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Preface

Grasslands are among the largest ecosystems in the world and consequently are of
great importance to human populations. They constitute a third of all agriculture
land in Europe, and have played a major role in the development of agriculture and
rural economy in many parts of Europe, from ancient times to the present day.

Grasslands are an important source of animal feed, particularly for ruminants.
They provide most of feeds, not only during the grazing season, but also during
winter staple housing. In addition, grasslands both protect and utilise marginal soils
that are unsuitable for arable cropping. Although there being both permanent and
temporary grasslands, they exhibit the best ecosystem quality of all agricultural
production systems in Europe. They preserve the biodiversity, including the forage
species, and provide undisturbed habitats for species originally present in natural
ecosystems. At the same time, grasslands protect soil, improve water quality and
recover natural habitat through the reduction of nutrient losses, soil water evapora-
tion and water and wind erosion, as well as by limiting leaching of nitrate and
pesticides.

The genotypes of the species which are the main components of the grasslands
have great influence on total outcome and successful utilization of grasslands.
Therefore, continuous improvement of fodder crop varieties is crucial for adhering
to the latest practices in agriculture production and landscape architecture, and for
meeting the needs and expectations of end-users. Similarly, turf cultivars contribute
to the quality of environment and human life by producing quality swards under
adapted management, particularly in urban areas. The large turf and forage seed
markets and their high economic value further highlight the importance of the
breeding of these species.

A wide range of breeding programs for forage and amenity species have resulted
in substantial genetic improvements in herbage yield, quality and disease resistance,
in recent years. Furthermore, new breeding methods and techniques (especially
selection based on molecular markers) are rapidly expanding the boundaries of cul-
tivars improvement and making it possible to achieve outstanding breeding results.

The 30th Meeting of the EUCARPIA Fodder Crops and Amenity Grasses Section
was held from 12 to 16 May 2013, in Vrnjacka Banja, Serbia. The Meeting was
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organised and supported by the Institute for forage crops, Krusevac. Additional sup-
port was provided by the Serbian Ministry of Education, Science and Technological
Development, EUCARPIA, City of Krusevac, the company Rubin (KruSevac) and
the dairy farm Lazar (Blace). Among the participants were geneticists, professional
plant breeders, molecular biologists and other researchers from institutes, universi-
ties and seed companies, but also plant scientists, phytocenologists and gene bank
officers from both the private and the public sector. There were scientists whose
areas of research ranged from improving fodder and turf breeding methods and
implementing new techniques in molecular biology, to cutting edge fodder crops
and amenity grasses genetics. There were also professional plant breeders who
required practical outputs of this research and the reduction of the overall cost of
implementation. Their synergy always ensures huge importance and fruitfulness of
EUCARPIA Fodder Crops and Amenity Grasses Section Meetings.

This book includes both plenary and invited papers, but also offered papers that
were presented orally or as posters during the conference. Presentations and discus-
sions covered a broad range of themes in fodder and turf breeding and research.
Attention was also given to topics that arise from the border areas of presented sci-
entific fields, especially through invited presentations that provided new ideas for
integrated and interdisciplinary research.

The title of the Meeting and the book, Quantitative Traits Breeding for
Multifunctional Grasslands and Turf, focuses on the challenges associated with the
breeding of quantitative traits, which directly impact grasslands and fodder crops
productivity, profitability and sustainability. It also focuses on a multidisciplinary
approach to grassland research and utilisation. The papers are arranged in seven
parts to reflect the structure of the Meeting: “Introduction,” “Genetic Diversity
Among and Within Species,” “Practical Breeding of Fodder Crops,” “Turf Grass
Breeding,” “New Biotechnology Methods in Sustainable Breeding: Strategies and
Implementation,” “Breeding for New Roles of Multifunctional Forage Species,”
and “Forage and Seed Production.” We hope that the included papers offer a unique
collection of ideas and breakthroughs in the fields of fodder crop and turf breeding
and genetics, as well as in the creative and innovative application of new tools in
practical breeding.

