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Preface

Grassland farming in Europe was already established during the settlement of the
first farmers together with their domesticated animals after the last ice age. Since
then, grassland provides the forage basis to feed ruminant animals for the pro-
duction of meat and milk. Depending on the ecological conditions and intensity
of usage, various plant communities with different species developed, displaying
a rich biodiversity. With the introduction of improved crop rotations at the end of
the 16th century, grasses and legumes were also grown to an important extent as
forage crops on arable land. In the last decades the importance of amenity grasses
increased markedly, due to the demand of the society for new usages like landscape
protection.

Around 1900 interested farmers and academics identified the need for grass-
land improvement through systematic selection and seed production. This marks
the beginning of breeding and research in companies but also at universities and
specialized research institutes. Plant collection started with many of the species that
are still of importance today. The collected materials were grouped according to
the intended use and some type of phenotypic selection was applied. Seed multi-
plication of such populations was performed in pure stands and the harvested seed
was marketed. Although the vegetative biomass and its quality are of utmost impor-
tance in forage crop breeding, it is the seed yield potential which determines the
commercial success of a new variety.

There are some milestones in forage crop breeding that should be mentioned:
the invention of the polycross leading to the replacement of open pollinated vari-
eties by synthetic varieties, progeny testing, breeding of amenity grasses, induction
of tetraploids in the ryegrasses and red clover, and the introduction and application
of molecular tools. The invention of the forage plot harvester, computers, NIRS,
and other new technologies has led to a tremendous increase in breeding intensity.
Unfortunately, public funded research is decreasing dramatically in most highly
developed countries, while in the commercial sector a concentration process took
place. Thus, efforts are needed to avoid loss in knowledge and breeding experience.

Scientific and practical knowledge of forage plant breeding accumulated in
the first 50 years of systematic fodder crop breeding has been summarized in
the so far unique volume ‘Ziichtung der Futterpflanzen — Breeding of Forage
Plants” which appeared as the fourth volume of the bilingual “Handbuch der
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Pflanzenziichtung — Manual of Plant Breeding” in two editions, 1941 and 1959, and
was edited by H. Kappert and W. Rudorf. In their foreword to the second edition,
we can read that “the research results are scattered in profuse literature which can
no longer be overlooked by the individual.” Now, another 50 years later, this is cer-
tainly true even more and we as editors of the “Fodder Crops and Amenity Grasses”
volume of this new “Handbook of Plant Breeding” are proud to tackle again the
challenge of making the most pertinent knowledge available to the plant breeding
community.

Because forage crops have many topics in common and to avoid redundancy,
we decided to start with nine general chapters devoted to the role of forage crops
in multifunctional agriculture, genetic resources, breeding methodology, molecular
tools, breeding objectives in forages as well as amenity grasses, breeding for seed
yield, variety testing and release, and an outlook into the future. The second part
comprises the nine most important groups of temperate species among the grasses,
clovers, and alfalfa. Minor species are also treated in respective chapters. Each of the
crop-specific chapters covers the whole range of topics related to breeding from the
origin and history of the particular crop and genetic resources to breeding achieve-
ments, specific goals and techniques, including the potential and actual integration
of new biotechnologies. The chapters have been written by outstanding breeders and
scientists with wide experience in their crops and topics.

This volume contains all the basic and updated information on the state of the art
of breeding fodder crops and amenity grasses. The vast amount of knowledge col-
lected in this volume should not only serve breeders as well as researchers, students,
but also their academic teachers. It may be regarded as a scientific knowledge plat-
form which provides practical plant breeders with new scientific information, but
also to make molecular biologists more familiar with the peculiarities of breeding
the various species of fodder crops and amenity grasses.

The completion of this book would not have been possible without the contribu-
tions of the many authors, who have devoted much time to the task of writing the
chapters. The scientific platform of the Fodder Crops and Amenity Grasses Section
of EUCARPIA has been an extremely valuable resource of recruiting highly com-
petent contributors. We also want to thank the staff of Springer, in particular Hannah
Schorr, for their continuous support.

Last but not least, we would like to thank Christine, Brigitte, and Daniela for
their patience and support while working on this volume.

Ziirich, Switzerland Beat Boller
Stuttgart, Germany Ulrich K. Posselt
Perugia, Italy Fabio Veronesi



Contents

10.

11.

The Role of Forage Crops in Multifunctional Agriculture . . . . . 1
Dirk Reheul, Benny De Cauwer, and Mathias Cougnon

Genetic Resources . . . . . .. ... ... ... ... 13
Beat Boller and Stephanie L. Greene

Breeding Methods in Cross-Pollinated Species . . . . . ... . .. 39
Ulrich K. Posselt

Development and Application of Biotechnological
and Molecular Genetic Tools . . . . . . ... ... ......... 89
Roland Kélliker, Daniele Rosellini, and Zeng-Yu Wang

Breeding Objectives in Forages . . . . . . ... ... ........ 115
Michael D. Casler and Edzard van Santen

Breeding Objectives in Amenity Grasses . . . . . ... ....... 137
Sheena Duller, Daniel Thorogood, and Stacy A. Bonos

Breeding for Grass Seed Yield . . .. ... ... ... ... .... 161

Birte Boelt and Bruno Studer

Control of Cultivar Release and Distribution . . . . .. . ... .. 175
Trevor J. Gilliland

Future Developmentsand Uses . . . . . . ... ... ........ 201
Joseph H. Bouton

Ryegrasses . . . . . . . . . . .. ... ... 211
Mervyn Humphreys, Ulf Feuerstein, Muriel Vandewalle,
and Joost Baert

Fescues . . . . . . . . . .. 261
Odd Arne Rognli, Malay C. Saha, Suresh Bhamidimarri,
and Stefan van der Heijden

vii



viii

12.

13.

14.

15.

16.

17.

18.

19.

20.

