. Differences among treatments in biomass
accumulation were only clearly observed in Porto plants. In Jana, root biomass was lower in field
capacity plants than in 70% and 50% field capacity, as a consequence total biomass accumulation was
very similar in the three treatments. In a similar way, water use efficiency at plant level (WUE,
considered as leaf biomass production per water consumed) was significantly higher in Porto than in
Jana (except in 50% field capacity), while Kasbah plants showed a significantly lower WUE than Porto
and Jana in the three treatments (Table 1). In all cultivars, WUE was significantly higher in well
watered plants than in 50% field capacity.

Porto was the most productive and water use efficient cultivar when plants were subjected to a good
water regime or to a mild drought. Nevertheless, when a severe drought was imposed, Jana showed a
slightly higher biomass accumulation and WUE than the other two cultivars. Moreover, the low biomass
accumulation and WUE showed by Kasbah plants, suggest that they were, at least, partially dormant
even under optimal soil water conditions.

A negative relationship between WUE at plant level, measured as the leaf biomass production per water
consumed, and WUE at leaf level measured, after three weeks of treatment, by gas exchange techniques
(intrinsic WUE, A/g) was observed in cultivars Jana and Porto (Figure 2). By contrast, Kasbah was
clearly out of this relationship. In fact, Condon et al. (2004) suggested that WUE at leaf level does not
always reflect WUE at plant level.

Table 1. WUE measured as leaf biomass produced per consumed water (g L™"). Values are means of six
replicates = S.E. Different letters indicate significant differences at p<0.05.

Jana Kasbah Porto
100% Field Capacity 0.59+0.06ef 0.15+0.062b 0.75+0.04g
70% Field capacity 0.49+0.04de 0.12+0.031ab 0.67+0.07fg
50% Field capacity 0.39+0.05¢cd 0.0003+0.0423a 0.34+0.02¢
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Figure 1. Dry biomass of leaves, stems and roots of each cultivar (Jana, Kasbah and Porto) and
treatment (field capacity (C); 70% field capacity (70%) and 50% field capacity (50%)). Values represent
mean of six replicates.
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Figure 2. Relationship between WUE plant level, measured as the leaf biomass production per water
consumed, and intrinsic WUE at leaf level (A/g) in Porto (closed triangles), Jana (closed circles) and
Kasbah (open squares) plants. Each point represent mean of six replicates
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Abstract

The relationship among plant spatial distribution and water availability of soil and necromass was
studied in Mediterranean grasslands. Regional and local variability have been considered: five sites
along an altitudinal gradient of 1100 m were sampled in Central Spain, each one comprising plots on the
upper and the lower part of a slope. Spatial distribution of herbaceous vegetation has been analysed for
both plant species and morpho-functional traits (MFTs), revealing an ecological variation trend
associated simultaneously with altitude and geomorphological position. This trend was related to water
availability, assessed as a function of evaporation under two simulated extreme temperature conditions.
Results depended on temperature setting and allowed examining hypotheses on the consequences of
various scenarios of climatic change on Mediterranean grasslands.

Keywords: altitudinal gradient, geomorphology, water stress, temperature influence, ecosystem
function.

Introduction

In Mediterranean grasslands, water availability varies at regional (changes in temperature and rainfall
with altitude) and local (geomorphological processes in a slope system; Solntsiev, 1974) scale. This
variability determines well-known patterns in species composition and associated morpho-functional
traits (MFTs; Montalvo et al., 1991). Our aim is to investigate the relationship between grassland
vegetation and water evaporation in soil and necromass, considering different altitudes and
geomorphological positions. The process of evaporation has two phases (Melloulli et al., 2000); at the
beginning, water loss occurs at a constant rate (lineal phase) and at a certain point, evaporation
decreases progressively (exponential phase), since water is retained harder. In this study Water
evaporation was assessed experimentally under two extreme temperatures and was characterized by
different parameters and correlated to plant variability (floristic composition and MFTs).

Materials and Methods

The study was carried out in five sites situated along an altitudinal gradient of 1100 m in Central Spain
Mountain Range, from El Pardo area (642 m.a.s.l.), representing the driest conditions, to Puerto de La
Morcuera (1719 m.as.l), representing the moistest and coldest conditions. In each site, two
topographical situations were studied: upper and lower zones of a southerly oriented slope. In each

zone, plant species were sampled in five 20 cm2 plots randomly distributed. Relative abundance of 53
qualitative MFTs was evaluated as the percentage of species that presented a given trait. Thus,
vegetation was characterized with a Detrended Correspondence Analysis (DCA) of the relative
abundance of species and MFTs. Besides, necromass and surface soil were sampled in each plot. The
samples, previously dried, were watered until saturation and weighted every hour until they reached a
constant weight. The evaporation process was evaluated for two temperature conditions (hot, 30°C, and
cold, 12°C) and described by six evaporation parameters. Finally, relationship among water availability
and floristic composition was investigated using stepwise multiple regressions between evaporation
parameters (considering separately soil and necromass) and, as the dependent variable, dimension 1 of
DCA analyses.
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Results and Discussion

In the two DCA for species and MFTs, locations distributed along dimension 1 depending on their
altitude. Independently, dimension 2 differentiates upper and lower zones, absorbing less than 8% of
total variability in both cases. However, in the same location lower zones are comparatively displaced
towards coordinates related to higher altitudes. Concisely, dimension 1 revealed a pattern of variation
associated simultaneously to elevation and geomorphology (Figure 1). These trends were identified as
an ecological persistence gradient (Montalvo et al., 1991): species and MFTs resembling strategies type
r were more abundant in lower altitudes (annual life cycle, wind and animal seed dispersion and large
plant size, represented by species such as Biserrula pelecinus and Galium parisiense), while strategies
type K prevailed in higher altitudes (perennial life cycle, bulb, tuber or root tuber and high palatability
with Festuca iberica and Carex muricata subsp. lamprocarpa as the dominant species).
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Figure 1. Vegetation gradient defined by an ordination analysis (DCA) of 50 observations of plant
species (A) and MFT (B) abundance. The evolvents comprise the two geomorphological locations
(upper part: close circles, lower part: open circles) in each of the five altitudes. Dimension 1 of both
analyses simultaneously correspond to the ecological persistence gradient defined in the text.

Temperature determined important differences in the evaporation parameters of soils where these plants
communities exist (Sanchez-Jardon et al., 2004). The water content at the end of the lineal phase (Wc)
and total evaporation length (77) parameters showed linear relationships with the ecological persistence
gradient, in both soil and necromass (Figure2). However, these relationships depended on the
temperature considered: when temperature was high the trend in vegetation showed a significant
relation with We (Fig.2.A,C), while at a low temperature, 7t was the important parameter (Fig.2.B,D).
In soil, both We and Tt increase with altitude leading to K strategies (Fig.2.A,B). On the contrary, in
necromass, these parameters tend to decrease as moving from r to K strategies in the ecological
persistence gradient (Fig.2.C,D).
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Figure 2. Relationship among evaporation parameters of soil (A,B) and necromass (C,D) and the
ecological persistence gradient (composed by the two first dimensions of DCA analyses for both
species (circles) and MFTs (squares); see text and Fig.1).

Conclusions

Results allow inferring possible consequences of climate change on Mediterranean grasslands in relation
to water availability for the herbaceous plants. If global temperatures increase, soil from high altitudes
will need higher water content in soil to maintain their characteristic vegetation. On the contrary, if
global temperatures eventually decrease, plants associated to higher altitudes will get favourable
conditions also in lower altitudes, which would result in uniformed vegetation along the altitudinal
gradient.

Additionally, we have found that necromass in lower altitude grasslands retains a higher amount of
water (has a greater water holding capacity) that necromass from higher altitudes. Necromass buffers
evaporation from soil and, subsequently, prevents soil desiccation, which diminishes water stress for
plants.
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Abstract

On experimental dairy farm De Marke, which is located on a leaching sensitive soil, actual nitrate
content of the upper groundwater is 54 mg L™, although a specific fertilization and grazing strategy has
been applied to restrict nitrate leaching. The grazing period on De Marke starts at the end of May, after
a first cut for silage, and ends mid September. By modeling, possibilities were explored to reduce
leaching by starting and ending the grazing period earlier. Results suggest that the nitrate content can be
reduced to 47 mg L' by starting grazing in spring as soon as possible.

Keywords: grazing, nitrate, excretion.
Introduction

Grazing can be attractive to dairy farmers as it reduces costs and stimulates animal health. Besides, it is
appreciated by society for its contribution to an attractive rural landscape. However, excretion during
grazing will contribute to nitrate leaching. On experimental farm De Marke, a prototype dairy farming
system is practiced that should reduce nitrate content of the upper ground water to a level below 50 mg
L. Grazing should be maintained, if possible. A specific grazing strategy has been developed to restrict
nitrate leaching. The N-excretion during grazing is restricted by allowing cows to graze only 5.5 hours a
day and by feeding low protein products indoors at night. In order to distribute excreta evenly over the
fields, rotationally grazing is practiced (Aarts et al., 1992). The grazing period starts at the end of May,
after a first cut for high quality silage, and ends mid September, what is one month earlier compared to
commercial farms. In spite of this strategy, the nitrate concentration below pastures stabilized at 54 mg
L, level above the desired one (50 mg L). An analysis that was carried out earlier pointed out that
grazing contributes to more than 50% of leaching (30 mg L™"). As the target is not realized, a further
reduction of nitrate leaching is required. The objective of this paper is to present the results of model
calculations on the effects of starting and ending the grazing season earlier.

Materials and methods

Experimental farm ‘De Marke’ is situated on light sandy soil. The rooting zone of 30 cm, with an
average organic matter content of 4.8 %, overlays a layer of course sand without organic matter.
Groundwater depth is 1 to 3 meter below soil surface. As a result, the soil is very susceptible to leaching
of nitrate. Of the total farm area of 55 ha, 11 ha of permanent grassland and 13 ha of temporary grass, in
rotation with maize, are available for grazing by 77 cows and associated young stock. Grassland is
fertilized with 250 kg N ha™' from slurry. No mineral fertilizer is used. Input by clover is about 21 kg N
ha'. The average amount of N excreted during grazing is 94 kg N ha™'. The characteristics of pasture
management are summarized in Table 1.

Effects of shifting the grazing period on nitrate leaching were calculated with the model NURP
(Vellinga et al., 2001), calibrated with data of 1997-2004.

Results and discussion

Results of model calculations indicate that, grass is available for grazing from the end of April onwards.
Therefore, on De Marke the grazing period can start more than one month earlier. Calculations suggest
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that nitrate leaching can be reduced to a level below 50 mg L™ by starting grazing at that time.
Therefore, a further reduction of grazing intensity (by a shorter grazing time or grazing period) is not
necessary to realize the target regarding nitrate leaching. The beneficial effects of starting grazing
period earlier can be explained by the longer period in which excreted N can be taken up by the crop. At
the end of the season crop growth decreases, mainly as a result of low light density. At higher grazing
intensities, as practiced by most farmers, the effect of shifting the grazing period would be even
stronger. The effects on De Marke, are relatively small, due to the fact that grazing is already restricted
and the protein level of the diet low. The calculations with NURP suggest that grazing contributes to 26
mg L' which is comparable with the value of 30 mg L™ mentioned earlier.

In early spring energy content of grass is higher than in August and September. To realize a high silage
quality spring grass is cut and not grazed. On De Marke 225,324 kg silage is harvested in total,
annually. The uptake of grass by grazing cows is 5 kg DM d”', complying with 11,935 kg dry matter in
total, in 31 days. When grazing starts 31 days earlier 11,935 kg grass dry matter is needed for grazing in
that period, and therefore can not be used for silage making. Because grazing period ends also 31days
earlier, a comparable amount of herbage comes additional available for silage making in August and
September. The amount of silage involved with the shift of the grazing period is 5% of total silage yield
of the farm. On average, silage of the first cut of grass contains 1.04 MJ NEL kg DM 'and silage from
grass cut in August and September contains 0.96 MJ NEL kg DM\, The average energy content of
silage on De Marke is 0.99 MJ NEL kg DM™'. Therefore, the deviation in spring and autumn of the
energy content is less than 10% of the average level. The effect of shifting grazing season on the
average energy level of the silage of the farm is less than 1%.

Table 1. Main characteristics of grazing on De Marke.

Method Rotational grazing
Number of cows ha™ 3.2
Grazing period End of May — Mid Sept
Grazing hours per day 5.5

Table 2. Nitrate content of the upper groundwater below pastures on De Marke in the actual situation,
model calculated after shifting the grazing period (starting and ending one month earlier) and at full
time housing (zero grazing).

. . . Nitrate in upper groundwater
Scenario Grazing period S
&P (mgL™)
Actual situation End of May — Mid Sept 54
Early grazing End of April — Mid August 47
Zero grazing - 28
Conclusion

The grazing period can start earlier by abandoning the strategy to devote high quality spring grown
grass to silage making. In a farming system that has already been strongly adapted to restrict nitrate
leaching, shifting grazing season by starting early in spring will reduce the nitrate content of the upper
ground water from 54 mg L' to 47 mg L. Because of the low grazing intensity, early grazing does not
lead to a significant effect on average silage quality.
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Grain sorghum silages as an alternative to irrigated maize silage
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Abstract

Silage maize production for feeding dairy cows has to be secured by irrigation in areas affected by
summer drought. The objective was to determine how best to combine the maintenance of milk
production and the conservation of water resources. We evaluated in 2004-2005 the benefits and limits
of two sorghum silages (Sorghum bicolour L.) (grain sorghum silage GS and sweet grain sorghum
silage SS) compared to an irrigated maize silage (MA). Irrigation was provided only to the maize crop.
Each of the three diets were given to a group of eight dairy cows for a 15 week winter experiment.
Forage yield and composition, cropping costs, intake and animal performance were recorded. The
sorghum crops yielded 14.3 and 17.8 t DM ha™' for SG and SS respectively, compared to 20.1 t for
irrigated MA. Sorghum input costs were lower. Their quality was also good (less starch but more
protein than MA diet). Cows fed SG had a significantly higher intake than those offered MA and gave
the same milk production. Cows fed SS had an intake comparable to MA but yielded less milk. Non-
irrigated sorghum could become a good alternative to irrigated maize if its agro-environmental and
economic benefits are confirmed in various conditions.

Keywords: grain sorghum, water resource, dairy cows, maize, silage, costs.
Introduction

Under European conditions, whole plant maize silage is the main ingredient in the diet of dairy cows,
especially during the winter because of its yield potential and feeding value. Nevertheless maize
production could be limited in some areas because summer rainfall is insufficient. So it has to be
supplemented by irrigation and then generates an important agricultural water consumption. Grain
sorghum hybrids and especially sweet sorghum types should be of great interest to avoid this additional
water consumption (Lemaire et al., 1996, Legarto, 2000). After a preliminary trial (Nascimiento et al.,
2005) we evaluated in 2004 the benefits and limits of two grain sorghum silages (Sorghum bicolor L.
Moench) for dairy milk production, compared to an irrigated maize silage. We paid special attention to
forage quality and yield, cropping costs and animal performance.

Materials and methods

The two grain sorghum hybrids were a traditional grain type, cv. Solarius, and a sweet type, cv. Topsilo,
the latter with a higher biomass potential yield but a later flowering date. Those hybrids and the maize
hybrid, cv. Argenteo were grown in Lusignan (0°08°35°’E, 46°40°39°°N, Poitou-Charentes, France) on
two ha plots each. Irrigation to prevent summer drought stress was provided only to the maize crop.
Sowing densities were 100 000, 220 000 and 370 000 grains ha™, respectively for MA, GS and SS. The
row spacing was 0.75 m in order to allow a silage harvest with the same material. Mineral fertilization
was calculated using the balance method taking into account the soil furniture. Weeds and pest control
(Ostrinia nubilalis H., European corn borer) were conducted using standard practices. Farm direct costs,
including pesticides, fertilizers, seeds and energy power for irrigation were recorded. Mechanisation,
labour costs and fixed costs were not taking into account. Harvest, storage and distribution conditions of
both silages were strictly comparable. Twenty four Holstein-Friesian dairy cows (33.2 kg milk d”', 640
kg body weight, 54 days in milk in average) were paired and assigned for 15 weeks to one of the three
experimental diets : maize silage diet (MA), grain sorghum silage (GS) or sweet sorghum silage diet
(SS). Cows were individually fed the experimental diets ad libitum each morning, using Calan type
feeding doors, targeting 10% refusals. The three diets of cows were balanced with the same amount and
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nature of concentrates (2.2 kg of N rich concentrate and 3 - 5 kg of energy rich concentrate, according to
the expected milk yield) except urea which was only given to the MA cows (0.05 kg). Dry matter yield
was evaluated at the date of harvest with 5 samples (two meter long on a single row). Fresh forage was
sampled in the silos to evaluate the water soluble carbohydrates content (WSC). Offered forages were
daily sampled and monthly bulked. Fiber (Neutral Detergent Fiber, NDF), crude protein and starch
contents such as in vitro dry matter digestibility (IVDMD) were measured throughout the experiment.
Forage and concentrate intakes and milk production were daily recorded. Milk composition (fat and
protein contents) and body weight variations were weekly observed. Diets and animal effects were
tested by analysis of variance. Diet square means were compared by a Student Newman Keuls test.

Results

The mean characteristics of the experiment are given in Table 1 (crops and forages), Table 2 (costs) and
Table 3 (animal performances).

Table 1. Crops and forages characteristics.

Treatments Rainfall + DM yield (i(r)‘:gfn NDF Starch WSC
Irrigation mm (tha™) ?g ke'h) (gkg") (gkg™h (gkg")
MA Maize 191 + 152 20.1 82 390 304 41
GS Sorghum 174 +0 14.3 104 400 27.7 46
SS Sorghum 190 +0 17.8 95 383 29.6 46

DM: Dry matter; NDF: Neutral detergent fiber; WSC: Water soluble carbohydrates.

Table 2. Cropping costs.

Treatments Fertilizers € Seeds € Pesticides € Electric power @ €
MA Maize 97 158 177 76

GS Sorghum 59 99 129 0

SS Sorghum 59 51 129 0

@ Electric power, in euros, for irrigation.

Total rainfall was 174 to 190 mm between sowing and harvest, allowing a good growth of the sorghum
crops. Maize was given 152 mm more in five irrigation times from early July to mid August. The costs
of the sorghum crops were lower than the maize (minus 269 and 221 euros per ha for SS and GS
respectively) because of the nature of the weeds control strategy, the lack of European corn borer
biological control and the lack of irrigation (electric power supply). As expected the irrigated maize
silage provided a high forage yield with a good quality (20.1 t DM ha™! and digestibility of 72.7 g kg™").
In comparison with the maize, the grain sorghum had a lower yield (- 29 %) with a good quality (less
starch but more protein). The sweet sorghum reached a high yield (only — 11 %) and an intermediate
position for starch and protein contents. Despite its characteristics it did not present any difference in
water soluble carbohydrates content (WSC). The two sorghums were of lower digestibility according to
the IVDMD and fibre content evaluations.
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Table 3. Animal performances.

Treatments Intake m]za}(;r IVDN_I]D Mill_(l Fat_1 Prote_iln BW gain
kgDM 1oty (ke ked)  (gkg)  (gke) (kg)
MA Maize 17,0 b 347 727 299 a 40.1 a 32.1a +20a
GS Sorghum 19,9 a 332 715 303 a 426a 32.1a +29a
SS Sorghum 158 b 311 710 255D 413 a 31.7a +15a

IVDMD: in vitro dry matter digestibility; BW: body weight
a-d: different superscripts mean significant differences between the values (P<0.05), SNK test.

Cows fed the GS diet had a significantly higher intake than cows fed the MA diet (+17 %). Despite its
lower feeding value, this higher intake led to similar milk production and protein content throughout
the experiment and to weak tendencies to an improved fat content and a higher body weight gain. Cows
fed the SS diet had a non significantly lower intake (- 7 %) but a significantly lower daily milk
production (- 15 %).

Conclusions

The results of the present study confirm that non-irrigated sorghum is able to provide quite a high
biomass yield at a low cost. It also has a good efficiency for dairy cow milk production. It could clearly
permit water conservation or improved water management during summer drought in areas involved in
rearing ruminants. This type of sorghum could then become a good alternative to maize. Its agro-
environmental and economic benefits have to be confirmed in a range of conditions. Further
experiments with special focus on environmental impacts are also planed. This study pointed to great
differences in yield potential and quality between the two sorghum types. The evaluation of such an
intraspecific variability will probably allow farmers to chose improved hybrids for feeding dairy cows
with low environmental impacts.
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Abstract

The mountain pastures in Croatia often remain unfertilized or poorly fertilized and produce low
quantities of poor quality forage. The objective of this study was to evaluate changes in the botanical
composition and productivity of semi-natural mountain pasture, rotationally grazed by sheep, under
different rates of N application (35, 100 and 150 kg N ha™' yr'"). Significant differences between years
occurred in all the investigated parameters. The dry matter (DM) yield in the second year (4,805.7 kg
ha!) was significantly lower compared with the DM yield in the first and the third year (8,721.2 and
9,210.6 kg ha™', respectively). In the second year, the annual content of grass, legumes and dead plant
material in total DM yield decreased (P<0.01), while the content of broadleaf plants increased more than
65 % in comparison with the first year. The N fertilizer did not cause significant differences in DM
yield and botanical composition among treatments within each of the three years. This indicates that low
input management does not necessary result in sward productivity losses.

Keywords: nitrogen, yield, sward composition.
Introduction

Current upland pasture management in Croatia includes fertilizing with low amounts or even no N
fertilizers applied per year. The productivity of grazed pastures is frequently limited by the supply of N
from soil organic matter (Steele and Vallis, 1988). The effect of high rates of nitrogen application on
white clover (Trifolium repens L.) performance in mixed swards is well described (Frame et al., 1997).
However, if N application is too high, the clover portion of the sward becomes too low to provide
sufficient N to the sward later in the growing season (Caradus et al., 1993; Thomas, 1992). Grass-clover
relationship is intensified under grazing especially on semi natural swards containing large number of
species. Grazing, fertilizing and cutting regime as well as climatic factors was recognized as factors
influencing species composition. The objective of this study was to evaluate the response in productivity
of an investigated pasture to N fertilizing at low and moderate rates, under grazing conditions.

Material and Methods

The experiment was conducted in north-western Croatia, during three years (2002-2004), at Faculty of
Agriculture experimental field Medvednica (650 m altitude, mountain region, 1230 mm average annual
precipitation, 6.6°C mean annual temperature), on semi natural grassland-association Arrhenatheretum
medioeuropaeum (Br-Bl-19), that have been grazed rotationally by steers. Prior to beginning of the
experiment (March 2002), the sward was composed of 67.70 % grass, 16.08 % white clover, and 16.22
% forbs in dry matter yield. In March each year of the experiment, 500 kg ha™' N-P-K (7:20:30) was
applied as compound fertilizer. The three fertilizer N levels applied annually (kg ha ™) were 35 (Njs),
100 (Njgo) and 150 (Ny50). The treatment Ns3s received all N in the spring application of N-P-K
fertilizer, and treatments Ny, and Nso additionally received 65 and 115 kg ha' N as 27 % ammonium
nitrate (NH4NOs), in three dressings, after each grazing. A randomized-block design was used with four
replicates of three treatments giving a total of 12 plots (plot size 27.5 m?). Each replicate was
rotationally grazed by Charolais sheep. The sward was stocked when herbage height ranged from 13 to
17 cm. The end of each grazing period was at 5 cm residual stubble height or maximum 24 h per
replication. At the beginning of each grazing period, three samples from each plot were taken for
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measuring pasture productivity using a 1.0 x 0.3 m quadrate and hand scissors. A 0.1 kg subsample was
taken for separation into constituent floristic components, oven dried for 48 h at 60 °C and weighed to
ascertain DM yield. Data were analyzed using mixed model procedures (SAS Inst., 1998).

Results and discussion

The annual DM production was not increased significantly (P>0.05) by increasing fertilizer N rate
(Table 1). Nonsignificant fertilizer N rate x year interaction (P>0.05) indicates that DM production
responded similarly under various N fertilizing rates in each year. The growing season significantly
affected annual DM production (P<0.01). These results demonstrate a great influence of climatic factors
on DM production for the same pasture type. Low DM yield occurred in 2003 and was caused by low
precipitation and high temperatures through vegetative period (204.6 mm less than average precipitation
and 1.6 °C higher temperature).

Table 1. Dry matter yield over growing seasons and N fertilizing rates.

DM (kg ha™)
2002 2003 2004 mean
Fertilizer N
(kg ha™" annually)

35 8,097.8 4,541.2 8,174.9 6,937.9

100 8,864.2 4,880.3 9,123.1 7,622.5

150 9,201.6 4,995.8 10,334.0 8,177.0
Significance NS NS

Mean 8,721.2 4,805.7 9,210.6

LSD (0.01)§ 953.2

NS not significant
§ LSD value for comparing mean annual DM yields.

Averaged over years, N fertilization did not affect annual content of legumes, grasses and forbs in DM
yield (P>0.05). Fertilizing with 35 kg N ha™ significantly (P<0.05) increased annual content of dead
plant material in DM yield in comparison with treatments Nqy and Nyso. The annual content of legumes,
grasses, forbs and dead plant material in DM was significantly different (P<0.01) between growing
seasons (Figure 1). The proportion of legumes decreased from 118.75 g kg”! DM in 2002 to 17.7 and
15.64 g kg! DM in 2003 and 2004, respectively. Similar trend occurred with grasses, while the
proportion of forbs significantly increased from 289.65 g kg”' DM in 2002 to 488.19 and 420.26 g kg’'
DM in 2003 and 2004, respectively.
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Figure 1. Annual content of floristic components in the total DM yield (g kg™! DM).

This type of pastures has been associated with unstable herbage production over growing seasons and
consequently with changes in botanical composition. Higher nitrogen levels than usual did not improve
yield stability and sward productivity. Similarly, Rodwell (1992) shows that large numbers of grassland
communities are not dependent upon management for the maintenance of their species composition,
being maintained solely by extreme climatic and/or edaphic factors. In temperate pastures there is a
need to use N as efficiently as possible for economic and environmental reasons. Reducing nitrogen
fertilizer application does not necessarily result in reducing sward productivity.
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Abstract

During the period 2003-2005, the influence of organic and mineral fertilizers on the productivity,
biodiversity and quality of a pasture with Festuca valesiaca Schleich. ex Gaudin was analyzed. By
fertilization and changing its way of being used, from heavy grazing to the use by mowing (in the
optimum period) one could notice a significant increase of the yield, an improvement of the floristic
composition and of the forage quality. The highest yields were obtained in the variants fertilized with
20-40 t ha' manure on a soil background of NgoPs, with increases of 69-82% compared non-fertilized
control. It was also noticed an improvement of the floristic composition by increasing the number and
the percentage of those species with good feeding value, such as: Poa pratensis L., Festuca valesiaca
Schleich. ex Gaud, Medicago lupulina L.

Keywords: fertilization, usage management, biodiversity, productivity, quality.
Introduction

The permanent pasturelands from Romania stretch for a surface of 4.9 million ha, from with 340
thousand ha are situated in steppe and forest steppe zones.

Generally speaking, these pasturelands are situated on degraded, poorly productive lands, having an
inadequate floristic composition, and the yields obtained are low and of poor quality. From the basic
measures for rehabilitation of these pasturelands, an important place occupies the balanced fertilization
and the rational use (Jeangros and Bertola, 2002; Peeters and Kopec, 1996; Vintu et al., 2003). The
organic and mineral fertilization and the rational use lead to substantial increases of the production,
biodiversity and the fodder quality improvement (Carlen et al., 1998; Scehovic, 1999; Peeters et al.,
2004).

Materials and Methods

Te experiment was carried on during the years 2003 — 2005, on a pasture with Festuca valesiaca
Schleich. ex Gaudin, from the forest steppe in the north-east of Romania, characterized by average
annual rainfall of 520 mm. Te soil on which the experiment was made was of cambic chernozem type,
not strongly lavigated. This experiment aimed at finding the influence of the fertilization with manure
which is applied annually, every two or three years, in doses of 10-20-40 t ha!, combined with NgPs,
on a permanent pasture used by mowing or grazing (mowing when the predominant grass are of 15 - 18
cm height).

Results and discussion
The average yields obtained in the years 2003 — 2005, on the permanent pasture used by mowing or

grazing, on which were applied different doses and combinations of organic and mineral fertilizers are
presented in Table 1.
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Table 1. The influence of fertilization on the production of dry matter.

e Grazing Mowing
No. Type of fertilization Tha % Tha %
1 Unfertilized control 2.74 100 2.94 100
2 10 t ha™! annual manure + Ng,Pso 4.,03%* 147 4.83%*% 164
3 20 t ha' annual manure + NgoP3o 4.63%** 169 4.96%%* 169
4 20 t ha”! manure at 2 years + NgoP3o 4.2]%%* 154 5.15%** 175
5 30 t ha! manure at 3 years + NgoP3o 4.26%** 155 5.13%** 174
6 40 t ha”! manure at 3 years + NgoP3o 4.54%** 166 5.36%** 182
Average 4.07** 149 4.73%* 161
DL 5%=0.78 t ha' 1.0tha'
DL 1% =1.06 t ha' 1.37 tha'
DL 0.1% =141 tha' 1.88 t ha'!

The data in Table 1 show shat the yields obtained when the pasture is exploited by mowing are bigger,

in all the fertilizing variants, than the ones obtained by grazing.

Table 2 presents data regarding the structure of the vegetal carpet in 2005. There can be noticed that the
average weight of the grass is bigger when exploiting by mowing, while
The average weight of the legumes is bigger when exploiting by grazing.

Table 2. The influence of fertilization on the structure of vegetal cover (%), 2005.

No. Type of fertilization Grazing Mowing
Grass Legumes  Others Grass Legumes Others

1 Unfertilized control 45 36 19 46 31 23
2 10 t ha™! annual manure + NgoPso 53 37 10 69 19 12
3 20 t ha' annual manure + NgoP3o 62 17 21 53 31 16
4 20 t ha™ manure at 2 years + NeoP3o 55 33 12 79 12 9
5 30 tha manure at 3 years + NgoPs0 54 25 21 75 6 19
6 40 t ha™ manure at 3 years + NeoP3o 62 24 14 57 27 16

Average 55 29 16 63 21 16

Watching the evolution of the fodder quality under the influence of the experimental factors (Table 3)
we can notice that the average percentage of crude protein (CP) is bigger when exploiting by grazing,
being also correlated with a lower average percentage of crude fibre.

Table 3. The influence of experimental factors on the quality of fodder (g kg™ DM).

Grazing Moving
No. Type of fertilization

CP CF  ASH FAT CP CF ASH FAT

1 Unfertilized control 15.3 199 63 164 148 193 62 146

2 10 t ha™! annual manure + NgoP3o 16.8 20.3 5.1 1.73 153 204 52 1.80

3 20 t ha™' annual manure + NgoP3o 15.8 22.5 63 171 154 219 58 145

4 20 t ha™ manure at 2 years + NgoP30 160 206 75 187 148 208 54 159

5 30 t ha” manure at 3 years + NgoP30 16.3 21.4 6.9 1.45 145 207 73 130

6 40 t ha™' manure at 3 years + NgoPs 16.1 20.9 7.0 1.08 144 216 72 150
Average 16.1 209 65 1.58 149 208 62 1.52

CP — crude protein; CF — crude fibre; ASH — total ash; FAT — crude fat.
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In Figure 1 are presented data about the botanical composition of the vegetal cover differentiated
according to the level of the anthropic intervention. Generally we can see an increase of the species-rich
at those levels of fertilization in which bigger doses of organic and mineral fertilizers were applied.
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Figure 1. The influence of antropic intervention on the botanical composition.
Conclusions

The conclusions of this experiment show that the use of organic and mineral fertilizers determined yield
increases ensured statistically by both ways.

The yield increases compared to non-fertilized control were between 47 - 69% when grazing was used
and between 64 - 82% when mowing was used.

After the use of organic and mineral fertilizers in different doses and combinations we can notice a
better quality of the fodder obtained when the pasture was exploited by grazing.

The anthropic intervention determined an increase of the weight of species-rich when the doses of
fertilizers also increased.

References

Carlen C., Gex P., Rolliker R. (1998) Prairie permanente en montagne: effets de 1’exploitation sur la
qualité du fourrage, le rendement, la composition botanique et la variabilité génétique. Revue Herba,
11, 17-23.

Jeangros B. and Bertola C. (2002) Long-term evolution of an intensively managed meadow after
cessation of fertilisation and reduction of cutting frequency. Grassland Science in Europe, 7, 794-
795.

Peeters A. and Kopec S. (1996) Production and productivity of cutting grasslands in temperate climates
of Europe. Grassland Science in Europe, 1, 59-73.

Peeters A., Maljean J.F., Biala K. and Bouckaert V. (2004) Les indicateurs de biodiversité pour les
prairies: un outil d'évaluation de la durabilité des systémes d'élevage. Fourrages, 178, 217-232.

Scehovic J. (1999) Une autre regard sur la probleme de 1’évaluation de la qualité des fourrages. Revue
Herba, 12, 38-40.

Vintu V., Avarvarei 1., lacob T., Dumitrescu N. and Samuil C. (2003) Improvement of the degraded
rangelands of the Romanian forest steppe by organic and mineral fertilization. Proceedings of the VII-
th International Rangelands Congress, N. Allsopp, A.R. Palmer et al. (eds.), Durban, South Africa.
ISBN: 0-958-45348-9: 1267-1269.

88 Grassland Science in Europe, Vol. 11



Effects of cattle grazing on selected soil chemical and soil physical
properties

Bohner A.! and Tomanova O.2

"Agricultural Research and Education Centre Raumberg-Gumpenstein, Department of Environmental
Ecology, Raumberg 38, A-8952 Irdning, Austria.
U parniho mlyna 4, CZ-170 00 Prag 7, Czech Republic.

Abstract

At present, in Austria there is an attempt to propagate intensive cattle grazing. Therefore, the effects of
trampling and cattle grazing on selected soil chemical and physical properties at the scale of a
representative paddock in a mountainous region in Austria were investigated. Excessive trampling and
cattle grazing lead to a distinct soil compaction especially in the 5-10 cm soil layer, resulting in stagnant
water conditions, and to an accumulation of nutrients in topsoil (mainly potassium, phosphorus, boron).
Furthermore, there is a permanent transfer of soil nutrients (mainly potassium and nitrogen) and organic
matter by grazing cattle within a paddock. Fertilizer recommendations for a sustainable pasture
management will be given.

Keywords: soil chemical properties, soil physical properties.
Introduction

Grazing management practices need to be both ecologically and economically sustainable. Therefore, an
efficient utilization of fertilizers and a grazing intensity adapted to the site are necessary. The aim of this
study was to examine the effects of trampling and cattle grazing on selected soil chemical and physical
properties at the scale of a representative paddock in a mountainous region in Austria in order (1) to
maintain or increase soil quality, (2) to decrease nutrient losses from pasture soils, and (3) to formulate
fertilizer recommendations for a sustainable pasture management.

Materials and methods

This investigation was conducted in the Styrian Enns valley (Austria) at an altitude of 675 m. The
climate is relatively cool and humid, with a mean annual air temperature of 6.7 °C and annual
precipitation of 1023 mm, of which 60 % falls during the growing season (April-September). The mean
monthly temperature varies from —4.5 °C in January to 17.0 °C in July. The soil is a deep, base-rich
Cambisol with a loamy sand texture. The paddock investigated has a total area of about 2 ha and had
been grazed by dairy cattle (Brown Swiss) five times per grazing season for more than 10 years. The
stocking density was approximately 4 cows ha™ during 180 days from early May to the end of October
with an average grazing time of about 8 hours per day. The strip grazed permanent pasture was fertilized
regularly with farmyard manure, mostly cattle slurry. Within the paddock investigated, three different
vegetation types, representing different levels of disturbance were identified. The Matricario-
Polygonetum arenastri has been developed near the entry to the paddock where trampling intensity is
greatest. This vegetation type is characterized by the ‘trampled plot’ (3x8 m). The ‘grazed plots’ (5x10
m, three replicates) were distributed in the middle of the paddock and their vegetation belongs to the
Alchemillo monticolae-Cynosuretum cristati. The ‘boundary plot’ (0.5x20 m) was located under the
fence and the plant species composition can only be referred to the order Arrhenatheretalia. The
untrampled plot below the fence was grazed during the five grazing periods and had not received
farmyard manure or excreta from grazing cattle. During the grazing season soil samples from the 0-10
cm soil layer (A horizon) for chemical analyses were collected before each grazing period (5 analyses of
composite samples per plot). At the beginning and the end of the grazing season also soil samples for
physical analyses were taken from topsoil. Soil analyses were carried out according to the ONORM
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methods (Austrian Standards Institute). Yield and mineral element content in the harvestable above-
ground plant biomass were determined by using standard methods. For each plot, the arithmetic mean
and coefficient of variability were calculated.