The scientific programme of the 30th EUCARPIA Fodder Crops and Amenity
Grasses Section conference and selection of invited and proffered speakers were
arranged by Christian Huyghe, as chairman of the Scientific Committee, and by
members of Scientific Committee: Dirk Reheul, Ulrich Posselt, Roland Kolliker,
Jan Nedelnik, Charles E. Brummer, Danny Thorogood, Susanne Barth, Zoran
Lugi¢, Sanja Vasiljevi¢, Jasmina Radovi¢ and Dejan Sokolovi¢. The Scientific
Committee also carried out the important and demanding, but time-consuming, task
of reviewing papers. The editors are sincerely grateful for their contributions and
whole-hearted engagement that ensured the success of the Meeting and high stan-
dard of the papers in this book.

We would also like to thank all the members of the local organising committee
(Snezana Babi¢, Jasmina Milenkovi¢, Snezana Andelkovié, Tanja Vasi¢, Mirjana
Petrovi¢, Zoran Lugi¢, Bojan Andelkovi¢, Milomir Blagojevié, Vladimir Zorni¢
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and Dragan Terzi¢ from IFKKS; Borisav Kobiljski and Vojislav Mihajlovi¢ from
IFVCNS; Zorica Tomi¢ from IAHBG and Dusica Deli¢ from ISRBG) who did an
excellent job in running the Meeting smoothly and in providing a friendly
atmosphere.

We express our gratitude to all participants for their interesting presentations and
lively discussions during the Meeting, but also those authors who were not able to
attend. Additionally, we would want to thank all the authors for preparing their
papers for these Proceedings and for their commitment, hard work and responsibil-
ity which made it possible. Finally, we express our appreciation to Jacco Flipsen
and Ineke Ravesloot from Springer, for the excellent collaboration and their assis-
tance in the publishing of this book.

Krusevac, Serbia Dejan Sokolovié
Lusignan, France Christian Huyghe
Krusevac, Serbia Jasmina Radovié
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Chapter 1
Forage and Grasslands in a Sustainable
Agriculture: New Challenges for Breeding

C. Huyghe and E.C. Brummer

Abstract Grasslands and forage crops are major components of the agri-food
systems worldwide and must provide a wide range of ecosystem services, from the
production of feed and food to the preservation of the environments. This paper
presents the stakes associated to the three pillars of sustainability, with special atten-
tion given to the farmers and their expectations regarding farming systems. We sug-
gest that risk aversion of farmers must be especially taken into account for the
definition of new production systems and for the implementation of innovations.
Implementation of production systems combining annual grain crops and perennial
forage crops or associating plant and animal productions either at farm or territory
scales make it possible to maintain production and economical performance and to
improve environmental performances. The production systems as well as the breed-
ing and registration systems are involved in lock-in situations that are a complex
equilibrium of stakeholders and their activity around a series of standards of pro-
duction and utilisation. These situations hinder the implementation of “disruptive”
innovation that could move the systems to higher levels of productivity and environ-
mental service. The conditions to escape from such situations are explained.
Innovative conception theory provides a frame for identifying new concepts and for
searching knowledge to support those who are creating the innovations. Adoption
of innovations by farmers is a critical issue and tools to facilitate the implementation
of innovation by farmers are identified, especially work in farmers groups, advisory
systems and, on a long term perspective, training and education. It is also necessary
to consider the heterogeneity of farmer communities. The early adopters must be
targeted as they are opinion leaders who will first implement the innovations and
disseminate them to neighbours and partners.

Keywords Production system e Sustainability * Innovation ¢ Conception ¢
Transition ¢ Risk aversion
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4 C. Huyghe and E.C. Brummer
Introduction

Grasslands and forage crops are major components of the cropping systems and
agri-food systems worldwide. Grasslands and forage crops and the associated ani-
mal production systems provide a wide range of ecosystem services, from the
expected agricultural production to environmental and cultural services. Their sus-
tainability is continuously under question. The Millenium Ecosystem Assessment
(2005) provides a useful tool for characterisation of ecosystem services, including
support, provision, regulation and cultural services. As such, production is a pri-
mary ecosystem service. Because grasslands and forage crops are part of a long
supply chain, any potential improvement or innovation in their management must
be questioned according to its impact on these various services. Among possible
innovations is the breeding and release of new crop cultivars (varieties), including
forages, that could help develop resilient, sustainable agroecosystems (Brummer
etal. 2011).