Contents

Festulolium . . . . . ... ... . ... . ... ... ... . ... 293
Marc Ghesquiere, Michael W. Humphreys,
and Zbigniew Zwierzykowski

Cocksfoot . . . . . . . . ... 317
Yasuharu Sanada, Marie-Christine Gras, and Edzard van Santen

Timothy . . . . . . .. ... 329
Hiroyuki Tamaki, Joost Baert, and Petter Marum

Bluegrasses . . . . . . . . . ... ... 345
David R. Huff

Minor Grass Species . . . . .. ... L 381
Grzegorz Zurek and Magdalena Sevcéikova

Alfalfa . . . . .. . .. . .. 395
Fabio Veronesi, E. Charles Brummer, and Christian Huyghe

Red Clover . . . . . .. .. . . .. . .. .. . . 439
Beat Boller, Franz Xaver Schubiger, and Roland Kolliker

White Clover . . . . . . .. . . . .. ... 457

Michael T. Abberton and Athole H. Marshall

Minor Legume Species . . . . . . ... ... ... ......... 477
Efisio Piano and Luciano Pecetti

SubjectIndex . . . . . . ... ... ... 501



Contributors

Michael T. Abberton Institute of Biological, Environmental and Rural Sciences
(IBERS), Aberystwyth University, Gogerddan, Aberystwyth SY23 3 EB, UK

Joost Baert Department of Plant Genetics and Breeding, Caritasstraat 21, 9090
Melle, Belgium

Suresh Bhamidimarri Grass Breeding Lab, Forage Improvement Division, The
Samuel Roberts Noble Foundation, 2510 Sam Noble Parkway, Ardmore, OK
73401, USA

Birte Boelt Department of Genetics and Biotechnology, Research Centre
Flakkebjerg, Aarhus University, Forsggsvej 1, DK-4200 Slagelse, Denmark

Beat Boller Agroscope Reckenholz-Tinikon, Research Station ART,
Reckenholzstrasse 191, CH-8046 Ziirich, Switzerland

Stacy A. Bonos Department of Plant Biology and Pathology, Rutgers, The State
University of New Jersey, New Brunswick, NJ 08901-8520, USA

Joseph H. Bouton The Samuel Roberts Noble Foundation, 2510 Sam Noble
Parkway, Ardmore, OK 73401, USA

E. Charles Brummer Crop and Soil Sciences Department, Institute for Plant
Breeding, Genetics, and Genomics, University of Georgia, Athens, GA 30602,
USA

Michael D. Casler USDA-ARS, U.S. Dairy Forage Research Center, 1925 Linden
Dr., Madison, WI 53706, USA

Mathias Cougnon University of Gent, Coupure links 653, B-9000 Gent, Belgium
Benny De Cauwer University of Gent, Coupure links 653, B-9000 Gent, Belgium

Sheena Duller Institute of Biological, Environmental and Rural Sciences,
Aberystwyth University, Gogerddan, Aberystwyth Ceredigion SY23 3 EB, UK

Ulf Feuerstein Euro Grass Breeding GmbH and Co. KG Steimker Weg 7, 27330,
Asendorf, Germany

ix



X Contributors
Marc Ghesquiere National Institute for Agronomical Research, INRA/URP3F,
Lusignan, France

Trevor J. Gilliland Agri-Food and Biosciences Institute (AFBI), Plant Testing
Station, Crossnacreevy, Castlereagh, Belfast BT6 9SH, Northern Ireland, UK

Marie-Christine Gras R2n, Rue Emile Singla, Site de Bourran, BP3336, 12033
RODEZ Cedex 09, France

Stephanie L. Greene USDA, ARS National Temperate Forage Legume Genetic
Resources Unit, 24106 North Bunn Road, Prosser, WA 99352, USA

David R. Huff Department of Crop and Soil Sciences, Pennsylvania State
University, University Park, PA 16802, USA

Mervyn Humphreys IBERS, Aberystwyth University, Aberystwyth,
SY23 3EB, UK

Michael W. Humphreys Institute for Biological, Environmental and Rural
Sciences, (IBERS), Aberystwyth University, Aberystwyth, Wales, UK

Christian Huyghe INRA, Centre de Recherche Poitou-Charentes, BP 6, 86600
Lusignan, France

Roland Kolliker Agroscope Reckenholz-Tidnikon, Research Station ART,
CH-8046 Zurich, Switzerland

Athole H. Marshall Institute of Biological, Environmental and Rural Sciences
(IBERS), Aberystwyth University, Gogerddan, Aberystwyth SY23 3 EB, UK

Petter Marum Graminor AS, Bjgrke Research Station, Hommelstadvegen 60,
2322 Ridabu, Norway

Luciano Pecetti CRA-Centre of Research for Fodder Crops and Dairy
Production, viale Piacenza 29, 26900 Lodi, Italy

Efisio Piano CRA-Centre of Research for Fodder Crops and Dairy Production,
viale Piacenza 29, 26900 Lodi, Italy

Ulrich K. Posselt State Plant Breeding Institute, University of Hohenheim,
D-70593 Stuttgart, Germany

Dirk Reheul University of Gent, Coupure links 653, B-9000 Gent, Belgium

Odd Arne Rognli Department of Plant and Environmental Sciences, Norwegian
University of Life Sciences, N-1432 As, Norway

Daniele Rosellini University of Perugia, Perugia, Italy

Malay C. Saha Molecular Markers Lab, Forage Improvement Division, The
Samuel Roberts Noble Foundation, 2510 Sam Noble Parkway, Ardmore, OK
73401, USA



Contributors xi
Yasuharu Sanada National Agricultural Research Center for Hokkaido Region,
Hitsujigaoka 1, Toyohira, Sapporo, 062-8555, Japan

Franz Xaver Schubiger Agroscope Reckenholz-Tinikon, Research Station ART,
Reckenholzstrasse 191, CH-8046 Ziirich, Switzerland

Magdalena Sevéikova OSEVA PRO Ltd. Grassland Research Station RoZnov —
Zubii, Hamerska 698, 75654 Zubi{, Czech Republic

Bruno Studer Department of Genetics and Biotechnology, Research Centre
Flakkebjerg, Aarhus University, Forsggsvej 1, DK-4200 Slagelse, Denmark

Hiroyuki Tamaki Forage Grass Breeding Section of Kitami Agricultural
Experiment Station, Kunneppu-cho, Tokoro-gun, Hokkaido, 099-1406 Japan