Results and discussion

Intensive trampling and cattle grazing lead to a soil compaction mainly in the 5-10 cm soil layer (Table
1) and to a degradation of soil structure. The porous crumb structure in the freely drained topsoil of the
‘boundary plot” was replaced by a compact platy structure in the imperfectly drained topsoils of the
‘grazed plots’ and ‘trampled plot’. Plant species such as Ranunculus repens L, Agrostis stolonifera L.,
and Poa annua L. are bioindicators of such compacted, periodically wet topsoils. When comparing the
three different plots, the topsoil of the ‘trampled plot” had a lower C,,, content and consequently also a
lower Ni, content than the topsoils of the ‘grazed plots’ and the previous two had a higher C,,, and Ny,
content than the topsoil of the ‘boundary plot’ (Table 2). The comparatively lower C,, content in
topsoil of the ‘boundary plot’ despite a 5-fold to 8-fold higher below-ground phytomass (data not
shown) can be explained by a permanent removal of organic matter due to cattle grazing without a
compensatory return by farmyard manure and cattle excreta. The lower annual input of carbon from
below-ground phytomass (data not shown) and a higher mean soil temperature seem to be the main
reasons for the lower C,,, content in topsoil of the ‘trampled plot” compared to those of the ‘grazed
plots’. Primarily the topsoil of the ‘trampled plot’ was enriched with nutrients due to enhanced external
inputs with farmyard manure and cattle excreta (Table 2, 3). Especially potassium, phosphorus, and
boron are accumulating in topsoil. In the untrampled and unfertilized but grazed ‘boundary plot’ the
nutritional status of the topsoil was very low due to the continuous removal of nutrients by grazing
cattle. The long-term effect of this redistribution of nutrients within a paddock is that small areas below
the fence become depleted of nutrients, while areas especially near the entry to the paddock accumulate
high amounts of nutrients in topsoil, primarily those which are returned in a high degree with cattle
excreta (e.g. potassium, phosphorus, boron). On the other side, potassium and nitrogen are depleted
from topsoil more easily than phosphorus and sulphur due to a comparatively higher transfer from soil
to the harvestable plant biomass (Table 3).

Table 1. Selected soil physical properties (means of 8 analyses and coefficient of variability).

cm Bulk density (g cm™) Pore space (%)

Soil depth Trampled plot Grazed plot Bo:?(;itary Trampled plot ~ Grazed plot ~ Boundary plot
0-5 1.219) 1.06 (14) 0.99 (19) 52(7) 59(9) 62 (11)
5-10 1.52 (5) 1.17 (10) 0.95 (4) 43 (5) 55(8) 64 (2)

10-15 1.56 (2) 1.37(0.1) 1.08 (16) 42 (4) 48 (0.1) 59 (11)

Table 2. Selected soil chemical properties (A horizon, 0-10 cm).

g kg mgkg' 7d" meq 100 g %

N Cog N S CoNit Cog/Ser Nio/Si p.m.N. CECur K

Trampledplot 5 398 42 1.0 9.5 40 4 246* 26.5 73
Grazed plot 15 45.0 4.7 1.0 9.6 45 5 253%* 19.7 2.1*
Boundary plot 5 323 3.1 1.0 10.4 32 3 120* 16.7 1.1*
n = number of analyses; p.m.N. = potentially mineralizable nitrogen; CEC.; = effective cation

exchange capacity (BaCly-extract); K % = percentage potassium saturation (BaCl,-extract); * =
coefficient of variability > 30 %.
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Table 3. Selected soil chemical properties (A horizon, 0-10 cm) and nutrient transfer from topsoil (0-10
cm) to harvestable plant biomass.

CaCl, puScm’ mg kg % Plant removal
n pH EC Pear  Kear B C N P S K
Trampled plot 5 7.2 214 235 761 2.9 33 2.9 0.5 0.8 4.0
Grazed plot 15 6.4 97 110 165% 1.3 6.7 6.1 1.4 1.3 152
Boundary plot 5 6.4 84 15*%  45%  0.6* 1.8 1.0 0.2 0.3 1.3

n = number of analyses; EC = electrical conductivity; Pcar, Kcar = lactate-soluble phosphorus and
potassium content; B = acetate-soluble boron content according to BARON; % plant removal = element
content in harvestable annual plant biomass in % of soil storage (Corg, Niot» Sior, aqua regia extractable P
and K); * = coefficient of variability > 30 %.

Conclusions

Although the soil chemical and physical properties prior to cattle grazing are not known, it seems
reasonable to assume that the observed differences are attributable to long-term excessive grazing and
trampling. The different grazing and trampling intensity as well as the uneven return of cattle excreta in
grazed pastures not only creates a mosaic of vegetation structures (Mendarte et al., 2005), but also
results in a spatial heterogeneity in soil nutrient content and soil compaction. A sustainable pasture
management takes into consideration this large-scale heterogeneity in pasture soils. Both from an
ecological and economical point of view, there is a need to control trampling and grazing intensity at
certain parts of a permanent pasture such as areas near the entry to the paddock, because there is a risk
of overgrazing and poaching, leading to a distinct soil compaction, nutrient accumulation in topsoil
(mainly potassium, phosphorus, boron), bare patches, and weed infestation. Furthermore, these
intensively trampled areas need no or only small amounts of fertilizer (especially K-rich fertilizer such
as cattle slurry). Therefore, within intensively grazed paddocks differential fertilizer practices and
variations in grazing management are necessary.
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Abstract

The 92/43/CEE Directive is a Community instrument that establishes a common framework for the
conservation of wild animal and plant species and natural habitats of Community importance. It
provides for the creation of a network of special areas of conservation called “Natura 2000”. The
application of the Directive in the Navarra county (north Spain) has led to the declaration of 42
Common Areas of Interest (L/Cs) which occupy 255 141 hectares (25% of the Navarra county surface),
with a relevant portion of rangelands. Since Red Natura 2000 sites need Integrated Management Plans.
A basic and previous step is the characterization and evaluation of their rangelands in order to establish
the best grazing recommendations for the protected pastured areas. In this context, the Department of
Agriculture of the Navarra Government carries out a project whose objective is identify, characterize,
evaluate and perform the cartography of grazing resources present at the L/Cs. As a result of this
project, a detailed digitalized cartography (scale 1:25,000) is obtained, where the spatial distribution and
grazing value of the different rangelands, as well as existing cattle facilities, are included. For the
maintenance and management of the alphanumerical and graphical data, a specific GIS computer
program has been conceived.

Keywords: LICs, rangeland characterization, grazing value, cartography, GIS.

Introduction
In 1992, the European Community promulgated the Directive 92/43/CEE. The main aim of this
Directive is the preservation of the biodiversity and the implementation of models of sustainable
development that warrantee the preservation of habitats and species of communitarian European
interest. The application of the Habitats

Directive in the Navarra county (Figure 1) has led to the declaration of 42 Common Areas of Interest
(LICs) (Figure 2) which will involve, when applying article 6, the designation of these sites as Special
Areas for Conservation (S4Cs).

The implementation of an Integrated Management Planning for each site will assure the establishment
of actual and preventive measures that enable their preservation. A detailed data base that incorporates
complete information on the habitats developed at each site is the
first necessary step for future planning. For that reason, the Area of
Evaluacion de Recursos Agrarios Departamento de Agricultura de
Navarra conducts a project which objectives are:

To identify and characterize the grazing resources present at the [
LICs.

To evaluate these grazing resources, taking into consideration their
forage production, quality and seasonality.

To perform the cartography of rangelands (typology, grazing value
and existing cattle facilities) at 1:25,000 scale.

Figure 1- Location of Navarra

92 Grassland Science in Europe, Vol. 11



Figure 2- Common Areas of Interest (LICs) in Navarra

Materials and methods

The methodological process is as follows:

Demarcation of the vegetation units using different cartographic documents available such as Digital
map of Navarra Land Uses and Crops (1:25,000), Digital map of Vegetation series (1:25,000), Digital
aerial restored photographs (1:5,000) and Digital Topographic map (1:5,000).

Characterization of the vegetation considering different issues such as physiography, plant community
shape and structure, floristic composition and degree of preservation. Detailed field samplings are done
in order to analyze community structure and floristic composition. The method used is the linear
transect procedure (Welch and Scott, 1995). Nomenclature used follows the Nomenclator de la
Sociedad Espariola para el Estudio de los Pastos (Ferrer et al, 2001).

Estimation of the grazing value using the methodological approach proposed by Daget and Poissonet
(1972) and implemented in Spain by Amella and Ferrer (1979) and Ascaso et al. (1996), among others.
The estimate, called Valor Pastoral (Pastoral Value, VP), is transformed in Energy Units using the
following empirical formula:

UF ha”'yr' =k x VP

where UF is the energy expressed in forage units, and k is a transformation coefficient that varies in
function of the biogeographic environment.

To verify the relationship between the estimate VP and the UF, production and quality forage controls
are carried out (cut of herbaceous biomass in exclusion plots). Once the mean grazing value of the
different vegetation types is determined, they are classified in pre-established intervals of grazing value.
Cartography: the types of vegetation differentiated are drew on the aerial restored photographies and
digitalized. Because of the work scale, 1/25,000, the minimum cartographic area represented in the map
is 2.5 ha. Also, cattle facilities and field sampling areas are included in the map.

Information management: for the maintenance, search and use of the alphanumerical and graphical data
a specific computer program has been implemented based on ArcMap, ESRI (Figure 3).

Figure 3- GIS based computer program
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Results

From each study site we obtain the following results:

Digitalized map at 1:25,000: on a topographic map the different vegetation units are represented, as
well as their grazing values and the existing cattle facilities (Figure 4). Using different matrix and
colours, the spatial distribution of the vegetation units and the areas with different grazing values are
indicated. The legend includes information about the vegetation units belonging to each class of
grazing value, their surface and their mean forage units (UF ha "'yr™"), as well as the total forage value
that corresponds to each unit and to the site as a whole (in UF yr'). Eventually, it comprises the area
occupied by each grazing value class.

Figure 4- Map of the
different vegetation units
and their grazing values as
well as the existing cattle
facilities

Final document of synthesis: this document uses a simple format, similar to a filing card, where
technical data related to each vegetation type is included: plant community description, floristic
composition, cattle use, degradation symptoms, grazing value and impact, community dynamics and
recommendations for grazing management. In addition, basic data on the area and its actual farming
use are included.

Rangelands catalogue: using all the obtained information, a Navarra rangelands catalogue is being
implemented. This catalogue includes information about all the rangeland units differentiated, their
grazing value and the recommendations for their grazing management.

Conclusions

The accomplishment of this project allows the compilation of relevant, biological and land-use data.
This information (rangelands typology, value and degree of preservation, actual grazing pressure and
optimal stocking rates, etc), is extremely useful to elaborate the Integrating Management Plans of the
Natura 2000 sites. The computer program specifically designed, allows a helpful and practical access to
the information related to each site.
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Abstract

Two field experiments were conducted on dehesa soils, having a very low pH, aluminum in toxic levels,
low amounts of calcium, magnesium and assimilable phosphorus.of the objective of the experiments
was to study the effect of applications of plaster, transformation residuals of the sugar industry (SIR)
and phosphoric rock (possible alternative to calcium superphosphate) on natural grasses for three years.
The amount of crude fiber in the grasses increased with time, and in the fertilizated treatments there
were significantly higher levels than the unfertilised treatment. With regard to crude protein there were
significant differences between treatments in the first year, but not in the following years. In 2002 and
2003, greater protein concentrations were reached but this effect was not consistent. The application of
phosphoric rock resulted in very similar production levels to those obtained with calcium
superphosphate (18%). Production increased over time. Phosphoric rock could be an ecological
alternative to calcium superphosphate, and SIR Can give acceptable improvements in production.

Keywords: acid soils, sugar industry, phosphoric rock, calcium superfosfate.
Introduction

The "Siberia extremefia" district is located in eastern Extremadura. This geographical zone is poor, with
technological limitations and low yields from its agrarian activities. Livestock production in this zone is
generally of sheep, normally for meat, but also producing milk for traditional, non-industrial, cheese-
making. By far most of the estates are used for game (big and small, and many of them are close to
being categorized as dehesas according to the concept defined in Ferrer ef al. (2002). The use of the
characteristic soils of this zone is made very difficult by the presence of aluminium at levels which are
toxic for the growth of crops (Espejo, 1993), very low calcium, magnesium, and potassium content, and
extremely low availability of phosphorus. Previous studies have shown the beneficial effect of
phosphates (Olea et al., 1989) and gypsum (Vizcayno et al., 2001) on the biomass production of these
soils. Natural phosphorites (phosphate rock) increase the soil's phosphorus and —as also does
gypsum— calcium content. Furthermore, surface-applied gypsum has been shown to be an effective
corrector of the aluminium toxicity in the subsurface horizons (Espejo et al., 1993). These are aspects of
great interest for improving the nutritional quality and persistence of legumes in these pastures
(increased seed production). The goal of the present work was to study the effects of applying different
sources of phosphorus in combination with the use of gypsum as a pH corrector on the nutritional
quality and natural biomass production in these zones, and to examine the behaviour of phosphate rock
as an alternative to the use of 18% calcium superphosphate.

Materials and methods

A field trial was conducted in the eastern zone of Extremadura (Extremefian Siberia) on a dehesa in
Navalvillar de Pela (Badajoz), located in areas of soil with a highly acidic pH and levels of aluminium
toxicity that are representative of the zone. The experimental design was of random blocks, with four
replicates, and unit plots of 15 m?, with a total of 256 samples in each study year. Three fertilizer
sources were studied: phosphate rock (micronized and pelleted), 18% calcium superphosphate (used
traditionally), and vinasse (sugar industry residue, SIR, with a high content of phosphorus, calcium,
etc.), all in combination with the application of gypsum (3,500 kg ha™) in the first year of study. The
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phosphate fertilizer was applied on the surface after the first autumnal rains, at an annual dose of 36
U.F. P,Os ha''year!. Management was continuous-deferred sheep grazing (Olea and Paredes, 1997), the
same as in the rest of the enclosure in which the trial was performed. In each year, we determined the
fibre and total protein content of the biomass which was sampled by randomly throwing four 0.25m x
0.25m quadrats in each plot, as well as the biomass production corresponding to the different treatments.
The parameters of the study were subjected to an analysis of variance, comparing the means with the
Duncan test at a 95% confidence level. The program used was SPSS 11.5.

Results and discussion

Total protein and total fibre: Figures 1 and 2, respectively, show the results of the ANOVA.
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Figure 1. Evolution of crude protein content. Figure 2: Evolution of crude fiber content.

Lower case letters represent the comparison between treatments. Upper case letters represent the
comparison between years for each treatment. Different letters represent the existence of a minimal
significant difference, with P<0.05.

In 2001, there were significant differences between the treatments with sources of phosphorus and the
vinasse and control. In the following two years, however, there were no significant differences between
treatments. With respect to the comparison between years, 2002 was the year of significantly greatest
content in all the treatments except for that with superphosphate which also stood out significantly in
2003. For the fibre content, in 2001 the vinasse-treated samples had the significantly lowest levels, and
in 2003 the lowest contents were in the treatment with vinasse and in the control. There were no
significant differences
between treatments in 2002.
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Figure 3. Evolution of biomass production.

There were no significant differences between treatments in biomass production in the first two years. In
the last year of the study, however, the treatments presented significantly higher levels than the control.
In the comparison between years, 2003 stood out in all the situations studied, with the highest levels of
production in the treatments with fertilizer. The vinasse treatment was that of the lowest levels in 2002,
a year in which there was a generalized reduction in production.

Conclusions

There was a significant increase in biomass production starting from the third year of fertilizer
treatment. Phosphate rock gave levels of improvement that were similar to those of calcium
superphosphate. Its use could therefore be considered as an ecologically friendly alternative. No major
differences were observed in the quality of the biomass following the treatments.
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Abstract

Trifolium subterraneum L. and Ornithopus compressus L. species, in addition to graminaceous species
are considered the most important pasture plants of “dehesa” of Extremadura. In the present paper, 6
“dehesa” stands representative of the south-west of the province of Badajoz (200,000 ha) were studied
over a period of two agricultural years (2002-2003 and 2003-2004). Soils and plants were analyzed
approximately every fortnight, from autumn until the end of spring. Samples of plants from differents
plots were taken to check the proportions of neutral detergent fiber (NDF) and crude protein.
Climatologically two different weather conditions were studied. It was observed that NDF during the
vegetative cycle of the plant increased with maturity and there were significant differences between
samples taken at the end of spring and those taken previously. There was a greater amount of crude
protein in plants in winter, it being significantly different from spring.

Keywords: crude protein, fiber, mediterranean pastures.
Introduction

The semi-arid southwest of the Iberian Peninsula is characterized by the presence of vegetation
consisting of herbaceous formations with an open and scattered tree canopy, known as “dehesas”. The
origin of these formations lies in the limitations of the physical medium—both the poverty of the soil
and the harshness of the climate have given rise to the transformation of the original ecosystems into
systems of extensive, mixed-use exploitations.

Mediterranean systems are characterized by markedly seasonal production, and by meteorologically
driven interannual variability in both production and quality (Ferrer and Broca, 1999).

The present work is a study of the quality of Mediterranean dehesa pastures in the SW of the province
of Badajoz, estimated as the neutral detergent fibre (NDF) and total protein content in legumes
(Ornithopus compressus and Trifolium subterraneum), grasses, and a representative biodiverse fraction
of the ration available for grazing ruminants. The evolution of the species and groups of species was
studied over the course of 2 years.

Materials and methods

The study was conducted in 6 representative dehesas. Samples were collected in each experimental field
in winter, and at the beginning and end of spring, in the years 2002-03 and 2003-04. Sampling in each
zone was at random, with 4 replicates, collected by reaping the herbaceous material included within a
0.25 m square quadrat.

The assays made for each sample were of total protein (by the Kjeldahl method) and NDF using the
methods described by Goering and Van Soest (1970).

The results were subjected to an analysis of variance and means were compared using the Duncan test at
a 95% confidence level. The program used was SPSS 11.5.

Results and discussion
It is shown in Figure 1 that the total protein available for ingestion declines as the plant matures

(Viguera and Olea, 1999), with the content being significantly greater in winter than in spring. The
ANOVA showed no significant differences (p<0.05) between the beginning and end of spring in
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Ornithopus compressus or the grasses in either study year. There were significant differences, however,
for Trifolium subterraneum and the biodiverse fraction. The fraction available is appropriate for the
needs of grazing ruminants (A.R.C. 1968).

Figure 1. Seasonal crude protein evolution. Different letters represent the existence of a minimal
significant difference at P<0.05.

As the plant matures, the NDF content increases. One observes in Figure 2 that the NDF levels were
greater in the grasses than in the legumes in both years of the study. This is consistent with the findings
of Pérez-Corona et al. (1995) and Vazquez de Aldana et al. (2000) that the hemicellulose content of
grasses is around twice that of legumes and other families. Significant differences (p<0.05) were found
between the beginning and the end of spring in both years of the study except for Trifolium
subterraneum in 2003. Whereas in 2004 in no case was there any significant difference between winter
and the beginning of spring, in 2003 there were significant differences in all cases. This indicates that
the year of sampling has a significant influence.
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Figure 2. Seasonal NDF evolution. Different letters represent the existence of a minimal significant
difference at P<0.05.
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Conclusions

The quality of the pasture in the dehesas of the SW of the province of Badajoz displays a significant
temporal variation which affects the total protein and neutral detergent fibre content.
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Abstract

The need for increasing the productivity of rain-fed natural pastures is the subject of concern for farmers
in the Portuguese Mediterranean regions. Their concerns surround the stocking rates and how to ensure
the recovery of old and eroded arable lands. Basically, two techniques might be applied: fertilisation and
sowing plus fertilisation. The response to these procedures might be dependent on soil fertility level,
since it limits natural pasture productivity. To test this hypothesis we developed an ‘on-farm’
experiment, at 3 sites: Elvas (1.8% soil organic matter, 42 mg kg' P), Caria (1.5% soil organic matter,
120 mg kg™ P) and Coruche (0.7% soil organic matter, 10 mg kg™' P). The annual dry matter yield of
natural pasture, natural fertilized pasture and sown fertilised pasture, was recorded under grazing
conditions. At the Coruche site, annual yield was lower, compared to the other sites. However, Coruche
was the only site with a positive response to fertilization (97%) for natural pasture. Higher autumn and
spring growth rates explained this response. The results suggested that under low soil fertility the
potential for increasing pasture yield through fertilisation is higher than in high soil fertility conditions.

Keywords: rain-fed annual type pastures, fertilization, natural pasture.
Introduction

The evolution of Portuguese agricultural systems induced high levels of soil erosion and a reduction of
natural pastures biodiversity. These two facts led to a reduction of the potential yields in natural
pastures. Several studies showed that yield increase and soil protection could be achieved by sowing bio
diverse mixtures of annual legumes and grasses together with rational level of fertilisation (Crespo,
1982; Olea et al., 1986). However, in situations where pasture biodiversity could be preserved, the
fertilisation alone induced a significant response of dry matter annual production (Almeida, 1989). On
the other hand, sowing bio diverse mixtures were not always efficient, and the positive response could
be dependent on several growing conditions (Almeida, 2002). If soil fertility level induces strong
limitations on pasture growth, then we expect, beside species richness of pastures, that the fertilisation
per se could induce a positive response on yield. To test this hypothesis, we developed an on-farm
experiment under grazing, at three different soil fertility conditions.

Materials and methods

The present work was developed at 3 sites: Elvas, clay loamy soil, 1.8% soil organic matter, pH 7,2 and
42 mg kg' P (High fertility level); Caria, loamy sandy soil, 1.5% soil organic matter, pH 5,1 and 120
mg kg'! P (High-medium fertility level); Coruche, sandy soil, 0.7% soil organic matter, pH 5,5 and 10
mg kg P (Low soil fertility level). In each site, three treatments were established under grazing
conditions: natural pasture (control, NP), natural fertilized pasture (FP) and sown (mixture of annual
legumes and grasses) fertilized pasture (FSP). The experiment was established in a randomised
complete block design, 3 sites x 3 treatments, with 6 replicates. Grazing ‘exclusion’ cages (1m x 1m)
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were used to evaluate aboveground biomass, in ‘open-closed cut method’, per plot. Sub-samples were
used to estimate botanical composition by manual separation. The rest of samples were dried (65° C
during 48 hours) and then analysed for N, P, Mn and B. The cutting dates were: November, February
and April. Rainfall during growing season was 562,8 mm at Elvas, 725,8 mm at Caria and 428,5 mm at
Coruche. The SPSS 12 software was used for statistical GLM procedure of univariate analysis of
variance. Means were compared by LSD test (p<0,05).

Results and discussion
Table 1. Means of total annual aboveground biomass (DW kg ha™), % of legumes and biomass mineral

content of natural pasture (NP), improved with fertilisation (FP) and with fertilisation plus sowing
(FSP), in low (Coruche), High-medium (Caria) and High (Elvas) soil fertility level.

DwW Legumes N P B Mn
Site Treatments (kg ha™) (%) (%) (%) (mgkg'W)  (mgkg' DW)

NP 800 0.3 142 021 10.13 233,5

Coruche FP 1577 8 1.51 0.25 8.8 293
FSP 2087 25.6 193 032 11.12 268,2
NP 1681 8.1 154 026 13.98 2524
Caria FP 1756 8.2 1.65 028 15.01 212,7
FSP 4340 31.4 239 034 15.9 198.4

NP 4100 41.8 286 036 23.49 75,7

Elvas FP 4300 34.4 262 037 23.11 84,6
FSP 7259 46.1 274 031 21.46 80,4

Standard Errors 197 0.11 4.1 0.02 16.8 1.27

Total aboveground biomass from different sites (Table 1) corresponded to the defined soil fertility
levels. N concentration of biomass (Table 1) seems to be positively correlated to % legumes in pasture.
In contrast, P and B content of biomass (Table 1) seem to be dependent on the soil fertility levels. In
particularly B concentrations are likely to reveal limitations to plant growth, strongly at Coruche and
more weekly at Caria as considering critical levels suggested by Marschner (1995). Therefore, at
Coruche growth was apparently B-limited. Furthermore, biomass Mn concentration (Table 1) was
significantly higher at Coruche (P>0.001), showing a possible toxicity effect (Marco et al., 1995).
Significantly (P<0.001), the yield response of FP and FSP relative to natural pasture (NP) in each site
(Figure 1) shows the stronger response at Coruche. However, the significant (P<0.001) interaction (Site
x Treatment) showed at Caria and at Elvas no response of FP treatments.
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Figure 1. Yield response of fertilisation (FP) and sowing plus fertilization (FSP) relative to annual total
above ground biomass of natural pasture, in 3 different sites, with different soil fertility levels. Values
are means of 6 replicates and one standard error is displayed.

Therefore we suggest that under low soil fertility conditions, the alleviation of nutrient limitation, by the
use of correct fertilizers might be enough to ensure a significant increase in aboveground biomass
production. In contrast, in situations where soil conditions do not present limitations to plant growth,
then the increase in biomass might be dependent on sowing well-adapted pasture species.
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Abstract

The aim of this paper is to study the influence of irrigation with treated wastewater plus fertilization
with phosphorus on growth pattern and internal water status of berseem clover (Trifolium alexandrinum
L.). The field experiment was carried out in northern Greece where the climate is semi-arid. Two
irrigation regimes were applied: the first with treated wastewater and the second with tap water. In each
water regime two fertilizer treatments were applied, first one with phosphorus and the second one
without fertilization. Experimental design consisted on four replications of each treatment and subplot
size was 20 m> The water salinity was not high enough to cause any effect on plant water potential.
Wastewater and fertilizer application increased significantly plant leaf area. Plant growth expressed as
aboveground dry biomass followed the same pattern as the leaf area.

Key words: wastewater, Trifolium alexandrinum, fertilization, leaf area, plant water potential.
Introduction

The use of treated domestic wastewater for crop irrigation is an inevitable, common and important
practice in many countries in the world as well as in the Mediterranean region (Angelakis et al., 1999).
Problems such as wastewater disposal and lack of water availability in arid zones could be controlled
using treated wastewater for irrigation. Additionally, the treated wastewater has a high nutritive value
that may improve plant growth (Shahalam et al., 1998). However, using wastewater for irrigation is
associated with hazards, one of which is the increase of soil salinity (Poole et al., 2004). It is well
documented that salinity affects plant water potential and therefore its growth (Dirksen, 1985). The aim
of this paper is to study the influence of irrigation with treated wastewater plus fertilization with
phosphorus on growth pattern and internal water status of berseem clover (7rifolium alexandrinum).

Materials and Methods

Berseem clover (Trifolium alexandrinum var. alex) was sown at April 15 2005, in a field nearby the
local Wastewater Treatment plant of Drama city in Easter Macedonia, Greece. The soil texture is silty
clay and pH 8.03. The climate of the area is semi-arid with mean annual temperature of 15.5°C and
mean annual precipitation of 589 mm. The dry period is from June to September. Treatments consisted
of source of irrigation water (treated domestic wastewater and tap water) and fertilization practice (with
and without fertilization). The experimental design was a split-plot with four replications. Main plot
treatments were source of irrigation water and subplot treatments the fertilization practice. Thus, four
treatments were used: wastewater irrigation plus fertilization (WF), wastewater without fertilization
(WwF), tap water plus fertilization (TF) and tap water without fertilization (used as a control) (TwF).
The total wastewater or tap water supply for each plot was 87mm, in five irrigations the dates of which
are presented in Figure 2. Fertilizer that contained 19.8 % phosphorus was applied at loading rates of
30g m™ twice: a. after sowing (22nd of May) and b. after the first cutting (6th of July). Main plot size
was 9 x 23 m and subplot size was 4 x 5 m. The plots were separated by a 3m wide pathway and the
subplots divided by 1m pathway.
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Table 1. Mean values of several chemical features present in wastewater and tap water

Conducglvny at Nitrates Ammonium Phosphc_)rus Potassium  Magnesium Iron
20¢ (mgLh)  (mglh)  PMONIe gy mgLh)  (mgL?)
(pS cm™) (mgLl")
Wastewater 760.3 27.13 0.13 2.57 6.73 21.66 0.01
Tap water 420.3 14.00 0.01 0.00 0.80 16.59 0.01

Two cuttings were done (by scissor) in order to measure the yield at the early flower stage of
development. The first was at 28th of June 2005 and the second at 26th of July 2005. In order to
measure the plant growth pattern after the first cut, four measurements of above ground dry biomass
have been done, at weekly intervals. At every sampling three plants from each subplot were chosen
randomly to be pulled up by the roots. Then, leaves and stems were separated in the lab. Fresh leaves
surface was scanned to measure their leaf area using the Program Image Tool for Windows 98 version
3.00. The plant parts were oven dried at 75'C for 48 hours and weighed to estimate their above ground
dry biomass.

Predawn plant water potential was measured, using a pressure chamber (Arimad-2, Kfar Charuv), every
week in four stems of each subplot, that is, sixteen for each treatment.

Data were subjected to analysis of variance. LSD values were calculated and used to compare treatment
means (p<0.05).

Results and discussion
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Figure 1. Changes of plant water potential Figure 2. Seasonal changes of plant leaf area
along the study period along the study period

The mean values of several chemical parameters related to potential fertilizer value of wastewater and
tap water during the measurement period are presented in Table 1. According to these parameters,
wastewater had higher values than tap water, except for Fe. The conductivity, which is considered to be
an indicator of salinity, was higher in wastewater than in tap water. It is likely that this result will affect
the salinity of the soil, therefore the plant water potential, with a consequent reduction in plant yield
(Poole et al., 2004). However, the plant water potential values during the measurement period did not
show any differences between the irrigation treatments (figure 1), although this might be attributed to
low additions of wastewater in this experiment. Further irrigation with wastewater might increase soil
salinity (Ramirez-Fuentes et al., 2002), and for that reason studies comprising longer periods will be
needed to draw more definitive conclusions.

Leaf area of plants irrigated with wastewater and/or fertilized was significantly higher than that for
plants at the treatment irrigated with tap water without fertilization, although only after the second
measurement (Figure 2). The changes in plant leaf area could partly explain the plant growth pattern, as
a strong relationship exists between leaf area and plant productivity.
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The plant growth, measured as aboveground biomass,
is illustrated on figure 3. Plants grow up without
differences among treatments until 12th of July

(fifteen days after the regrowth of plants begun). After |% 251 : =
this date the plants grown under tap water irrigation |2 , :
and without fertilization (TWF) decreased their growth | % i / _
rate and therefore do not increase their aboveground g’ 18 AR X
biomass. In the final measurement at 27th of July, the |2 10 9.5 g7 ¥9-f PP
results of analysis of variance indicated significant 05 L _' 21 35
differences only between the TwF and the rest of the v (7 Wy i *’
treatments, while there were not significant 0.0 ‘ ‘ e

37 7 M7 57 1977 2377

differences between the WF, WwF, TF treatments.
However, the dry weight obtained by WF tend to be
greater compared to WwF and this greater to TF. In
these results there is a tendency showing a positive Figure 3. The plant growth rate after the
effect of wastewater and fertilizer use. However, we first cutting. The date and amount of
consider that the results maybe affected by the rainy  jrigation are given by continuous line
weather conditions and the consequent low wastewater  arrows (irrigation) and dotted line arrows
irrigation supply. Similar findings were reported at (rain).

other studies (Shahalam et al., 1998).
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Abstract

During the years 2000-2002 a study was carried out on a 3-cut meadow on mineral soil to compare the effects
of different foliar fertilisation treatments on dry matter (DM) yield and botanical composition. Experimental
treatments were allocated in a randomized block design with four replications of plots of 10 m’ area
established. These comprised 8 fertilisation treatments: 1.control (0), 2.NPK, 3.N + 4PK, 4.N + 4PK + foliar
Ekolist PK, 5.NPK + foliar Mikrosol U, 6.NPK + complex foliar (Ekolist PK, Mikrosol U and Ekolist Mg);
7.NPK + foliar complex (Ekolist PK, Mikrosol U, Ekolist Mg) + Mikrosol Oz after the last regrowth; 8.N +
¥PK + foliar Plonvit P. The highest DM yields were obtained from NPK fertilisation and after supplementary
complex foliar fertilisation and complex and Mikrosol Oz. Comparable effects were observed in the case of N
+ %PK and Ekolist PK foliar fertilisation. The changes of botanical composition were low: there was only a
tendency of a positive influence of complex foliar fertilisation and Mikrosol Oz on persistence of favourable
grasses, and of Ekosol PK and Plonvit on the persistence of legumes, mainly 7rifolium repens L.

Keywords: meadow, mineral soil, foliar fertilisation, yield of DM, botanical composition.
Introduction

There is increased interest in Poland in using foliar fertilisation, as a supplement to soil fertilisation, not only
in intensive agriculture but also ecologically sensitive situations (Ciepiela et al., 1999). It can have great
importance in extreme conditions and in plant-stressed situations, i.e. in periods of drought, excessive
moistening, inadequate pH of soils, and also in situations where nutrients are yield-limiting foliar feeding can
be supplementary to soil mineral fertilisation (Nurzynski, 1996). The aim of these investigations was to
compare the effects of foliar fertilisation and top-dressing fertilisation on dry matter (DM) yield and to
evaluate resulting changes in botanical composition.

Material and methods

The study was carried out during 2000-2002 on a 3-cut meadow on a mineral soil (soil type was podsolic and
pseudo podsolic, classified as valuation class IV b - characterised by a considerable mosaic, either periodically
too dry or locally periodically too wet). Before establishment of the experiment (1999), the soil was pH 5.0
with low content of phosphorus (P) and high in potassium (K) and magnesium (Mg). The vegetation period
typically lasts from 1 April to 1 November, the average annual temperature is 6.9°C, and precipitants 638.4
mm. Experimental treatments were allocated in a randomized block design with four replications of plots of
10 m” area established. These comprised 8 fertilisation treatments: 1. without fertilisations (control), 2. NPK
(N - 180 kg ha™, P»0s - 70 kg ha™', K50 - 160 kg ha™ (80 + 40 + 40), 3. N+1/2PK, 4. N + 1/2 PK + foliar
Ekolist PK (10 litre ha™), 5. NPK + foliar Mikrosol U (2 litre ha™), 6. NPK + complex foliar (Ekolist PK with
urea 0.5% - in spring and after every regrowth - after the last one with urea 0.2%; Mikrosol U - 2 1 ha™ +
Ekolist Mg (5 litre ha™) - after 5-7 days of Ekolist PK spraying), 7. NPK + complex foliar (as in treatment 6.)
+ before winter - Mikrosol Oz (2 1 ha™ 8. N + 1/2 PK + foliar Plonvit P (10 litre ha™).Every year the sward
was cut three times and the DM yields were measured, the botanical composition of sward was evaluated
(valuation method) and plant samples were taken for analysis of the chosen chemical compounds.
Phenological observations and measurements of precipitants were conducted (Table 1). Composition of foliar
fertilisers is shown in Table 2. They were applied in spring and after every harvest on plants with high above
10 cm. Doses of mineral fertilisers were: N -180 kg ha' (3 x 60), P,Os -70 kg ha™', K20 -160 kg ha! (80 +40
+40).
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Table 1. Annual precipitation (mm) in years 2000-2002 and precipitation in vegetation season recognized as
optimal for grasslands.

Months 2001 2002 Optim.
I 40 40
11 20 33
111 63 44
v 135 12 65
\Y% 36 124 120
VI 111 112 115
Vil 180 54 100
VIII 81 63 80
IX 35 35 70
X 11 14
XI 38 43
Xl 50 57

Table 2. Composition of fertilisers (g 1™).