Key Challenges

In the world, as well as in Europe, the acreage of permanent grasslands has
declined over the last decades, while the acreage of temporary grasslands, i.e.,
those included in rotations with annual crops, remained stable. The proportion of
grass-legume mixtures in temporary grasslands increased to produce more plant
protein with less nitrogen fertilizers. The production per unit area of temporary
grasslands is poorly documented but the available evidence suggests small amounts
of yield improvement, some of which is possibly due to advanced genetics
(Sampoux et al. 2011).

The analysis of the expectations of stakeholders regarding grasslands has been
documented in a few reports. The Multisward research project (www.multisward.
eu) developed questionnaires that were submitted to various stakeholder groups.
When questioned about the relative importance of economic, environmental, and
social issues related to grasslands, on average these three compartments were given
a nearly similar importance (Fig. 1.1). However, there were differences among
groups of stakeholders, with farmers giving more importance to the economic issues
than all other groups, not surprisingly (A. Van den Pol pers. com).

In his opening lecture during the Eucarpia 2011 meeting, Reheul (2011) pointed
out that more than productivity, it was necessary to focus breeding effort on grass-
lands towards sufficiency, in a context of limited resources.

This underlines the importance to consider the stakes in a broad sense and
several key challenges related to sustainability of production systems are to be
discussed.


http://www.multisward.eu/
http://www.multisward.eu/
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Fig. 1.1 Importance of the Economic 37 %
three pillars of sustainability 40

of grasslands in Europe,
according to a questionnaire
run with the Multisward
project (From A. Van der Pol,
Wageningen University)

Social 29 % Environmental 34 %

Production of Feed and Food

Meeting the worldwide food demand is a major challenge for agriculture and all
production systems. According to a FAO report released in 2009, the challenge will
be to feed nine billion people in 2050, requiring a 70 % increase in agricultural
production. As pointed out by Guillou and Matheron (2011), this major challenge
will require (1) a reduction in losses throughout the supply chain, (2) an improve-
ment in the efficiency with which various inputs are used, and (3) an increase in the
yield potential on currently available farmlands. Indeed, little unused land is avail-
able to be brought into production.

A main reason for this significant increase in demand is the global transition
towards a food diet with an increasing proportion of calories from animal products;
these systems have production efficiency lower than those producing only plant-
based calories. This transition is explained by the very strong relationship between
the share of animal calories and the national income per inhabitant (Combris and
Soler 2011).

The demand for crop biomass to be used for energy production or chemical prod-
ucts also appears to be increasing, adding competition with feed or food production.
This land-use change must be taken into account when environmental balance of
biofuels is calculated (Searchinger et al. 2008).

The loss of production in grasslands and forage systems is a very important prob-
lem, and it’s solution would do much to improve grassland systems. Under com-
monly used, non-intensive grazing managements, animals do not efficiently use a
significant amount of the biomass available for grazing, limiting the amount of ani-
mal products that should be generated from a given area. Similarly, forages har-
vested as hay or silage can also experience significant losses. Poor silage management
such as harvesting forage with a high water content that slows acidification or using
forages not suited to silage production can result in large losses (Huyghe and Delaby
2013). Silage losses were a major concern of farmers and extension specialists in
Sweden and consequently, in the 1980s, applied research was implemented to
improve silage production and significantly reduce these losses (Sporndly and
Nilsdotter-Linde 2011). Plant breeding programs could address traits of importance
for forage conservation. For example, water-soluble carbohydrate content proved to
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Fig. 1.2 Variation in number of farms involved in three productions in EU-9 since 1975 (Source:
Eurostat)

be a limiting factor for the production of good silage in some grasses such as cocks-
foot and breeding programs have begun to select for WSC content in response.
Breeding can also modify plant architecture to enable swards to withstand cell-
grazing or improve stock-piling ability.

Considering the production needed to meet future consumption demands requires
taking into account all groups of stakeholders that are involved in this process.
Farmers will be especially analysed, as they are likely to implement innovations,
including new varieties.