Daniel Thorogood Institute of Biological, Environmental and Rural Sciences,
Aberystwyth University, Gogerddan, Aberystwyth Ceredigion SY23 3 EB, UK

Stefan van der Hejden Barenbrug Holding BV, Oosterhout, The Netherlands,

Edzard van Santen Department of Agronomy and Soils, Auburn University,
Auburn, AL 36849-5412, USA

Muriel Vandewalle Department of Plant Genetics and Breeding, Caritasstraat 21,
9090 Melle, Belgium

Fabio Veronesi Dipartimento di Biologia Applicata, University of Perugia, Borgo
XX giugno, 74, 06121 Perugia, Italy

Zeng-Yu Wang The Samuel Roberts Noble Foundation, Ardmore, OK, USA

Grzegorz Zurek Laboratory of Non-fodder Grasses and Energy Plants,
Department of Grasses, Legumes and Energy Plants, Plant Breeding and
Acclimatization Institute, Radzikéw, 05-870 Blonie, Poland

Zbigniew Zwierzykowski Institute of Plant Genetics, Polish Academy of
Sciences, Poznan, Poland



The Role of Forage Crops in Multifunctional
Agriculture

Dirk Reheul, Benny De Cauwer, and Mathias Cougnon
University of Gent, Coupure links 653, B-9000 Gent, Belgium, dirk.reheul @ugent.be

1 Introduction

UNESCO defines grassland as “land covered with herbaceous plants with less than
10 percent tree and shrub cover”. In many cases, grassland is grazing land.

According to the World Resource Institute, cited in Suttie et al. (2005), grasslands
are among the largest ecosystems in the world. The area is estimated at 52.5x 10°
km?, representing 40.5% of the terrestrial area, excluding Greenland and Antartica.

Since almost all European grasslands are more or less modified by human activi-
ties and have to a major extent been created and maintained by agricultural activities,
they can be defined as “semi-natural” grasslands, although their plant communities
are natural (Reidsma et al., 2006).

The multifunctionality of grassland as described in this chapter, considers
grassland as a source, as a sink and as the combination of both source and sink.

2 Grassland as a Source

2.1 Grassland as an Indispensable Source of Nutrients:
A Historical Perspective

Historically, grassland and some forage crops played a major role in the agricultural
development in most parts of Europe. Semi-natural grassland has been for a very
long time a “mine of nutrients” with the vegetation serving as miners and livestock
as transportation belts.

Indeed until the industrial production of fertilizers, mankind faced the problem
of nutrient depletion in agriculture. The more the population grew, dwelled into
cities and the more industrial crops were grown, the fewer nutrients could be recy-
cled. Since more people means an extra need for food, the major way to enhance

B. Boller et al. (eds.), Fodder Crops and Amenity Grasses, 1
Handbook of Plant Breeding 5, DOI 10.1007/978-1-4419-0760-8_1,
© Springer Science+Business Media, LLC 2010



2 Dirk Reheul et al.

food production was the expansion of the agricultural area for a very long time. The
most fertile soils were dedicated to arable crops (mainly cereals), managed in a
3-year rotation system: 2 consecutive years of cereal production followed by a
fallow period of 1 year.

Livestock grazed in the forest or on less fertile semi-natural grassland (managed
as common land) and was brought home to rest on the fallow plots overnight, fer-
tilizing the fallow land with their excrements. Hence livestock served as a “nutrient
pump” pumping nutrients from the grassland source into the arable sink. However,
excrements produced while the livestock was grazing during day time were lost for
the arable land. As soon as it became possible to harvest hay and transport it to
farmers’ settlements, livestock could be kept in stables during wintertime increas-
ing the catched manure which was distributed on the arable land. Acting like this,
grasslands became more and more depleted in nutrients. In the meantime rules were
prescribed in order to restrict the stocking densities hence safeguarding the sustain-
ability of the system, inspiring Hardin (1968) to its famous article “The tragedy of
the commons”.

At the end of the 16th century, farmers on poor sandy soils in Flanders started to
grow fodder crops both as catch crops after the harvest of the cereals and crops on
the fallow land. The latter was quite a remarkable evolutionary step in the agricul-
tural development since previously the fallow land was considered as a necessary
part of the rotation in order to get rid of most of the weeds and to allow the release of
newly available nutrients from the mother rock. Catch crops (as turnips) prevented
leaching of valuable nutrients during late autumn and wintertime. The main forage
crop grown on the fallow land was the nitrogen-fixing red clover, offering two main
advantages: the fallow land produced an important quantity of forage and the clover
left nitrogen for the subsequent cereals. Both the catch crops and the red clover
allowed to increase livestock numbers substantially and hence the manure produc-
tion. These developments allowed doubling the cereal yields, from an average of
1 ton/ha up to 2 tons/ha.

These developments are very well documented in Weston (1650), Mazoyer and
Roudart (2002) and Hirata (2004).

A peculiar source is the work of Kjaergaard (2003, 2006), documenting the eco-
history of Denmark which can be considered as a pars pro toto for large parts of
Europe. Kjaergaard describes how red clover (and later on coal) saved mankind
from an ecological disaster. The strongly growing population as well as the political
and military developments from the 16th century onwards urged many countries to
rapidly cut their forests in a never ending need for construction material and fuel.
As a consequence land degradation occurred which was a huge adversity in the
continuous search for more agricultural land. The introduction of red clover culti-
vation and the accompanying livestock development allowed to restore soil fertility
and food production as described above. The role of red clover was so admired that
during the 18th century more than half of the agricultural land was covered with
red clover in parts of Denmark. This practice became unsustainable and most likely
due to pests and diseases the acreage of red clover started to decline. Fortunately at
that time the use of coal as an energy source was introduced. In the light of current
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feverish quests for renewable energy it is nice to know that the unwise depletion of
renewable sources brought us close to an ecological disaster, from which we were
saved by the use of two new sources: fossil fuels and leguminous crops. Currently
one of the savers of the olden days threatens mankind while the role of the second
one certainly is not finished yet.