Foliar fertiliser

Component

Ekolist PK Mikrosol U Mikrosol Oz Ekolist Mg Plonvit P

P 50.0 0.0 0.0 0.0 0.0
K 200.0 0.0 20.0 0.0 0.0
N 0.0 50.0 30.0 0.0 8
Mg 0.0 35.0 35.0 60 5

S 0.0 32.0 30.0 0.0 0.0
Fe 0.0 8.4 12.0 0.0 0.50
Mn 0.0 11.9 7.0 0.0 0.55
Zn 0.0 7.0 9.0 0.0 0.50
Cu 0.0 8.4 6.0 0.0 0.30
B 0.0 7.0 2.0 0.0 0.15
Mo 0.0 0.05 0.25 0.0 0.005
Na 0.0 0.0 7.0 0.0 1.5
Ti 0.0 0.0 0.0 0.0 0.01

J 0.0 0 0.0 0.0 0.003

Results and discussion

The highest DM yields from the period of study (Table 3) were obtained after soil NPK fertilisation (treatment
2.-9.41 t ha), and then after soil NPK fertilisation supplemented with complex foliar fertilisation (treatment
6-9.21t ha'l) and complex with Mikrosol Oz before winter (treatment 7 - 9.26 t ha’l).

Table 3. Yields of DM ( t ha™). Years 2000-2002.

Fertilisation treatments 2000 2001 2002 Total Mean

1. without fertilisation 4.90 8.44 5.15 18.49 6.16

2. NPK 7.36 13.21 7.67 28.24 9.41

3.N+1/2PK 7.02 11.14 6.89 25.05 8.35

4. N + 1/2 PK + Ekolist PK 7.31 12.89 7.20 27.40 9.13

5. NPK + foliar Mikrosol U 7.27 12.42 7.22 26.91 8.97

6. NPK + foliar complex* 7.65 12.73 7.25 27.63 9.21

7. NPK + foliar complex*+ Mikrosol Oz 7.74 12.78 7.27 27.79 9.26
8. N+ 1/2 PK + Plonvit P 5.58 11.50 6.46 23.54 7.85
Standard deviation 1.04 0.90 0.79 3.09 1.03

*Ekolist PK (on spring and after every cut with urea 0.5%, after the last cut with urea 0.2%),
Mikrosol U + Ekolist Mg - after 5-7 days from spraying with Ekolist PK.
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But in year with large deficiency in rainfall, (2001), especially in spring, effects of complex foliar fertilisation
were annually about by 4-5% higher than effects of soil NPK fertilisation. Higher yields of Lolium perenne
were reported from foliar fertilisation with urea, compared with soil fertilisation (Jankowski et al., 1994).
Comparable DM yields (9.13 t ha™) to the NPK treatment were obtained from treatment 4 (N + 1/2 PK +
Ekolist PK) that is after replacement of part of soil fertilisation (PK) with foliar fertilisation. The increase of
DM yield in relation to N + 1/2 PK fertilisation (treatment 3. - without Ekolist PK) was over 9%. The soil
NPK fertilisation and foliar application of Mikrosol gave worse results, compared with both the NPK-only and
the NPK supplemented by complex foliar fertilisation. The changes in botanical composition of sward were
not large (Table 4). The contribution of grasses decreased slightly, most of all on the control (by 25%, mostly
in favour of herbs and weeds), and in least range (by 2-3%) after supplementary foliar fertilisation, especially
with Mikrosol U and Mikrosol Oz before winter. The share of legumes decreased also by over 50%, with the
exception of the treatment with foliar fertilisation by Ekolist PK and Plonvit P, on which the decrease was
40%, and in case of Trifolium repens only by 20%.

Table 4. Botanical composition of meadow sward before establishment of experiment (1999)
and in 2002.

Fertilisation treatments

. Before
Speﬁ}esl/ag;?“p establishment wol Npk NF 12 N#I2PK+  NPK+  NPK+foliar NPK +lf°“j” N+ 12 PK
of experiment contro PK  Ekolist PK Mikrosol U complex. comprex + Plonvit P
P Mikrosol Oz

Lolium perenne L. 20 8 19 17 18 18 17 19 18

Lolium multiflorum L. 10 4 6 7 8 4 6 7 6
Festuca pratensis 25 8 20 15 18 15 18 18 20

Huds.

Phleum pratense L. 20 12 20 19 21 22 21 19 19
Poa pratensis L. 15 7 11 13 10 18 12 15 13
Other grasses* 0 29 11 14 12 13 12 10 11

Grasses total 90 68 87 85 87 90 86 88 87
Trifolium pratense 5 1 1 2 2 1 1 2 2
Trifolium repens L. 5 3 4 3 4 2 3 3 4

Legumes total 10 4 5 5 6 3 4 5 6
Herbs and weeds ** 0 28 8 10 7 7 10 7 7

*Other grasses: Holcus lanatus, Poa annua, Agrostis vulgaris. ** Weeds and herbs: Taraxacum officinale,
Plantago lanceolata, Matricaria chamomilla, Ranunculus repens, Rumex acetosella, Cardamine pratensis,
Capsella bursa pastoris, Geranium pratense, Stelaria graminea.

Conclusions

The highest yields of DM were obtained after soil NPK fertilisation, and among treatments with foliar
fertilisation — after the complex foliar and complex with Mikrosol Oz before winter. These exceeded the DM
yields after NPK fertilisation in one year with large deficiencies of precipitation. The replacement of half of
the soil dose of PK by foliar Ekolist PK also gave comparable yields to full NPK soil fertilisation. Changes in
botanical composition were small. There were tendencies for positive influence of the foliar complex
fertilisation and Mikrosol Oz on the persistence of valuable grasses, and for Ekolist PK and Plonvit on the
persistence of legumes, mostly Trifolium repens.
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The influence of organic fertilisers on the biodiversity of a Festuca rubra
meadow
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Abstract

In this paper we present the results obtained through the fertilization with farmyard manure (FYM) of a
pasture of Festuca rubra L. on two types of soil: terra rossa and brown eu-mezobazic rendzinic. The
yield of pasture dry matter increases proportionally with the increase of the quantities of FYM applied,
while biodiversity decreases.

Keywords: fertilization, manure, biodiversity.
Introduction

The fertilization with organic fertilizers causes, according to the quantity applied, substantial alterations
of pasture yield levels, floristic composition and quality of the fodder obtained thereof (Rotar et al.,
2003). Manure fertilization is still being used on a large scale on the pastures of Apuseni Mountains
(Pacurar, 2005; Reif et al., 2005).

Materials and methods

The experiment was placed in 2001 on two types of soil, one being terra rossa and the other brown eu-
meobazic rendzinic. The setting of the experiment was done according to the rules of experimental
techniques. The experimental treatments were as follows: V1 — control, V2 — 10 t ha' manure , V3 — 20
t ha"' manure, V4 — 30 t ha” manure. The size of the elemental plot was 10 m”. The harvesting was done
at the flowering of the Poaceaes, that is, at the beginning of July. The changes in the canopy cover were
measured with a quadrat, as well as the biodiversity, and interpreted through the Shannon index.

Results and discussion

Yield increases on both types of soil are proportional to the increase in the amount of FYM applied
(Table 1).

Table 1. The influence of organic fertilizers on the yield of dry matter DM(2004).

Type of soil Treatment Yield/(t ha™) (%) Difference Significance.
control 0.64 100.0 0.00
-1
Terra rossa 10 t FYM ha 1.00 155,5 0.36 -
20t FYM ha! 223 348.8 1.59 ook
30t FYM ha! 2.80 437,1 2,16 ok
DL(p5%)- 0.59 DL(p1%)- 0.86 DL(p0,1%)- 1.26
B control 1,47 100,0 0,00
rown eu- 1
mezobazic 10t FYM ha 1,91 129,7 0,44 -
rendzinic 20t FYM ha' 2,08 141,1 0,61 *
30t FYM ha'! 2,18 148,2 0,71 *
DL(p5%) - 0.60 DL(p1%) - 0.87 DL(p0,1%) - 1.28
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On the terra rossa soil following the application of FYM it was observed a decrease of the surface cover
of Poaceaes as compared to the control, an increase of the surface cover of Phabaceaes, a decrease of
Cyperaceaes and Juncaceaes down to their dissapearance and a slight increase of the cover of plants
from other families. On the brown eu-mezobazic rendzinic soil the response of the canopy cover to the
organic fertilization was slightly different. The Poaceaes increased their cover as compared to the
control, up to 40.6%, the Phabaceaes reduced their cover proportionally with the increase in FYM
application down to 10.9%, while the cover of plants from other families dropped down to 34.5%. On
both types of soil the number of species was reduced following the application of treatments. On the
terra rossa soil, when 10 t ha' FYM were applied 8 species disappeared (Lathyrus pratensis, Carex
pallescens, Arabis hirsuta, Leontodon autumnale, Scabiosa columbaria, etc.), when treated with 20 t
FYM ha™' 10 species disappeared (Campanula patula, Polygala vulgaris, etc.), while at the 30 t FYM
ha™! treatment 16 species disappeared (Luzula campestris, Cerastium glomerata, Carum carvi, Trollius
europaeus, Viola declinata, etc). In the phytocenosis on the brown eu-mezobazic rendzinic soil at the
treatment of 10 t FYM ha™' 3 species disappeared (4dnthyllis vulneraria, Medicago lupulina, Leontodon
hispidus), at the application of 20 t FYM ha™ 5 species disappeared (Campanula patula, Hypericum
maculatum, etc.) while at the treatment of 30 t FYM ha" 9 species disappeared (Carex pallescens,
Luzula campestris, Cerastium glomeratum, Lathyrus pratensis). On both types of soil through the
application of treatments some nitrogen-loving species get into the pasture (Festuca pratensis, Poa
trivialis etc.). The decrease of floristic diversity as a result of treatment application is outlined by the
evolution of the Shannon index, which dropped considerably according to the intensification of the
fertilization system.

Table 2. Influence of organic fertilization on floristic composition.

Terra rossa Brown eu-mezobazic rendzinic

Control 10tha’ 20tha’ 30tha’ Control 10tha' 20tha’ 30tha’

Poaceae % 429 30.2 21.3 30.7 242 26.2 40.6 40.6
Phabaceae % 9.4 29.2 35.2 28.5 19.7 18.1 18.7 10.9
OF % 44.4 53.9 51.8 45.0 50.1 483 43.0 345
Cyperaceae % 0.6 0.3 0.1 0.0 0,1 0.2 0.8 0.0
Total 42 35 34 30 38 37 35 32
Species that go 3 10 16 3 5 9
out

Species that
enter

Shannon index 2.845 2.788 2.680 2.473 3.302 2.932 3.119 2.630

1 2 4 2 2 2

Conclusions

The application of stable manure on Festuca rubra meadows caused a significant increase of pasture
yield as compared to the control, on both types of soils, from the rate of 20 t ha™ up. The phytocenosis
of the brown eu-mezobazic rendzinic soil showed a more pronounced stability as compared to that of
terra rossa soil. The floristic diversity decreases proportionally with the intensification of the system on
both types of soil.

References
Pacurar F. (2005) Cercetari privind dezvoltarea sustenabila (durabild) a satului Ghetari com. Gdarda

prin imbundtatirea pajistilor naturale si a unor culturi agricole. Teza de doctorat, Cluj-Napoca,
Romaénia — Research concerning the sustainable development of the Ghetari village, commune of

Sustainable Grassland Productivity 111



Garda, through the improvement of the natural pasture s and of some agricultural cultures, PhD
thesis.
Reif A., Auch A., Biihler J., Brinkmann K., Goia I., Pacurar F. and Rusdea E. (2005) Landschaft und
Landnutzung im Apuseni-Gebirge Rumdniens, Carinthia II, Klagenfurt, Deutschland, pp 161-201.
Rotar L., Pacurar F.,Vidican R., Sima N. (2003) Effects of manure/sawdust fertilisation on Festuca rubra
type pastures at Ghetari (Apuseni Mountains) Grassland Science in Europe, 8, 192-194.

112 Grassland Science in Europe, Vol. 11



Effects of fertiliser phosphorus on soils initially low in phosphorus
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Abstract

The resources of rock phosphates are limited and their common use as P fertiliser has to be considered,
both from environmental and economical perspectives. Applied superphosphate in many former plant
nutrient investigations ruled out the possibility of consistent discussions of the separate S and P effects.
The objective of the presented field experiments was to test how plant growth in grasslands relates to
proposed critical values of herbage P/N ratio. Three field trials were established on soils low in P. Five
levels of P fertilisation (0, 5, 10, 20 and 50 kg P ha" yr'') and two levels of N (normal and 50 % of
normal) were applied. The trials were harvested in two subsequent years. Plant P uptake on unfertilised
plots was higher than expected, and uptake of applied P was lower. When 20 kg P ha™' was applied only
14 % of the P applied was found in the harvested material. Thus, the relation between relative dry matter
yield and P/N ratio in plants was not examined such in detail as planned; however, the yield decrease
following low P/N was in accordance to our hypothesis.

Keywords: critical value, grass, P/N, response, superphosphate, DM yield.
Introduction

Common use of the limited rock phosphates resources as phosphorus (P) fertiliser has to be carefully
considered, both from environmental and economic perspectives. It is important to know how plant
growth relates to the concentration of P in the plants. Superphosphate has been applied in many former
plant nutrient experiments, and thus, experimental data confounded with sulphur (S) effects have
reduced the possibilities for interpretation of P effects. Fystro (unpublished data) has accomplished pot
trials with perennial ryegrass (Lolium perenne L.), timothy (Phleum pratense L.) and red clover
(Trifolium pratense L.) in order to investigate critical values of P/N in the plants in relation to dry matter
yield (Figure 1). The objective of the presented field trials was to test the proposed relation between
plant growth and P/N in harvested herbage.

Materials and methods

Three field experiments, situated at Hegra (63°30°N), Begnadalen (61°7°N) and Naerbo (58°47°N) were
established on loamy soils in 1-2 year old swards dominated by timothy and meadow fescue (Festuca
pratensis Huds.). The intention was to select fields with a P-AL content lower than 2.6 mg 100 g™ soil
(Loes and Falk Ogaard, 2001), however, actual values in the upper 10 cm layer at time of establishment
were 4.8 (Hegra), 2.2 (Begnadalen) and 3.4 (Naerbo) mg P 100 g soil. Treatments consisted in yearly
applications of two levels of N (normal and 50 % of normal) and five levels of P (0, 5, 10, 20 and 50 kg
ha') in a factorial design and were replicated three times at each field. The P was applied as Na,HPO, x
2 H,0. All trials were harvested twice in two subsequent years. Statistical analysis of variance is carried
out by use of GLM procedure in the program package SAS.

Results and discussion

No significant dry matter yield response was found after added P except when combined with the
highest N level at Begnadalen in 2003 (Table 1).
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Table 1. Proportional (%) N and P treatment effects on total dry matter (DM) yields. Means of highest N
level and means of no P added = 100, respectively.

N and P fertilisation Hegra Begnadalen Naerbo
kg ha! yr! 2002 2003 2002 2003 2002 2003
N: 100-140 100 98 94 93 98 95

200-280 (=t DM ha™) 100 (13.4) 100 (9.8) 100 (8.4) 100 (10.7) 100 (5.8) 100 (5.9)

P:0 (=t DM ha') 100 (13.1)  100(9.5)  100(8.2)  100(10.0)  100(54) 100 (5.5)
5 98 92 95 101 97 108
10 9% 97 98 104 98 105
20 93 104 98 101 102 110
50 92 104 104 109 108 111
S.E.:N 2.1 2.1 1.2 1.5 25 1.7
P 3.1 34 19 25 4.0 3.0
P-value: N 0.95 0.71 047 0.32 0.86 0.04
P 0.39 0.08 0.10 0.12 0.33 0.13
N*P 0.49 0.71 0.15 0.01 0.54 047

On average of all fields the P yields increased significantly by increasing P fertilisation (Table 2). The
uptake of P on unfertilised plots was 18 kg ha™ in year 2002 and 15 kg ha™ in year 2003. Only 14 % of
P added at the rate of 20 kg P ha™' was found in harvested material. The corresponding figure for 50 kg
P ha'! was 10 %. The concentration of P in the plants was generally lower than that found by Johansen
et al. (2003).

Table 2. Proportional (%) N and P treatment effects on total phosphorous yields. Means of highest N
level and means of no P added = 100, respectively.

N and P fertilisation Hegra Begnadalen Naerbo All fields
kg ha'! yr! 2002 2003 2002 2003 2002 2003 2002 2003
N: 100-140 100 85 94 104 98 78 101 87

200-280 (=kgPha) 100(25) 100(17) 100 (20) 100 (19) 100(13) 100 (14) 100 (19) 100 (17)

P:0(=kgPha')  100(23) 100(15) 100(18) 100 (18) 100 (11) 100(11) 100 (18) 100 (15)

5 94 100 97 97 92 131 94 109

10 103 102 104 103 97 130 101 112

20 105 116 108 112 119 147 111 125

50 113 127 123 128 123 178 120 144

S.E.:N 1.9 2.7

P 32 53
P-value: N 0.08 0.28
P <0.001 <0.001
N*P 0.33 0.34

The relation between dry matter growth and the ratio P/N in harvested plant material is plotted in Figure
1 together with a curve fitted to data collected from a pot experiment with perennial rye grass
(unpublished). Although the field experiment data in the present study did not create as low P/N figures
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as expected, these results are well in correspondence with the dry matter responses found in the
independent pot experiment data. Therefore, the lack of dry matter yield responses expected after added
P is in accordance to the unexpected high P/N ratios observed when no P was added. Dry matter yield
responses in relation to the P and N status have been presented earlier (Duru and Thélier-Huche, 1997),
and the use of such relations in P diagnosis discussed (Calviére and Duru, 1999).
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Figure 1. Dry matter yield as related to the phosphorous and nitrogen ratio (P/N) in harvested timothy
and meadow fescue dominated herbage. Observations from first and second cut in the 2-year field trial
with different P and N treatments are plotted and compared to a curve fitted to data collected from a pot
experiment with perennial rye grass (unpublished).
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Abstract

Perennial ryegrass Lolium perenne L. is a popular forage species in Latvia and have several important
performance characteristics: high seed and herbage yield, long growing season, tolerance to a wide
range of environmental conditions and grazing practices, rapid seedling establishment, weed
suppression, excellent persistence under close grazing, compatibility with white clover, high forage
quality and palatability. The research objective was to study the influence of N, P and K fertilizers on
perennial ryegrass Leaf Area Index (LAI), Net Photosynthesis Productivity (NPP) as well as to examine
the effect on seed yield. Perennial ryegrass cultivar ‘Spidola’ was sown in experimental field of the
Research Institute of Agriculture on sod podzolic sandy loam soil (Luvic Phacozem) in 1999 — 2002.
Randomize complete block design with four replications was used. The following mineral fertilizer rates
were applied: N and P,0s, each 0, 30, 60, 90, 120 and K,O — 0, 40, 80, 120, 160 kg ha™'. The highest
seed yield was obtained 557, 861 and 839 kg ha' in 2000, 2001 and 2002, respectively. Average net
photosynthesis productivity was 0.6 — 2.1 and 1.1 — 1.9 g m™~ d”', but leaf area index — 9.0 — 15.8 and
7.1 -18.5 in 2002 and 2003, respectively.

Keywords: Lolium perenne L., fertilization, photosynthesis, seed yield.
Introduction

Perennial ryegrass (Lolium perenne L) is a dominant forage species of Europe and other humid and
semi—arid parts of the world. Photosynthesis is one of the basic processes in the nature because 90 —
95% of the plant organic mass is created through photosynthesis. The most significant indices of
photosynthetic activity are crop index, utilisation of photosynthetically active radiation and net
photosynthesis productivity (Adamovich, 2001). When plant tissue is combusted the residual ash
represents those mineral elements taken up from the soil via the roots. In grasses they generally make up
about 6 to 9 % of the plant dry weight. Leaf photosynthesis is influenced by the current environment, by
the leaf age and by the environment the leaf experienced while its photosynthetic apparatus was being
laid down (Robson et al., 1998).

The objective of this work was to determine ryegrass Lolium perenne cultivar ‘Spidola’ photosynthethic
ability (leaf area and net photosynthesis productivity) as well as seed yield as function of applied N, P,
K amounts in conditions of Latvia.

Materials and methods

Field experiments were carried out on sod—podzolic sandy soil (Luvic Phacozem, WRB, 1998), pHkc
6.5, plant available P,Os — 110 and K,O — 204 mg kg™' (Egner—Riehm), soil organic carbon-12.2 g kg™
(Tyurin’s method). Randomized complete block design with four replicates was used. The plot size was
17.5 m% Five fertilizer rates were applied in both years. Perennial ryegrass (12 kg ha™') was planted
using Nordsten seed drill in May 1999, 2000, 2001 and 2002 after field preparation. The following
mineral fertilizer rates were used: N and P,Os, each of them 0, 30, 60, 90 and 120 kg ha™!, K,O — 0, 40,
80, 120, and 160 kg ha™'. Weed control was performed using MCPA 1 1 ha™ in mixture with 8 — 10 g
ha™! of Granstar. Seed yield was recorded from the first year 2000, 2001 and 2002 sward use. Analysis
of yield components and other parameters were also recorded. During vegetation period in 2002 and
2003 ryegrass ‘Spidola’ samples from 1 m* were cut and collected and determined dry matter (DM) and
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leaf area surface (LAI). Dynamics of plant leaf area (LAI) expansion, net photosynthesis productivity
(which characterises the increase of plant DM production per leaf area unit per unit of time, expressed in
g m~ day™"), were determined for cuts 1. Sampling of plants for determination of these indices was
carried out for each treatment in 5 to 12 day intervals. These indices in a sward were determined
according to previously approbated method (Coombs et al., 1989).

Only the effects of nitrogen fertilizer are shown in Table 1. The influences of the potassium and
phosphorus fertilizers were insignificant at all used levels.

Analysis of variance (ANOVA) was conducted using the GLM procedure of SAS (SAS Inst., 1990) at
P=0.05 to test the effects of year, location, N treatment, and all interactions.

Results and discussion

Our control data show that without added nitrogen fertilizer leaf area was only 7.1 — 8.0 m* m 2. If
added nitrogen was higher than Nj, leaf surface area was in the range 10.5 — 18.5m? m™> (Table 1).

Table 1. Indices of photosynthesis activity in perennial ryegrass ‘Spidola’ swards (2002 and 2003
growing seasons).

Leaf area, m* m™> Net photosynthesis productivity, g m= d™*
Nitrogen level,
kgha™

2002 2003 2002 2003

0 8.0 7.1 1.0 1.1

30 14.3 10.5 1.9 1.7

60 14.1 14.4 2.1 1.9

90 13.7 18.1 1.9 1.8

120 15.8 18.5 0.6 1.7
LSDy 05 2.8 1.6 0.6 0.9

In grass swards important characteristic is net photosynthesis productivity which characterizes organic
matter increase per leaf area unit. NPP for ‘Spidola’ control plot swards in 2002 and 2003 was 0.1 — 2.3
gm?d’, but 2003 — 0.6 — 1.4 g m > d'. In treatments receiving NPK fertilizers net photosynthesis
productivity was 0.6 — 3.5 and 0.6 — 3.3 gm™> d”' (Table 1).

Obtained data show that in optimal photosynthetic and moisture conditions perennial ryegrass ‘Spidola’
can achieve good growth and photosynthetic productivity. In non optimal conditions additional fertilizer
can help to improve the photosynthesis. Seed yields (Figure 1) differed considerably between years and
between control (NoPoKg) and fertilized plots. The lowest seed yield was obtained in the 2000 growing
season, 284 kg ha™' for control (NoP(K,) and in the range of 344 — 557 kg ha™' for fertilized plots. The
highest seed yields were obtained in 2001 growing season, 225 — 344 kg ha™! for control (Ny) and 560 —
861 kg ha™' for plots fertilized with additional nitrogen. In the 2002 growing season seed yield between
control and fertilized plots were more pronounced.
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Fig. 1. Perennial ryegrass ‘Spidola’ first year seed yield as a function of the NPK fertilizer, kg ha™'.
Conclusion

Additional nitrogen fertilizer stimulated perennial ryegrass cultivar ‘Spidola’ plant development and
growth increasing leaf are a index, a number of shoots per square unit, dry matter yield and seed yield in
conditions of Latvia.
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Abstract

This study was carried out to validate a grass growth model modified to take account of white clover
(Trifolium repens L.) and to test its ability to predict the response of perennial ryegrass (Lolium perenne
L.)/white clover swards to nitrogenous fertilizer applied in spring under western European conditions.
The model, which is briefly described, requires daily meteorological data (air temperatures, rainfall and
radiation), an estimate of initial clover stolon growing point density and an approximate profile of soil
mineral N during the growing season (to estimate grass growth in the mixture). When validated against
data sets of grass and clover yields from cut plot experiments managed under simulated grazing and
with no fertilizer N application, the model predicts clover yield and content reasonably well but is less
successful in predicting the impact of N fertilizer on annual production of grass and clover.
Improvements to the model and implications of the requirements of the model for development of a
decision support system for grass/clover swards are discussed.

Keywords: white clover, model, nitrogenous fertilizer.
Introduction

Limits on production of organic nitrogen within the EU imposed by the Nitrates Directive restrict
stocking rate and hence output per unit area, therefore increasing the importance in grassland of
effective use of nitrogenous fertilizer (a significant variable cost) and white clover. Grass/white clover
swards grow slowly in early spring compared with grass receiving N fertilizer but this may be
overcome by strategic application of N fertilizer to the grass/clover swards. However, the effect on
clover and on the sward generally is variable. This study describes the testing of a grass growth model
adapted to include white clover and to validate its ability to predict clover growth and content in swards
subjected to simulated grazing management with and without N fertilizer in early spring.

Materials and methods

The grass growth model of Johnson and Thornley (1985) which had been adapted for field conditions
has been further modified to include white clover. The model is driven by daily meteorological inputs
(maximum and minimum air temperatures, rainfall and radiation) which, in conjunction with initial leaf
area index (LAI), determine the rate of photosynthesis and respiration of both grass and white clover,
and fertilizer N application, clover growing point number at the beginning of the growing season in mid
March and coefficients to control the rate of soil N mineralization during each regrowth. Briefly, the
features of the modified model include: an inverse relationship between grass growth and white clover
growing point density (GPD) to early May, linear increase in density with time thereafter to September,
LAI of clover at the beginning of each regrowth period calculated from GPD at that time and a
predetermined leaf area per growing point, photosynthesis of the grass and clover components
determined by the relative contribution of each to the canopy, extinction coefficients, photosynthetic
efficiencies and positions within the canopy, respiratory losses due to growth, maintenance and, for
clover, nitrogen fixation and estimates of senescence.

The model was validated against DM and clover yields at each harvest in trials comparing grass/white
clover receiving no N fertilizer (ON) and 75 — 90 kg N ha™ in spring (SN) (depending on study). These
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are reported in Laidlaw (1980; 1984) for each of 4 years after the first full harvest year in an experiment
carried out at Belfast, Northern Ireland, and Frame (1987) and Frame and Paterson (1987) for the means
of each of two trials carried out in Ayr, Scotland. Inputs are: daily meteorological conditions, as
described above, and initial GPD (estimated from clover yield at the first harvest, as growing points
were not measured in these trials). Nitrogen mineralization coefficients are also inputs, and are varied so
that grass yield at each harvest in the model is similar to that actually harvested at each cut. This takes
account in the validation of the variation in grass growth in mixed swards.

Results and discussion

The validation data set ranges from swards with annual DM yields of 5.74 to 8.45 t ha" and annual
clover yields of 1.82 to 5.75 t ha at ON. Corresponding yields for the SN range were 7.95 to 9.60 t ha™'
for total yields and 0.79 to 4.85 t ha™* for white clover yields.

Linear regression of predicted on actual annual clover yield and content in ON swards shows, in general,
that the model predicts these quite well with regression line slopes close to 1 and reasonably high R?
values, though slightly over predicting the annual amount of harvested clover (Table 1). The
effectiveness of the model in predicting the effect of N is less clear as the relationships for annual yields
and content of clover are very poor (negative R* values). However, when individual harvests up to early
July are considered, i.e. when N effects are expected to be most marked, the relationship improves with
high R? values particularly for clover content for both N treatments, although the slope indicates that the
model under predicts contents in SN swards by 20%.

Table 1. Regression equations relating predicted (y) against actual (x) stated yields or clover content.

No N in spring N in spring

Character Equation R’ Equation R’
Annual clover yield y=112x 0.89 y=1.00x -0.91
Annual clover content y=1.05x 0.69 y=1.02x -0.84
Total annual DM yield y=1.06x 0.20 y=112x 0.48
Clover yield at each harvest y=0.99% 0.60 y=1.02x 0.58
Clover yield at each harvest to early y=0.94x 0.73 y=0.84x 0.53

July
Clover content at each harvest to y=1.03x 0.84 y=0.83x 0.82
early July

Annual DM response to N y=0.86x 0.80
Annual grass response y=0.86x -2.67
Annual clover response y=0.96x -1.98

The model slightly under predicts the response of total annual dry matter to spring applied N fertilizer
but still accounts for 80% of variance. The response of the components, however, is poorly predicted.

From this analysis some changes to the model are required. When not constraining the regression line
relating actual and predicted clover yields in SN to pass through the origin, the best-fit line has a large
intercept due to the model greatly over predicting clover yield in swards with low clover yields. This
suggests that the adverse effect of N on white clover is underestimated in swards of low clover content
mainly in autumn as the relationship is reasonably strong in SN swards for harvests until early July.

Conclusions

A more detailed analysis of the impact that N applied in spring exerts on grass/white clover swards is
required, and this may reveal that a more flexible relationship between grass growth and the pattern of
stolon GPD is required than the simple phases of net stolon production used in this model.

However, in the absence of spring applied N fertilizer, the grass/clover model can predict clover yield
and content of swards where the growth pattern of the grass can be anticipated, meteorological
conditions can be intelligently forecast and the clover status of the sward at the beginning of the season
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can be judged. Of these, the availability of N particularly during the first half of the growing season is
likely to be the most difficult to estimate. Nevertheless, as it plays a major role in the subsequent
development of clover, some means of readily estimating this variable needs to be devised before a
reliable decision support system to predict clover yield and content can be developed.
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Abstract

Acid soils account for about 30% of agricultural land in Lithuania. White clover (Trifolium repens L.)
persists and spreads well in limed (pHc; 5.6-7.0) legume/grass pastures. The objective of this study was
to study the effect of soil pH and fertilizer addition on herbage yield and clover abundance on the sward.
Thus, prior to pasture establishment soil was limed and fertilizer treatments applied every year through
the 12 year study period. A large variation in herbage dry matter (DM) yield, resulting from weather
conditions, liming and fertilization was recorded. The highest herbage DM yield on the PgKgy (PK)
treatment control was obtained at a soil pHy level of 5.6-6.0. Nitrogen application, Ny,0PsKeo (NPK),
increased herbage DM yield by 1.59 t ha™. Pasture yield was also affected by the amount of rainfall
falling during the growing season. A medium-strong curvilinear correlation (r=0.557) was obtained
between herbage DM yield and amount of rainfall during the growing season on the PK control
treatment at pHgc 6.6-7.0. The lowest herbage DM yield variation occurred at soil pHyc level of 5.1-
5.5 and 5.6-6.0 for the two fertilization levels, and the highest yield variation on PK background at
pHkc 6.6-7.0

Keywords: permanent grassland, yield, pHyc, fertilization.
Introduction

Long-term pastures in Lithuania play an important role in the development of animal husbandry. Acid
soils account for about 30 % of agricultural land in Lithuania. White clover/grass pastures, with a pHgc
level of 5.6 — 6.0 and fertilized with P¢Kgo, produce on average 5.1 — 5.8 t ha™! dry matter yield. One kg
of nitrogen produces an extra 9.6 kg DM (Daugéliené, 2002). However, annual yields in many European
countries are over 7-8 t DM ha!. The nitrogen application efficiency in terms of increment in DM yield
was always higher than the economic standard limit (10 kg DM kg™ N) (Scotton et al., 2003). In this
context, the present research aims to analyze the effects of different soil pHgc and PK and NPK
fertilization on herbage yield in a long-term pasture.

Materials and methods

The soil at the experimental site was a sod podzolic Hapli-Endohypogleyic Luvisol (IDg4-p) light loam
on medium loam with topsoil pHgc 5.2, available P,Os 108 mg kg™ and K,0 142 mg kg™'. Liming was
applied before pasture sowing. Limestone rate was calculated according to the titration curves
neutralizing the soil with a 0.033 N CaCl, solution. A seed mixture containing 35% Trifolium repens L.,
40% Phleum pratense L. and 25% Poa pratensis L. was sown. The sward was fertilized annually in
spring with 60 kg ha of both P,Os and K,O. Nitrogen (N5) fertilizer was split in two equal parts after
the 1% and 2" grazing. Treatments were replicated four times. Pasture was grazed four times a year with
a herd of dairy cows. Dry matter yield was determined on the basis of total DM amount per plot and
calculated as t DM yield ha"'. The data of DM yields were statistically analyzed by the ANOVA
according to Tarakanovas (1999).
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Results and discussion

Average data suggest that in those plots in which PKg, fertilization was applied to the pasture the
highest herbage DM yield was obtained at 5.6-6.0 pHyc level. When NPK fertilization was applied soil
reaction did not have any appreciable effect on DM yield (Table 1). Dry matter yield was determined by
weather conditions during the summer period. The lowest DM yield, 1.99-2.40 t ha', was obtained in
1994, when there was no rainfall in July. On P¢Kg control treatment clover constituted 23-25 % of the
herbage (Figure 1). Water deficit influences the basic processes connected with grass productivity
(Jones, 1998). When the amount of rainfall in May (1996) exceeded long-term mean by 3.3 times, the
yield on P¢Ky, control treatment amounted to 4.26-4.69 t DM ha™', and on the NPK treatment was 5.43-
5.87 t DM ha™'. White clover constituted 42-48 % and 5-9% of herbage, respectively. The amount of
rainfall falling in June had the greatest impact on DM yield. In 2001, when long-term mean rainfall was
exceeded by 2.4 times, and white clover constituted 30-35 % of the pasture, on the Ps,Kg, control the
herbage yield was 0.36-1.19 t DM ha™' higher than in 1996, when May was rainy. Dry matter yield
variations due to rainfall differences were more marked at a higher pH level. On the P Ko control
(pHkcy 6.6-7.0) a medium-strong curvilinear correlation (r=0.557) was obtained between herbage DM
yield and amount of rainfall during the growing season. On both fertilization treatments the highest
minimal DM yield was recorded at a soil pH level of 5.6-6.0. The highest herbage DM yield was
obtained on the PgcKgy control treatment at soil pHgc; of 6.6-7.0, and on the NPK treatment at pHyc; of
6.1-6.5 (Table 1).
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Figure 1. The contribution of white clover in pasture sward depending on soil pHgc; (PgoKgo) through
the study period.

Analysis of variance of the data from the bi-factorial experiment suggests that irrespective of PK and
NPK fertilization, the effect of soil reaction on herbage DM yield was inappreciable (Fg, < Fieo..) (Table
2). At a soil pHgcy level of 5.6-6.0 the herbage DM yield exceeded the average yield by 0.11 t ha™.
Liming did not increase the total DM yield, however, some effect was observed, as a 10 % yield
increase was noted in the treatment limed with 8 t limestone ha™', compared with the treatment without
liming (Stypinski et al., 2003). Nitrogen fertilization significantly increased herbage DM yield (Fy >
Fieor). On the NPK treatment herbage DM yield was 1.59 t ha! higher than in the PK treatment. Herbage
yield (t DM ha") was significantly higher if N fertilization was used (Alibegovic-Grbic and Civic,
2003).
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Table 1. Herbage dry matter yield in relation to soil pH and fertilization.

Soil pHyq, Mea111 Error Mi.nimum 1 Ma}ximum 1 Cogfﬁcient of
(tha) of mean DM yield (tha™) | DM yield (tha™) | variation V %
PsoKso
5.1-5.5 3.02 0.21 2.04 4.39 23
5.6-6.0 3.37 0.25 2.40 5.12 25
6.1-6.5 3.18 0.28 2.05 5.05 29
6.6-7.0 3.15 0.29 1.99 5.41 31
Ni20Ps0Keo
5.1-5.5 4.82 0.35 3.31 6.52 24
5.6-6.0 4.81 0.33 3.48 6.44 23
6.1-6.5 4.69 0.36 3.36 6.62 26
6.6-7.0 4.76 0.34 3.21 6.38 24

Table 2. Analysis of two factors (pHyc| and fertilization) of dry matter yield data.