Farmers always have to optimise their production function, where they farm a
scarce resource, the land, with an expensive input (labour). The optimisation is
achieved by the use of intermediate consumption (inputs), such as energy, fertiliz-
ers, pesticides or concentrates for animals. This has been done in a context that has
dramatically changed over the last decades, resulting in a decline in the number of
farms. This is illustrated in Fig. 1.2 by the number of farms involved in grain crops,
specialised dairy production and mixed crop livestock farming in the EU-9 since
1975. This decrease which resulted in larger farms and larger herds was achieved
because of huge increases in work productivity, thanks to widespread adoption of
mechanization and an increase in mechanical power.

Long and diversified rotations, combining annual and perennial crops are benefi-
cial to both soil fertility and production, yet research shows that such systems tend
to disappear. The increasing size of farms has resulted in more simple production
systems. This is very visible in annual crops. A survey run in France in 2010 showed
that 38 % of the annual cropping systems contained not more than two crops. This
was particularly pronounced in the Seine River Basin, where permanent grasslands
and lucerne crops progressively disappeared (Mignolet et al. 2012). As a conse-
quence, these systems are fragile and require large amount of inputs, especially
pesticides. The increasing concern for reduction of pesticides and mineral nitrogen
requires revisiting such systems that maximize functional diversity in order to
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Fig. 1.3 Benefits from long rotations including perennial forage legumes as documented by mul-
tiple indicators of cropping system performance. Composition of the rotations: 2 years:
Maize +soyabean; 3 years: Maize+soyabean+small grain+red clover; 4 years: Maize+soya-
bean+small grain+alfalfa (Adapted from Davis et al. (2012))

identify the drawbacks and understand the reasons why farmers tend not to imple-
ment them anymore.

As shown by Davis et al. (2012), the introduction of red clover during 1 year or
alfalfa during 2 years in rotations with maize and soyabean had no impact on the
profitability of the production system and slightly increased production of maize
and soyabean. These systems substantially reduced the use of pesticides, especially
herbicides, thereby positively affecting freshwater quality. Inclusion of leguminous
forage crops reduced the use of mineral nitrogen fertilizers because of the increas-
ing share of legumes in the rotations. But, these longer rotations required more
labour, probably due to the multiple harvests of forage crops. Being implemented in
large farms, this impact on labour could well explain why farmers are reluctant to
use such rotations, even if they are very beneficial from the environmental point of
view (Fig. 1.3).

However, risk aversion is another key element of the farmers’ behaviour. This
aversion leads a farmer to not adopt a practice, a technique, or a production system
that induce more risk (more variation) even if the change could potentially result in
more profit or production. For example, uncertainties on yield or quality potential of
a crop or a variety or concerns about adequate establishment and management of the
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alternative crop may lead to its rejection. Complexity is also a source of risk and
because multi-species crop rotations or mixtures of species are more complex than
simple monocultures and require more management decisions, limiting adoption.
Short-term objectives are always preferred to long term ones simply because the
outcome is more controllable and knowable. However, as shown in experimental
sociology, risk averse farmers can still be willing to test new possibilities on very
small parts of an overall operation (Meyer and Meyer 2006). Agricultural scientists
and extension specialists need to work with farmers to introduce new technologies,
like new varieties, in ways that are compatible with a farmer’s risk aversion. If the
main reason for avoiding new alternatives is the variance it introduced into a farm-
er’s system, then basic and applied research should do a better job of documenting
variance, in addition to mean responses.

Environmental Issues: Several Times Scales to Be Considered

The challenge of implementing a sustainable agricultural system is to preserve the
environment while ensuring the system is both productive and profitable.
Environmental preservation covers a wide range of aspects. Here, we will focus on
the various time scales of these environmental issues.

The short-term issues are all related to the reduction of the impacts of production
systems on environment. Desirable changes would reduce nitrate and phosphorus
leakage and minimize the presence of pesticide residues to improve freshwater
quality. A well adapted succession of crops, diversified rotations with more legumes,
reduction of pesticides use and a better ecotoxicological pattern of these pesticides
are ways to achieve this objective. It is also desirable to preserve biodiversity, which
could be uncommon, common or functional. Increasing field sizes and more homog-
enized landscape mosaics are detrimental to biodiversity. Adding perennial crops
and grasslands to annual crop landscapes enhances biodiversity, both because of
perenniality and because the elements associated with grasslands, such as hedges or
ponds, accommodate a diversity of species not otherwise present.