2.2 The Main Source: Forage Production

All over the world large areas of grassland produce large amounts of forage for
ruminants. In many cases, the use as grassland is the most sustainable use in areas
with unfavourable climatic and/or geographic conditions.

After World War II, the use of grassland was intensified in many parts of Europe
with fertilizer nitrogen as the main driver. Intensification was and is highest in the
lowland areas. During the second half of the 20th century, high stocking rates com-
bined with the use of high amounts of fertilizer nitrogen and concentrates caused
environmental problems until present days. Modern grassland management has to
cope with these and other challenges as described in Section 4.

2.3 Grassland as an Energy Crop

Grassland biomass can be used as a renewable source of energy. The biomass can
be combusted or converted into biofuel or digested into biogas. Grassland man-
agement for biofuel production can vary from a very extensive use of semi-natural
grassland to an intensive biomass production with C3 and C4 grass species. Tillman
et al. (2006) argue that a floristic diverse prairie vegetation in the USA has a ben-
eficial output/input energy ratio, since the energy input is very low. Swards are
not fertilized, the biomass production is low and the nitrogen input comes from
legumes. The European idea to produce energy grass with Lolium multiflorum,
Phleum pratense, Festuca arundinacea or Miscanthus (e.g. Miscanthus x gigan-
teus) on fertile land aims at a high biomass production with an accordingly high
energy content. However, in these circumstances the energy input is quite high
(predominantly by nitrogen fertilizers) and the output/input energy ratio may be rel-
atively low. Ceotto (2007) is very critical in his review on grasslands for bioenergy
production particularly when the biomass is combusted. In order to achieve a rea-
sonable biomass yield one needs nitrogen (biologically fixed or fertilizer nitrogen).
The combustion of a “nitrogen-rich” biomass releases nitrogen oxides; they may
form ozone, which is a greenhouse gas. Whatever the management may be, recy-
cling or adding nutrients is necessary to keep soil fertility at an acceptable level. In
the absence of this, yields drop dramatically as is known from long-term grassland
experiments as the Park Grass experiment in Rothamsted, UK.
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2.4 Grassland and Ecosystem Services

2.4.1 Biodiversity

Reidsma et al. (2006) calculated a dose—effect relationship of the intensity of agri-
cultural land use on biodiversity in the EU and concluded that grassland has the best
ecosystem quality of all possible agricultural production systems. Biodiversity was
expressed as the mean abundance of species originally present in natural ecosystems
relative to their abundance in undisturbed situations and this was called ecosys-
tem quality. In this respect, extensive grassland is at the top, but even intensively
managed grassland has an ecosystem quality that is at least twice as high as the
ecosystem quality of comparably managed arable land.

There is an overwhelming body of literature showing that agriculturally used
grassland areas contain a high floristic and faunistic diversity; the less intensive the
management, the higher the biodiversity. However, pressure on grassland habitats is
steadily increasing although legislative measures and supporting schemes in the EU
refrain this evolution. This pressure may change both species richness and species
abundance causing a decline of the structural diversity of grassland. A change in
botanical diversity, even in intensive managed grassland at low species number,
may have important agronomic consequences, since in most instances the larger
the botanic diversity, the higher the potential productivity (e.g. Kirwan et al., 2007).

Preserving and protecting semi-natural grassland really is essential since it has
been demonstrated that it is very difficult to bring back botanical diversity by
extensifying grasslands that previously had been managed intensively.

The botanical richness of the European grasslands is highly esteemed by grass
and forage breeders (see Chapter 2, Section 3) who continue to collect genetic
resources in order to improve grassland productivity and quality.

Recently in a number of European countries, water levels are increased in his-
torically wet grasslands in order to promote a wet land flora and fauna (Grevilliot
et al., 1998). In some of these areas grazing is needed to sustain the floristic diver-
sity. However, parasites like liver fluke and poisonous plant species like Senecio
aquaticus are a serious threat for animal health (Davis, 2005).

Less studied is the belowground biodiversity. Van Eekeren et al. (2007) give
an overview of soil food web and the role of belowground biota and demonstrate
that herbivorous nematodes and active microbial biomass (in particular bacterial
biomass) are much higher in permanent grassland than in temporary grassland or
in arable land. Earthworm abundance is about three times higher in grassland than
in arable land; the abundance is significantly higher in grass—white clover mixtures
than in pure grass stands. Upon ploughing down grassland, the earthworm abun-
dance falls down very steeply but there is a remarkable and fast resilience when
arable land is turned into grassland again (Van Eekeren et al., 2008).

2.4.2 Water Storage and Water Quality

Benoit and Simon (2004) studied the effect of grassland both on the hydrological
cycle and on water quality. Compared to arable land, grassland generally has higher
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water infiltration rates, preventing top soil loss and runoff. The older the grassland,
the higher the infiltration capacity, owing to a better soil structure, more earthworm
burrows and a higher organic matter content. Heavy trampling in grazed grassland
may reduce infiltration capacity with 50%.

There is ample literature indicating that nitrate concentrations are very low under
cut grassland (e.g. Nevens and Reheul, 2003a).

In a lysimeter experiment conducted in Belgium during more than 20 years
(1972-1994), annual nitrogen leaching never exceeded 13kg ha~! y~!. Swards
of pure Lolium perenne were established on different soil types (irrigated and
non-irrigated sand, sandy loam, loam and clay) and cut in a simulating grazing
management at nitrogen dressings varying from 390 to 397 kg ha=! y~!.

According to Benoit and Simon (2004) summarizing data from different
European countries, nitrate leaching in grazed grassland tends to be less than 50 kg
N ha~! y~! aslong as nitrogen fertilization is below 300 kg N ha~! y~!. The authors
claim that respecting the EU Nitrate Directive (water should contain less than 50 mg
NO3~ 17!) offers no problem, provided that the annual number of LU (livestock
units) x grazing days is lower than 500.

Grasslands are rarely vulnerable to groundwater contamination by pesticides.
Microbial contamination of surface water may occur if livestock enters ditches to
drink and drops its excrements and urine directly in the water.