Soil pHygc . 1 Fertilization . 2
Factor A DM yield (t ha™) Factor B DM yield (tha™)
5.1-5.5 3.92 PoKso 3.18 D‘ffzrenc
5.6-6.0 4.09 Ni20Ps0Keo 4.77 1.59
6.1-6.5 3.94 Rys 0.099 0.198
6.6-7.0 3.96
Rys 0.171
" 0.61; Froor, 2,74 Fra, 257%* ; Freor, 3,98
Interaction of factors AB  LSDgys 0,261 Fru 0.6 5 Fioor 2.74
Mean of the experiment 3,98; LSDy; 0,524; Sx % 3,52; Faue 37** ; Fioor 2,14

TFae — actual yield; *F e, — theoretical yield; **Rg;
Conclusions

Liming did not give any marked increase in the yield of white clover/grass, which resulted from white
clover better tolerance of lower pH values. White clover grows and spreads well at a soil pHyc of 5.6-
7.0. The highest DM yield on the P¢ K, background was recorded at 5.6-6.0 pHgc), with 40 % of white
clover in the sward. Nitrogen (N;0PsKgo) increased herbage DM yield by 1.59 t ha™! compared to the
P¢oKgp treatment.
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Abstract

The use of sewage sludge as fertilizer is promoted by the European Union due to its content of N, P and
K. The objective of this experiment was to test the effect of different sewage sludge doses, (with or
without added potassium), on soil and pasture K concentration. The experiment was located in Lugo
(NW Spain) on agriculturally abandoned land which was afforested with Pinus radiata D.Don. in 1997
at a density of 1667 trees ha™'. Before planting in autumn 1997, pasture was sown at 25 kg ha™' of
Lolium perenne L., 10 kg ha™' of Dactylis glomerata L. and 4 kg ha™ of Trifolium repens L.. Fertilizer
was applied during 1998, 1999 and 2000. In June 1998, pasture K content was reduced when sewage
sludge dose was increased, but soil potassium was significantly lower following the low sewage sludge
dose compared with no fertilizer. In the other seven harvests, there were no differences between
treatments, probably due to climatic conditions and pasture composition.

Keywords: silvopastoral systems, organic fertilizer, orchard grass, perennial ryegrass, white clover.
Introduction

Recently, sewage sludge retention has been increased in EU countries due to the implementation of EU
directives. Inadequate disposal of this residue can create important environmental problems. Sewage
sludge contains appreciable amounts of N, P and K, which makes it suitable for using as fertiliser
(Smith, 1996). In pastures growing on acid soils, P and K fertilization is usually applied before sowing
to reach target levels of pasture growth and establishment. These elements are also necessary for the
development of legumes. Potassium is an essential element for plant and animal development. It is
easily translocated from soil to plants and these can utilise higher quantities than needed, especially
legumes. Mineral nitrogen is applied to pasture to encourage the growth of sown species of grass
(Whitehead, 1995). Anaerobic sewage sludge K concentration is usually low and, therefore, a supply of
this element as inorganic fertiliser can be needed to increase pasture growth and enhance the percentage
of clover in the pasture. Sludge with higher heavy metal content than is found in the soil is less
convenient to use as fertilizer. This problem is even more important in acid soils due to the higher
availability of heavy metals in acid soils. The objective of this experiment was to test the effect of
different sewage sludge doses, with or without potassium, on the potassium concentration in soil and
pasture.

Materials and methods

The experiment was carried out on agricultural land at Lugo, in north-west Spain, at an altitude of 450
m and with a mean annual precipitation of 1350 mm. Pasture was sown (25 kg ha™' Lolium perenne cv
‘Brigantia’, 10 kg ha Dactylis glomerata cv 'Artabro’, 4 kg ha" Trifolium repens cv "Huia’) in
Autumn 1997 on a sandy soil with a pH of 6.3, 31.5 g kg™ of N, a high available phosphorus status
(0.028 g kg') and a medium available potassium status (K,O: 0.087 g kg"). In January 1998, a
plantation of Pinus radiata was established at a density of 1667 trees ha™'. Eight treatments were applied
in a randomised block design with three replicates and plot size of 24m?”. Treatments consisted of three
annual sewage sludge doses (L1: 160 kg N total ha'; L2: 320 kg N total ha'; L3: 480 kg N total ha™')
with or without potassium (200 kg K,O ha per year). Two control treatments were established: no
fertilizer (NF) and inorganic fertilizer usually used in the region (MIN: 80 kg N ha™', 120 kg P,Os ha™
and 200 kg K,0 ha™). These treatments were applied in spring 1998, 1999 and 2000. Available herbage
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was clipped 8 times in July and December of 1998 and May, July and November of 1999 and 2000.
Four samples per plot (0.09 m?) were taken using hand clippers. At the same time, soil samples per plot
were taken at a depth of 25 cm. K content in soil and plant was estimated after drying and microkjeldahl
digestion, as described Castro et al. (1990). Plant and soil K concentration was determined using a
VARIAN 220FS spectrophotometer by atomic emission (Varian, 1989). The data were analysed using
ANOVA and means were separated by the Duncan test.

Results and discussion

The lowest soil K concentration (0.16 mg kg™") in June 1998 was obtained when 160 kg total N ha™' was
applied (Fig 1). This was probably because of (a) the high proportion of Trifolium repens in pasture and
this species absorbs K in great quantity, and (b) the high forage production of L1, compared with L2 and
L3 (Rigueiro ef al., 2000). L2 and L3 were similar to the non-fertilizer treatment, due to the higher K
application with sewage sludge and the lower productivity of the NF treatment. Lopez-Diaz et al. (2005)
observed a similar response in exchangeable K in soil when similar doses of sewage sludge were
applied in a more acid soil (forestland), even if the K levels in soil were lower than in the present
experiment.
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Figure 1. Potassium content (mg kg™) in soil (left graph) and plant (two right graphs) in June 1998
with different fertilizer treatments in June 1998 . 0 K,0: 0 kg K,0 ha™'; 200 K,0: 200 kg K,O ha™'; NF:
no fertilizer; L1: low sewage sludge doses (160 kg total N ha™"); L2: medium sewage sludge doses (320
kg total N ha'); L3: high sewage sludge doses (480 kg total N ha™'). Different letters indicate
significantly differences between fertilization treatments (A ).

K levels (0.97-1.37 %) in pasture were similar to those summarised by Mosquera et al. (1999) and were
reduced when sewage sludge dose was increased. This could be explained by a reduction in Trifolium
repens and an increase in Dactylis glomerata in higher sewage sludge doses, as white clover has higher
K values (1.6-3%) compared to cocksfoot (0.5-1%) (Whitehead, 1995). Secondly, higher sewage sludge
doses increase pasture production (Rigueiro et al., 2000), which could have caused a dilution effect in
the K concentration. Nitrogen application at a low rate increased herbage K levels which has the
potential to enhance root growth in clover (Whitehead, 1995). However, when there was no clover in
the pasture, Lopez-Diaz er al. (2005) found in other experiments carried out in more acid soils, there
was an increment of pasture K with higher sewage sludge doses. This could be attributed to the absence
of clover and the lower proportion of potassium in soil, compared with the present experiment.
Concentration of pasture K was higher when 200 kg K,O ha™' was applied, than when 100 K,O ha was
applied. There was, however, no significant differences between K levels in soil, probably due to the
higher extraction by plants and the mobility of this element from soil to plant.
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Inorganic fertilizer had no effect on K levels in soil or plants. However, in more acid soils Lopez-Diaz
et al. (2005) obtained an increment in K concentration in pasture when mineral fertilization was applied
due to K application with mineral treatment and the lower initial K content in soil. Over the three years,
all treatments produced forage with enough potassium for equine (0.4%) (NRC, 1989), goat (0.5%),
ovine (0.5%) (NRC, 1985) and bovine (0.6%) (NRC, 2000) nutrition.

Conclusions

K content in soil and plant was significantly affected by different treatments where there were higher
levels of clover in the swards. K in plants was reduced when sewage sludge dose was increased, but soil
K concentration decreased significantly with the lower sewage sludge dose compared with no
fertilization.
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Abstract

The aim of this research was to estimate the potential of post — mushroom compost utilization as organic
manure for the recultivation of a burnt meadow. The following combinations were applied: control
(without fertilization); mineral fertilization (NPK); mineral fertilization (NPK + liming), mineral
fertilization (NPK) + post- mushroom compost. All the fertilizer combinations were applied on the burnt
meadow as well as unburnt one. The best renovation method, on the burnt meadow, was the fertilization
with the NPK together with post - mushroom compost. The best change in the botanical composition
was observed on the meadow fertilized with NPK separately and together with post - mushroom
compost. A possitive influence of the post - mushroom compost on the renovated meadow showed the
possibilities of utilization of this kind of organic waste for meadow fertilization.

Keywords: post - mushroom compost, burnt meadow, botanical composition.
Introduction

Grasslands are important elements of agricultural production under many management systems. The
biodiversity of meadows changes under the influence of different factors, e.g. soil, moisture, climate and
human activities. These factors may cause the occurrence of some plant species and disappearance of
others (Grzyb and Pronczuk, 1995).

The meadows can be destroyed by human activity through burning. One method of renovation of such
meadows can be fertilization with minerals or with organic matter (Jankowski, 1997). Many organic
substances are not utilized at present (Jankowski et al., 2005), and are regarded as organical wastes e.g.
post - mushroom compost. The aim of this research was to estimate the potential of using post -
mushroom compost as organic manure for the recultivation of a burnt meadow.

Material and methods

The experiment was carried out in 1999 — 2001 on a permanent meadow located on a mineral soil. The
experiment was set up in four replicates in 5 x 2 m plots. The following combinations were applied:
control (without fertilization); mineral fertilization (NPK); mineral fertilization (NPK + liming), mineral
fertilization (NPK) + post- mushroom compost.

The treatments were applied to the burnt and unburnt meadow in the following dose: 180 kg N ha ™' in
three doses each year; 110 kg P ha ' once in spring each year; 150 kg K ha ' in three doses each year;
liming 1t ha™ once in spring 1999; post - mushroom compost 20 t ha of fresh matter once in spring
1999. During the vegetation season three harvestes were done. From the first mowing samples of green
matter (about 1kg) from each plot were taken for the estimation of botanical composition. The results
were analysed using the ANOVA/ MANOVA and the means were compared using the LSD test.

Results

Large differences between harvests, years and treatments were found in this study (Tablel).
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The highest dry matter yields were on the meadow fertilized with NPK together with post- mushroom
compost, where the yield on the unburnt meadow 9,5 t ha™ was. With regard to the kind of meadow
destroyed (burnt or unburnt) the yield of the unburnt meadow was higher than the burned one.

In successive years regardless of the renovation methods used, an increase in Dactylis glomerata L. was
observed. The highest increase (about 36%) was on the burnt meadow fertilized with NPK. One of the
consequences of the applied renovation methods was a significant decrease in the amount of weeds and
herbs. The highest decrease (about 28%) was found on the meadow fertilized with NPK together with
liming (Figures 1 and 2).

Table 1. Yield of meadow hay (t ha™) in successive years for the analyzed combinations.

. Yield of ha

Combination 1999 2000 L Mean

Control A 2,6 2,5 2,5 2,5a
B 2,8 2,8 2,6 2,7a

NPK fertilization A 7,1 6,9 7,0 7,0b
B 7,7 7,9 7.8 7.8 ¢

NPK + liming A 9.4 8,6 6,3 8,1c
B 10,4 10,0 7,0 9,1d

NPK + post-mushroom compost A 9,5 9,9 8,0 9,1d
B 10,0 10,4 82 9,5¢

A — Burnt meadow, B — Unburnt meadow

Values followed by different letters (a, b, c, d, ¢) are significantly different at the level of significance a
<0,05.

zz: % — I%
0] P/

™ & v ) ] é
T — \\ﬁ

1 2 3 4

O Dactylis glomerata H Poa trivialis B Holcus lanatus H other grasses H herbs and weeds

1.- control; 2- NPK ; 3 — NPK + liming; 4 — NPK + post-mushroom compost

Figure 1. Changes in botanical composition in successive years for burnt meadow.
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Figure 2. Changes in botanical composition in successive years for unburnt meadow.
Conclusion

With regard to yield the best renovation method on the burnt meadow was fertilization with NPK
together with post - mushroom compost.

The botanical composition of meadow sward was significantly dependent on the kind of a renovation
method. The best change in the botanical composition was observed on the meadow fertilizated with
NPK separately and together with post - mushroom compost.

The possitive influence of post - mushroom compost on the renovated meadow showed the possibilities
of utilization of this kind of organic waste for meadow fertilization.
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Abstract

Fourteen Agrostis capillaris L. accessions collected from northern Spain were characterised in a low-
fertilisation regime at Carrefio (43° 35° N, 5°47° W, 80 m.a.s.1.) in Asturias during two years (2004 and
2005) in a randomised complete block design with two replicates of 15 plants per accession. One
commercial cultivar (4Agrostis capillaris cv ‘Golfin’) was also included in this study. The entries
included accessions and cultivar were evaluated for agronomical and turfgrass quality characteristics
each year. The collected data was reduced to four principle components that cumulatively explained
82.6% of the total variance. Cluster analysis was useful in identifying four groups of accessions
describing 57% of the phenotypic variation among accessions. Cluster 1 consisted of seven accessions
with an intermediate growth habit, late heading and with the narrowest flag leaf and shortest upper
internodes. Cluster 2 contained three accessions with the latest heading, the most erect growth habit,
darkest green colour as accessions of cluster 3. Cluster 3 contained the two earliest heading accessions
and the widest flag leaf and longest upper internodes. Cluster 4 consisted of two accessions and the
cultivar ‘Golfin’ lightest green colour and intermediate characters among the other clusters.

Keywords: bentgrass, characterisation, multivariate analysis, turf.
Introduction

Browntop in Europe or Colonial bentgrass in United States (Agrostis capillaris L. 2n=4x=28), native to
Europe and temperate Asia, is commonly used for tennis courts, high-grade lawns, fairways and erosion
control (Hubbard, 1984).

To conserve and study the existing genetic resources of colonial bentgrass Northern Spanish accessions
for use in breeding was investigated using amplified fragment length polymorphism (AFLP) markers
(Zhao et al., 2006).

Objective of this research was to characterise the variability of northern Spanish Agrostis capillaris
accessions, on the basis of morphological characteristics. Knowledge of this variability should provide
useful information concerning the potential value of these accessions to Spanish and North American
breeding programs.

Materials and methods

Originally, seed of 14 colonial bentgrass accessions was collected from grasslands in northern Spain.
The morphological study was established at the University of Oviedo in a farm of the community of
Carrefio (43° 35 N, 5° 47 W, 90 m.a.s.l., on an inceptisol soil type). The trial was arranged in a
randomized complete block design with two replications of 15 plants per accession. Plants were
transplanted to the field in March 2003, 50 cm apart. One commercial cultivar ‘Golfin’ (4grostis
capillaris) was also included as control.

The site received the same amount of fertilizer throughout the two years of study, a total of 10 g N m?
per year. The plants were maintained at mowing height of 5 cm with a rotary mower.

A total of eleven morphological traits including (1) leaf width (1=narrow to 9=broad), (2) growth habit
(1=erect to 9=prostrate), (3) colour (1=light green to 9=dark green), (4) autumn growth (1=very little to
9=very green), (5) winter growth (1=very little to 9=very green), (6) flag leaf length in centimetres, (7)
flag leaf width in millimetres, (8) length of longest stem, included inflorescence, in centimetres, (9)
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Length inflorescence, in centimetres, (10) length upper internode, in centimetres, (11) heading date as
the number of days after January the first. These traits were evaluated during a 2-year period.

Analysis of variance of the morphological data was performed first per year and to observe errors
homogeneity to combine the statistical analysis for the two years.

Multivariate relationships among entries were revealed with a principal component analysis (PCA)
using a correlation matrix derived from the significant characters. The original variables were reduced
to four independent linear combinations, principle components (PC) of the variables, with eigenvalues
greater than 1. These PCs were used as the input for an agglomerative hierarchical clustering analysis to
detect groups of similar agromorphological types. The squared Euclidean distance was the measure of
distance, and the Ward’s clustering algorithm, was the method for combining entries into clusters. With
the purpose to examine differences between the clusters obtained, a table of means, standard deviations
and the results of a one-way ANOVA (F tests) are also presented. Statistical analyses were computed
using SPSS 11.5 (SPSS, 2002).

Results and discussion

The data set was reduced to four principle components that cumulatively explained 82.6% of the total
variance.

Hierarchical clustering analysis performed on the first four principal components leads to a dendrogram
that was cut at the four cluster level describing 57% of the phenotypic variation among entries.
Significant statistical differences were detected between clusters for growth habit, colour, flag leaf
width, length of upper internodes and heading date (Table 1).

Table 1. Between-Groups differences for leaf width (Lw), growth habit (Gh), colour (Co), autumn
growth (Ag), winter growth (Wg), flag leaf length (Fll), flag leaf width (Flw), length of longest stem
(Lls), length inflorescence (Lin), length upper internodes (Lui) and heading date (Hd) traits. M = mean,
SD = Standard deviation. *** p <0.001, ** p <0.01, * p <0.05, NS =p > 0.05.

Group 1 Group 2 Group 3 Group 4 Anova

n=7) (n=3) n=2) (n=3) F ratios

Trait M SD M SD M SD M SD F(3,11)
Lw 6.19 0.66 6.57 0.40 5.95 0.05 6.00 0.73 0.5NS

Gh 4.13 0.24 3.10 0.08 3.85 0.05 3.27 0.05 24.4%**
Co 6.49 0.45 6.87 0.05 6.90 0.00 5.33 0.47 8.0%*
Ag 6.36 0.54 6.43 0.31 5.40 1.20 527 0.90 1.8NS
Wg 6.49 0.56 6.90 0.71 5.90 1.20 6.13 0.87 0.6NS
Fll 7.66 1.95 8.37 1.45 10.80 1.20 7.13 1.77 1.5NS
Flw 3.39 0.61 3.40 0.41 5.10 0.40 4.73 0.54 7.0%*
Lls 63.54 5.36 68.23 5.43 74.70 2.90 59.60 3.50 3.4NS
Lin 11.70 2.12 12.50 1.72 16.55 3.35 10.43 2.17 2.3NS
Lui 9.86 1.19 11.87 0.79 14.35 0.85 10.23 0.49 9.3%*

Hd 158.29 1.90 159.67 0.47 147.50 0.50 155.00 2.94 15.4%%*

132 Grassland Science in Europe, Vol. 11



Cluster 1 consisted of seven accessions with an intermediate growth habit, late heading and with the
narrowest flag leaf and shortest upper internodes. Cluster 2 contained three accessions with the latest
heading, the most erect growth habit, darkest green colour as accessions of cluster 3. Cluster 3 contained
the two earliest heading accessions and the widest flag leaf and longest upper internodes. Cluster 4
consisted of two accessions and the cultivar lightest green colour and intermediate characters among the
other clusters.

Certain colonial bentgrass accessions are widely recognized as having good resistance to snow mold
(Vergara and Bughrara, 2005) and dollar spot (Belanguer et al., 2004). For this reason we are now
evaluating the susceptibility to two important turf diseases (snow mold and dollar spot) on these
accessions.

Conclusions

The assessment of the morphological diversity among North Spanish colonial bentgrass accessions
suggested the potential value of this germplasm in turfgrass cultivar improvement.
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Abstract

Effects of different mulching frequency treatments on the botanical composition of permanent grassland
were studied in upland areas of the Jizerské Mountains in the Czech Republic from 2000 to 2005.
Treatments investigated were unmanaged grassland, and mulching once, twice and three-times per year.
Dominant plant species before the experiment were Dactylis glomerata L,, Festuca pratensis Huds.,
Elytrigia repens L., Aegopodium podagraria L. and Veronica chamaedrys L., and legume cover was
about 8%. During the experiment the legume cover increased in both of the multiply mulched
treatments. Abundance of Trifolium repens L. increased from 1 to 11% under three-times mulched and
from 1 to 8% under the twice- mulched treatment. In the 2003 and 2004 growing seasons the cover of 7.
repens was the highest and reached over 20% and 15%, respectively, in the three-times mulched
treatment. In unmanaged or once-mulched plots legumes disappeared and tall forbs such as Cirsium
arvense L., Urtica dioica L. and Galium album L. increased.

Keywords: meadow, mulching frequency, legumes, number of species, management.
Introduction

Reductions in livestock grazers has led to decreased importance of semi-natural grasslands for forage
production in marginal areas of the Czech Republic during the last decade of 20th century. Large areas
of meadows and pastures were abandoned. Tall grasses and dicotyledonous species with high
competitive ability for light and nutrients have spread on unmanaged grasslands. Some are undesirable
perennial weeds, e.g. Elytrigia repens, Rumex obtusifolius L., Cirsium arvense, Urtica dioica. The
absence of defoliation has lead in many cases to succession by shrubs and trees (e.g. alder, birch or
aspen). Mulching is an alternative grassland management without forage utilization. The aim of our
study was to compare the biodiversity on grassland receiving different mulching frequencies with
unmanaged grassland.

Material and methods

The experiment was carried in the Jizerské Mountains in the northern part of the Czech Republic from
2000 to 2005. Altitude is 420 m above sea level, average annual temperature is 7.2°C and annual
precipitation is 803 mm. Dactylis glomerata, Elytrigia repens and Festuca pratensis were the dominant
species. Treatments were arranged in four complete randomized blocks in 5 x 10 m plots. Investigated
treatments were: (1) unmanaged grassland (U); (2) 1x mulching in July (1M); (3) 2x mulching in
June and August (2M); (4) 3x mulching in May, July and September (3M). Mulching was done by the
machine Uni Maher UM 19 which crushes and breaks down biomass to an even layer on the surface of
the sward. Percentage cover of all vascular plant species was recorded at the end of May each year.
Nomenclature: Kubat et al. (2002). ANOVA was used for analysis of collected data.

Results and discussion
In the frequently mulched treatments (2M, 3M) the prostrate dicotyledonous species (e.g. Trifolium
repens, Taraxacum spp.) spread during the experiment. There was a significant increase (P<0.001) of

legumes (Table 1). Similarly, Pavlt ef al. (2003) recorded an increase of white clover under frequent
defoliation on pasture.
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Table 1. Proportional contributions (%) of agrobotanical groups for years and treatments.

Treatment 8] M 2M 3M

Years 00 01 02 03 04 05 00 01 02 03 04 05 00 O 02 03 04 05 00 OI 02 03 04 05

Grasses 62 50 46 44 41 42 55 48 57 41 41 30 54 47 56 48 48 39 56 45 50 39 31 26
Legumes 7 6 0 1 2 2 9 12 4 9 8 6 7 20 10 12 12 11 9 23 23 30 21 17
Forbs 22 29 33 36 48 51 25 28 32 44 40 58 30 23 26 35 35 38 27 21 23 25 31 36

Emptypl. 9 16 22 19 10 6 11 13 7 7 11 7 9 11 7 6 6 13 8 11 5 6 17 21

Trifolium repens increased from 1 to 11% under the 3M treatment and from 1 to 8% under the 2M
treatment. The cover of 7. repens was the highest in the 2003 and 2004 vegetation seasons and reached
over 20% and 15%, respectively, on the 3M treatment (Figure 1).
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Figure 1. Mean cover of legumes and Trifolium repens in the sward (years 2000-2005).

In the frequently mulched treatments the cover of prostrate herbs increased, while in the unmanaged and
once-mulched plots some tall dicotyledonous species and weeds such as Cirsium arvense, Urtica dioica
and Galium album became widespread (Figure 2).

Cover of Taraxacum spp. increased from 2 to 7% in the 2M and from 2 to 9 % in the 3M treatments,
respectively. Abundance of Cirsium arvense increased from 2 to 6% in U and 1M treatments; however,
it decreased in the 2M and 3M treatments. The cover of Urtica dioca increased from 1 to 7% and that of
Galium album increased from 3 to 10% on unmanaged grassland during the experiment. The number of
plant species recorded was slightly increased in the mulched treatments, but it decreased in the
unmanaged grassland (Figure 3). This trend is in accordance findings reported elsewhere ( Bakker,
1989, Ryser et al.,1995) that the appropriate frequency of disturbance is one of the key factors for
coexistence of a high number of plant species.
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Conclusions

The increase of legume cover in the sward was promoted by frequent mulching. Tall forbs (e.g. Urtica
dioica, Cirsium arvense and Galium album) spread in unmanaged grassland and in plots mulched once
per year, in July. Frequent mulching resulted in a small increase in the number of plant species recorded.
To restrict the spread of weeds and the decrease of species diversity, alternative managements must be
practised in areas where the grasslands are not utilised for fodder production in the Czech Republic.
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Abstract

The botanical composition of agriculturally poor permanent grassland can be improved by overseeding,
but this process often needs to be repeated in order to have success. We used four kinds of seeders (seed
broadcaster with roller, seed broadcaster with harrow, drill seeder, and seeder with rotary band
cultivator) at six locations to assess the influence of the seeder type and the initial sward composition on
the success of overseeding. The proportion of the sown grass species was successfully improved at only
three of the six sites. The seeder with rotary band cultivator gave slightly better results at two of these
three successful sites but the resulting difference between the types of seeders was small. At one of the
unsuccessful sites, Agrostis stolonifera L. and Poa trivialis L. had a yield proportion of 75% in the
initial sward, and independently of the seeder used these stoloniferous species immediately out-
competed the seedlings. At the other two unsuccessful locations, rainfall was probably insufficient to
sustain the growth of the seedlings, independent of the seeder treatments. The results show that the
composition of the initial sward and the moisture conditions have a greater influence on the rate of
success of overseeding than the type of seeders used.

Keywords: overseeding, seeder type, botanical composition.
Introduction

Overseeding commonly used to improve the botanical composition of unsatisfying permanent grassland.
The rate of success of this method is nevertheless low. Therefore the operation often needs to be
repeated before an increase in the proportion of the sown species can be achieved. Beside the
competition for water and light exerted by the established plants on the seedlings, another probable
cause of failure is the unsatisfying contact between the seeds and the soil. Different types of seeders and
combinations of machines are in use to try alleviating this problem. We tested four kinds of seeders at
six sites to assess the influence of the seeder type and the initial sward composition on the success of
overseeding.

Materials and Methods

The four kinds of seeders tested were: 1) seed broadcaster with roller, 2) seed broadcaster with harrow,
3) drill seeder, and 4) seeder with rotary band cultivator. Six experiments were carried out at the
following locations: Ebenrein, Bockten, Diirrenroth, Gossau, Reckenholz and Reichenburg. Each
experiment consisted of a randomized complete block design with 4 replicates. No overseeding was
performed in the control plots. The overseeding took place in the middle of May 2000, after the first
utilization of the meadows. The seed mixture used was 12 kg ha™ Lolium perenne L., 6 kg ha™' Poa
pratensis L. and 2 kg ha™ Trifolium repens L., except at Gossau where a mixture of 3 kg ha™ Lolium
perenne L., 7 kg ha' Poa pratensis L., 8 kg ha™' dlopecurus pratense L. and 2 kg ha™ Trifolium repens
L. was used. The botanical composition of the swards, in terms of yield proportions, was estimated
according to Dietl (1995), modified to 12 yield proportion classes, during springtime of each
experimental year.
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Results and discussion

The overseeding successfully increased the yield proportion of the sown grass species on three (Gossau,
Reckenholz and Reichenburg) of the six locations (Figure 1). At the other locations, no significant
difference in botanical composition was found between the oversown plots and the control, until 3 years
after overseeding. The yield proportion of Trifolium repens was not increased by overseeding at all
locations. Combining the locations where overseeding was successful with the ones where it was not, in
the analysis of variance, resulted, as expected, in a significant seeder by location interaction (data not
shown). On the other hand, combined analysis of variance for the three locations that had significant
differences with the control (Gossau, Reckenholz, Reichenburg) showed no significant seeder by
location interaction (Table 1).

Table 1. Combined analysis of variance of the log(x +1) transformed yield proportion data of sown
grass species, for the locations Gossau, Reckenholz and Reichenburg.

Source of 2002 2003
Variation d.f. MS Computed F MS Computed F
Treatment (T) 4 0.5751 49.29%* 0.5511 22.93**
E;: Control vs. Seeders 1) 2.0551 176.16** 2.1071 87.66**
E,: Between Seeders 3) 0.0817 7.01%** 0.0324 1.35™%
Location (L) 2 2.0619 34.37%* 0.1599 3.85™%
Block in L 9 0.0411 0.0573
TXL 8 0.0600 5.14%* 0.0415 1.73™
E, XL 2) 0.1762 15.10%* 0.1255 5.22%
E, XL 6) 0.0213 1.82™* 0.0135 0.56"™*
Pooled error 36 0.0117 0.0240
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Figure 1. Yield proportion of the oversown grass species at Gossau, Reckenholz and Reichenburg in A)
2002, and B) 2003. Data are means + SE of 4 replicates. At a same location, means labelled with a
common letter are not significantly different at 5 % level by LSD test.

138 Grassland Science in Europe, Vol. 11



In 2002 in Gossau and Reichenburg, the ranking of the seeders for the success of the overseeding, in
terms of the increase in the proportion of the sown grass species, was as follows: seed broadcaster with
roller < seed broadcaster with harrow < drill seeder < seeder with rotary band cultivator. However,
significant differences at both sites were found only between the seed broadcaster with roller and the
seeder with rotary band cultivator. No differences between the types of seeders were found at
Reckenholz. In 2003, the differences found between the seeders were not statistically significant at any
of these three sites.

The high proportion of the stoloniferous grass species Agrostis stolonifera L. and Poa trivialis L. in the
initial sward probably caused the failure of the overseeding treatments at Diirrenroth: in 2000, the
combined yield proportion of these two species was around 75%, and their competition was presumably
too strong. We observed that these two grass species even closed the vegetation-free bands opened in
the sward by the rotary band cultivator within a few weeks after overseeding. At all other locations, the
yield proportion of Agrostis stolonifera and Poa trivialis in the initial sward was less than 30%.
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Figure 2. Cumulated amounts of rain falling in the area of the experimental sites starting 10 days before
overseeding (day 0 = day of overseeding). Data are measurements of the nearest available
meteorological station (largest distance from the experimental site = 15 km).

The failure of the overseeding treatments at Ebenrein and Bockten might have been due to insufficient
water availability to the seedlings. At these locations, rainfall before and after overseeding was
markedly less abundant than at the other locations (Figure 2).

Conclusions

At the locations where overseeding was successful, the four types of seeders were able to improve the
botanical composition of the swards in similar proportions, and there were no statistical differences
between the types of seeders three years after overseeding. At the locations where the weather
conditions were dry, or large proportions of Agrostis stolonifera and Poa trivialis in the initial sward
were competing with the seedlings, none of the types of seeders tested was successful in establishing the
sown species. We conclude that the composition of the initial sward and the moisture conditions have a
greater influence on the rate of success of overseeding than the type of seeder used.
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Abstract

The effect of different grazing management imposed on abandoned grassland was studied in an upland
area in the northern part of the Czech Republic over seven years (1998-2004). We established
completely randomized blocks experiment with the following treatments: unmanaged control (U),
intensive (IG) and extensive (EG) continuous grazing, 1%cut followed by intensive (ICG) and extensive
(ECG) continuous grazing for the rest of the season. All plant species within the study area were a
priory categorized according to their simple vegetation traits. Cover of the short grasses positively
responded to all managed treatments and was the highest in IG treatment. Abundance of tall grasses as
well as tall forbs reflected intensity of management and was in order U>EG, ECG>IG, ICG. On the
other hand prostrate forbs increased their cover with the intensity of management (ICG>IG>ECG>EGQG).
This result indicates a replacing of tall dominants by short grasses and prostrate forbs.

Keywords: cattle grazing, intensity, functional group, grassland.
Introduction

During the last two decades considerable changes in the utilization of grassland in Europe has occurred.
Reduction of number of cattle led to the extensification of grassland utilization and resulted also in
abandonment of the low productive sites. These changes in agricultural land use were stronger in the
eastern and central European countries, which had to build up a market economy. Reintroduction of
management on formerly abandoned grassland is necessary to prevent natural reforestation. Suitable
management and its intensity depend on present vegetation, local possibilities and our target goal.
Although species response gives very useful information, a functional analysis of vegetation may help
to understand and predict the impact of management in more general way (Louault et al., 2005). The
aim of this study was to compare different grazing managements, focusing on simple vegetation traits.

Materials and methods

The experiment was undertaken in the Jizerské Mountains in the northern part of the Czech Republic.
The altitude of the investigated grassland is 420 m, the average annual precipitation is 803 mm, and the
mean annual temperature is 7.2 °C. The dominant species in 1998 were Agrostis capillaris L.,
Alopecurus pratensis L. , Festuca rubra L , Aegopodium podagraria L. and Galium album Mill.
Experiment was arranged in two completely randomized blocks. Applied treatments were: intensive
grazing (IG), 1* cut followed by intensive grazing (ICG), extensive grazing (EG), 1* cut followed by
extensive grazing (ECG), and unmanaged grassland (U) as the control. All treatments were grazed
continuously by young heifers.

Samples were taken in permanent 1 x 1 m plots using four replications in each paddock. All plant
species within the study area were a priori categorized according to their main vegetation traits: short
grasses, tall grasses, prostrate forbs, tall forbs and others. The redundancy analysis (Lep$ and Smilauer,
2003) was used to evaluate trends in plant species composition.

Results and discussion

Remarkable successional developments independent of the all treatments as well as significant
differences among study treatments were detected. (Table 1).
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Table 1 Results of RDA analyses of funcional groups data. PlotID = plot identificator; % explained
variability = species variability explained by axis 1 (all ordination axes) - measure of explanatory power
of the explanatory variables; F-ratio = F statistics for the test of particular analysis (all axes); P-value =
corresponding probability value obtained by the Monte Carlo permutation test (999 permutations), i.e.
Type I error probability in testing the hypothesis that the effect of one (all) explanatory variables is zero.

Explanatory % expl. F ratio P
Analysis variables Covariables  1%(all) 1* (all) 1* (all)
axis axis axis
Al: There are no directional changes in Year,Year*IG, Plot ID 29.0 95.85 0.001
time in the species composition, that are Year*EG, (36.6) (27.17)  (0.001)
common to all the treatments or specific for Year*ICG,
particular treatments. Year*ECG,
Yes Year*U
. R Year*1G, Year, Plot 9.1 23.63 0.001
A2: The temporal trend in the species Year*EG. D (14.6) (10.08)  (0.001)
composition is independent of the all Year*ICd,
treatments. Year*ECG,
Yes Year*U

Tall grasses (with dominant A. pratensis) were generally replaced by short grasses (with dominant A.
capillaris) similarly in all managed treatments (Figure 1). The prostrate forbs represented by two
dominats, T. repens and Taraxacum spp., increased in cover in all managed treatments. 7. repens
increased cover as a function of intensity management (ICG>IG>ECG>EG), whereas Taraxacum spp.
was strongly promoted by first cut followed both grazing intensities (ICG, ECG). In this study both tall
dominant forbs (4. podagraria and G. album) e decreased by grazing on abandoned grassland. Total
abundance of tall grasses as well as tall forbs reflected intensity of management and was in order U>EG,
ECG>IG, ICG. These results indicate a replacing of tall dominants by short grasses and prostrate forbs.
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Figure 1. Ordination diagram showing the result of RDA analysis a) first and second axis b) first and
third axis, Abbreviation: *-indicates interaction of environmental variables, Tforbs-Tall forbs, Tgrass-
Tall grass, Sgrass-Short grass, Pforbs-Prostrate forbs, Other-Other species.

Conclusions

Simple vegetation traits can be used to predict response of different grazing management, however it is
strongly dependent on several dominants sometimes resulting in miscellaneous responses.
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Methods of seed germination in four leguminous forage shrubs

Chinea E.', Barquin E." and Garcia-Ciudad A.2

!Universidad de La Laguna, Carretera de Geneto, n°2, 38204 La Laguna, Spain.
’Instituto de Recursos Naturales y Agrobiologia (CSIC), Apdo. 257, 37080 Salamanca, Spain.