The mid-term issues are related to crises of resources. Water is likely to be lim-
ited in many countries in the near future, if not already, and the increasing demand
for agricultural irrigation competes with the needs for human consumption in ever
enlarging towns and for industries, including energy industries. Fossil energy is a
key issue for agriculture. Indeed, the energy efficiency of agriculture and especially
animal production is low and the reduction of available resources or the increasing
cost of energy will have a severe effect on production systems. Much of the large
increase in productivity per land area achieved over the last decades was due to
availability of energy, including its use in producing mineral fertilizers. The date of
peak oil has been well documented, but the recent availability of rock (shale) gas
postpones the deadline when fossil energy prices become too high to be used in
agriculture. Phosphorus is also a critical resource for agriculture, and there are
numerous uncertainties on the remaining stocks. But it is an essential fertiliser to
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achieve high agricultural productivity, with few possible substitutes because very
few species can solubilise insoluble phosphorus.

The long-term environmental issues are related to climate change. The concen-
tration of 400 ppm of CO2 in the atmosphere was reached in May 2013 at the
Mauna Loa Observatory in Hawaii, this level being the highest over the last 3 mil-
lion years. While the occurrence of climate change is unquestioned, the ramifica-
tions in various countries are clearly unknown. Beyond a large increase in summer
temperature in most countries and a change in the rainfall regime, one of the antici-
pated impacts is an increasing variation among years. Thus, developing resilient
production systems is essential. Agriculture could contribute to the mitigation of
climate change inducted disruptions by reducing greenhouse gas emissions, includ-
ing the production of CO2, CH4 produced by ruminant livestock, and N20O pro-
duced after application of mineral and organic nitrogen fertilisers. Changes in
production systems, especially in ruminant production, may significantly reduce
GHG emissions. Agricultural systems offer the potential of carbon storage in soils,
but this seems to be a difficult option from a long-term perspective. Although soils
have the ability to store carbon when converted from arable land into pasture, when
converted back to crops, the carbon is released at a twice-higher rate.

It is essential to design future plant and animal production systems that meet these
short-, mid- and long-term issues. When choosing among various options — such as
breeding objectives — that meet the short-term environmental issues, consideration
should be given to those which will also be beneficial at mid- and long-term horizons.

Lock-in and Transition

Plant breeding in general is often questioned on its capability to meet diverse expec-
tations, with questions on the fact that it mainly targets major production systems
and pays little attention to less intensive production systems and the crops that com-
prise those systems. This point is also raised for forage breeding that could be con-
sidered as mainly targeting intensive milk-producing systems while ignoring
pasture-based, less intensively managed livestock systems.

Indeed, new varieties developed by plant breeding have been extremely impor-
tant contributors to the success of intensive farming systems. Varieties bred for
these systems were able to efficiently valorise high levels of inputs. This was also
the case in forage when plant breeding significantly contributed to the so-called for-
age revolution. High input agriculture requires substantial technological develop-
ment, and in some cases, the public is reconsidering whether this development is
unequivocally good for society. For example, some people express a wish to see
farmers and other stakeholders more involved in the definition of the breeding and
variety registration objectives and even being involved in practice, through partici-
patory breeding. Researchers should work to forge links with the society at large in
order to be exposed to different sources of knowledge and understand how that
knowledge could inform scientific research goals (Stengers 2013).
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Stengers’ criticism regarding the gap between researchers and stakeholders
could also be considered as valid for plant breeding. For example, a breeder may
consider that a new variety of a new species would be valuable, but a farmer viewing
his/her existing farming system may not see how it fits. That is, existing systems
may be considered as being in a lock-in situation. Lock-in and transition theory was
initially developed for industry (David 1985; Arthur 1989) and for the energy sector
(Cowan 1990), and later applied to the agricultural sector (Cowan and Gunby 1996),
toward implementing agroecological systems (Vanloqueren and Baret 2009), and to
the durum wheat supply chain (Fares et al. 2012). This theory defines a framework
for assessing the coherent evolution and organisation of production systems (Geels
2005, Fig. 1.4). Lock-in theory identifies a dominant socio-technical regime where
players are in equilibrium, organised around a certain production system; in our
case, the players include farmers, plant breeders, end-users, and regulators. In such
a situation, new technologies and new regulations may either re-enforce the lock-in
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situations or create the possibility for new equilibria to emerge. Innovations that
may initially exist in niches could then be implemented at a much larger scale.