2.4.3 Landscape and Ecotourism

In the lowland, citizens appreciate grazing animals in the landscape, for emotional
reasons and because they associate grazing with animal welfare. In the highland
areas and some semi-arid areas (e.g. the Iberian Dehesa ecosystem) grassland asso-
ciated with grazing animals promotes ecotourism, offering an extra income for the
inhabitants.

3 Grassland as a Sink: Carbon Storage

Grasslands harbour approximately 34% of the global stock of carbon in terrestrial
ecosystems, while forests store about 39% and arable ecosystems approximately
17% (Pedro Silva et al., 2008). While in forests the carbon predominantly is stored
in the vegetation, most of the grassland carbon stocks are in the soil. Carbon enters
into grassland soil through litter fall, root turnover and carbon exudation from roots.
It is released from the soil by respiration and by leaching.

Mestdagh et al. (2004) surveyed a large number of grasslands in Belgium and
concluded that permanent grassland contains about 50% more soil organic car-
bon (SOC) than temporary grassland and grazed grassland contains about 50%
more SOC than cut grassland: in both cases approximately 150 vs. 100 Mg ha~!
in a soil profile of 60 cm depth. The latter trend was confirmed by data of Casals
et al. (2004) reporting results from the subalpine and alpine grasslands in the
Pyrenees.
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Absolute quantities of SOC vary according to climate (temperature, precip-
itation), soil type and the time scale of particular managements. In a Belgian
experiment (Bommelé, 2007; Van Eekeren et al., 2008), comparing 36 years of per-
manent arable land with 36 years of permanent grazed grassland on a sandy loam
soil with N dressings on the grassland varying between 230 and 350kg ha=! y~1),
35Mg ha~! C was found in the arable land, vs. 55 Mg ha~! in permanent grassland
(depth of the soil profile: 30 cm). Averaged over 36 years, this means an increase of
0.57Mg ha~! y~!, which is very close to the amount of 0.52Mg ha~! y~! cited in
Soussana and Liischer (2007).

Hopkins and Del Prado (2006), reporting on carbon balances in North American
Great Plains, argue that a grassland sward aged more than 20 years, no longer acts as
a carbon sink. The situation is probably similar in the European temperate climate as
indicated in the Park Grass Experiment in Rothamsted (Johnston, 1986). The latter
experiment also indicates that upon ploughing down the grassland, the breakdown
of SOC occurs nearly twice as fast as its accumulation during the grassland phase.

The concentration of CO; in the air is expected to influence plant growth and car-
bon turnover. Long-lasting Swiss and German experiments indicate that an elevated
CO, concentration had little effect on the carbon balance in cut swards of either
L. perenne or Trifolium repens. The extra biomass production owing to the elevated
CO; concentration was to a large extent neutralized by the ecosystem respiration
(plant+soil microbiota).

The silvopasture type of agroforestry may store an additional amount of carbon,
both below and above ground. However, few quantitative data are available.

4 Modern Grassland Management: The Combination of Source
and Sink in a Tempting Exercise in Sustainability

4.1 Grazing

Modern grassland management tries to optimize the source and the sink function
of grassland, in order to fit into the sustainability framework. Modern grassland
management is “making sustainability at work”. Taking care of not losing the link
between livestock and land is a prerequisite (Naylor et al., 2005). Reading the fol-
lowing paragraphs one should remember that sustainability tries to reconcile three
pillars: ecology, economy and social aspects. They may act in a concerted way, but
in some cases their reconciliation is not easy.

The role of grassland in livestock farming in Europe is connected to both socio-
economic and natural conditions. Pflimlin and Todorov (2003) divide Europe into
different regions according to geographic and climatic characteristics. The hilly,
mountainous, Mediterranean and Nordic regions are confronted with unfavourable
soil and climatic conditions and apply on average a rather extensive livestock farm-
ing (mainly meat production), with a dominating role for grazing. The link between
land and livestock is conserved well. Eco-efficiency, defined as “more (economic)
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value with less environmental impact”, is quite high owing to a rather small denom-
inator: low use of sources and low pressure on sinks. If well managed these farming
systems may take advantage of “the ecology of scale” as defined and demonstrated
by Schlich et al. (2006). The adoption of agri-environment programmes is quite
high, offering good opportunities to safeguard ecosystem services and biodiversity
in particular. In many cases the agri-environment programmes do save these grass-
lands from abandonment. Abandoned grassland is likely to evolve into a natural
forest in large parts of Europe. In the short term this evolution is expected to lead
to a decline in biodiversity. The patchy landscape will close into a monotone view.
Ecotourism will decline and without the buffering capacity of the grasslands, the
risk on large forest fires is expected to increase.

In north-west Europe, intensive dairy farming is driven by a combination of
grassland, forage crops and supplementation with concentrates. During the previous
decades, the role of grassland was diminishing constantly, while the use of forage
maize and concentrates was increasing steadily. Reasons for this evolution are con-
nected mainly to animal aspects (highly demanding and balanced feed rations) as
well as to socio-economic aspects. The economy of scale becomes more and more
important to survive for dairy farms in areas with intensive production systems.
Large herds fed with feed of constant quality and milking robots are components
of these trends. Both output and input are high as well as pressure on sources and
sinks, jeopardizing eco-efficiency and the link between land and livestock.

Van den Pol-van Dasselaar et al. (2008) present an excellent overview of current
developments. The authors argue that grazing must be able to produce high-quality
forage within the environmental constraints, at a low cost, with a high labour effi-
ciency and an acceptable comfort for the farmer (representing the three pillars of
sustainability). The larger the herds, the more difficult it becomes to manage graz-
ing within these borderlines and the more attractive it becomes to apply a “cutting
only” management: sward productivity is higher (owing to less frequent defoliation)
and manure can be spread more evenly compared to the droppings of the animals in
a grazing situation. Compared to grazing, residual mineral soil nitrogen at the end
of the growing season is much lower under cutting.