Abstract

The germination of Chamaecytisus palmensis Hutch., Teline canariensis L., Teline osyrioides sericea
Kuntze. and Teline osyrioides osyrioides Svent. seeds was studied in relation to the following
treatments, taken individually or in various combinations: a) aril removal; b) no aril removal; c)
scarification in water at 80° C and 100° C; d) scarification in concentrated sulphuric acid. The method
which gave the best results for all the species was aril removal plus scarification with acid during 30-40
min.

Keywords: Chamaecytisus, Teline, seed germination.
Introduction

There are numerous species of endemic shrubs of the family Fabaceae in the Canary Islands. Many of
them are potentially useful in agroforestry systems for arid and semi-arid regions. Only Chamaecytisus
palmensis (tagasaste) has been established in forage systems, proving itself to be one of the most
interesting species in this respect (Lefroy, 2002). In our opinion, however, there are many other species
which may also be useful for these agrobiosystems, such as those of the genus Teline. In fact that they
have not been studied from this perspective, despite being a potential forage resource. This study
proposes a simple, efficient and useful pre-germination method for four shrub-like leguminous plants
endemic to the Canary Islands.

Materials and Methods

The seeds were gathered in ripe pods during the summer of 1998, from four populations located in their
natural habitat. They were washed with detergent and those that floated were eliminated.

The germination of seeds with and without aril removal was studied in the following conditions: a) not
treated (control), b) scarification in water at 80° C and 100° C and c) scarification in concentrated
sulphuric acid of a specific density of 1.8 for 30, 35 and 40 minutes. Aril removal was carried out
individually using a scalpel, with efforts being made not to damage the seed coating. Scarification with
water at 80° C was carried out by placing the seeds in the water at this temperature until the water
cooled. Seeds with and without aril removal were scarified separately. In the scarification with water at
100° C, the seeds with and without aril removal were submerged for 50 seconds at this temperature and
then washed in normal water. The treated and control seeds were put to germinate in plastic boxes
measuring 17x12x3.5 cm. The substrate was picon (ashes of a basaltic composition) sterilised at 150° C
for 12 hours. The seeds were placed on the surface to make it easier to follow their germination. Seeds
were considered to have germinated when the radicle reached a length of 2 mm. The trays were watered
in order to maintain constant humidity close to field capacity with a solution containing 1 mL L™ of
fungicide (active principle: Hymexazol). Each treatment was repeated in four trays. After sowing, the
trays were placed in a germination chamber at a constant temperature of 16° C with 16 hours of
daylight.

A statistical analysis (single-factor Anova) was carried out and Duncan’s test was used for comparing
germination percentages.

Sustainable Grassland Productivity 143



Results and Discussion.

Table 1. Percentages of germination obtained on Chamaecytisus palmensis for different scarification
treatments applied before or after aril removal.

With aril Without aril
Check 7 (8.3) a 37 9.6) b
Water 80° C 32 (1.2) b 54 (18.6) c
40 min acid 28 (3.5) b 60 (8.5)
Mean 22 50

Values are test means. The standard deviations appear in parenthesis.
Values followed by the same letter are not significantly different (Duncan’s test, P<0.05).

Tagasaste shows significantly different results (Table 1), among treatments with a maximum of 60%
germination (with aril removal plus 40 minutes in acid) and a minimum of 54% germination (with aril
removal plus water at 80° C). The statistical analysis shows no significant difference between 60 and
54% germination. These values are lower than those obtained for the same species without aril removal
by Olea et al. (1993), who achieved 75% by boiling the seeds in water for one minute. Pérez de Paz et
al. (1986) demonstrated that immersion in boiling water for a few minutes gave much higher
germination percentages.

Table 2. Percentages of germination obtained on Teline canariensis for different scarification treatments
applied before or after aril removal.

With aril Without aril
Check 13 9.0) a 18 3.5) a
Water 80°C 20 (14.4) a 37 (13.4) b
60 sec water 100 °C 13 (10.5) a 30 (7.8) ab
35 min acid 17 (14.8) a 43 (6.8) b
Mean 16 32

Values are test means. The standard deviations appear in parenthesis.
Values followed by the same letter are not significantly different (Duncan’s test, P<0.05).

Table 3. Percentages of germination obtained on Teline osyrioides sericea for different scarification
treatments applied before or after aril removal.

With aril Without aril

Check 11 9.6) a 35 (4.6) de
Water 80° C 20 4.2) abc 45 (7.0) e
50 sec water 100 °C 16 (12.2) ab 28 (6.6) cd
60 sec water 100 °C 25 2.7) bed 31 4.4) cd
30 min acid 33 (5.6) d 79 (2.3) f
35 min acid 25 (6.0) bed 76 (11.9) f

Mean 22 49

Values are test means. The standard deviations appear in parenthesis.
Values followed by the same letter are not significantly different (Duncan’s test, P<0.05).

On the other hand, T. canariensis shows significant differences among treatments (Table 2), with the
highest germination values reaching 37% and 43% or over (with aril removal plus water at 80° C and
with aril removal plus 35 minutes in acid respectively). These percentages are lower than those obtained
for the same species without aril removal by Peréz de Paz et al. (1986), who achieved germination rates
of 89% with boiling water and manual scarification.
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The results obtained with 7. o. sericea form three significantly different groups (Table 3). The group
with the highest rate of germination corresponds to seeds with aril removal scarified for 30 minutes in
acid (79%) and seeds with aril removal scarified for 35 minutes in acid. These percentages are higher
than those obtained for the same species without aril removal by Barquin and Chinea (1995), using
submersion for one hour in acid (31%).

Table 4. Percentages of germination obtained on Teline osyrioides osyrioides for different scarification
treatments applied before or after aril removal.

With aril Without aril
Check 27 (10.1) a 42 (6.0) be
Water 80° C 45 5.7) cd 48 (1.8) cde
50 sec water 100 °C 34 (6.4) ab 45 2.9) c
30 min acid 55 6.1) def 61 (5.3) f
35 min acid 47 (7.9) cd 50 4.1) cde
40 min acid 62 (8.9) f 58 (7.9) ef
Mean 45 51

Values are test means. The standard deviations appear in parenthesis.
Values followed by the same letter are not significantly different (Duncan’s test, P<0.05).

T. o. osyrioides shows also three clearly defined groups (Table 4). Those with a rate of 61% or over
correspond to treatments without aril removal plus 40 minutes in acid (62%), and treatments with aril
removal plus 30 minutes in acid (61%). These values are lower than those obtained by Lucia Sauquillo
et al. (1994), using scarification with sandpaper (74 %).

The presence of the aril interferes with the germination process, since when this element is eliminated
germination levels increase in all species, both in untreated and treated seeds with the exception of 7. o.
osyrioides. From these trials we can conclude that the removal of the aril followed by scarification with
concentrated sulphuric acid for 30-40 minutes at a constant germination temperature of 16° C provides
optimum results. This germination system is suitable for both research studies and for the large-scale
propagation of this group of species, (tagasaste, 7. o. sericea, T. o. osyrioides), with an average
germination percentage of 60%. On the another hand, the results for 7. canariensis, which we
considered valid for our purposes with values of 43%, could be improved by making some
modifications to the method.
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Abstract

Four nutrient solutions with different P, K, Ca and Mg, concentrations were studied, in relation to their
effect on one endemic leguminous forage shrub for arid regions (Canary Islands). The substrate used
showed a high cation fixation capacity and a retention of phosphate anions, mainly due to its volcanic
composition. A direct relationship was observed between assimilable P, K, Ca and Mg concentrations
present in the substrate and in the leaves, showing that Chamaecytisus proliferus Link subsp.
angustifolius (Kuntze) G. Kunkel (escobodn) has a good capacity for assimilating nutrients.

Keywords: fertigation, Chamaecytisus.
Introduction

Chamaecytisus proliferus Link subsp. angustifolius (Kuntze) G. Kunkel, is a shrubby leguminous plant
native to the Canary Islands. Despite its lower forage value in comparison with tagasaste
(Chamaecytisus palmensis Hutch., it is still routinely used as a forage plant, particularly in the
municipalities located in the south of Tenerife (Pérez de Paz et al., 1986). The escobon is held to be
more resistant to drought and more severe arid conditions, hence its value for agroforestry uses and the
recovery and reforestation of soil. It can be introduced successfully in areas in which tagasaste would
not thrive due to unfavourable ecological conditions. The current neglect of agricultural soil, combined
with the improper use of fertilisers and the high salinity levels resulting from the use of poor-quality
water, makes it necessary to develop adequate fertigation techniques. In order to take advantage of all
the potential of fertigation, it is necessary to apply a nutritive solution with the most adequate
concentrations of different nutrients, as well as to distribute the irrigation points in accordance with the
specific needs of the crop in question. In this way, we can optimise the quality while achieving at the
same time a maximum production.

In this fertigation study, different concentrations of P, K, Ca and Mg are used to establish the specific
fertiliser requirements of different types of soil, in order to obtain a fodder of a high quality and high
production rate.

Material and Methods

A total of 240 two-month-old plants were selected. Those with a healthy appearance and a mean growth
with respect to the total group were chosen. Individual forest containers were used with a substrate
composed by a mix (4:3:2) of peat, “picon” (ashes of a basaltic composition) and soil. The trial lasted
five months and was carried out in a greenhouse. The mean climatic conditions were: temperature 23° C
and 73% RH. Drip irrigation was used, almost up to field capacity. A total of 34 irrigation sessions were
carried out.

The interaction between the substrate and the nutrient solution was studied to optimise the solutions. For
this purpose, pastes saturated with the solutions were prepared and the concentrations of nutrients
available for the plant in the extract after 24 hours were analysed. Four nutrient solutions were used with
four replicates (Table 1). At the end of the trial the plants were cut flush with the ground for subsequent
mineralisation and analysis. The substrate was dried and sifted at 2 mm. P, K, Ca and Mg levels were
determined in both the plant and the substrate, using AOAC methods (1990). The results were used to
calculate the regression lines and their R* correlation coefficients.
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Results and discussion

The solutions (Table 1) showed a pH level of between 6.4 and 8.5 for the treatments; the E.C. oscillated
between 0.41 and 5.21 dS m™. In the substrate-solution interaction, the substrate showed a notable
retention of P and K and a release of Ca and Mg, thereby increasing the level of these nutrients in the
solution. Fixation and release processes were found between the nutrient solution and the substrate that
are characteristic of the volcanic materials used in the substrate (Blesa and Luque 1976; Cid Ballarin et
al. 1996; Luque 1981).

Table 1. Composition of the nutrient solutions and the substrate-nutrient solution balance.

T-0 T-1 Ti-1 T2 Ti-2 T3 Ti-3

P (meqL) 0 0.82 0.01 1.63 0.01 245 0.02

K (meqL") 2.69 14.7 1.96 30.89 6.41 45.07 11.18

Ca (meqL") 0.03 0.12 4.18 0.12 9.55 0.12 12.24

Mg (meqL™) 0.72 2.1 3.13 2.1 5.76 2.1 7.74
pH 8.5 641 6.48 6.69

E.C.(dS m™) 041 1.97 3.73 521

Note: T= treatment; Ti = solution-substrate interaction.

The phosphorous content in the plant (Table 2) was lower in the T-0 treatment, being 0.1% when this
nutrient was not added and rising as the phosphorous levels in the solution increased, with the levels
being 0.16% (T-1), 0.19 % (T-2) and 0.28% (T-3). The phosphorous content in the plant was higher
than the 0.07% obtained by Pérez de Paz ef al. (1986) in escobon. It was observed that the increases in P
(Olsen) available in the substrate corresponded to increases in the phosphorous levels in leaves, with a
correlation of R?= 0.675.

Table 2. List of nutrients in the substrate, the plant and their correlation at the end of the cultivation
period.

T P P, K K, Ca, Ca Mg Mg,

(mgke)  (gke')  (meq 100g)  (gkg’)  (meg 100g")  (gkg)  (meq 100g")  (gke)
T-0 22.89 1 1.26 15 10.68 5 4.78 2
T-1 29.35 1.6 8.35 23 9.51 4 4.67 2
T-2 43.82 1.9 17.71 34 9.04 2 421 2
T-3 38.10 2.8 23.60 42 8.72 1 3.80 1
R? 0.675 0.999 0.963 0.973

Note: T = Treatment; s = substrate; f= plant.

For K (Table 2), an excellent correlation was found between the concentration available in the substrate
and that found in the plant (R*= 0.999). Increased levels in the substrate were reflected in increased
levels in the plant, with treatments T-0 (1.5%) and T-1 (2.3%) being lower than the 2.4% found in
natural tagasaste plants by Chinea et al. (2002). Treatments T-2 and T-3, with a higher potassium
fertilisation, showed increased levels of this nutrient in the plant, reaching values of 3.4% and 4.2%,
both higher than for tagasaste (Chinea et al., 2002).

The decrease in assimilable Ca and Mg in the substrate corresponded to a drop in these nutrients in the
plant (Table 2). This result showed a very good correlation (R*= 0.963 for calcium and R?=0.973 for
magnesium). The calcium levels in the plant oscillated between 0.5 and 0.1%, levels lower than the
0.7% found in escobon by Pérez de Paz et al. (1986). Mg content in the plant oscillated between 0.1 and
0.2%. Treatments T-0, T-1 and T-2 exceeded the 0.16% found in tagasaste by Chinea et al. (2002).
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Conclusions

The escobon demonstrated a good capacity for assimilating the nutrients P, K, Ca and Mg, with a direct
relationship being found between the concentrations present in the substrate and the plant. These
nutrients play an important role in improving the forage quality of the plant, and treatments T-1 and T-2
proved to be the most suitable for this crop and this type of substrate.

References

A.O.A.C. (1990) Official methods of analysis. Association of official analytical chemists (15 edition)
Arlington U.S.A. pp. 1298.

Blesa C., Luque A. (1976) Contribucion al estudio de los materiales volcanicos en las islas Canarias
para su utilizacién en hidroponia. II tratamientos con soluciones nutritivas. Anales Edafologia. y
Agrobiologia, 35, 1079-1091.

Cid Ballarin M.C., Socorro Monzén A.R, Zieslin N., Horisot A. and Ricci P. (1996) Changes in the
nutrient solution caused by volcanic cinder media of soilless greenhouse roses in the Canary Islands.
Acta Horticulturae, 424, 107-110.

Chinea E., Garcia-Ciudad A., Barquin E., Garcia-Criado B. (2002) Biomasa aportada al suelo por
Chamaecytisus palmensis (tagasaste). In: Chocarro C., Santiveri F., Fanlo R. (eds) Produccion de
pastos, forrajes y céspedes. Ediciones de la Universitat de Lleida. Spain. pp. 361-365.

Luque A. (1981) Physical and physicochemical properties of the volcanic materials used in hydrophony.
Acta Horticulturae, 126, 51-56.

Pérez de Paz P.L., Arco-Aguilar M.J., Acebes-Ginovés J.R., Wilpredt de la Torre W. (1986)
Leguminosas Forrajeras de Canarias. Museo Insular de Ciencias Naturales. Cabildo Insular de
Tenerife, pp. 157.

148 Grassland Science in Europe, Vol. 11



RAL-based measurement of turf grass colour by image analysis

Lock R.!, Nonn H.? and Kiihbauch W."

!Institute of Agronomy and Crop Science, D-53115 Bonn, Germany.
2WOLF - Garten, D-57518 Betzdorf, Germany.

Abstract

Colour is one of the major criteria used to evaluate the quality of turf and lawn. In Germany assessment
of turf grass colour is usually estimated along with other attributes in a scale system with grades 1 to 9
(Bundessortenamt, 1999). The rating results, however, are influenced by individual estimates and are
difficult to reproduce. In the present paper, camera and image analysis technology is applied to measure
turf grass colour quantitatively by its reflectance in the Hue-Lightness Chroma (HLC Systems). The
CCD camera used has been calibrated by means of the so-called RAL-colour system which includes
1688 colour charts in the HLC frame. To provide a range of colour and structural variation, turf grass
plot have been established with 2 different turf grass species. It is demonstrated that image analysis is a
suitable tool to assess turf grass colour in a reproducible and calibrated manner, over a wide span of
structural and colour attributes of turf gras.

Keywords: turf grass, colour, image processing, RAL.

Introduction

Colour is an important criterion of turf grass quality. Colour of turf grass is influenced by species and
variety composition and the treatment of the established sod. Normally, turf grass colour is estimated
visually (Bundessortenamt, 1999) and this is a major source of inaccuracies. In the present study,
images of turf grass plots have been taken with a high resolution RGB-digital camera and these images
classified according to the German RAL system. RAL is a standard of colour which enables normalized
measures of hue (H), lightness/intensity (L) and chroma (C) (RAL, 1999).

Materials and methods

Two species of turf grass (supina bluegrass Poa supina L. and red fescue Festuca rubra L., were
established in plots from which images were taken with a RGB digital camera, CANON Powershot, at
SMpixels resolution, with calibration of the camera using RAL desing colour system. RAL is a physical
standard consisting of 1688 colour chips arranged in the HLC (Hue, Lightness, Chroma) system. It is
based on a cylindrical coordinate system, which enables the arrangement of colour in a numerically
equidistant manner and related to visual perceptions (CILELAB, 1976). For the camera calibration, a
halogen light source was applied at different intensities while taking images of the RAL chips together
with a white standard at 5 intensity levels of illumination. The readings were stored in a data base
system. Figure 1 shows RGB reflection values of a specific RAL chip as related to the white standard,
as a polynomial function. The parameters given in Fig.1 depend on the individual colour chip and the
type of camera used. All 1688 RAL colours were calibrated in the same way and the respective data
were stored in a data base. Turf grass images were taken in the RAW-data format, i.e. not compressed
while camera-specific functions being switched off. During application, the grass sod and small spots of
the white standard within were imaged simultaneously; the white standard spots serving as an
illumination measure enabling the correction of illumination variance within the image frame.
Numerical determination of turf grass colour consisted of three steps: (1) establishment of RGB values
of the white standard, (2) calculation of RGB values of all the stored 1688 RAL colours taking into
account the white standards into account, and (3) attributing RGB values of the turf grass plots to the
best fitting RGB values of the RAL chips. During the validation procedure it became evident that
images of all RAL chips taken together with the white standard at different illumination intensities and
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spectral compositions of the light source could be identified with the same HLC-values. In other words
the Hue, Lightness and Chroma values of all RAL-chips could be re-established irrespectively of the
illumination intensity and spectral composition of light applied. Area portion of the RAL colours and
their HLC values were determined for each turf grass plot. For example, an RAL reading of 1202010
represents Hue=120, Lightness=20, Chroma=10. (theoretical range: Hue:0...360, Lightness 0..100,
Chroma 0..100).

Figure 1. Relationship between RGB-values of a
specific RAL-chip and the white standard.

Results and discussion

The 2** colour grades of the turf grass images were transformed into 6 RAL grades. Fig.2 shows the true
colour image of supina blue grass, whilst Figs. 3 to 5 show the RAL-colours found in the image. Dark
areas in the image (Figure 3) are caused by shadowing within the grass sod.

Figure.3 Supina bluegrass RAL 1202010, 17% area proportion.

Grass plots with higher proportional areas of dark shadow appear darker; this area is close to the ground
where light intensity is at its minimum. The same turf grass image contains two further colour classes
representing the most illuminated leaf portions in Fig. 4 and 5. The RAL figures, 1203020 and 120402,
respectively contribute 22% (Figure 4) and 26% (Figure 5) of the image frame area. Colour differences
between leaves are represented by their RAL-colour classes. The fifth RAL-colour class arises from the
bright tips of the cut leafs, observed in both grass species tested (Fig.5 and Table 1 last column).The
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RAL colour values and their proportional areas measure the observed colour in an objective way.
Moreover, the effect on visual colour perception can be analysed numerically as the number of turf
grass structures conferring high shadow in the sod will appear as a fixed proportion of darker areas
within the image area frame.

ol U A e AW N § Sl 2o Y L WY
Figure 4. Supina bluegrass RAL1204020, Figure 5. Supina bluegrass RAL 1205030,
22% area proportion. 26% area proportion.

For example, the fine structured turf grass sod of red fescue causes a greater number of shadow
elements and reduces lightness values more than supine blue grass. However, turf grass colour is a very
complicated phenomenon and in reality the observed colour will depend on the 3D structure generated
by the size of leaf blades, tiller density etc. and the number of different colours. The numerical
classification of turf grass colour by means of RAL provides a method for describing not only
differences of colours caused by plant pigments but also structural influences, and provides a more
objective measurement of colour compared to visual estimates under standardized imaging geometry.

Table.1 Area portion of RAL —colour components for two analysed turf grass species.

RAL 120 20 10] 120 30 20110 40 20| 120 40 20{120 50 30120 60 40
Portion % % % % % %
Plot 1|Supina bluegrass 17 32 22 26 3
Red fescue 23 38 17 17 5
Plot 2|Supina bluegrass 15 31 24 27 3
Red fescue 21 31 18 22 8
Conclusion

The colour of a turf grass canopy is influenced by the actual colour of the component leaves and the
individual 3-dimensional leaf structure. Digital image processing enables analysis of the multicoloured
structure of turf grass. Combined with a physical standard like RAL, it provides an objective and
reliable method for obtaining numerical values instead of visual estimates.
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Abstract

Aim of this paper was to test a GIS methodology in order to describe the relationship among land use
and grazing in dairy sheep farms located in a hilly area of the North-West Tuscany (Livorno, Italy).
Three dairy sheep farms were selected as a sample of three different levels of management
intensification. A structured questionnaire was designed to collect information on: farm structure, dairy
sheep breed, proportion of pasture land and forage crops, grazing management, feeding and
reproduction techniques. Farm maps were also acquired in order to correctly set the forage crops and
pasture lots. Each lot was coupled with a descriptive function that included the kind of crop or pasture
and its use. Lots with the same function were together assembled and rearranged in order to obtain a
thematic farm map. The adopted methodology resulted able to put in evidence the relationship between
land use and management system in the observed dairy sheep farms, and may be a useful tool in order to
control the land evolution due to changes in the dairy sheep management, with special focus on the level
of grazing intensification, the proportion of forage crops and pasture, the level of annual stocking rate
and grazing pressure on vegetation.

Keywords: sheep, land analysis, GIS, farm modelling.
Introduction

In the Livorno Province (North-Western Tuscany), dairy sheep farms include 75% of the total ewes.
Massese breed is the largest population (more than 50% of total ewes), followed by the Sarda breed
(37%). Although these two breeds significantly differ in the lambing rhythm (three lambing in two years
and one lambing/year for Massese and Sarda, respectively) and in the milk production level (Sarda
sheep is more productive), the farming system is quite similar. Dairy flocks are managed on pasture all
year round, with a little concentrate integration in milking parlour. As general rule, farmers crop for
pasture production, while native forages represent a small percentage of total forage resources. Aim of
this paper was to test a GIS methodology in order to describe the relationship among land use and
grazing in dairy sheep farms, and to put in evidence the role of farming system in the rural landscape
characterization.

Materials and methods

Three dairy ewe farms located in the Livorno province were selected as representative of local farming
system, according to the results of a previous study (Secchiari et al., 2000). In order to understand how
farmers organise the farm area for feeding dairy ewes, each farm was visited and a structured
questionnaire was designed to collect information on: farm structure, dairy sheep breed, proportion of
native pasture land and forage crops, grazing management, feeding and reproduction techniques, period
of pasture use, where and when forage resources are grazed or grazed and cut for hay. Moreover,
geographical information system was applied in order to map the area of each farm, according to land
use and pasture management. Geographic datasets were managed, analysed and displayed by using
ArcGIS 9.0 (ESRI, USA). In this way, different feeding functions were associated to each lot of the
farm area and the organisation of farm was differentiated by assembling lots with the same function in a
homogeneous block, in order to obtain a thematic map of each farm.
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Results and discussion

The characteristics of the three sample farms agreed with those of the other dairy ewe farms located in
the Livorno province: small size, elevated stocking rate, forage crops as the main forage resource, native
forages were practically absent, moderate use of feeding supplies (Secchiari et al., 2000). As expected,
dairy farm with Sarda ewes was larger, but also with a higher number of animals (Table 1).

Table 1. Characteristics of the three sample farms.

Farm A Farm B Farm C
Farm area 65 ha 40 ha 19 ha
Number of ewes 550 130 160
Ewe breed Sarda Massese and Garfagnina Massese
Trifolium
Trlfolfum Trifolium alexandrinum + alexan.drmum -
alexandrinum + . Trifolum
. Lolium perenne .
Lolium perenne incarnatum +
Forage crops Loli
olium perenne
Avena sativa Lucerne
Trtfolzum imcarnatum Hedysarum coronarium
+ Lolium perenne
Durum wheat
Other crops Common wheat
Maize
Percentage of forage crops 100 65 100
N° of blocks 3 2 1

These farm characteristics lead farmers to substitute native forage with forage crops in order to
maximize the forage production and to avoid deficit of feed resources during definite periods. This
practice allows better managing the feed supply of the flocks, but at the same time preventing from
qualifying milk for cheese of “terroir” (Dubeuf, 2002). In the present study, the application of a GIS
methodology coupled with data collected by the questionnaire allowed to create thematic farm maps
according to the functions associated to the land use. In this way, three blocks in the farm A (Figure 1),
two in the farm B and only one in the farm C were identified. A similar study performed in the Corsica
region highlighted that farmers perceived the farm space according to the value that they assigned to it:
the relationship between the distance of the lot to the sheepfold and the degree of the investment were
explained by a decreasing gradient (Santucci et al., 1997). Actually, only the organization of the farm A
partially agreed with this scenario. The lots of the first block, in fact, are close to the sheepfold and
belong to the farmer, which intend this area to grazing dairy ewes and young animals, for nine months
per year. During the remaining three months the lots are cut for hay and dairy ewes move to the lots of
the second block (Figure 1). The farmer uses this area in consequence of a lease contract. The feeding
function of these lots does not differ to that of first block, but the farmer considers this area only as a
complement of the first block, as a consequence of both the larger distance to the sheepfold and the
different possessory title. The feeding function of the third block is only for hay provision. This area
belongs to the farm by means a verbal agreement and the farmer considers this block additional to the
farm.

The farms B and C are smaller than farm A and their organization is, therefore, more simplified. Farmer
B chose to crop with cereal a minor part of the farm land, in order to be independent to commercial
supplies. So the Farm B resulted in two blocks: one with the double function grazing/hay and the other
with the function cereal crops for feeding supplementation.. On the contrary, farmer C, with the smallest
farm, cropped the whole land with the same forage mixture for grazing and hay, and bought concentrate
supplementation.
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Figure 1. Map of land use in the Farm A. Different numbers inside polygon indicate different functions.
Conclusions

The application of GIS methodologies allowed to create thematic farm maps according to the strategies
that farmers applied in order to feeding dairy ewes. The subdivision of farm land in blocks according to
the feeding function allowed to put in evidence the logic that farmers adopt in order to optimize the
land use. The analysis of the farm maps confirmed that the small size of farms and the high stocking rate
led farmers to exclusively crop with forage mixture, that completely substituted native forage resource.
This fact does not make easy a milk qualification for cheese “terroir” and may interfere with the
development of dairy ewe sector in the Livorno province.

Acknowledgements
This study was financed by Interreg Illa project.
References

Dubeuf B. (2002) Relationship between the land use and dairy ewes feeding on Corsica mountain
pasture: references in order to qualify milk for cheese of “terroir”. In: Durand J.L., emile J.C.,
Huyghe C., Lemaire G. (eds) Multi function grasslands, quality forages, animal products and
landscapes. Grassland Science in Europe, 7, 1028-1029.

Secchiari P., Ferruzzi G., Pistoia A., Mele M., Moscheni E., Casarosa L. (2000) Metodologie di
allevamento degli ovini in provincia di Livorno. In "Interreg Il Toscana - Corsica, l'attivita
scientifica dell'Universita di Pisa e Corte." Edizioni ETS, Pisa. pp. 141-148.

Santucci P., Bernard E., Le Garigon C. (1997) Relation tropeau-territoire en élevage pastoral
méditerranéen : cas de petit ruminats en Corse. Zootecnica e Nutrizione Animale, 23 (suppl. 1), pp.
37-45.

154 Grassland Science in Europe, Vol. 11



Productivity aspects of Festulolium and Lolium x boucheanum cultivars
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Abstract

The objective of this research was to investigate crop yield and photosynthesis activity of ‘Festulolium
and Lolium x boucheanum’ ryegrass hybrids under agro-ecological conditions of Latvia. Field trials
were established on the sod—podzolic soil and fertilized with N 120 (69160), N180 (60+60+60), P 78 and K 90
kg ha™'. Forages were harvested three times during the growing season. The productivity of grasslands
and pastures mostly depends on cultivated grass cultivars, other traits were also affected by genetic
characteristics of particular cultivars.

Keywords: Festulolium, Lolium x boucheanum, productivity, photosynthesis.
Introduction

Sustainability is a measure of our ability to produce food with the maximum efficiency combined with
the minimum damage to the environment. Each region needs cultivars combining specialized
combinations of stress tolerance, and productivity for local climate conditions, combining attributes of
Italian and perennial ryegrass to produce an efficient hybrid of ryegrass. In Baltic climate conditions it
is not widely used for the reason of unsatisfactory response to cold conditions (Gutmane and
Adamovics, 2004). Greater sward productivity may be obtained through use of hybrid combinations of
contrasting grass species. ‘Festulolium’ hybrids are among the most persistent and productive grasses of
the grasses used in many Europe countries, especially in adverse environments (Nesheim and Bronstad
2000; Kohoutek et al., 2004). Important requirement for ‘Festulolium’ is combining such characters of
ryegrass as productivity, growth potential and feeding quality, and of fescues-stress tolerance such as
cold and drought during the growth period (Casler et al., 2002).

Materials and methods

Field trials were conducted in Latvia on sod—podzolic soils pH was 7.1 and phosphorus and potassium
level were 253 and 198 mg kg™’ respectively, organic matter content was 31 g kg ~' . Swards were
composed of: perennial ryegrass ‘Spidola’ (control); festulolium Perun’ (‘L. multiflorum x F.
pratensis’), Punia’ (‘L. multiflorum x F. pratensis’), ‘Saikava’ (‘L. perenne x F. pratensis’), ‘Lofa’ (‘L.
multiflorum x F. arundinacea’), ‘Hykor’ (‘L. multiflorum x F. arundinacea’); hybrid ryegrass —
“Tapirus’ (‘L. multiflorum x L. perenne’). The total seeding rate was 1000 germinating seeds per m™.
The plots were fertilized as follows: P 78 and K 90 kg ha™ and two N fertilizer treatments-N
120(40+40+40y and N 18060+60+60)- Swards were cut three times per season. Dynamics of plant leaf area
expansion, net photosynthesis productivity (which characterizes the increase of plant DM production
per leaf area unit of time, expressed in g m™ day™), were determined for first cut. Sampling of plants
was carried out in 7-day intervals after spring regrowth.

Results and discussion

Unfavorable weather conditions occurrig in 2002 — 2003 didn’t cause winterkilling of the studied
cultivars except for early heading hybrid ryegrass cv. ‘Ligunda’. The average DM yield distribution
during the years showed that maximum yield was obtained in the 1st year of sward use in both N
treatments the average DM yields were 22% higher compared to 2nd year of used. There were no
significant differences in annnual sward yield use between the cultivars. For the 1 and 2™ year of
sward use, the highest DM yields were provided by DLF-trifolium ‘Festulolium’ cultivar ‘Hykor’ at the
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N 180 treatment 18.9 and 17.4 t ha™, respectively. The average DM yields of ‘Festulolium’ cultivars
were by 4.78 t ha! or 45%, but those of hybrid ryegrass by 2.67 t ha™' or 25% higher compared to
perennial ryegrass (Table 1).

Table 1. Average winter hardiness and DM yield for two years of sward use (t ha™).

Nitrogen rate

(kg ha™) Varieties Spidola Lofa Felina Hykor Perun Tapirus Punia
N120 DM, t ha 9.86 13.17 14.30 16.84 1433 12.24 14.31
Sx 0.19 0.31 0.26 0.14 0.11 0.23 0.08

Winterhardiness 7.8 7.3 7.8 7.8 7.5 7.5 8.0

Sx 0.3 0.5 0.3 0.3 0.3 0.6 0.4
N180 DM, t ha 11.48 14.59 15.87 18.13 16.50 14.44 16.47
Sx 0.28 0.12 0.28 0.35 0.20 0.17 0.12

Winterhardiness 8.0 7.5 8.0 7.8 7.5 7.5 8.0

Sx 0.4 0.5 0.0 0.3 0.3 0.3 0.0

Determination of ‘Festulolium’ and hybrid ryegrass leaf area dynamics showed that the development of
the maximum leaf area index (LAI) was achieved before ear emergence stage. The LAI and net
photosynthesis productivity for ‘Festulolium’, hybrid ryegrass and perennial ryegrass were different.
The weather conditions affect leaf development and their photosynthetic capacity. Late and cool spring
in 2004 and 2005 leads to slowed formation of leaf area. There was a negative correlation between the
leaf area and net photosynthesis productivity (r = -0.31) for ‘Festulolium’ and hybrid ryegrass swards.
As leaves age, their photosynthetic capacity declines (Figure 1).
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Figure 1. Indices of photosynthesis activity for Festulolium and hybrid ryegrass swards (on average for
2004-2005).

The maximum values of LAI were achieved by ‘Festulolium’ cv. Hykor’ and ‘Punia’ respectively 3.89
and 3.71. No significant differences were found for LAI when compared on a cultivar basis.

The highest average net photosynthesis productivity was showed by ‘Festulolium’ cv. ‘Saikava’ 9.08 g
m™ day™. All ‘Festulolium’ and hybrid ryegrass cultivars exceeded perennial ryegrass cv. ‘Spidola’ —
6.58 g m” day™'. The average net photosynthesis productivity of ‘Festulolium’ cultivars was 20% higher
compared to perennial ryegrass. A significant DM yield depending on leaf area index was observed in
the year of 2004. It is characterized by equation of linear regression, with P-value = 0.0121 < 0.05
(Figure 2).
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Figure 2. Equation of linear regression between net LAI and plant DM yield, t ha™', (2004).
Conclusions

The productivity of photosynthesis and biomass was dependent on the cultivar to be used.

Cultivars of ‘Festulolium’ and ‘Lolium x baucheanum’ are promising species to be used as fodder
grasses in the climatic zone of Latvia.

Early heading hybrid ryegrass cultivars are less appropriate for Baltic climate conditions than the latest
ones.
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Abstract

Perennial ryegrass (Lolium perenne L.) cultivars were studied in the Institute of Forage Crops-Pleven
during the period 2002-2004 in four different environments. Cultivars were distinguished by maturity
group, ploidy level (diploid vs. tetraploid) and origin. Different harvesting time was applied in the
different environments. The influence of directionally created limiting environmental conditions — water
deficiency / optimum irrigation and different densities on the perennial ryegrass productivity was
studied as described by Dragavtsev (2005). The genotype and cultivars behaviour were estimated
similar to Eberhart and Russell (1966). A rank analysis was performed by productivity and coefficient
of linear regression. Some cultivars were most productive over all environments and years and are
useful for direct use in pasture and for breeding program to improve the species in Bulgaria. The
different environments had differentiating ability for identification of genotype by phenotype without
changing the generations.

Keywords: perennial ryegrass, linear regression, ecologo-genetical estimation, genotype.
Introduction

The yield value and stability are determined by different genetic bases. This is a prerequisite for
successful breeding aimed at their combining (Katova et al., 2003; Katova, 2005). When environmental
limits are changed it results in regular redetermination of gene spectra and number of loci, determining a
mean value and genetic variability of a quantitative character (Christov et al., 2002, Dragavtsev, 2005).
Any character of plant productivity in terms of ecological model is not only a product of action of genes
or chromosomes, but rather a result of interaction of environmental limiting factors and the systems of
gene complex.

The aim of the study is to select high productivity and more stable genotypes in diverse environmental
condition.

Materials and methods

Twenty cultivars and populations of perennial ryegrass were studied in the Institute of Forage Crops-
Pleven during the period 2002-2004 in four different environments (with and without irrigation, and two
levels of plant density: 120,500 plants ha™ and 62,500 plants ha™). The soil type is leached chernozem
and area is typical of continental climate. The warmest months for the Pleven region are June, July and
August. Temperature maximums over 40°C have been recorded. The coldest months are December,
January and February. The temperatures often reach to - 20°C and lower - 28°C. Genetically varieties
and populations were distinguished by maturity group - early, ploidy level (diploid vs. tetraploid) and
origin. Different number of cuts were applied in the second (2003) and third (2004) years of production
in the 8 different environments. Totally 80 individual plants per cultivar were measured. The influence
of directionally created limiting environmental conditions - water deficiency / optimum irrigation and
different densities on the perennial ryegrass productivity was studied described by Dragavtsev (2005).
The genotype and variety behaviour was estimated similar to Eberhart and Russell (1966). A rank
analysis was performed by productivity and coefficient of linear regression.
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Results and discussion

The study of the quantitative trait ‘biomass productivity’ for perennial ryegrass as a several cuts and
perennial species is accomplished under strong genotype-environment interaction. The selection of elite
genotypes is performed on the background of this interaction. The yield value and stability are
determined by different genetic bases. The ANOVA analysis showed significant interaction between
genotypes and environments (Table 1) for early maturity group. We obtain the information about
polymorphism and individual varietal effects of genes of adaptivity (on the basis of the polymorphism
of genes conferring resistance to drought and cold), tolerance to density and length of the periods in
ontogenesis.

Table 1. Two-way ANOVA analysis for the perennial ryegrass cultivars and genotype-environment
interactions for early maturity cultivars.

Source of Variation SS df MS F P-value F-criteria
Genotypes (early type) 43,368 19 2,282.5 5.1551 4E-12 1.5937
Environments 531,142 7 75,877 171.37 2E-184 2.0159
Interaction 244,044 133 1,834.9 4.1442 TE-42 1.2223
Within 637,586 1,440 442.77
Total 1E+06 1,599

Table 2. Estimation of ecological stability of the perennial ryegrass cultivars for dry matter productivity
(2003-2004).
* T- tetraploid.

o Total Average Coefﬁcient Ecological o
Varletle§ and Origin dry ma'tte‘r dry rp§tter ] of llne?r stability Significance
populations productivity productivity (xi) regression

g plant’ g plant” bi Si F-criteria
Svichtov Bulgaria 400.58 50.07 1.88 49.67 1.12
Syn IV Bulgaria 355.62 44.45 1.00 1,183.90 26.74
Marta — T* Romania 354.05 44.26 0.78 2,915.06 65.84
Abereclair — T* K%’;‘;Zil 33620 42.02 1.10 196.48 444
Devnya Bulgaria 331.24 41.40 1.40 41.62 0.94
Belene Bulgaria 329.42 41.18 1.49 38.99 0.88

Varna Bulgaria 328.45 41.06 1.53 122.50 2.77

Sredec Bulgaria 326.73 40.84 1.15 51.39 1.16

Vabel Bulgaria 322.83 40.35 1.05 73.34 1.66

Balgarene Bulgaria 321.00 40.13 1.03 99.26 2.24
Syn IIT — T* Bulgaria 298.88 37.36 0.92 125.76 2.84
Tetramax — T* Denmark 297.81 37.23 0.60 656.04 14.82
Anaconda — T* Netherlands 295.23 36.90 1.02 345.43 7.80
Rebecca Belgium 288.61 36.08 0.94 2,211.43 49.95
Targovichte - St Bulgaria 286.10 35.76 0.77 2,058.47 46.49
Meretti — T* Belgium 264.37 33.05 0.81 519.35 11.73
Abergold Kliﬁgée;l 261.10 32.64 0.83 187.68 424
Moy K[i{llzzi?m 255.83 31.98 0.62 1,576.87 35.61
Targovichte -St Bulgaria 248.94 31.12 0.48 286.94 6.48
Labrador — T* Denmark 22242 27.80 0.60 1,478.62 33.40
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Significant differences in forage DM productivity and in the stability parameters over environments
were found (Table 2). Unstable genotypes were those with Si* (sum of square deviation) significantly
deviating from regression line and bi (stability coefficient) higher than 1. The genotype which has bi = 1
and Si* = 0 was assumed to be ‘ideal’. If values were lower than 1, the genotype may be stable in un-
favourable conditions. Breeding is directed to selection of genotypes which combine high productivity
with lower (or equal) bi value than 1, between 0.7 and 1 (Christov et al., 2002). This research displayed
a great variation for the two parameters.

Conclusions

The application of directionally created limited environmental conditions gives ability for identification
of genotype by phenotype without changing the generations.

The yield value and stability are determined by different genetic bases and breeding aimed at their
combining could be successful. The varieties with the highest ecological stability can spread in a wider
ecological area.
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Abstract

The aim of this work was to determine if the voluntary fresh grass intake of dairy cows during grazing is
optimised according to the amount and type of Total Mixed Ration (TMR) ingested as supplementation.
Twelve Holstein-Friesian cows, between the third and fifth month of lactation, were housed in
metabolic houses. They were fed a TMR that included either Italian ryegrass (Lolium multiflorum Lam.)
or fava-bean (Vicia faba L.) silages that were offered at two levels of feeding (15 and 25 g DM kg™
LW) in a change-over design with four treatments. The TMR was offered to the animals once a day
(8:00 h) and freshly cut grass was offered at 16:00 h, with the cows allowed ad libitum intake. Refusals
were removed and weighed daily. Cows were milked twice daily at 7:00 and 15:00 h. The voluntary
grass intakes and the milk yield and composition were recorded. The results showed that the higher
level of offered TMR decreased the voluntary intake of grass, increased total voluntary intake, with the
production and quality of milk unaffected.

Keywords: voluntary intake, italian ryegrass, fava-bean, silage, total mixed ration, dairy cows.
Introduction

Different production systems are available to optimise milk production. Many dairy producers avoid
grassland management systems because milk production per cow is often lower than with a confinement
or housing system based on feeding mixed rations (White et al., 2002). When pasture is the only forage
and no supplement is fed, this leads to low milk production per cow and reduced milk fat and protein
concentrations in the milk. The digestive and metabolic utilization of concentrates, like supplements of
forages, increases with the number of daily meals (Church, 1975), so the usual supplementation to dairy
cows of two meals daily after milking is not efficient. It is possible to achieve a more consistent intake if
the supplementation is offered with other forages in the form of TMR that is offered to cows during an
indoor feeding period and between the twice-daily milking times. This system is called partial TMR
because the pasture grazed by the cows is not physically part of the TMR. Bargo et al., (2002) under
North American conditions found that this practice is less effective than the feeding with TMR during
the whole day, but in Northwest Spain the feeding system is interest because many dairy farmers have
both grasslands for grazing and also equipment for TMR feeding systems. The aim of this work was to
determine the grass voluntary intake in dairy cows according both the amount of Total Mixed Ration
(TMR) ingested and the type of silage included in the TMR, as well as measuring the effect on milk
production and quality.

Materials and methods

A plot of 4.2 ha was divided in half, with one half sown with 40 kg seed ha™ of Italian ryegrass (Lolium
multiflorun Lam.) and the other half with 150 kg seed ha™' of fava bean (Vicia faba L.). Prior to ensiling
the crops were chopped using a conventional forage harvester at the phenological stage of ear
emergence (Italian ryegrass) and pods with grain (Fava beans). After harvest, and 24 hours of wilting of
the ryegrass due its low DM content, three clamps of silage of both species were made. Twelve
Holstein-Friesian cows in the third to fifth months of lactation were housed in a tie-stall barn. At the
start of the trial the daily milk production of the cows was 27.7 kg of milk per day, 26.5 g fat kg™ and
32.4 g protein kg from partiall TMR and rotational grazing. The cows were fed with two types of
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isoenergetic and isoproteic TMR, containing either Italian ryegrass or fava-beans silages. The TMR was
offered at two levels of feeding (15 and 25 g DM kg' LW) in a change-over design with four treatments
in two periods (trials 1 and 2). Each experimental period lasted 22 days, including 15 days of adaptation
followed by 7 days of experimental measurements to determine the voluntary feed intake and
production and quality of milk. Daily TMR was offered at 8:00 h and sufficient freshly-cut grass
(Lolium perenne L. and Trifolium repens L.) was offered at 16:00 h to allow each cow ad libitum intake.
Refusals were removed and weighed daily. Cows were milked at 7:00 and 15:00 h daily. Dry matter
(DM) of samples was determined by drying in an air-forced oven at 60 (TMR) or 102°C (forage) for 24
h. Their chemical composition was determined by near reflectance spectroscopy (NIRS). Milk was
analyzed by MilkoScan FT6000. The data was analysed using SAS (1999).

Results and discussion

As expected, the composition of the TMR did not differ between both types; only the ash content in the
TMR containing fava bean silage was lower. As can be seen in Table 1, there are more important
differences between the trials in grass quality. In the second period grass had a lower proportion of
protein and a higher fibre content, due to the slower rate of grass growth leading to increased maturity
and lower quality of the grass.

Table 1. Nutritive value of TMR with different silages and grass in each experimental period.

Trial 1 Trial 2 s.e. Significance

to to Trial to Trial

FB RG grass FB RG grass TMR grass TMR  TMR to
grass

DM (g kg'DM) 495 503 152 491 501 160 34 2.5 NS NS NS
Ash (g kg 'DM) 76 80 115 73 77 96 0.7 1.8 K * ok
CP (g kg'DM) 143 147 210 143 145 169 1.2 22 NS NS HHE
NDF (gkg'DM) nd. nd. 487 nd nd 523 - 49 - - ok

CF (gkg'DM) 182 181 n.d. 192 193 n.d. 2.7 - NS * -

ME (MJ kg'DM) 10.8 107 105 10.8 10.7 10.1 034 0.28 NS NS K
FB: fava bean silage; RG: ryegrass silage. DM: dry matter; CP: crude protein; NDF: neutral detergent
fiber; CF: crude fiber; ME: estimated metabolizable energy. n.d.: no determined.

*, #% and *** Significant at 0.05, 0.01 and 0.001 % levels respectively. NS p>0.05.

The results of voluntary grass intake, production and quality of milk according to the level of feeding
and type of silage included in the TMR, are shown in Table 2. The level of TMR offered significantly
affected the voluntary intake of grass DM (6.8 vs 3.8 kg DM per day for the low and high level
respectively, p<0.001) and total DM intake (17.1 vs 18.2 kg DM per day respectively, p<0.01). The
interaction between the level of feeding and type of silage could be explained only at the highest level.
In this case, the total intake had increased (p<0.01), however these effects only happened when silage
was made with ryegrass (1.85 kg d”! higher DM intake). The studied parameters did no affect the milk
production and its quality, except for higher lactose (p<0.05) and lower urea (p=0.07) proportions when
the cows were fed with TMR that included fava bean silage. This fact could be attributed to the higher
starch concentration in this feed (277 vs 236 g starch kg”' DM to FB and RG respectively, p<0.001). The
higher rumen degradation kinetic of the leguminous cellular wall can stimulate the voluntary intake
(Illius and Gordon, 1991). However, this increase was not shown in the current study. This could be due
to palatability problems or changes in the structure of the cellular walls as a result of the silage process
(Jaurena and Pichard, 2001).
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Table 2. Voluntary intake of grass and milk production and quality according to TMR level.

15 25 Significance
FB RG FB RG S.e. Silage  Level  Silage*Level

Grass intake (kg DM d™) 6.8 6.8 3.8 3.8 0.04 NS HEK NS

Total intake (kg DM d™) 17.7 16.6 17.9 18.5 0.10 NS ** *
ALW (kgd") -0.33  -0.71 -0.85 -0.45 0337 NS NS NS

Milk production

kg d’! 24.5 24.9 24.5 25.5 0.25 NS NS NS
Fat (g L") 27.2 27.5 25.7 28.2 0.42 NS NS NS
Protein (g L) 31.1 30.8 31.0 31.0 0.10 NS NS NS
Lactose (g L) 49.3 49.1 50.5 494 0.10 * * NS
No fat solids (g L") 87.3 86.7 88.0 87.2 0.14 NS NS NS
Urea (mg L) 275 306 259 289 53 NS NS NS

ALW: live weight variation. *, ** and *** Significant at 0.05, 0.01 and 0.001 % levels respectively. NS
p>0.05.

Conclusions

The results of this work show that milk yield and fat, protein and urea contents of the milk were not
affected by the level of TMR fed. In addition, the substitution of Italian ryegrass silage by fava bean in
the TMR for feeding dairy cows, offered at two DM levels of 15 and 25 g DM per kg of live weight,
reduced the protein required in other ingredients in the diet without affecting voluntary intake.
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Abstract

The paper presents an analysis of grassland fallowing which considers natural factors such as: slope,
exposure and soil-agricultural complexes in a commune representative of the Sudeten. The analysis was
based on field inventory of fallow grasslands and on digital database of natural factors. The greatest
percent of fallow grasslands was found between 450 and 500 m a.s.l. on slopes of 12-15° inclination and
northern exposure and in a poor (3z) soil complex. Significant positive relationship was found in the
two highest zones (550-600 m a.s.l. and 600-650 m a.s.l.) inclined more than 20° and exposed to the
north.

Keywords: Sudetes, mountainous grassland, grassland fallowing, natural factors.
Introduction

The Sudeten (4800 km? within the Polish borders) are medium mountains in Europe, the highest peak is
elevated 1602 m a.s.l. Agriculture in the region is oriented to breeding ruminants based on fodder from
grasslands. The grasslands area comprises c. 50% of croplands and it at in altitudes up to 700 m a.s.l.
The problem which has intensified since the beginning of the nineties is the process of grassland
fallowing. The main reason for this trend was unprofitability of animal production and difficult
conditions which largely depend on natural factors. In 54 Sudeten communes 39 thousand ha of
meadows and pastures (31% of the total) are not used (Agricultural census, 2002). Fallowing is most
widespread in areas of natural conditions which are favourable for agricultural production. Therefore,
economically and naturally valuable grasslands undergo degradation. The impact of basic natural factors
like elevation a.s.l., slope, exposure and soils on fallowing grasslands has been analysed in the paper.
The analysis was carried out in Klodzko, the commune representative of the Sudeten, and based on field
studies and digital database on natural factors. According to the agricultural census of 2002, 59% of
grasslands were excluded from management.

Materials and methods

The Ktodzko commune is situated in the Middle of Sudeten and is the second largest commune in the
region. It occupies the central part of the Klodzko Valley surrounded by the mountains. The commune is
of definite agricultural character. Cropland areas amount to 20 189 ha or 73% of the total area. The
grassland area is 5 849 ha which constitutes 21% of all croplands (Fatyga and Gorecki, 2001). The
altitude of 650 m a.s.l. is the upper boundary for grasslands in the commune and 97% of them are
situated below 500 m a.s.l. and on slopes inclined no more than 15°. Northern exposure of grasslands
dominates (in 28%) in the study area. Grasslands of average quality prevail in the commune (76%) as it
is common in the whole Sudeten. Field inventory of fallow grasslands was carried out in May 2004 in
the Ktodzko commune. Areas of fallow grasslands were charted on maps on a scale of 1:1000 and
1:5000 and then edited in the polygon form in the digital database of natural factors based on
topographic maps on a scale of 1:10 000. This approach allowed for estimating the areas of fallow
grasslands and their percentage share in the altitude ranges (every 50 m), slope classes (0-3°, 3-6°, 6-9°,
9-12°, 12-15°, 15-20°, >20°), exposures (N, S, E, W and flat areas) and soil-agricultural complexes of
grasslands. Three types of such complexes were distinguished in Poland: 1z - very good (>4 t DM of
yield ha'), 2z - average (2-4 t DM ha™) i 3z - poor (<2 t DM ha™"). Classification was based on soil
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quality classes and general soil characteristics. A relationship between percentage share of fallow
grasslands and analysed factors was tested by linear correlation.

Results

The field inventory demonstrated that 27% of meadows and pastures were not used in the commune.
This result is by more than half lower than that recorded in the agricultural census of 2002 (Table 1).

Table 1 Percentage share of fallow grasslands in the altitude ranges and slopes.

. Slope (%) -
Altitude (m) a.s.l. Total Significance
0-3 3-6 6-9 9-12 12-15 15-20 >20
<300 20 12 35 15 22 0 23 19 NS
300-350 14 16 24 24 34 9 15 16 NS
350-400 25 24 30 41 47 35 6 27 NS
400-450 40 45 42 42 39 31 19 42 -0,929*
450-500 50 48 40 51 45 18 32 45 -0,779*
500-550 12 31 25 24 44 43 18 30 NS
550-600 29 0 24 17 13 37 50 22 0,884*
600-650 0 0 0 22 5 15 100 12 0,770*
Total 21 26 33 39 40 27 21 27
Significance NS NS NS NS NS NS 0,736*

*significant at 0=0,05, r=0,632 (altitude), r=0,666 (slope), NS no significant.

As seen in table 1 fallowing increased up to the elevation of 500 m a.s.l. and slope of 15° achieving the
highest values of 45 and 40%, respectively, in the range 450-500 m a.s.l. and at a slope of 12-15°
Further increases in slope were accompanied by a greater percentage of fallow grasslands at higher
elevations. On slopes inclined more than 20° and in the zone of 600-650 m a.s.l. grasslands were not
used at all. Significant positive correlation between the intensity of fallowing and elevation was found
only for the inclination class >20° and for other inclination classes in the two highest altitude groups.
Negative significant correlation was found in the zones of 400-450 and 450-500 m a.s.1.

Table 2. Percentage share of fallow grasslands in the altitude zones according to exposure.

Altitude (m) a.s.l. Exposure Flat area
N S E W
<300 29 17 10 13 35
300-350 17 17 15 17 14
350-400 32 21 25 31 19
400-450 47 37 52 38 23
450-500 57 39 47 36 51
500-550 46 36 18 25 15
550-600 46 2 11 23
600-650 100 0 0 0
Total 32 25 25 27 22
significance 0,812%* NS NS NS NS

*significant at 0=0,05, 1=0,632 (N,S,E,W), r=0,707(flat area), NS no significant.
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The greatest percentage of unused meadows and pastures was found on slopes with the northern
exposure (32%) and the smallest - on southern and eastern slopes (25%) (Table 2).

Percentage share of fallow in particular exposures increased with elevation but a significant correlation
was found only for the northern slopes. Data from Table 3 demonstrate that most unused grasslands
(42%) were found in poor soil complexes, with 26% in very good soil complexes and 23% in medium
complexes.

Table 3. Percentage share of fallow grasslands in the altitude zones according to soil complexes of
grasslands.

. Grassland
Altitude (m) as.I. 1z - very good 27 - average 3z - poor

<300 34 15 15
300-350 0 16 26
350-400 0 25 38
400-450 35 55
450-500 41 48
500-550 34 28
550-600 56 15
600-650 0 18
Total 26 23 4
Significance NS NS NS

NS no significant, a=0,05, =0,878 (very good) r=0,632 (average and poor).

The study did not show significant relationships between the proportion unused and altitude in particular
soil complexes.

Conclusion

Inventory of fallow grasslands in the Klodzko commune did not confirm the data from agricultural
census of 2002. Decreased proportions of fallow land were possibility influenced by direct subsidies or
other forms of financial support (for cultivated meadows and pastures) following Polish accession to the
EU in 2004.

Analysis of the data demonstrated that:

The highest percentage of unused grasslands occurred in the zone between 450 and 500 m a.s.l. at the
inclination of 12-15° on slopes of northern exposure and in the poor soil complex 3z.

The intensity of fallowing increased with elevation but the only significant relationship was found in
slopes above 20° inclination and on slopes of northern exposure.

Percentage share of unused meadows and pastures increased with the inclination of slopes at higher
altitudes of 550-600 m and 600-650 m a.s.l. In zones situated between 400-450 and 450-500 m a.s.l. the
relationship was negative.
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Abstract

Net assimilation rates of tall fescue (Festuca arundinacea Schreb.) and their intergeneric hybrids were
investigated in two field experiments. Significant differences of net assimilation rate (NAR) were
identified between individual re-growth periods between cuts. In the first experiment, NAR decreased to
45.5% and 36.7% in the second and third cuts compared with the first cut. A similar trend was
confirmed in the second experiment, when NAR decreased to 65.1% and 51.8% in the second and third
cut, respectively. As NAR correlated very well with DM production (r = 0.87""), it is suggested that
decreasing NAR during the summer and autumn seasons (2™ and 3™ cut) could be responsible for
summer depression syndrome in grassland. Results from the 2™ experiment confirmed that highly
productive cultivars of tall fescue (13.33 t ha™' of dry matter (DM), cv. Kora, Felina, Hykor) attained
higher values of NAR (1.85 g m? d') in comparison to groups of medium and low productivity
cultivars. DM production was 11.26 t ha" and 6.75 t ha”', and NAR reached 1.81 and 1.36 g m™ d/,
respectively. It was also confirmed that low productivity cultivars (cv. Lofa, Becva) allocated
substantially more assimilates to the root system compared with highly and medium productive
cultivars.

Keywords: grasses, tall fescue, IGH ,NAR ,summer depression.
Introduction

In the former Czechoslovakia (1991) an assortment of forage grasses was enriched with a new cultivar
of tall fescue (Festuca arundinacea) cv Lekora. Later, intergeneric hybrids of annual ryegrass (Lolim
multiflorum Lam.) x tall fescue were introduced. C; forage grasses exhibit summer depression in
productivity, caused by various genetic and environmental factors (Gaboréik, 2005) including leaf and
sward photosynthesis. Generally, photosynthesis is measured gasometrically (Alberda, 1977, Woledge
and Leafy, 1976), but this method does not take into account retention of assimilates (dry matter) in the
above-ground part of sward. The main aim of this study was to determine net assimilation rate (NAR) of
forage grasses, including tall fescue and their intergeneric hybrids using a growth analysis approach.

Materials and methods

The field trial was established in upland region of east Slovakia in 1997 (Matejovce, elevation 700 m).
The following grasses were studied: perennial ryegrass (Lolium multiflorum L. — cv. Mustang), tall
fescue (Festuca arundinacea Schreb. - cv. Lekora), Italian ryegrass (Lolium multiflorum Lam. — cv.
Kroto and Jiskra) and intergeneric hybrids (IGH) of tall fescue and Italian ryegrass (cv. Jiskra and
Becva) and hybrid of medow fescue (Festuca pratensis Huds.) and Italian ryegrass (cv. Perun). The
fertilisation rate was 3 x 30 kg N ha™' (applied after each cut), 30 kg P ha and 60 kg Kha™ applied in
spring. The mean daily temperature and rainfall amount over growing season are given in Table 1. The
second trial was established (1999) at Banska Bystrica (altitude 460 m).Mean daily temperature and
amount of rainfall in 2002 is given in Tab.1. Two tall fescue cultivars (cv. Lekora and Kora) and six
hybrids were studied (cv. Felina, Lofa,Becva,Fortuna,Korina and Hykor ). N fertilizer was applied in
2002 at a rate of 120 kg ha™ (3 x 40 kg ha™'). P and K were applied in spring at 30 and 60 kg ha™,
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respectively. The second and the third nitrogen rates were applied after the 1% and the 3™ cut. The plots
(10 m?, 4 replications) were cut three times during the growing period: the first cut at heading date for
the grasses, and the 2™ and 3" cuts, respectively, 6 and 8 weeks after the first cut. Net assimilation rate
(NAR) was determined by a method of growth analysis. Shoot samples ( 250 x 250 mm ) were taken at
the start (to,W and Ag) and at the end ('t;, W, and A) of individual re-growth periods ( three cuts) and
NAR was calculated according to Gaborcik et al.(2004). The results were subjected to ANOVA.

Results and discussion

Net assimilation rates (NAR) of the studied grass species and intergeneric hyrids (IGH) varied
considerably (Table 2) between 1.44 (cv. Lofa) and 2.33 g m™ d' (cv. Lekora and cv. Perun). The mean
NAR for grasses during the growing period was 2.00 £ 0.36 g m> d”'. The NAR values of individual
grass species and IGHs decreased in the following order :tall fescue > annual ryegrass > IGH >
perennial ryegrass (2.33 > 2.15 > 1.86 > 1,72 gm?>d"). In spite of the great difference between
maximum and minimum values of NAR (35.5 %) the differences are not statistically significant (P >
0.05). On the other hand, there was a downward trend in NAR over the growing season. NAR was
highest during the recovery period after the first cut (3.25 + 1.05 g m™> d ') and was lower during the
periods following the second (55%) and third cuts (68%). The difference in NAR between 1st and 2nd
cuts was highly significant, but it was for the difference between 2™ and 3™ cuts.

The NAR values of tall fescue cultivars and IGHs ( Tab.3) varied between 1.22 (cv. Lofa) and 1.97 g
m>d ' (cv. Kora). The mean value of NAR for tall fescue cultivars was 1.71 g m?d ' and was
reduced by 11.2% for IGHs. Values of NAR differed between individual recovery periods following
cutting. These differences were significant (P < 0.05). Compared with the NAR after the first cut (2.10
g m™” d ) the values after the 2nd and 3™ cuts were, respectively, only 85% and 56 %. The results from
this experiment confirmed the observations made in the first one (Table 1). A close relationship between
NAR value and DM production in the 2nd experiment was confirmed (r = 0.87").

It was also confirmed that dry matter production in the various grasses declined between the first and
third cuts, corresponding with the changes of NAR over the growing period. Mean DM production for
the first, second and third cuts was, respectively, 4.806, 2.722 and 3.008 t ha!. The cultivars were
classified into three groups based on dry matter production .The first group ( cv Kora, Felina and Hykor
) was characterised by the highest DM production (12.329 t ha' ). The DM production of the second
group ( cv. Fortuna, Lekora and Korina ) was only a little smaller — 11.264 t ha™', but for the third group
( cv.Lofa and Becva ) it was much lower — 6.758 t ha™. The relative differences of DM production
between groups was 9.0 % and 45.0 % corresponding with the average NAR for individual groups of
cultivars. The highest NAR was typical for the first and second group (1.85 and 1.81 gm™d ') and the
lowest for third group (1.36 g m™> d "). The relative differences in values for the second and third groups
compared with the first group were, respectively, 2.2 % and 26.5 %. The less productive cultivars
(cv.Lofa and Becva ) were characterised not only by their low NAR values but also by the accumulation
of higher amounts of assimilates (dry matter) in the root system (Gaborcik and Zibritova, in press).

Table 1. Mean daily temperature (Tg, © C) and sum of rainfall (R, mm) in individual growing period at
both experimental sites.

Matejovcee / cut Banska Bystrica / cut
Trait Mean/2 Mean/2
1 2nd 3rd Ist 2nd 3rd
Tq 11.6 17.9 11.7 12.7 12.3 17.9 16.1 15.4
R 166 98 144 408 92.5 187.2 241.3 562.2

The results of the two field experiments using a method of growth analyses showed a rapid decline in
the net assimilation rate (NAR) of the species and IGHs studied, in agreement with the previous
findings of Alberda (1977) and Woledge and Leaf (1976) using a gasometric method of photosynthesis
determination. It the current experiments we confirmed that not only photosynthesis but also assimilate
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retention in shoot (NAR) is decreased over summer period of growth. This feature may be responsible,
together with a decline of leaf area index (LAI), for summer depression of DM production of grasses
(Gaborcik et al. 2004).

Table 2. Net assimilation rate (NAR, g m™> d ') of studied grasses.

Species Cultivar s Czunﬁ 3 Mean £ s.e.
L.perenne Mustang 2.81 0.95 1.40 1.72+0.97
L.multiflorum Kroto 3.38 1.27 1.38 2.01+1.19
L.multiflorum Jiskra 3.67 1.95 0.91 2.27+1.39
F.arundinacea Lekora 3.55 2.04 1.39 2.33+1.11
IGH Becva 2.81 1.25 1.28 1.78 £ 0.89
IGH Lofa 1.76 1.56 1.16 1.44+0.31
Mean £ s.d. 325 £ 1.05 1.48 £ 0.39 1.20+0.22 2.32+1.17
Table 3. Net assimilation rate (NAR) of tall fescue and intergeneric hybrids assortment.
NAR (gm?d ) .
Cultivar Cut Xmean DM yl,?ld SPAD
lsl 2nd 3rd (tha )
Lekora 2.85 1.75 1.15 1.92 11.484 40.1
Kora 2.69 1.65 1.56 1.97 12.408 40.8
Felina (IGH) 2.18 2.02 1.28 1.83 11.823 35.4
Lofa (IGH) 1.52 1.29 0.86 1.22 6.421 35.0
Be¢va (IGH) 1.56 1.83 1.10 1.50 7.094 39.9
Fortuna (IGH) 2.38 1.93 1.65 1.99 11.474 36.9
Korina (IGH) 1.76 1.63 1.18 1.52 10.833 45.4
Hykor (IGH) 1.84 2.15 1.24 1.74 12.757 42.3
Mean 2.10 1.78 1.25 1.71 10.537 34.5
References

Alberda Th. (1977) Perennial ryegrass. In.: ALBERDA Th.et al.Crop photosynthesis — methods and
compilation of data obtained with a mobile field equipment. PUDOC, Wageningen, pp 4 —11.

Gaborcik N.(2005) Net assimilation rate of some Csgrasses over vegetative period. Polnohospdarstvo,
51,138 — 144.

Gaborcik N., Zmetakova Z., Rataj D. (2004) Impact of water deficit on growth and productivity of
festololium hybrid. Grassland Science in Europe, 6, 431-433.

Gaborcik N., Zibritova I.( in press) Productivity of tall fescue (Festuca arundinacea Schreb.) and
intergeneric hybrids. Acta Fytotechnica and Zootechnica (in Slovak).

Woledge, J.- Leafe, E.L.(1976) Single leaf and canopy photosynthesis in a ryegrass sward. Annals of
Botany, 40, 773 — 783.

Sustainable Grassland Productivity 169



Characterisation of Cantabrian (Northwest Spain) tall fescue wild
populations

Costal L.!, Gonzélez E.! and Oliveira J. A.2

!Centro de Investigaciones Agrarias de Mabegondo, Apdo. 10, 15080 A Coruiia, Spain.
’Dept. de Biologia de Organismos y Sistemas, Campus de Mieres, Universidad de Oviedo, 33600
Mieres, Spain.

Abstract

Nine tall fescue (Festuca arundinacea Schreb.) accessions collected on the Cantabrian mountains were
characterised at the Centro de Investigaciones Agrarias de Mabegondo (43° 14’ 50°” N, 8° 15 45”° W)
near the coast (100 masl) on a silt loam soil over a three-year period (2003-2005) in a randomised
complete block design with three replicates of 10 plants per accession. Two commercial cultivars (Fawn
and Tima) were also included in this study. The entries included accessions and cultivars were evaluated
for nine agromorphological characteristics each year and at the end of the third year for endophyte
presence. Tall fescue accessions showed higher agromorphological values than Fawn in 88% of the
cases and than Tima in 55% of the cases. Eight (89%) of the nine accessions contained endophyte with a
range of 8 to 30%.

Keywords: endophytes, Festuca arundinacea, genetic resources.
Introduction

Tall fescue (Festuca arundinacea Schreb, 2n = 6x = 42) is a temperate outcrossing, native perennial
grass that is usually found in the North of Spain (Lopez and Oliveira, 2000). While it is productive and
persistent in this area, its use has often been limited by weak seedling vigour and lower palatability than
perennial ryegrass (Pifieiro and Perez, 1981). In North Spain, tall fescue populations are commonly
infected by endophytes. Oliveira and Castro (1997) found that seventeen accessions (90%) of nineteen
accessions contained endophyte fungus with a range of 7 to 100%. This endophyte/plant symbiosis has
been shown to enhance insect, disease, and drought resistance in tall fescue (Funk and White, 1997).
Since 2003, nine wild populations collected on the Cantabrian mountains are being evaluated together
with other grass species (Costal ef al., 2004). The objective of this research was to characterise the
variability among nine tall fescue accessions of the Cantabrian Mountains, on the basis of
agromorphological characteristics and endophyte presence. Knowledge of this variability should
provide useful information concerning the potential value of these accessions to Spanish breeding
programs especially to improve seasonal growths, seed production and stem rust tolerance.

Materials and Methods

Originally, seed of nine tall fescue accessions was collected from natural grasslands in the Cantabrian
Mountains (northern Spain). The agromorphological study was established at the Centro de
Investigaciones Agrarias de Mabegondo (43° 14’ 50°° N, 8° 15° 45°> W) near the coast (100 masl) on a
silt loam soil over a three-year period (2003-2005) in a randomised complete block design with three
replicates of 10 plants per accession. Plants were transplanted to the field in February 2003, 50 cm apart.
Two commercial cultivars (Fawn and Tima) were also included in this study. The site received the same
amount of fertilizer throughout the three years of study, a total of 3.2 g N'm? 1.7 gP m2and 3.3 g Km’
2 per year.

The characters studied are showed in Table 1. For the ordinal-scale characters (visual estimates from 1
through 5), the non-parametric Kruskal-Wallis test was used to test the existence of statistically
significant differences between entries. For the quantitative heading date, analysis of variance was
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performed first per year and to observe error homogeneity furthermore to combine the statistical
analysis for the three years.

The level of endophyte in each accession was checked by collecting at least 150 seeds per accession at
the end of the third year in the nursery and using the method described by Latch et al., 1987. Statistical
analyses were computed using SPSS version 11.5 (SPSS, 2002).

Results and Discussion

For the ordinal-scale, non-parametric Kruskal-Wallis test showed significant differences (P < 0.05) for
all the characteristics. For the only quantitative trait studied (heading date), there were significant
differences (P < 0.05) among accessions. Tall fescue accessions from the Cantabrian region showed
higher seasonal growths, inflorescence abundance and autumn tolerance to stem rust than Fawn in 88%
of the cases and than Tima in 55% of the cases. These two cultivars are standard cultivars well known
for its productivity in Spain. It is noteworthy the good seasonal growths and autumn stem rust tolerances
of the accession 1294 collected at Cardeo (Mieres). Of the nine accessions evaluated, none had high
levels of endophyte infection (greater than 75% infected seeds), eight (89%) had seeds infected with
endophyte, one was moderately infected (25% to 75%), seven had low levels of infection (less than
25%), and another entry had no infected seeds. The proportion of Cantabrian tall fescue accessions
examined that was endophyte infected (89%) was similar as that reported by Oliveira and Castro (1997)
in tall fescue populations from North Spain (90%) but the percent infected seeds was lower (8-30%)
than in that study (7-100%).

Table 1. Means, standard deviations (SD) of the traits studied on nine tall fescue populations collected
in the Cantabrian mountains and the controls ‘Fawn’ and ‘Tima’.