From an economic point of view, grazed grassland continues to be the cheapest
forage, but it takes good managerial skills to produce and to offer a constant high
quality of grazed grass owing to physiological and phenological reasons. Indeed, the
key factor in grazing is a high allowance of highly digestible forage (see Figure 1).
If this target is reached, differences between rotational and continuous grazing are
small for a given stocking density. However, owing to the continuous defoliation,
continuously grazed swards have a less developed root system, making them more
vulnerable to summer drought. Decruyenaere et al. (2007) report higher residual soil
nitrate in continuous grazing compared to rotational grazing.

Allowances for optimal animal performance are reached with sward heights
of approximately 10cm in continuous grazing systems (Peyreaud et al., 2004;
Delagarde et al., 2001). The relationship between daily herbage intake (DHI) and
daily herbage allowance (DHA) has been studied in detail in France. Under rota-

tional grazing DHI reaches a plateau at a DHA of approximately 60 kg DM day ™!,
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Fig. 1 A high allowance in a rather short sward is optimal for animal performance. Tolerance of
cultivars to cattle grazing under these conditions is tested as part of some VCU schemes such as in
the UK (Photo T. Gilliland)

as given by the formula of Delagarde et al. (2004): DHI = 18.4(1—e~0-0466 DHA)/
meaning that the animals graze only a fraction of what they need. Offering a long
sward (which offers theoretically an easy bite) to achieve this target is not an option,
since large parts of such a sward remain uneaten, deteriorating sward structure and
herbage quality as the growing season progresses. The compromise lies in offering
a high allowance in a rather short sward: approximately 2000 kg DM ha~! above
the grazeable height of 5cm. The more leafy the sward is underneath, the higher
the intake. Compared to pure grass swards, intake is higher in mixed swards, which
might be an incentive to use mixtures of, e.g. ryegrasses mixed with white clover.
The higher intake is probably due to a faster rate of particle breakdown of the legume
in the rumen, associated with a faster rumen clearance.

Disrupting the grazing period stimulates forage intake. A good strategy is to take
advantage of post-milking motivation to graze, e.g. by allowing the animals to graze
for no longer than 4 h after each milking. Shorter grazing periods offer an extra
advantage: the high crude protein content of the leafy grass can be supplemented in
the cow shed with concentrates or with a forage with a high energy value. Acting
like this, the nitrogen efficiency of the animal (NUE) increases. Combined with an
enhanced NUE in the grass plants, the overall efficiency of the nitrogen use may be
improved.

Extra arguments pleading for grazing in dairy farming refer to animal welfare
(e.g. less lameness, better udder health and better fertility) and to the composi-
tional analysis of animal products. There is an ample body of literature indicating
a favourable effect of fresh forage on the fatty acid composition of milk and
meat: the more fresh forage the animals ingest (and the more botanical diverse
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the vegetation) the higher the concentrations of beneficial polyunsaturated fatty
acids and conjugated linoleic acid in milk and intramuscular fat (e.g. Elgersma
et al., 2006).

Combining cattle and sheep grazing improves herbage utilization and grazing
productivity, since sheep consume the refusals of the cattle (Nolan et al., 1999).
However, residual soil nitrate in the autumn is higher in a system of mixed grazing.
Mixed animal type grazing has another advantage: different animal species act as
cleansers for one another’s parasites, owing to a high host specificity of lungworms
and gutworms.

4.2 Opportunities for Temporary Grassland

4.2.1 Ley-Arable Rotations

In ley—arable rotations, short-term grassland rotates with an arable period. The
diversity in grass—arable rotations in Europe is described in detail in Conijn et al.
(2002).

Ley—arable rotations are an essential part of the organic farming systems in order
to accumulate soil organic matter and to provide nutrients to the following crops, as
well as to help control weeds and diseases. The sward usually is a grass—leguminous
plant mixture. In mixed farming types the forage is used on farm, in stockless
organic farming systems the forage produced in leys with a leguminous compo-
nent may be sold to mixed farms, or the vegetation may be cut several times a year
and left as a mulch on top of the soil; in the latter case nutrients are continuously
recycled.

Ley—arable farming brings along extra costs for seed, seed bed preparations and
fences and drinking facilities during the grassland stage. Owing to the short dura-
tion of the grassland, floristic diversity has no high priority. Ploughing stimulates
mineralization of soil organic matter, producing extra CO; emission. The potential
strength of a ley—arable system lies in (a) the release of nutrients (accumulated dur-
ing the grassland stage) to the arable crops (allowing to save on, e.g. nitrogen), (b) in
the improvement of soil structure and (c) in a potential higher yield of the grassland
on the longer term, since the reseeding may take advantage of the newest cultivars
and since rooting systems of young grassland usually penetrate deeper soil layers
making the vegetation less prone to drought stress.

Nevens and Reheul (2002, 2003b) and Reheul et al. (2007) studied ley—arable
farming for over 30 years on a sandy loam soil in Belgium. Periods of 3 years of
temporary grazed grassland (fertilized with 230-350kg N ha=! y~!) were followed
by periods of 3 years of arable crops.

Net energy for lactation (NEL), measured by monitoring live weight gain of
heifers, in temperate grassland did not outyield significantly values recorded in
permanent grassland over a period of 36 years which was surprising, since every
new cycle of temporary grassland was sown with the newest highly productive
varieties.
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Ploughed down temporary grassland had a nitrogen fertilizer replacement value
(NFRV) of about 250 kg nitrogen ha™': & 50% of it during year 1, & 30% during
year 2 and + 20% during year 3. The crop that opened the arable period did not
need any nitrogen to give an economically optimum harvest, whether the crop was
forage maize, fodder beet or potato.

Compared to permanent grassland and permanent arable land, the ley—arable sys-
tem had an intermediate position in the build-up of soil organic matter, soil organic
carbon and soil organic nitrogen.

In the absence of grazing, soil N accumulation is estimated to be lower owing
to a much higher export of N. How much lower is not well documented, although
the results of Hansen et al. (2005) suggest that the residual N effect was only 13%
lower.

To ensure an efficient use of the high amounts of mineralized nitrogen immedi-
ately after the destruction of the grass sward, the destruction should occur during
spring time and the opening crop should be a nitrogen greedy crop. In the absence
of the latter, a catch crop should be installed after the harvest of the main crop in
order to minimize the risk of high residual soil N concentrations.