NUMBA CRO CRI CRP HAB AH FES ABIN CRESP ENF ENDO

1223 2.6 22 29 3.0 3.9 45.0d 29 3.0 32 15
1224 29 2.7 3.1 32 2.8 40.7¢ 3.0 29 32 30
1249 3.1 2.9 3.6 32 34 44.8d 33 3.6 35 13
1250 32 29 35 29 2.8 49.3bc 3.1 3.6 3.5 14
1251 34 3.1 3.8 29 29 48.2bc 34 39 3.6 0
1294 3.7 33 4.1 3.1 3.1 47.3cd 3.8 3.7 3.6 8
1295 3.0 2.7 3.5 3.0 3.5 44.6d 2.8 33 34 12
1296 29 2.8 3.1 2.7 3.1 50.5b 3.0 32 34 13
1297 2.0 1.6 22 3.1 1.9 57.9a 2.8 22 3.6 18
Mean 29 2.7 33 3.0 3.1 47.6 3.1 33 3.5

SD 0.4 0.5 0.5 0.1 0.5 4.6 0.3 0.5 0.2
Fawn 22 2.1 3.1 29 3.4 43.0b 2.8 2.6 3.0
Tima 2.8 2.5 34 3.0 29 47.4a 33 34 3.6
Mean 2.5 22 32 29 3.1 45.2 3.0 3.0 32

SD 0.3 0.2 0.1 0.1 0.2 22 0.2 0.4 0.2

NUMBAL is the accession code. The traits used are: CRO, CRI, CRP, growths in autumn, winter and
spring (1 = very low to 5 = very high), HAB, growth habit (1 = prostrate to 5 = erect), AH, leaf width (1
very narrow to 5 = very wide), FES, heading date as the number of day after March first, ABIN,
inflorescence abundance (1 = very low to 5 = very high), CRESP, growth at heading date (1 = very low
to 5 = very high), ENF, autumn susceptibility to stem rust (1 = very high to 5 = very low), ENDO,
infection percentage. Means of the quantitative character heading date were compared using the Duncan
test. Means followed by different letters were significantly different at 5%.
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Conclusions

Accession 1294 from Cardeo (Mieres) showed the best seasonal growths and autumn stem rust
tolerances. The high proportion of Cantabrian tall fescue accessions endophyte infected suggest that in
this area grass breeders may be more likely to select endophyte infected plants, but for obtaining the
benefits of endophytes, it is probably necessary to have higher percent infected seeds in the accessions
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Abstract

In the last decade suckler cow breeding has develop progressively in the Czech Republic
(CR). Effective breeding also requires decreasing running costs. A possibility is to extend the
grazing season in autumn (In the CR cattle graze from late April until the middle of October,
depending on altitude). In mild winters grazing could extend into the winter months.
Therefore in 1997 and 1999 small plot trials with selected grass species (Dactylis glomerata
L., Lolium perenne L., Festuca arundinacea Schreb., Festuca pratensis Huds., genus hybrids
and Bromus marginatus Nees.) were established at Jevicko in the Czech Republic (335 m
above sea level, average annual temperature 7.5 °C, average annual precipitation 629 mm)
which were intended for harvest during the extended grazing season (from October to April
of the following year). Regrowth after the second harvest in three time series (2001-2003) in
the middle of July and August was assessed. Grasses were fertilized with 120 kg ha™ N (60
kg ha! N in spring, 60 kg ha™ N after second harvest + P3sK,qo in spring) in the form of
ammonium nitrate with lime. Dry matter and concentrations of NEV, NEL, CP and CF were
evaluated by infrared spectrometry.

Keywords: extended grazing season, grasses, forage quality, NIR spectrometry.
Introduction

In the Czech Republic there has been a progressive development of suckler cow production in
the last decade. In 1990 there were almost no suckler cows but by 2004 there were about
140,000. Effective management requires among other factors low running costs. This is
possible by year-round grazing. Preparation for grazing vegetation grazing in winter requires
the last summer cut to by taken June, July, or possibly in August (Opitz von Boberfeld,
1997).

Material and methods

In 1997 and 1999 small plot trials with eight selected grasses species and varieties - Dactylis
glomerata (cv. Niva), Lolium perenne (cv. Sport and Mustang), Festuca arundinacea (cv.
Kora), Festuca pratensis (cv. Roznovska), genus hybrids (cv. Hykor and Bec¢va) and Bromus
marginatus (cv. Tacit) were established at the site Jevicko in the Czech Republic (335 m
above sea level, average annual temperature 7.5 °C, average annual precipitation 629 mm) for
herbage during the extended grazing season (from October until April the following year).
Yeld of the third cut, taken during the extended season, regrown after the harvest in the
middle of July or August in three time series was assessed. Grasses were fertilized
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(120 kg ha' N - 60 kg ha N in spring, 60 kg ha’ N after second cut) in the form of
ammonium nitrate with lime + P, K applied in spring (35 kg ha' P in the form of
superphosphate and 100 kg ha” K in the form of potash salt). Dry matter production was
measured and forage quality parameters of NEV (net energy of fattening), NEL (net energy of
lactation), crude protein (CP) and crude fibre (CF), were predicted by NIRSystems 6500.
Differences between means were statistically evaluated by analysis of variance.

Results and discussion

Mean dry matter production (Fig.1) of eight varieties for three harvest years was influenced
by the date of the summer regrowth from mid-July was more productive, with an average of
six samplings of 1.54 t ha” DM, compared to mid-August growth with a significantly (P
<0.01) lower average production 0.93 t.ha DM.

3,00

DTo.01
2,50 ~

DM (mid-July) == = DM (mid-August)

2,00 {

Dry matter (t.ha )

0,00

October ~ November January February March April

Date of harvest

Figure 1. Dry matter production (t ha™) during extended grazing season (average of sowing
years, regrowth and varieties).

The highest dry matter production was reached in October and November sampling with
yields from 2.52 to 2.17 t ha™ DM grown from July growth, and 1.38 to 1.09 t ha™ DM grown
from August (Fig. 1). During the winter dry matter production fell as a result of decay of part
of the organic matter, especially ecasily digestible fractions. Dactylis glomerata (cv. Niva),
produced the highest dry matter, with an average of 2.80 t ha” DM from six out-of-season
samples of growth from mid July, followed by hybrid (cv. Hykor) at 1.94 t ha DM and
Festuca arundinacea (cv. Kora) at 1.86 t ha™ DM, resp. from the growth from mid August cv.
Niva 1.17 t ha” DM, ¢v. Hykor 1.04 t ha DM and c¢v. Kora 0.89 t ha” DM. These varieties
had significantly higher DM production compared to other varieties (P<0.01). Concentration
of NEV and NEL (Fig. 2) unlike dry matter production was higher from August than July
regrowths, because the vegetation was younger. NEV and NEL concentrations had maximum
values from samplings until the beginning of winter i.e. 5.8 — 6.3 MJ kg DM, while during
winter season until the beginning of March they fell sharply to 3 — 4 MJ kg”' DM, starting to
rise with initiation of growth in the beginning of spring. CP concentration followed a similar
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pattern, i.e.133 g kg DM falling to 75 g kg™ DM and rising again with the beginning of
growth in spring.

e NEV (mid-July) =——¢ = NEV (mid-August) = ——O0——NEL (mid-July)
---®--- NEL (mid-August) CP (mid-July) === = CP (mid-August)
gy fibre (mid-July) = B = fibre (mid-August)
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—~ 6,00 - - + 300
- -
-4 5,00 L 250 %
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2 4,00 | 1200 &
. 2
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0,00 : : : : : 0
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Figure 2. Quality of grass forage in extended grazing season from two regrowth periods
(average of sowing and harvest years and varieties).

Fibre concentration was at its lowest in October (216.1 —217.3 g kg”' DM, rising to over 300
g kg'! DM in winter. As growth commenced in spring its concentration began to decrease.
These results agree with the findings of Skladanka (2005), Opitz von Boberfeld and Wé&hler
(2002) and others.

Conclusion

In the Czech Republic it is practicable to extend the autumn grazing season for suckler cows
by 2 — 3 weeks, and even longer on lower land without snow cover. The forage quality is still
hight in this period; however it decreases during winter due to decay of organic matter.
Dactylis glomerata, Festuca arundinacea and genus hybrid are suitable grass species. To
achieve sufficient vegetation it is necessary to allow regrowth from July or August at the
latest.
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Abstract

This paper analyzes the diet and trophic relationships of domestic herbivores in summer, on the north
side Sierra de Gredos (Central Spain). Cattle (Bos Taurus), horse (Equus caballus) and domestic goat
(Capra hircus) diets were evaluated on the basis of fecal analysis. Cattle and horse consumed Nardus
stricta L. (67.2 % and 50 % respectively) and Carex species. Festuca elegans Boiss. and Erica arborea
L. were the most heavily consumed species by domestic goat. Overlap between the diets of these
herbivores was low, with the exception of cattle and horse. Cattle and horses proved to be strict grazers.
The diet composition of domestic goat was more diversified. Domestic goat increased consumption of
shrubs and followed both grazing and browsing behavior patterns, particularly the former.

Keywords: cattle, horse, domestic goat, feeding habits.
Introduction

In natural areas in the Iberian Peninsula cohabit domestic herbivores of social and economic importance,
due to their role in traditional extensive grazing systems. One such area is the middle and high-altitude
belt of Sierra de Gredos (central northwest Spain), which is occupied from mid-June to September by
domestic herbivores: cattle, the most abundant domestic livestock, a small numbers of horses and
domestic goats. The plant-herbivore relation is based on a series of variables and parameters (food
availability and quality, selection diet, trophic relationships and possible competence among herbivores,
etc), which would be convenient to know and analyze in order to accomplish an adequate and
sustainable management of the different ecosystems. The competitive exclusion theory (Hardin, 1960)
proposes that two species cannot coexist using the same resource if it is limited. Under such conditions,
diets are divergent as a result of the effects of potential competition for resources and/or different
feeding habits and the strategies adopted by ungulates for survival and maintenance. The present study
compare the diet of these herbivores, define their overlap and analyze the feeding habits of each species
in a deforested mountain area with abundant grasslands and patches of scrub.

Material and methods

The study area is located on the north side of the Sierra de Gredos, 40°20°N 40°15°S and 5°10’E 5°20°W
at an altitude of 1500-2400 metres a.s.l. Cattle, horse and goat diets were studied using
microhistological analysis of fecal samples. Fecal samples from each animal group were collected in
July. Cattle diet was estimated from 100 samples (1 sample per individual) collected in different
grassland zones. There were few horses in the area (40-50 individuals), and 25 samples were used in the
study. Domestic goat diet was estimated from samples collected from 50 individuals in two flocks (25
per flock). The Cavender and Hansen (1970) technique was used with slight modifications in chemical
and physical treatments (Martinez, 2002). Two pellets were taken from each goat fecal sample and two
extracts were taken from each collected cow and horse dung pat. The degree of overlap between diets
was estimated using the Kulczynski’s Similarity Index. Spearman’s rank correlation (r;) was used also
for a comparison of diets. Diet diversity was calculated using the Shannon-Weaver index (H = - 3 p;

log;o pi)-
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Results and discussion

In cattle, horse and domestic goat diet, 25, 20 and 30 species of plants respectively were identified.
Table 1 shows the most consumed species by the different animals. One common feature of all 3
herbivores was the heavy consumption of grasses.

Table 1. Species of plants (5) most consumed* (biomass percentage) by cow, horse and domestic goat in
the north side Sierra de Gredos (Central Spain).

Nardus  Carex Festuca Festuca  Carex. Agrostis Erica Quercus Cytisus
stricta  nigra  iberica  elegans  Binervis  castellana  arborea  pyrenaica  scoparius
Cow 67.2% 8.5% 5.4* 4.3* 4.0% 1.0 - - -
Horse 50% 17.5% 6.0* 2.5 6.0* 5.3% - - -
Domestic
1.3 - - 40.3* 0.7 4.6* 9.4* 5.1% 4.6*
goat

Cattle were strictly grazers and consumed grasses almost exclusively. This feeding pattern has also been
detected elsewhere (Mclnnis and Vavra, 1987). As with cattle, horses had purely herbaceous feeding
habits and consumed large amounts of grasses, also found elsewhere to be an important component of
horse diet (Mclnnis and Vavra, 1987). The fact that grasses together with certain sedges and rushes are
almost 100 % of cattle and horse diets is related to the abundance of grasslands in the study area and the
fact that these groups comprise the majority of the herbaceous biomass in the environment (Martinez,
2001). The relatively abundant sedges in the area, were specially valued by horses, with major
consumption near watercourses due to their greater abundance and quality (continuous regrowth).
Although domestic goat consumed considerable amounts of herbaceous vegetation (especially grasses),
it was the ungulate which made most use of woody vegetation (Table 2).

Table 2. Diet diversity and group of plants consumed (biomass percentage) by cow, horse and domestic
goat in the north side Sierra de Gredos.

Herbaceous plants Woody plants Diet diversity
Cow 100 - 0.62
Horse 100 - 0.70
Domestic goat 72.1 27.9 0.85

The importance of herbaceous resources in domestic goat diet is linked to the abundance of grasses in
the zone and the clearly preferred group for goats (Morand-Fehr et al., 1983; Bullock, 1985; Martinez,
2001). On the other hand, the existing scrubland is limited to a small number of species that form the
heaths and broomfields. This suggests a concordance with Campbell et al. (1962), who found that
domestic goat behavior, its preferences and its effects on plants all depend on the relative palatability of
trees and shrubs, the available herbaceous vegetation and the number of goats per area unit.

Cattle diet correlated with that of horse diet (r; = 0.76, n=25, P<0.001). In contrast, domestic goat diet
did not correlate with any of the other two. The diet diversity was highest for domestic goat, followed
by horse and cattle. The highest overlap was between cattle and horse diet (74.9%). Overlaps between
domestic goat and cattle or horse diets were low (25.2% and 23.4% respectively). The low overlap
degree suggest that there is little evidence of competition for forage between cattle/horse and the
domestic goat. According to the competitive exclusion principle (Hardin, 1960), food resources should
be distributed among the different species that feed in different plant communities. Domestic goat
yielded the greatest difference in diet from the other two herbivores, given that caprine species,
particularly domestic goat, tend to be browsers (Malechek and Provenza, 1983, Aldezabal, 2001). In the
present study area, both species occupied the same grassland communities, but the number of horses
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was very small and resource availability was considered to be acceptable (Martinez, 2001), suggesting
that there was, in fact, no competition for forage between them.
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Abstract

Cooperative livestock systems are present all over Europe. Inherited from the past centuries or recently
established, these systems are mostly located in marginal areas. The relief, the latitude and the climate
hampered the process of agricultural intensification. Cooperative livestock systems can be regarded as a
form of adaptation to the seasonal constraints in order to overcome the problems of forage scarcity.
Ideally, they enable a fair distribution of the resources between the farmers and improve the viability of
small farms. The paper presents three cooperative livestock systems within Europe: reindeer husbandry
in Northern Fennoscandia, sheep grazing in Central Spain and cattle grazing in the German Alps. The
results depict the utilisation intensity of the grazing resource in each system. Experts and farmers
interviews reveal that the utilisation of the pastures is not well-balanced. Abandonment or overgrazing
seems to endanger these systems. Factors like technical innovation, support measures, price policy,
conflict interests and user rights influence severely the economic and ecological sustainability of these
systems.

Keywords: cooperative pasture, low intensity, grazing, Europe.
Introduction

Regions with restrictive seasonal availability of pastoral forage are particularly pronounced in areas
with marked relief (e.g. mountainous areas) or extreme climate conditions (for instance in
Mediterranean areas with warm summer and low rainfall or in Boreal regions where low temperature
year-long persists).

Joint utilisation of pastoral resources allows the exploitation of these hard areas whose utilisation would
otherwise not be economically feasible for a single farmer and therefore it offers an alternative to
overcome seasonal constraints. These organisations are based on a consensus between several land
owners and land users. Scale effects induced from the collective action allow the exploitation of larger
areas and the saving of production (materials, labour...) and transaction costs.

In the course of the LACOPE project, cooperative livestock systems in seven European countries are
being studied. The aim of the project is to focus on their importance for the agricultural activities, the
rural territories and the landscape conservation. In the following sections three examples of cooperative
systems in three different regions of Europe are presented. The current trend of the utilisation of the
pastoral resource is analysed and considerations about the current stakes are discussed.

Description of the cooperative livestock systems

A detailed description of the cooperative livestock systems, presented below, is available in Gueydon et
al. (2004).

Sami reindeer herding in Northern Fennoscandia

The area of reindeer management is located in the northernmost parts of Norway, Sweden and Finland.
This area traditionally inhabited by the Sami covers more than a third of the total area of the respective
countries and supports about 560,000 reindeers. The harsh climatic conditions of this region impede
most kinds of agriculture but reindeer husbandry. The Sami people herded traditionally reindeer for
centuries in these vast areas.
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Sedentary sheep grazing in Castilla — La Mancha, Central Spain

In Castilla — La Mancha (CLM) roughly 80% of the Total Agricultural Land of the region is grazed by
sheep. Most of the land is occupied by non-irrigated cereal farming so that the sheep are grazing on the
stubble after harvest, as well as on fallow. Sheep farmers own on average only a few hectares. However,
they have acquired since centuries user rights on the land of this region. Agricultural land of different
holdings of each municipality are *merged‘ together into several polygons, called poligonos parcelarios.
Each polygon has a size that can theoretically maintain one sizeable sheep flock.

Cattle grazing in the Upper Bavarian pre-Alps and Alps, Germany

The agricultural land in the pre-alpine and alpine areas of Upper Bavaria is almost exclusively
composed of grassland (BayStMELF, 2002). The Allmende, the old designation for the joint
organisation, are inherited since the 5-6™ centuries (BStMELF, 1972). Most of them are located in the
higher altitudes of the Alps and are usually grazed by heifers from the dairy farms of the valleys.

Current stakes

In the three regions interviews were carried out with representatives of the cooperative livestock
systems. Among others they were asked to give an appraisal of the intensity of utilisation of the pastures
ranking from overgrazing, well-balanced or undergrazing. With overgrazing it is meant that the current
utilisation endangers the natural re-growth of the pastures. The second category means that the pastures
are not endangered through current utilisation. The last category intends that the current utilisation
support shrub and forest growth. The appraisals enable us to realise an overall appreciation for each
investigated regions. Additional inquiries with the farmers using the cooperative pastures set straight the
socio-economic reasons of the current resource exploitation (Table 1).

Table 1. Appreciation of the utilisation intensity of the cooperative pastures in the different regions.

Utilization intensity Socio-economic reasons

1) Increasing competition for grazing areas between
farmers
2) Hampering of seasonal migration through
infrastructure, tourism

Northern Fennoscandia Overgrazing/ Undergrazing

1) Reducing pastoral activities
CLM Undergrazing 2) Decreasing number of animals (Year round
indoor farming)

1) Declining interest to use cooperative systems

Upper Bavaria Undergrazing 2) Reducing labour (work off-farm)

The results reveal that the utilisation intensity of the cooperative pastures in each region is unbalanced.
In Northern Fennoscandia, competition for land occurs in a twofold matter. On the one hand farmers are
motivated to increase their herd size for enhancing the profits. This creates a scarcity of land. On the
other side, the state is competing for the land for developing infrastructure and tourism activities. These
effects create a gradient of land use. Overgrazing occurs especially on the pastures in the vicinity of the
settlement where competition is high. Undergrazing comes out on land too far from the households or
difficult to reach. In CLM and Upper Bavaria, a main problem is the currently economic
unattractiveness of grazing systems in comparison with the intensive production systems. In CLM the
farmers tend to cease grazing activities and shift towards year round indoor farming in order to reduce
the workload. In Upper Bavaria the farmers tend to work off-farm in order to improve their livelihood.
In these two regions the pastures tend to be underused.
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Discussion and conclusion

The previous section depicts the relative inappropriate utilisation of the cooperative pastoral systems. It
seems that they could be on the long run threatened. On the one hand, for economic reasons the interest
of the farmers for using these systems is declining. On the other hand competition for land impedes their
sustainability. These trends are mostly influenced by external factors like market and price policy
(competitiveness), technical innovation (productivity, work load, loss of grazing areas), agricultural and
support measures (increase of revenues), improved standards of living (work load, indebtedness) and
changes in the mind and behaviour (conflict interest, free-riding).

However, considering their historical development, these cooperative systems survived for centuries.
The cooperative grazing systems never existed in a closed and stable environment of their own but were
always influenced by various changes in the rural environment. Since some of the menacing factors are
mainly influenced by politics the cooperative systems could also be foster with changed political
measures. In France for instance a specific regulation for the establishment and support of cooperative
livestock systems was settled down in the 70’s. Since there, around 900 cooperative systems have been
created on the French territory (Chambres d’Agriculture, 2005). Apart from this, it seems also necessary
that the systems evolve and so far adapt their intern structure to external changes.

All in all, the matter of establishing cooperative pastoral systems shall remain a priority. All over
Europe vast areas of agricultural land are of low value. In view of the fact that they give the farmers low
potential for economic valuation, they are often set aside. Jointly exploitation would offer a good option
to optimise the utilisation of these areas. Moreover this meets the commitments of the multifunctionality
of the agriculture. Indeed cooperative livestock system account for an interesting option to maintain and
sustain rural territory especially of marginal regions.
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Abstract

The objective of this study was to determine the minimum day-length requirement for reproductive
initiation of eight diploid perennial ryegrasses (Lolium perenne L.). The hypothesis tested was that the
minimum day-length required to initiate reproductive growth in spring might define an equivalent
minimum day length in summer (post-solstice), after which further reproductive initiation ceases. Using
forty spaced plants per variety, tillers were examined for reproductive budding, to give an average
critical day length for each variety. Mean date of ear emergence was also determined. There was a large
variation between varieties with initiation date varying from the 31% March (s.d. 2.2 days) (AberDart) to
2" May (s.d. 6.9 days) (Twystar) and heading from 30" May (s.d. 11.8 days) (Fennema) to 17" June
(s.d. 4.2 days) (Twystar). The expected relationship between dates of ear initiation (EI) and ear
emergence (EE) was observed with an R?> = 0.935 between variety means. As rate of EE is energy
dependent, meteorological data were used to refine the EI to EE relationship for each variety. The
potential of these observations for providing an understanding of the control of secondary seed-head
development in mid-summer swards is considered.

Keywords: Tillers, initiation date, heading, critical day length.

Introduction

In spite of good grassland management, inflorescent development in mid-summer tillers has become a
recognised problem, as it results in below optimum production, reduced grass DMI and reduced milk
protein which subsequently causes a decline in the quality of milk for processing. Terry and Tilley
(1964) have shown how the digestibility of ryegrass is affected by ear emergence. The dry matter
digestibility of perennial ryegrass fell slowly prior to ear emergence at a rate of 0.2% per day but
declined more rapidly at 0.5% per day after ear emergence and up to 0.8% per day with stem fractions.
The day-length dependent control mechanisms that trigger the switch of vegetative tillers to
reproductive tillers in spring are known. It is unknown, however, how climatic, management and
genotypic factors act or interact to initiate new secondary and even tertiary reproductive tillers after
defoliation of these primary reproductive tillers. The objective of this study was to define the
relationship between EI and EE for a group of perennial ryegrass varieties of differing maturities,
examine the meteorological requirements for these physiological stages and to determine the possible
‘sensitive period’ for each variety during the growing season.

Materials and methods

Forty spaced plants of eight test varieties were grown at a site at Crossnacreevy in Northern Ireland
(latitude 54°32°N). The eight diploid perennial ryegrass cultivars used were either intermediate (I) or
late (L) heading. The varieties were AberDart (I), Fennema (I), Corbet (I), AberAvon (L), Mezquita
(L), Foxtrot (L), Melle (L) and Twystar (L). These plants were vernalised over the winter of 2004.
From previous data collected, the expected EI date for each variety was estimated. Examination of
individual tillers began on April 1% 2005. One tiller was removed from each plant on alternate days and
examined under the microscope for reproductive budding as described by Sweet ef al. (1991). All
mature and developing leaves were removed, until the apex was visible. Under close examination, the
presence of a double ridge on the apex indicated that the tiller had initiated or turned reproductive. The
mean EI for each variety was determined. The mean date of EE for each variety was also recorded as
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the date when three seed heads had visibly emerged on a spaced plant. From these results, the critical
day length for initiation was then determined for each variety as the minimum length of daylight
required to trigger the growth of the reproductive apex of a tiller. Day length in hours was read from a
table compiled by Shing Lam (personal communication) who calculated the year-round hours of
daylight at five degree latitude intervals based on a formula published by Meeus (1991). From
meteorological data collected, the total accumulated temperature receipt above 0°C from EI to EE was
determined and expressed in degree-days and degree hours. Photosynthetically active radiation (PAR)
is the amount of useable light energy received by a plant and is dependent on light intensity and day-
length. The total PAR ggg) was tabulated from EI to EE for individual tillers.

Results and discussion

Table 1 shows the estimated and actual EI and EE dates of the eight test varieties. The overall mean EI
date for all varieties was up to eight days earlier than that estimated. As EI is day-length dependent, this
difference should not be affected by growing conditions, beyond the energy needed to develop the
minute ‘double-ridge’ structure in the embryo. Virtually complete cessation of growth would be
necessary to move initiation dates by an average of eight days. The estimates were extrapolated from
work done in the 1970’s by Camlin (personal communication), who examined three varieties, of early,
intermediate and late maturity. Extremely poor growing conditions were not experienced in this earlier
study. It is, therefore, likely that the discrepancy resides with the inaccuracy associated with the
extrapolation rather than with the current work. Mezquita was the only variety to initiate on the
‘average’ initiation date. Overall, the average critical day length for the eight varieties ranged from 12.7
to 15.0 hours (Table 1). The actual and estimated EE dates of the varieties were also not the same. The
four earlier varieties headed 2-4 days earlier than expected, three of the four later varieties headed 0-2
days later and Twystar, the latest variety, headed two days prior to the expected date. These estimates
were taken from a database constructed from a ten-year average EE date for the varieties growing at
Crossnacreevy. Ear emergence is a physiological process requiring considerable energy to develop and
elongate stem and seed-head structures. It is therefore highly dependent on growing conditions and
clearly 2005 was not a perfect ‘average’ year, climatically. The observed difference indicates the level
of variation in EE that growing conditions can affect and how the discrepancy can widen and contract as
ambient conditions change. A direct consequence of this was that the time from EI to EE ranged from
46 to 61 days across the varieties. The accumulated air temperature recorded above 0°C from EI to EE
ranged from 11,635 hours (485 days) to 12,804 hours (534 days) for all varieties (Table 1) The
accumulated air temperature was higher for intermediate heading varieties but there was significant
variation within each of the maturity pairs (intermediate and late heading varieties). On average there
were six degree days more with intermediate than late heading varieties from EI to EE. Due to variable
cloud cover, the degree of solar radiation varied from day to day, which subsequently affected the
PAR (g1gg) accumulation. The mean PAR g1gg) of the eight test varieties ranged from 346 to 409 MJ m’>
during the period of EI to EE. PAR g g, did not decrease with later heading varieties but the mean light
energy requirements for late heading varieties was 34.6 MJm™ less than intermediate heading varieties.
However there were differences in the total accumulated temperature and PAR 1.5y between the four
varieties that initiated before the April 20th, which were AberDart, Fennema, Corbet and AberAvon and
the remaining four varieties that initiated after April 20™. The four varieties that initiated prior to April
20™, had on average 433 degree hours and 19 degree days more accumulated temperature than those that
initiated later and also 45.1MJ m? added PARggg).  AberAvon has a critical day length more
comparable to the intermediate heading varieties than the late heading varieties, this results in a high
total accumulated temperature and PAR g gg) requirement.
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Table 1. Initiation (EI) dates, heading (EE) dates, critical day length, total accumulated temperature and
PAR of eight test varieties.

Variety Ear Initiation (EI) Ear Emergence (EE) Cr:iec:;ti)ay Achr(r)ltjllated EPI/-\I?E
Temperature
Estimated Actual (s.d.) Estimated Actual (s.d.) (hrs) Degree Hours Degree Days MJim??
AberDart 08 Apr 31 Mar (2.2) 27 May 31 May (8.5) 12.7 12590 525 409.7
Fennema 10 Apr 02 Apr (2.1) 28 May 3(01 {\_/I;)y 12.8 11971 499 393.4
Corbet 17 Apr 13 Apr (6.0) 03 Jun 7 Jun (6.7) 13.6 12312 513 387.0
AberAvon 19 Apr 14 Apr (5.7) 05 Jun 9 Jun (5.7) 13.6 12804 534 400.5
Foxtrot 22 Apr 21 Apr (3.6) 07 Jun 8 Jun (4.0) 14.2 11635 485 355.4
Mezquita 23 Apr 23 Apr (5.0) 08 Jun 10 Jun (4.9) 143 11981 499 358.6
Melle 04 May 01 May (6.1) 17 Jun 17 Jun (5.3) 14.9 12295 512 346.3
Twystar 04 May 02 May (6.9) 19 Jun 17 Jun (4.2) 15.0 12034 501 349.5
Mean - - - - 13.9 12203 508 375.0
CV (%) - - - - 6.3 3.1 3.1 6.7

s.d. = standard deviation (days) CV = Coefficient of Variance.
Conclusion

From this investigation, it can be concluded that the eight test varieties differ in their requirements for
reproductive initiation. Primary reproductive initiation in spring is dependent on day length but ear
emergence and possibly further replacement reproductive tillering depends on environmental factors,
such as light intensity and temperature. Varieties that initiated after April 20™ tended to have lower
degree hour requirements. This date generally represents the beginning of the second grazing rotation
of a typical Irish dairy farm. Cultivars that initiate at this stage in the growing season will have a shorter
time interval for the production of reproductive material throughout the growing season than cultivars
that initiated earlier in the season, and this may impact on sward quality mid-season.
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Abstract

A field trial was established in the lowlands to compare different ecotypes of Bromus erectus collected
in several mountain grasslands in terms of their potential seed yield (PSY) and germinability. PSY was
tested comparing the broadcast and drill sowing methods. Three germination treatments, control (no
treatment before germination test), prechilling and prechilling+KNO; were compared. PSY was around
2300 and 1000 kg ha' respectively in broadcast and drill sowing. Germination % in control and
prechilling treatments was on average 77% and in the prechilling+KNO; was 70%. The higher PSY was
not associated to the higher germination energy of the ecotypes.

Key words: seed production, germination, mean germination time, ecotypes, Bromus erectus.
Introduction

According to Giannangeli et al. (2005) the use of local ecotypes of Bromus erectus for restoration of
disturbed sites in their origin areas, could be a suitable alternative to less adapted commercial species or
varieties due to their adaptation to the ecological conditions in these areas. Taking into account both
advantages and problems connected with the propagation of species outside their natural area a field
trial was established in lowlands in order to compare different ecotypes of Bromus erectus collected in
mountain grasslands in terms of potential seed yield and germinability.

Materials and methods

A field trial was established at the experimental farm of the Faculty of Agriculture of Universita
Politecnica delle Marche. Mean temperature and precipitation from November to June 2004 were
10.5°C and 589 mm (for details see Giannangeli et al., 2005). Seeds of 8 B. erectus ecotypes were
collected during summer 2003 in 8 grasslands sites (Giannangeli et al., 2005). The trial was established
in 2 m? plots (1 x 2 m) arranged in a two-factorial completely randomised design with 3 replicates:
ecotype x sowing method. Sowing by drilling (DS: 5 rows per plot with 20 cm row width) was used for
all ecotypes and broadcast sowing (BS) only for 4 ecotypes. Sowing was performed on 25/11/2003 with
a seed rate of 5 g m™. Potential seed yield (PSY) was estimated during the 2™ year of cultivation since
no seed production occurred in the 1% one. Tiller density was counted within 0.2 m quadrats in 3 pre-
fixed points along plot diagonals in the BS plots and in 5 pre-fixed 0.2 m rows along plot diagonals in
DS. At maturity the number and weight of seeds were determined on 20 random tillers. PSY was
calculated considering nr. of inflorescences m™, nr. of seeds per tiller and thousand seed weight (TSW).
Before germination tests, seeds were stored at room temperature for 30 days. Germination tests were
performed only on the pure seed fraction produced in the drill sowing plots. Three germination
treatments, tested in 4 replications of 50 seeds each, were applied: (i) control, no treatment before
germination test; (ii) prechilling at 4-6°C in the dark for 7 days; (iii) prechilling + 0.2% KNO; solution.
Seeds were submitted for 21 days to 20°C with 8 hrs of light. Weekly, germination % was monitored
according to ISTA (1996). Data were submitted to ANOVA analysis and Least Significant Difference
(LSD) test was used for mean comparison. Percentage data was arcsine transformed prior to be
analysed.
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Results and Discussion

In all ecotypes, PSY was significantly higher in the BS (2303 kg ha') compared to the DS method
(1002 kg ha™") (Table 1). This result was highly related to the nr. of tillers m™ (r = 0.86***; n=24) and to
the nr. of seeds per tiller (r = 0.65***; n=24), although in the latter trait no significant difference was
found between ecotypes or sowing methods. Consequently, it appears that the higher tiller density
recorded for BS led to a higher PSY. DS adversely affected tiller density (428.3 and 854.7 in DS and BS
respectively) due to more intense intraspecific competition.

Table 1. Potential seed yield per unit area, number of tillers per unit area and number of seeds per tiller
in relation to ecotype and sowing method (BS: broadcast; DS: drill).

Potential seed yield (kg ha'l) Number of tillers m™ Number of seeds per tiller
Sowing method Sowing method Sowing method
Ecotype BS DS Mean BS DS Mean BS DS Mean
1 2156 943 < 1549 ® 805.3 4683%  6368" 526 38.6 45.6
2 2910 1130 2020° 1024.0 386.7¢ 7053 497 51.6 50.6
3 1423 729¢ 1076° 624.0 381.7°¢ 502.8° 44.9 387 41.8
4 2721 1206 >4 1964 ° 965.3 476.7%  721.0° 574 51.7 54.6
5 1969 ° . . 7083 ° ) ) 51.0
6 1096 ) . 402.0°¢ ) ) 52.6
7 1378 ¢ . . 5433 % ) ) 40.6
8 1760 . 670.0 ©° . 47.6

In columns, means with no common letters differ significantly at P<0.05.
LSDy 05 to compare the sowing methods =497.0 kg ha™', 111.0 tillers m™, 12.1 seeds per tiller.

With regard to DS, the different soil and environmental conditions of the collection sites probably
contributed to select genotypes characterized by different productivity. For instance, ecotypes 5, 7 and
8, collected on calcareous marls and marly limestone substratum had higher PSY, while ecotype 3,
gathered on marls and sandstones substratum, showed a lower PSY (729 Kg ha"). Even though
ecotypes 1, 2, 3, 5 and 6 belong to the same Centaureo bracteatae-Brometum erecti plant association,
the higher PSY of ecotype 5 could be related to a higher abundance of some calcicolous species such as
Briza media, Ononis spinosa, Leucanthemum vulgare, Rhinanthus alectorolophus, Poa pratensis and
Poa compressa (Grime et al., 1988). Concerning the BS treatment, no significant difference was found
among the 4 ecotypes, although the lowest PSY of ecotype 3 was confirmed (Table 1).

The germination % after 7 days of some ecotypes was higher in the control treatment (2, 3, 5 and 6) and
with prechilling (5 and 6). In the first seedling count ecotype 3 (30%) and 6 (21%) showed the highest
germination % compared to the others in the control and in prechilling treatments respectively (data not
shown). No significant interaction ecotype x treatment was found for FGP (Table 2). In all ecotypes,
control and prechilling treatments recorded the highest FGP. Comparing ecotypes, 1 and 7 had the
lowest FGP. FGP and MGT were not significantly correlated (r = — 0.66 ™*; n=8), although there was a
tendency for lower FGP to be associated with increased MGT. Within treatments, ecotypes 3 and 6 had
lower MGT than the others. Prechilling and prechilling+KNOj; did not reduce MGT. Differences among
treatments were not consistent across ecotypes.
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Table 2. Final germination percentage (FGP) and mean germination time (MGT) in relation to ecotype
and sowing method.

——————— Final germination percentage (%)------- ----------Mean germination time (days)----------
E;:e- Control Prechilling Pre%z]z\flazzg * Mean Control Prechilling Pre%z]zvlgijg * Mean
1 64.5 60.5 59.5 61.5° 17.7¢ 18.4° 18.8° 18.3
2 84.5 79.0 77.0 80.2° 152° 18.0° 16.8° 16.6
3 83.0 83.0 75.5 80.5 ° 13.0° 15.1° 14.8° 143
4 84.0 82.5 68.5 783 % 1797 17.6° 18.5°¢ 18.0
5 82.0 80.5 73.5 78.7° 1797 17.1° 16.9° 17.3
6 87.0 88.5 82.0 858% | 159" 14.6° 16.0 ™ 155
7 59.0 50.5 45.0 515° 17.87 184° 18.6 ° 183
3 79.5 82.0 78.5 80.0° | 168 17.4° 16.9° 17.0
Mean 779% 75.8° 69.9° 74.6 16.5 17.1 17.2 16.9

In rows (only for FGP) and columns, means with no common letters differ significantly at P<0.05; FGP:
LSDg s among treatments and ecotypes = 5.1% and 8.3%; MGT: LSD, s among treatments within
ecotypes = 1.5 days.

Conclusions

Taking into account the different seed rates used in similar studies, the mean PSY (about 1600 kg ha™")
found in this experiment was higher than those observed in other B. erectus cultivations (200-500 kg ha’
' with 1.2-1.5 g m™ seed rate) (Krautzer e al., 2004). These results also highlight higher yields
compared to similar productive species such as Festuca nigrescens (up to about 1000 kg ha™ with 0.5 g
m?) (Peratoner and Spatz, 2004) and Festuca arundinacea (more than 1000 kg ha with 4 g m?)
(Santilocchi et al., 1989). The high seed rate (5 g m™) used in this experiment may be justified by the
high resulting PSY and easier weed control. Moreover, TSW (on average 5.47 g) was among the highest
reported values for B. erectus (Krautzer et al., 2004) probably contributing to the high PSY. Based on
the results, PSY obtained with the broadcast method was more than double that obtained with drill
sowing, suggesting that the former could be adopted for large-scale cultivation.