An excellent review on nitrogen dynamics and carbon cycling in ley—arable
rotations is given by Vertes et al. (2007).

4.2.2 Frequently Renewed Grass Swards

In line with data presented in previous paragraphs, the message is clear: permanent
grassland with a good botanical composition should not be renewed.

If by whatever reason resowing is necessary, the establishment of new grass
swards in previously cropped arable land is a better option than ploughing up the
sward followed by reseeding as documented by Reheul et al. (2007). Newly estab-
lished grassland outyielded old permanent grassland spectacularly during a very dry
summer owing to its deeper rooting system. However, the yield bonus of new swards
usually fades away after 4 years.

The initial abundance of white clover is much higher when grass—white clover is
established in arable land. This superior abundance continues for several years.

Residual soil nitrogen stayed below 50kg NO3~—N ha~! in a soil profile of
0-90 cm, even when up to 300 kg N ha~! y~! was provided to the newly established
sward and this was not needed to get a full harvest during the year of establishment.

5 Conclusion

Grassland in Europe is developing differently according to geographic and climatic
differences. The balance between socio-economy and ecology is hard to reach and to
maintain. In less favoured areas socio-economy is the main problem, while in zones
with intensive use of grassland, the care for the ecology is cumbersome. Permanent
grassland should be managed very carefully, since it may cope with the pillars of
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sustainability in the most balanced way by its reasonable yields and its high poten-
tial for floristic diversity and other ecosystem services. Ley farming probably has a
higher yield potential, but it may be weaker from an ecosystem services’ point of
view.
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1 Introduction

Plant genetic resources (PGR) for food and agriculture consist of the diversity of
genetic material contained in traditional varieties and modern cultivars grown by
farmers as well as crop wild relatives and other wild plant species that can be used
for food, feed for domestic animals, fiber, clothing, shelter, wood, timber, energy,
etc. (FAO 1997). Fodder crop genetic resources broaden the FAO definition of PGR,
which is based upon field crops. In maize and many other crop species, the wild form
of the cultivated species no longer exists, since breeding for domesticity has resulted
in plant species being unable to reproduce without the helpful hand of humans.
Forages are less domesticated (Harlan 1983). Unlike many field crops, wild forms
of common forage species still exist, as well as feral (naturalized) forms (popula-
tions that originated from forage crops, but that escaped to persist in the natural
environment). Such wild populations are usually called “semi-natural” because they
have developed in an agricultural situation, but without conscious selection. They
would not fall in any of the categories of the definition of PGR as cited above but
can be regarded similar to crop wild relatives. The closeness of wild and cultivated
forms of fodder crop species makes a wealth of natural genetic variation readily
accessible for use in breeding.

Evidently, PGR are indispensable for any breeding effort. At first and very obvi-
ously, PGR with desirable traits must be chosen to initiate the breeding process.
The choice of this initial material is crucial for the programme because breed-
ing is a long-lasting process, and many years of selection and recombination are
needed before success can be assessed and finally, a new variety can be created.
How much the origin of the starting material can influence the properties of a
breeding programme has been extensively studied in an interesting example from
New Zealand (Bahmani et al. 2001). Recent varieties derived since 1975 from the
“Mangere” ecotype of perennial ryegrass differed fundamentally in yield potential,
growth habit and behaviour under grazing from older varieties derived from the
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geographically distinct “Hawke’s Bay” ecotype, which had previously dominated
the New Zealand ryegrass seed market between 1936 and 1964. While the more
recent varieties derived from the “Mangere” ecotype were higher yielding under
cutting, partly due to a more erect growth habit and a greater proportion of fer-
tile tillers, they were less adapted to grazing than the older varieties derived from
the “Hawke’s Bay” ecotype, leading to problems of persistence. It is interesting to
note that this fundamental difference was only discovered after release of the more
modern varieties. This observation points to the fact that the best possible knowledge
of the properties of potential starting materials should be obtained before making the
choice.

Second and less obviously, PGR are needed to add new variability to an exist-
ing breeding programme. A basic tenet of plant breeding is that gain from selection
increases with an increase in additive genetic variance for a given character (Fehr
1987). Selection inevitably decreases additive genetic variance in breeding mate-
rial. For example, when we select for disease resistance, we aim at eliminating
susceptibility genes in order to obtain a population which is homozygous for major
resistance genes. This resulting population has a high level of resistance and low
variability in susceptibility to the disease. However, since we select only a lim-
ited number of individuals in each cycle, genetic diversity for all other traits is
also affected. Rare alleles are rapidly lost and opportunities for selection decrease
because the most frequent alleles become fixed in the population. Furthermore, in
out crossing self-incompatible taxa, inbreeding depression may occur because there
is a higher chance of homozygosity for deleterious recessive genes.

An infusion of exotic germplasm at this point will increase additive genetic vari-
ance. However, there will be a reduction in mean performance, as the population
moves away from the selective peak reached through previous breeding efforts. The
less adapted the PGR, the greater the drop in performance. With continuous selec-
tion within the broadened breeding population, performance will improve again.
However, if introduced beneficial alleles are the same as those already present in
the breeding population, further selection will return the population only back to
the same selective peak, and no net gain in performance will be realized. Only if
the introduced alleles are unique, can selection increase the level of performance
to a higher selective peak. Therefore, PGR most likely to improve upon quantita-
tive traits will be those accessions that possess favourable alleles not present in the
breeding gene pool. Humphreys (2003) reviewed criteria and objectives of the use
of new genetic material in a long-term breeding programme with a special focus on
sustainability. Appropriate strategies for the use of PGR in the breeding programme
will be discussed in Section 5 of this Chapter.

2 Types of Genetic Resources and Conservation Modes
2.1 Categories of PGR

Four basic categories are of potential importance for fodder crop and amenity
grasses breeding programmes:
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1. Wild relatives: Most fodder crops and amenity grasses belong to large gen-
era with several more closely related species of potential interest in breeding.
However, due to their relatively young history as crops, available genetic vari-
ability within the cultivated species of fodder crops and amenity grasses is
generally still quite large. Nevertheless, the use of wild relatives in breeding
programmes is of importance in allopolyploid species with complex system-
atic like alfalfa or white clover, and wild relatives have been used successfully
to introgress specific characters into the cultivated species, such as the profuse
flowering trait from Trifolium nigrescens into white clover (Marshall et al. 2008).