Overall, germination % in the control and prechilling treatments was on average 77% and in the
prechilling+KNO; treatment was 70%, indicating that good germination could be achieved even without
the application of the treatments tested in this experiment. The study showed that higher PSY was not
associated with higher FGP. In fact, although ecotypes 5 and 3 showed a high FGP (around 80%),
ecotype 5 produced 1240 kg ha' more than ecotype 3. Despite being less productive, ecotype 3
germinated more rapidly than most of the ecotypes, therefore it could be used for restoration purposes
when rapid seed germination and establishment are needed.
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Abstract:

Sixty autumn-calving cows were randomized on days in milk (140, s.d = 24.0), lactation number (3.1,
s.d = 2.1) and pre-experimental milk yield (28.5 kg day, s.d = 5.4) into 5 treatments. Two treatments
consisted of grass only — 20 kg dry matter (DM) d”' >4cm (HG) and 15 kg DM d! (LG). The remaining
three treatments consisted of a basal herbage allowance of 15 kg DM d' and were supplemented with
either 4 kg DM d' maize (Zea Mays L.) silage (M), a high protein ration (180 g kg *' - HC), or citrus
pulp (70 g kg ! of CP - LC). Milk yield was measured daily while milk composition, body weight and
body condition score were measured weekly. The milk yield of the LG treatment (20.7 kg day™') was
lower (P<0.01) than that of the supplement treatments but not the HG treatment. Milk protein content
was greater (P<0.05) for HG (34.8 g kg ™) than for LG and HC. Milk fat content was lower (P<0.05) for
HC (35.3 g kg ") than for HG, M and LC. The response to offering 4 kg DM d™' of maize, concentrate
and citrus pulp was 0.75, 1.00 and 0.78 kg milk kg DM ™' respectively.

Keywords: Dairy cows, supplementation, protein, maize, concentrate.
Introduction

Grazed grass is the cheapest feed available to lactating dairy cows. It has relatively high intake
characteristics and a high energy content which makes it an obvious feed choice. Grass growth in
Ireland is seasonal and therefore grass shortages are evident at the beginning and end of the grazing
season. To combat this, farmers are forced to offer their herd a suitable supplement to increase the total
dry matter intake (DMI). Supplementation allows cows to achieve a high level of nutrition while
maintaining a high level of pasture utilization (Stockdale, 1995). Concentrates are the obvious choice of
supplementation but can be expensive especially when feeding high crude protein (CP) concentrates.
The trend in recent years has been to feed a concentrate of high CP content in an effort to stimulate or
maintain a high level of milk production. When diets based on fresh pasture are formulated for grazing
dairy cows, rumen degradable protein is supplied in excess. It is likely that supplements with lower
protein levels would suffice for grazing cows in many situations. The objective of this experiment was
to investigate the effects of feeding different levels of CP concentrations in forage and concentrate to
dairy cows in early spring on milk production and total DM intake.

Materials and Methods

Sixty autumn calving dairy cows were balanced on the basis of days in milk (140, s.d = 24.0), lactation
number (3.1, s.d = 2.1) and pre-experimental milk yield (28.5 kg DM d”', s.d = 5.4) into five groups and
assigned randomly from within groups to the following treatments; (i) 20 kg DM d' herbage allowance
>4cm (HG), (i) 15 kg DM d! herbage allowance (LG), (iii) LG + 4 kg DM d! maize silage (M), (iv)
LG + 4 kg DM d' of 18% CP concentrate (HC), (v) LG + 4 kg DM d”' of 7% CP concentrate (LC). The
study began on 28™ February and ended 1st May 2005 (9 weeks). The animals grazed as three separate
herds. Both the HG and LG groups grazed separately while the three supplemented treatments grazed
together as a herd of 36 cows. Maize silage was offered in forage bins mounted on electronic load cells
(Griffith Elder); this weighed feed removals and thereby determined DM intake. The concentrate
offered to the HC treatment was offered in the parlour while the concentrate offered to the LC treatment
was offered in out-of-parlour feeders. Supplements were offered after morning milking. Fresh grass was

188 Grassland Science in Europe, Vol. 11



allocated on a daily basis after morning milking. Herbage intake was measured once during week 7
using the n-alkane technique. Herbage mass (>4 cm) was determined in each grazing paddock by cutting
four strips (1.2 x 10m) with an Etesia motor scythe. Ten grass height measurements were recorded from
each cut strip (pre and post harvesting) to determine the sampled height and calculate the bulk density
(kg DM cm™ ha™). Average paddock sward heights were measured, this sward height multiplied by the
mean bulk density from the Etesia cuts was used to calculate paddock herbage mass. Thirty pre and post
grazing sward heights were measured daily for each treatment using a rising plate meter. Milk yield
was recorded daily while concentrations of milk fat, protein and lactose were determined by one
successive morning and evening milk sample per week. Body weight and body condition score were
measured once weekly. Data were analysed using PROC MIXED (SAS, 2005) whereby the effects of
treatment, experimental week, block and treatment x experimental week were included in the model;
cow was included as a repeated effect.

Results and Discussion

The results of the experiment are shown in Table 1. Mean herbage mass was 1564 kg DM ha™' (s.d.
314). Mean pre-grazing sward heights were 11.1 (s.d. 1.62), 11.0 (s.d. 1.42) and 10.8 cm (s.d. 1.22),
post grazing heights were 5.1 (s.d. 0.72), 4.2 (s.d. 0.58) and 4.4 cm (s.d. 0.63) for HG, LG and
supplemented herds, respectively. Herbage disappearance was 16.4 (s.d. 2.71), 14.0 (s.d. 2.21) and 13.5
(s.d. 2.03) kg DM d"' for HG, LG and supplemented herds, respectively. Herbage DMI was higher for
the HG group (17.1 kg DM d™") than the supplemented treatments but not LG. The maize supplemented
group recorded the highest herbage intake of the supplemented groups (13.8 kg DM d™"). The higher
herbage intake of the animals supplemented with maize is reflected in the supplement intake which was
lower than the HC and LC treatments. The highest numerical milk yield over the experimental period
was recorded from the HC treatment. Treatment LG had a significantly lower milk yield than the three
supplement treatments but not HG. Milk fat, protein and lactose yield was significantly lower for the LG
treatment than the other four groups. The HG treatment recorded the highest milk protein concentration
and was significantly higher than the LG and HC treatments. Milk fat concentration was lower for HC
than HG, M and LC. There was no significant difference in lactose concentration, bodyweight,
bodyweight change, body condition score and body condition score change between treatments.

Table 1. Effect of supplementation of autumn calving cows in spring time.

HG LG M HC LC s.e.m Sig.
Herbage intake (kg DM d™) 17.1° 15.2% 13.8° 13.4° 13.1° 0.57 ok
Supplement intake (kg DM d™) - - 3.2° 4.0° 3.9° 0.13 ok
Total DMI (kg DM d™) 17.1% 15.2° 17.0° 17.4° 17.0° 0.77* *
Milk yield (kg d™) 23.2% 20.7° 23.7° 24.7° 23.8° 0.76 #¥
Milk fat yield (kg d) 0.88" 0.77° 0.92° 0.86 0.96 0.023 ok
Milk fat content (g kg ™) 38.9° 37.8%® 39.4 35.3° 40.4° 0.125 *
Milk protein yield (kg d™) 0.80° 0.66° 0.79° 0.81° 0.79° 0.021 ok
Milk protein content (g kg ™) 34.8° 32.0° 33.6™ 32.6° 33.3%  0.066 *
Milk lactose yield (kg d™') 1.06° 0.90° 1.07° 1.09° L.11° 0.039 o
Milk lactose content (g kg ™) 46.0 43.9 45.1 43.9 46.5 0.100 n.s
Milk Fat + Protein yield (kg d™) 1.68° 1.43° 1.71° 1.65° 1.75* 0.040 ok
Bodyweight (kg) 575 562 570 562 570 12.0 n.s
Bodyweight change/day (kg) 0.43 0.28 0.25 0.40 0.27 0.102 n.s
Body Condition Score 2.85 2.68 2.86 2.86 2.83 0.093 n.s
Body Condition Score change 0.05 -0.11 0.05 0.14 -0.09 0.074 n.s

Means within rows having different superscripts differ significantly (P<0.05).
* =P<0.05, ** =P<0.01, *** = P<0.001, n.s. = not significant.

Herbage DM intake was measured from one intake period (Week 7) while supplement intake is the
average intake over the experimental period.
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Conclusion

There is a large milk production benefit to supplementing grazing cows, on a restricted grass allowance
in early spring. Extra herbage offered gave similar solids yield response to supplementation. Extra
herbage was more beneficial in terms of improved milk protein concentration. Supplementing with a
low CP concentrate or maize silage did not restrict production compared to a high CP concentrate.
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Seasonal changes in biomass and composition of legume based swards
under moderate and extensive grazing

Kadziulis L. and Kadziuliene Z.
Lithuanian Institute of Agriculture, Dotnuvos Akademija, Kedainiai 58344, Lithuania.
Abstract

Grazing frequency affects the persistence of species, botanical composition and productivity of swards.
Different swards consisting of Trifolium repens L., Medicago sativa L., Lolium perenne L., Poa
pratensis L. were investigated under moderate and more extensive grazing management on a loamy
Cambisol. Sward composition and grazing frequency had a significant effect on sward botanical
composition and productivity. The yield of legumes accounted for nearly half of the total yield, and in
the swards with lucerne even more than half. Legume yield declined annually in both grazing
frequencies until the fourth year of swards use but to a greater extent under moderate grazing. From the
fifth year the sward yield increased again. Dry matter yield was more stable under the more extensive
grazing treatment, but more equal distribution of yield within the grazing season was observed under the
moderate grazing management. The experiment demonstrated a positive effect of legumes on the yield
and distribution over the grazing season.

Keywords: grazing frequency, botanical composition, lucerne, white clover, yield.
Introduction

Seasonality is an important limit to herbage yield and animal production, and total annual grassland
production can be less meaningful than its distribution throughout the year (Porqueddu et al., 2005).
Frequency of grazing can have a major influence on the pattern of pasture growth. More intense or more
frequent defoliations interrupt the productive development, reducing seasonal variation by lowering the
spring or summer peak, but also lowering total production (Korte and Harris, 1987; Tonkunas and
Kadziulis, 1977). The choice of proper combinations of grass and legumes and defoliation management
is important to exploit the complementary growth and balance of species. There is some evidence that
plant species diversity can also be maintained by moderate and more extensive grazing (Isselstein et al.,
2005). The aims were to investigate the balance between species during the growing season in response
to different grazing regimes and to assess effects of different swards on the annual yield and its
distribution over grazing season.

Materials and methods

During 1998 — 2004 a bi-factorial field trial of pasture utilization was carried out on a loamy
Endocalcari-Epihypogleyic Cambisol near Dotnuva, Lithuania (55°24°N, 23°50 E, average annual
rainfall 555 mm, average annual temperature 6° C, average length of growing season 194 days). The
pastures were re-established in the spring of 1998 with an oat/vetch cover crop for green forage. Soil pH
varied between 6.5 to 7.0, humus content was 2.5-3.2 %, C content 14.5 g kg™!, available P 50-80 mg
and K 100-150 mg kg'. The treatments of the A factor involved different swards consisting of white
clover (Trifolium repens L.), lucerne (Medicago sativa L.), perennial ryegrass (Lolium perenne L.), and
meadow grass (Poa pratensis L.) Lithuanian varieties. Legume/grass proportion in the seeding mixtures
was 40:60 or 60:40. The treatments of the B factor involved moderate (M) and more extensive (E)
grazing with 6 and 5 grazings per season, respectively. In 2004 the swards in all treatments of both
factors were grazed 4 times. Swards were grazed with dairy cows. The grazing season lasted from the
beginning of May until the middle of October. Grazing intensity was 2-2.5 cows ha' yr', grazing
season duration 150 days. Before grazing the dry matter (DM) yield was estimated in four replicates.
The yield data were statistically processed using analysis of variance.
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Results and discussion

The total DM yield was affected by sward composition and grazing frequency. Moderate grazing caused
significant annual DM losses from the first to the fourth year of use (Table 1). DM yield in the fourth
year accounted for only 19-35% of the first year DM yield level, depending on sward composition. DM
yield decreased from the first to the fourth year under more extensive grazing, too. However, the yield
of legume/grass swards in the fourth year in more extensive grazing declined more slowly than in
moderate grazing. Nevertheless, from the fifth year the sward yield started to increase and in the sixth
year it was nearly the same as in the first year. The lucerne/grass and white clover/lucerne/grass swards
gave the best yield under both grazing frequencies in all four years of use, and in five years under more
extensive grazing.

Table 1. Total annual dry matter (DM) yield of different swards under moderate (M) and extensive (E)
grazing.

DM (tha™)
Swards 1999 2000 2001 2002 2003 2004
M E M E M E M E M E M E
1. repens/ 5.61 6.12 347 549 305 502 142 258 198 269 553 526
L. perenne
Lr/Lp/ 5.62 6.56 339 536 321 516  1.08 247 164 220 522 473
Poa prat.
M. sativa/ 6.51 755 632 887 444 719 230 3.04 397 559 721  8.63
L.p./P.p.
T.r/M. s./L.p. 5.96 696 491 811 399 656 1.62 3.02 314 476 666  7.04
LSDo.os 0.303/0.124 0.300/0.122 0.243/0.099 0.320/0.130 0.257/0.105 0.327/0.133

(A/B factor)

Table 2. Annual share of legumes in the dry matter DM yield of swards under moderate (M) and
extensive (E) grazing.

Legume (%)
Swards 1999 2000 2001 2002 2003
M E M E M E M E M E
T. repens/L. 528 431 206 155 317 228 260 225 137 6.9
perenne

T.r./L. p./Poa prat. 55.2 48.8 194 20.6 31.2 24.0 26.6 29.6 17.4 8.2
M. sativa/L.p./P.p. 68.5 69.8 72.7 68.2 39.3 52.7 57.2 522 68.1 72.5

T.r/M.s./Lp. 61.2 58.1 473 34.6 36.6 355 49.7 53.9 55.4 66.8

The share of legumes varied between sward type and grazing frequency (Table 2). A higher legume
share was observed for the swards of lucerne/grass and white clover/lucerne/grass. Even under
moderate grazing the share of legumes in these swards was higher than in swards of white clover/grass.
The greatest share of legumes was obtained in the first year. However, by the second year the yield of
legumes had decreased, except for the lucerne/grass sward. The content of white clover decreased more
rapidly than the content of lucerne. The more extensive grazing treatment had a negative effect on
white clover, but positive on lucerne content in the swards. In the fourth year of sward use lucerne
competed well even under moderate grazing. This can be explained by the dry climatic conditions,
which were more adverse to white clover. Some researchers remarked that complex forage mixtures
were more productive than simple grass-legume mixtures during drought and also reduced weed
pressure (Sanderson et al., 2004).

The share of legumes in botanical composition was the greatest in second half of the grazing season,
therefore legumes had a positive impact on yield distribution over whole season. Distribution of the
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annual DM yield over grazing season in average was more even in the swards containing lucerne or
lucerne and white clover, less equal in white clover/grass swards (Table 3). In this aspect moderate
grazing was noticeably superior over more extensive. The climatic conditions of season had affected
considerably the distribution of annual yield over the whole grazing period. The superiority of swards
with lucerne in such worse season was especially significant.

Table 3. Distribution of sward annual yield over the grazing season under moderate (M) and more
extensive (E) grazing, average data, 1999-2003.

. . . Yield
0,

Swards Annual DM yield share in grazings (%) dispersion

1 st 2nd 3rd 4(]\ th 6th SZ
M E M E M E M E M E M M E
T. repens/L. 26 32 21 2 19 17 13 16 13 9 8 43 82

perenne
T.r./L. p./Poa prat. 26 36 19 25 18 16 13 17 15 11 9 34 70
M. sativa/L.p./P.p. 26 27 14 22 17 24 24 20 13 7 6 55 56
T.r./M. s./L.p. 24 26 16 24 18 23 20 20 14 7 8 30 58
Conclusions

A positive effect of legumes on the distribution of yield over the whole grazing season was obtained.
Swards containing lucerne exhibited the highest sustainability over five years under both grazing
frequencies. Moderate grazing was favourable for more even distribution of yield over season, however,
higher and more stable annual DM yields were obtained under more extensive grazing.
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Concentrate supplementation effects on dairy cows grazing Galician
pastures during spring.

Vazquez, O. P., Gonzalez A. and Lopez J.
Centro de Invetigacions Agrarias de Mabegondo. Apartado 10- 15080, A Coruiia. Spain.
Abstract

Concentrate supplementation of grazing dairy cows is a strategy for optimal management of pastures
and milk production in Galicia. Ninety-one dairy cows grazed a grass-clover pasture area of 17.2 ha
from April to June. The cows were assigned to three treatment groups and offered 0, 4 or 8 kg dry
matter d”' of concentrate. Milk production and quality, live weight, pasture intake and herbage
production and composition were measured during the experimental period. Milk yields were 26.0, 30.2
and 32.5 kg milk d” for 0, 4 and 8 kgd™" dry matter of concentrate supplemented, respectively from
April 15 to May 15. Corresponding values for the period May 16 to June 30 were 20.4, 24.6 and
28.1 kg milk d'. Pasture intake was lower for the highest concentrate group. Seasonal variations in milk
production and composition were associated with changes in pasture production and composition. The
results show that Galician pastures can maintain high milk production during spring but changes in
pasture allowance and quality through the season influence the milk response to supplementation.

Keywords: grazing, dairy cows, supplementation
Introduction

Galicia produces 40% of Spanish milk and milk production is the main economic activity for
18000 farmers. Although pastures represents most of the arable area of the dairy farm, recent studies
(Lopez Garrido and Barbeyto Nistal, 2005) show that concentrate utilisation is over 0.4 kg per kg of
milk produced, which indicates a poor forage use.

Concentrate supplementation allows high genetic merit cows to reach higher rates of milk production
and compensate for deficiencies in seasonal pasture production and quality. The marginal milk response
per kg of concentrate consumed is an indicator of the optimal level of concentrate supplementation.

The objective of this study was to determine the effects of offering supplementary concentrate to dairy
cows grazing Galician pastures during spring on milk response and pasture dry matter intake.

Material and methods

Ninety-one primiparous and multiparous dairy cows (mean 173 days in milk) at pasture were randomly
assigned to three treatment groups. The treatments were 0, 4 and 8 kg supplementary concentrate dry
matter (DM) d”', respectively. During the pre-experimental period (March 15 to March 31) all cows
grazed and were supplemented with concentrate, grass silage and corn silage after milking and then
grazed between supplementation periods. The experimental period was from April 15 to June 30. This
period was divided in two based on the length of the grazing rotations. Period 1 was from April 15 to
May 15 and period 2 from May 16 to June 30. There was only one rotation in each period and the
paddocks grazed were the same for both rotations. The concentrate supplied during pre-experimental
and experimental periods was composed of 247 g kg™ DM of crude protein and 1.145 UFl kg”' DM.
Milk production was recorded daily. Milk samples were collected every 15 days to determine milk
components (fat, protein, somatic cells account and urea).

The cows grazed a pasture area of 17.2 ha divided on 27 paddocks. Each paddock was grazed to a
pasture height target of 5-6 cm. Pregrazing and postgrazing herbage mass (HM) was measured by
cutting 3 quadrants before and after the cows grazed each paddock. Paddock size varied between
0.39 and 1.16 ha and average residence time was 4.0, 4.1 and 3.0 days for 0, 4 and 8 kg DM d’!
concentrate groups respectively. Cutting height was about 4 cm above ground level. Pasture DM intake
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was measured as the difference between pregrazing and postgrazing HM and pasture allowance was
measured as the pregrazing HM times the paddock area divided by the number of cows grazing and the
residence time. Herbage samples were used to estimate DM, in vitro organic matter digestibility, crude
fibre, neutral detergent fibre and acid detergent fibre.

Performance data were analysed using a repeated measures design including concentrate level, Cows
within Concentrate level, Period, Period x Concentrate level and residual. The effect of Concentrate
level was tested using Cows within Concentrate level and the Period and Interaction effects were tested
using the residual. The ANOVA procedure of SAS (1999) was used for the analysis.

Results and Discussion

There were significant (P < 0.05) differences between groups in mean pasture DM intakes. The
difference between the 0 and 4 kg d”' supplemented groups was not significant but these had higher
values than the highest supplemented group (Table 1). No substitution of concentrate for pasture was
observed when concentrate supplementation was 4.0 kg DM d™'. The substitution rate for 8 kg DM d! of
concentrate was 0.38 and 0.27 for period 1 and 2, respectively.

Pasture allowance was lower for the highest supplemented group (Table 1) and this could account for a
lower pasture intake but this difference was not significant (P < 0.05). Pregrazing pasture height and
HM ranges were more extreme for this group too (average pasture heights were 15.4 and 27.3 cm for
period 1 and 2 respectively). No significant differences were found for postgrazing HM. Pasture quality
was the same for all the supplementation groups but in vitro DM digestibility of the pasture was lower
during period 2.

Table 2 shows the milk production and quality variables. There were significant differences (P < 0.05)
between treatment groups for milk production. Daily milk production was 26.0, 30.2 and 32.5 kg for
groups supplemented with 0, 4 and 8 kg d”' DM of concentrate respectively during period 1, and 20.4,
24.6 and 28.1 kg during period 2. Milk response to concentrate supplementation was 0.95 kg milk per
kg of concentrate for the 4 kg DM supplemented group in both grazing periods. In contrast, the highest
supplemented group had a lower milk response but it increased from period 1 to period 2 (0.73 to
0.87 kg milk per kg of concentrate, respectively). These values were close to those reported by Bargo et
al. (2002) of 0.96 and 1.36 kg milk kg'1 of concentrate for low and high pasture allowances,
respectively.

No significant differences were found between groups for milk fat or SCC but significant differences
were found for milk protein and milk urea. Milk protein and milk urea were higher for the supplemented
groups. This could be attributed to the high protein content of the concentrate which was formulated for
the pre-experimental period where forages had lower crude protein content.

Body weight was significantly higher for the highest supplemented group (Table 2). This indicates that
portion of the concentrate supplement was diverted to the recovery of body reserves.
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Table 1. Pasture dry matter intake (PDMI), pasture allowance, height, crude protein (CP) and in vitro
organic matter digestibility (IVOMD) and pregrazing and postgrazing herbage mass (HM) means for the
treatment groups. Grazing period 1 lasted from April 15 to Mai 15 and period 2 from Mai 16 to June 30.

i‘;“g\r/‘[tﬁﬁe 0 4 8 sig.
Period 1 2 1 2 1 2 SEM  Group  Period  Group*Period

PDMI Kg DM d'! 16.4 177 168 177 130 153 383 004  0.10 0.64
Hﬁffgﬁ“fé,l 291 381 277 385 248 439 058 066 <00l <0.01
;]\‘/’[Sﬁ;ﬁ‘fail 0.76 102 059 103 070 126 032 023 <00l 0.09
Pa;tgrsﬁ}("y‘zz“fe’ 229 242 214 231 186 215 112 020 012 0.79
Pasture height, cm 16.4 208 169 234 154 273 54 026 <001 0.04
Pasture CP, g kg™ 159 136 158 133 153 115 34 053 016 0.60
Pasture IVOMD, g kg 809 741 810 733 819 71l 48 067 <00l 0.95

Table 2. Milk production and composition and animal body weight of the treatment groups.

Concentrate, kg DM d’ 0 4 8 sig.

Period 1 2 1 2 1 2 SEM  Group Period  Group*Period

Milk, kg d’ 260 204 30.2 24.6 325 28.1 54 <0.01 <0.01 0.26

Milk fat, g kg'1 359 368 35.7 36.7 34.6 354 5.6 0.37 0.08 0.98

Milk protein , g kg'1 302 303 32.0 32.0 31.7 31.2 1.9 0.09 0.19 0.28

Somatic cells account 124 146 124 180 158 125 243 0.90 0.36 0.14

Milk urea, mg I 172 253 252 311 308 363 80 <0.01 <0.01 <0.01

BW, kg 594 607 595 610 607 637 20 0.31 <0.01 <0.01

Conclusions

The results show that Galician pastures can maintain high milk production during spring and there is a
decreasing response to increasing levels of concentrate supplementation. During late spring the quality
of the pasture decreased and the milk response to concentrate supplementation increased. This result
could be influenced by the pasture management because herbage regrowth interval was larger and
pasture was more mature.
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Alternatives to conventional feeding systems for beef production in
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Abstract

The liveweight gain (LWG) of bulls grazing different pasture allowances in winter was compared with
those accommodated on out-wintering pads at Teagasc’s Grange Beef Research Centre, Ireland. Fifty-
six yearling bulls grazed pasture at allowances of 3, 5, or 7 kg dry matter (DM) head” d”! (Low,
Medium, or High), or were offered silage ad libitum on out-wintering pads (Pads) for 124 days in
winter. There were two replicates of the four treatment groups. All animals were supplemented with 2
kg DM head™ d”! of barley-based concentrate. LWG averaged 0.87 kg d”! for bulls on Pads and the High
pasture allowance, compared with 0.74 kg d”! and 0.63 kg d”! for bulls on the Medium and Low pasture
allowances respectively. In the following spring/summer all bulls grazed similar pasture allowances for
139 days until slaughter. LWG of bulls that were wintered on Pads and the Low pasture allowance
averaged 1.22 kg d”! compared with 1.02 kg d”! for the Medium and High pasture allowance groups.
Final live weights (~597 kg) and carcass weights (~310 kg) were similar. These results show that bulls
maintained on restricted pasture allowances in winter can achieve similar animal performance overall
compared with those maintained on out-wintering pads.

Keywords: bull beef, liveweight gain, out-wintering pads, pasture allowance, winter grazing.
Introduction

The profitability of beef production in Ireland is greatly influenced by the cost of feeding over winter.
The conventional system of over wintering cattle is to feed silage and concentrates to housed animals.
Recently, over wintering cattle on ‘out-wintering pads’ has been shown to provide positive animal
performance while minimising costs (French and Hickey, 2005). Furthermore, systems that maximise
the contribution of grazed grass in the diet of growing cattle are likely to be more competitive.
Potentially, an alternative to housing cattle and feeding silage is to maintain cattle outdoors to graze
pasture over the winter, which has accumulated since the autumn. A wide body of information exists on
the management of grass swards in the autumn to produce herbage for winter utilisation (Hennessy et
al., 2004). However, much less information is available on the management of animals grazing in the
winter to optimise animal production while minimising damage to the sward. Thus, the objective of this
study was to compare the performance of yearling bulls either grazing different pasture allowances in
winter or accommodated on out-wintering pads.

Materials and Methods

The experiment was conducted at Teagasc’s Grange Beef Research Centre, County Meath, Republic of
Ireland. Fifty-six Charolais x Limousin yearling bulls with a mean initial live weight of 342 kg (+ s.e.
of 44.2 kg) were blocked on live weight and randomly assigned to eight groups, giving seven animals
per group. Six groups of bulls grazed at pasture allowances of either 3, 5, or 7 kg DM head™ d”' (Low,
Medium, or High), and two groups were offered silage ad libitum on out-wintering corrals (Pads).
There were two replicates of the four treatments, which were imposed in winter from 1 December 2004
to 6 April 2005 (124 days).

The three pasture allowances were based on pre-grazing pasture mass above a cutting height of 4 cm,
and were achieved by adjusting the area of pasture offered each day, using temporary electric fences. In
addition all animals received 2 kg DM head™ d! of barley-based concentrate (87% barley, 6.75%
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toasted soya bean, 4.75% sugar cane molasses, calcium carbonate and sodium chloride). Portable
troughs were used to feed the concentrate and water. The total area grazed in winter was 2.2, 2.7 and
3.3 ha for the Low, Medium and High pasture allowances respectively. Fresh grass silage and water
were offered each day to the bulls accommodated on the out-wintering pads. The pads comprised of
compacted clay soil covered with a wood chip bedding which was renewed four times in winter, and
liquid effluent drained into septic tanks.

After winter, all animals were rotationally stocked in spring/summer from 6 April to 22 August 2005
(139 days). Similar pasture allowances were achieved by shifting each group to a new area of pasture
every 3 — 5 days when the grazed pasture height had reached 6 — 7 cm. The bulls were supplemented
with ~3 kg DM head™ d”' of barley-based concentrate for the final 76 days until slaughter. The pastures
grazed in spring and summer were not grazed in winter.

Liveweight gain was measured every 3 — 4 weeks. Carcass weight and conformation (EUROP scale 1 —
5) were measured when animals were slaughtered on 23 August 2005. Pre- and post- grazing pasture
masses were measured each week in winter and every 2 — 3 weeks in spring and summer, by cutting
three 0.55 m x 5 m strips per group to a stubble height of 4 cm. The freshly cut herbage was weighed
and sub-samples dried to determine DM percent.

Results and Discussion

In winter, the LWG of bulls on the High pasture allowance averaged 0.89 kg d"' compared with (P <
0.05) 0.64 kg d! for bulls on the Low allowance (Table 1). This resulted in an extra 35 kg of live
weight produced in winter although differences in live weight were not significant. The average growth
rates of bulls accommodated on Pads and on the Medium pasture allowance were intermediate at 0.85
and 0.74 kg d”' respectively. In comparison, French and Hickey (2005) reported that steers offered
silage plus concentrates on out-wintering pads had average growth rates of about 1.4 kg d”' compared
with 1.2 kg d”' when housed on slatted floors.

Closing paddocks from late September onwards provided an average pre-grazing pasture mass of 1870
kg DM ha™ in winter (Table 2). Accumulating pasture before this time can lead to a reduction in total
herbage mass due to decreases in leaf production rate and number of tillers, and an increased leaf
senescence rate in grasses, which all result from an increase in canopy accumulation in winter (Laidlaw
and Mayne, 2000). Post-grazing pasture mass averaged 400 kg DM ha' and 370 kg DM ha™' for the
High and Medium allowances respectively compared with (P < 0.01) 260 kg DM ha™' for the Low
allowance (Table 2). The bulls on the Low allowance were observed to have spent more time grazing
and treading each day than the bulls on the Medium and High allowances. Thus, grazing at high pasture
allowances in winter is likely to increase individual animal performance and reduce damage to the
subsequent growth of the sward.

In spring and summer, growth rates of the bulls ranged from 1.4 to 1.7 kg d™' for the first 35 days, and
from 0.8 to 1.1 kg d”! for the next 109 days (Table 1), when all animals were given similar pasture
masses (Table 2). Although the bulls that were wintered on Pads and the Low pasture allowance
subsequently grew 0.2 — 0.3 kg d”' faster (P < 0.01) than those on the Medium and High allowances, all
animals achieved acceptable liveweight gains in spring and summer irrespective of their previous winter
feeding regime. As a consequence, final live weight (~597 kg), carcass weight (~310 kg) and carcass
conformation (~2.9) were similar across all treatments when the animals were slaughtered. Further
research is required on the environmental impacts of winter grazing systems.
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Table 1. Mean live weight (LW), liveweight gain (LWG), carcass weight (CW) and carcass

conformation of yearling bulls in winter and spring/summer.

————— Winter (1/12 — 6/4) ----- ----------- Spring/summer (6/4 — 23/8) ----------
LW LWG LW LWG LWG LW CW Conf.
Treatment 1/12 1/1 2—_6/4 6/4 6/4-1 (_)/5 10/5—2_2/8 22/8 23/8 (1-5)
(kg) (kgd") (kg) (kgd") (kgd") (kg) (kg)
Low 344 0.63, 425 1.70 1.00,, 594 303 2.9
Medium 337 0.74, 431 1.45 0.82, 574 302 2.8
High 343 0.89, 460 1.41 0.82, 605 319 3.1
Pads 345 0.85, 443 1.61 1.06, 616 317 2.9
P NS * NS NS ok NS NS NS
s.e.d. 16.7 0.087 24.1 0.141 0.080 27.3 17.6 0.19

NS = not significant, *P < 0.05, **P < 0.01.
Within columns, means with the same or no letter subscript are not significantly different (o = 0.05).

Table 2. Mean pre- and post-grazing pasture masses (PM) in winter and spring/summer.

-------- Winter (1/12 — 6/4) ------- ----- Spring/summer (6/4 — 23/8) -----
Pre-grazing PM Post-grazing PM Pre-grazing PM Post-grazing PM

(kg DM ha™) (kg DM ha™) (kg DM ha") (kg DM ha")
Low 1,870 260, 2,190 550
Medium 1,870 370, 2,240 630
High 1,870 400, 2,230 600
Pads - - 1,890 700
P NS ok NS NS
s.e.d. 68 7 56 45

NS = not significant, **P < (0.01.
Within columns, means with the same or no letter subscript are not significantly different (o0 = 0.05).

Conclusion

This study has shown that feeding systems which involve all-year grazing of cattle or accommodating
cattle on out-wintering pads have potential for integration into beef production systems in Ireland. Bulls
maintained on restricted pasture allowances in winter can achieve a similar animal performance overall
compared with bulls offered silage on out-wintering pads.
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Abstract

The objective of this study was evaluation of the soil seed bank in the surface layer of the soil, seed
distribution at four depths and a comparison of the species composition of seeds in the soil with the
floristic composition of the meadow sward. Soil samples were taken from two stands: a permanent
meadow and a meadow subject to renovation (after previous rotary tillage). Research has shown that the
species structure of the soil seed bank does not reflect the floristic composition of the sward, due to the
fact that the sward is dominated by species whose survival strategy is related to vegetative reproduction.
Although changes in sward management occurred seeds of the species characteristic of the previous
managements remained in the soil. The most numerous of these were the seeds of dicotyledonous
plants, whereas mainly the Chenopodium album L. seeds determined the size of the soil seed bank. The
greatest reserves of seeds were in the surface layer of the soil (0-10 cm). The application of rotary
tillage resulted in the replacement of seeds, allowing for development of seedlings from seeds lingering
in the deeper soil layers.

Keywords: meadow, soil seed bank, rotary tillage, vertical distribution of seeds.
Introduction

Plants developing from seeds in the top layer of soil, usually dicotyledonous weeds, represent strong
competition to the seedlings of grasses, which develop more slowly. They decrease the renovation effect
of grasslands (Janicka, 2005). This fact encouraged the study of the reserve of seeds in the soil. The
composition of the soil seed bank depends on the plant communities appearing in a particular area both
at the present moment and also in the past, as well as on the biological properties of plants. Changes in
land-use and management practices influence the distribution of seeds in the soil and the established
vegetation (Bekker et al., 1998; Reine et al., 2004). The objective of this study was the evaluation of the
seed reserve in the top layer of the soil and the distribution of seeds at four depths. A further aim was
comparison of the composition of seed species in the soil with the floristic composition of the
vegetation.

Materials and methods

The study was carried out in central Poland, at a moderately dry meadow site (water table below 150
cm), situated on a mineral soil (degraded black earth). Soil samples were collected in April, before the
fresh seed rain. Samples were taken at random, to a depth of 20 cm, from two stands: 1) a permanent
meadow, extensively managed and fertilised, 2) a meadow subject to renovation at that time (after
rotary tillage). A steel cylinder of 110 mm diameter and 100 mm height was used for sampling. Samples
of 10 cm of soil were collected twice; then they were divided into 4 levels: 0-5 cm, 5-10 cm, 10-15 cm
and 15-20 cm. In total, 10 samples were collected from each combination. Subsequently, they were
subjected to laboratory analysis on the basis of a seed separation method. The samples were washed on
sieves (mesh width 0.25 mm); then the material was drenched with potassium iodide solution (density
1.60 — 1.66 g cm™). At that point the mineral parts started to deposit at the bottom and the seeds and
other organic components stayed on the surface of the solution. They were transferred onto filters and
dried at a temperature of 60°C. Live seeds were identified and taken out under a binocular microscope,
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and they were analysed with respect to the species classification and number. During the growing
season t