2. Wild and semi-natural forms of cultivated species: These two sub-categories
are difficult to distinguish for most species because there is no clear borderline
between wild and semi-natural forms. This is because permanent grassland in
most relevant cases exists only as a consequence of human agricultural activity
in zones where forests would be the natural vegetation. Adapted native grasses
originating from non-agricultural habitats settle in permanent grassland together
with naturalized populations of the same species which may have spread from
an initial seeding. Therefore, such populations form a continuum from wild pop-
ulations in non-agricultural habitats to populations of natural and semi-natural
grassland. Rather than trying to assign them to an either wild or semi-natural
origin, it is more appropriate to address such populations as ecotypes. Using the
term “ecotype” implies populations which have adapted to a known environment
after many years of natural selection, usually involving natural re-seeding but
without deliberate human interference such as selection, seed harvest, or human-
mediated seeding. For ecotypes, natural selection is the main driving force of
genetic differentiation. Ecotype populations usually do not arise from an initial
sowing of the species, neither sown as such nor as part of a seed mixture, but
from spontaneous seedlings emerging gradually over the years through natural
spreading. That is, human interference in the development of an ecotype is lim-
ited to actions of usual management practices, such as frequency and type of
utilization, or intensity of fertilization. If sufficient cycles of recombination with
local genetic material and natural selection have occurred, an initial sowing of
a fodder crop variety may also give rise to an ecotype population. In ecotype
studies, it is often postulated that a certain number of years must have elapsed
since the last deliberate re-seeding before a population can be called an ecotype.
The time span postulated ranks from 10 to 25 years. Examples of ecotype stud-
ies with relevance to fodder crops and amenity grasses breeding are discussed in
Section 3.1.

3. Landraces: Populations which have adapted to a specific region or location, such
as a farm (farm varieties, “Hofsorten”) by repeated seed harvest and human-
mediated re-seeding in the same region or location. The term “landrace” implies
that human interference plays an important role in the development of the popu-
lation. In the case of landraces, human actions are usually carried out deliberately
to improve local adaptation, e.g. by re-seeding the surfaces with locally produced
seed, and by carrying out seed harvest after several years of utilization as forage
to improve persistency. Prominent examples of highly valuable, traditional lan-
draces are alfalfa in Italy (Torricelli et al. 2003), timothy in Norway (Schjelderup
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et al. 1994), and red clover in Switzerland (Boller et al. 2003; Hermann et al.
2003; Kolliker et al. 2003).

4. Varieties: Any cultivated variety (cultivar), whether freely available on the mar-
ket, protected by plant breeder’s rights, or having become obsolete and stored in
gene banks, can be used in breeding without any restriction. The right to freely
use even protected varieties as PGR in breeding is called “breeder’s exemption”
and is an important provision of the international convention for the protection
of new varieties of plants (UPOV 1991). For use in breeding, varieties have
the advantage of being precisely described through the registration procedure
for distinctness, uniformity and stability (DUS), and usually have been evalu-
ated extensively in official tests for their value for cultivation and use (VCU).
Furthermore, commercially successful varieties have proven their ability to give
satisfactory seed yields. These properties render cultivars very popular as PGR
in fodder crop breeding. Once a variety has ceased being produced for the mar-
ket, and thus has become “obsolete”, an appropriate seed sample is added to the
gene bank collection of the respective country. The gene bank will then assume
from the breeder the responsibility for long-term maintenance of the variety’s
integrity, and for securing availability of seed for use in breeding or research.
During the commercial lifetime of a variety, seed samples can easily be obtained
from the breeders who exchange their varieties free of charge as a voluntary
service to their peers.

2.2 Modes of PGR Conservation

Two modes of conservation are of importance for fodder crop and amenity grasses
PGR: While all types of PGR are maintained ex situ as seed samples in gene banks,
wild relatives, ecotypes and landraces can also be maintained in situ (referred to
as “on farm” in the case of landraces). The two approaches differ fundamentally
in their objectives regarding the genetic make-up of PGR. In ex sifu conservation,
maintaining the genetic integrity of the original seed sample is a major concern and
all measures of collection, storage, regeneration, and distribution aim at keeping
presence and frequency of alleles within the population as constant as possible.
Conversely, the objective of in sifu conservation is to maintain the environment
which has allowed the development of the distinctive properties of the PGR. In the
case of in situ conservation, genetic evolution is deliberately made possible in order
to allow a further development of PGR to even better match the requirements of their
specific environment. The common objective of the two strategies is to conserve a
maximum of different alleles and the largest possible amount of genotypic diversity
with as few individuals as possible (Hayward and Sackville Hamilton 1997).

3 Genetic Resources Maintained In Situ
3.1 Breeding Importance of In Situ Germplasm

Historically, genetic resources growing in sifu have been by far the most important
sources of germplasm used in breeding of fodder and amenity grasses and most
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perennial legumes, with the exception of alfalfa and red clover which have a longer
tradition of being cultivated as sown crops. In the search for well adapted and persis-
tent genetic materials, breeders have systematically explored permanent grassland
in their target regions to collect ecotypes. They followed the recommendation of
Hertzsch (1959) that “suitable starting plants will be found on old permanent grass-
land with an association of species which is typical for the respective situation”. His
discussion about the starting material for grass breeding clearly pointed to the great
potential value of diverse natural permanent meadows and pastures as reservoirs
of well-adapted populations of grassland species. Undoubtedly, the use of adapted
genetic material collected in permanent grassland has been of great benefit to early
fodder crop breeding. It has dramatically improved persistency of fodder grasses
compared to the often exotic provenances of grass seed that had been used previ-
ously. The bulletin of perennial forage plants listed in the French national catalogue
in 1984 (ILN.R.A. 1984) lists ecotypes as the material of origin for the large majority
of varieties for which an unequivocal origin was declared (Table 1).

Tabl