With regard to plant breeding activity, current systems may be locked-in by the
application of biotechnology, molecular biology, and molecular marker/genomic
selection methods. Because of the very quick progress of technologies and their
present cost, they are implemented on a limited number of species, whose commer-
cial value is the largest. These technologies improve genetic gain and/or result in
desirable traits not attainable through breeding, increasing the relative merit of these
species from those to which technologies are not applied. The implementation of
these technologies could re-enforce lock-in situations, maintaining current systems
rather than searching for alternatives (Keller and Brummer 2002). For example, the
agronomic potential of multi-species temporary grasslands has been clearly demon-
strated, offering the possibility to realize acceptable economic and environmental
performance and perhaps creating new socio-economic systems as well. However,
because of the possible genetic gap, these types of systems will be unlikely to be
implemented in lieu of the existing systems.

Regulations can also enforce lock-in systems; for instance, those dealing with
variety registration and seed certification constrain cultivar ideotypes to specific
criteria. New variety ideotypes may be proposed to the farmers and regulatory stat-
utes should be adaptable to accept them. The history of the registration rules for
Festulolium in the various European countries is a good example that illustrates
how these possibilities were progressively set, moving from difficulty of registra-
tion to acceptance of the new species and varieties of it.

Finally, lock-in systems can often be maintained by government policies. In the
Midwestern US, for instance, maize and soybean production is supported by various
governmental programs that are not available for alfalfa (or other forage) crops,
such as federally subsidized crop insurance. As a consequence, even though alfalfa
production is economically viable and environmentally desirable, the increased risk
of producing the crop in the absence of government programs likely limits its inclu-
sion in crop rotations (Olmstead and Brummer 2008).

Innovative Conception

We propose that long-term breeding objectives be developed to support a sustain-
able agriculture. In order to do this, we may use C-K theory (C for Concept and K
for Knowledge) proposed by Hatchuel and Weil (2003) and Hatchuel et al. (2003)
as a way to conceptualize innovations. This theory describes lineages of conception
that must be fed from pieces of knowledge coming from diverse sources. The inno-
vative conception may even induce new research directions.

This approach is very relevant to the frequent partnerships between private
breeders and public research in forage breeding. It stresses the need to clearly iden-
tify the key objectives and outcomes and not only to focus on technological issues.
The C-K theory also underlines the need to identify the fixation effects, i.e., the
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nodes of concept that are unanimously disregarded. It is necessary to permanently
reassess the situation and envisage all possibilities, including those that were previ-
ously discarded. This is particularly important when preparing calls for proposals as
this may guide future academic research.

Practices in a Coherent System to Combine Economic,
Social and Environmental Performance

Designing farming systems received much attention in the recent years with a
special attention given to the implementation of economically viable and
environment-friendly production systems. Meynard et al. (2012) reviewed some
of these approaches, especially the reflexive and Interactive Design and under-
lined key issues. They especially pointed out the importance to take into account
the basic needs of the actors to be summarized in a Brief of Requirements
(Bos et al. 2009).

When analysing the possible impact of new varieties, this must be done by
defining the optimum production systems where the new varieties will be imple-
mented. Indeed, the choice of a given variety will be made considering the whole
production system, where the variety may only contribute to a better efficiency of
the whole system, as defined by Hill and MacRae (1995), while other practices
may be relevant if the forage and animal production system is thoroughly
reconceived.

Adoption of Innovations by Farmers

As stated by Shumpeter in 1911, an innovation is an invention that meets its market.
The likelihood that a farmer will adopt an innovation is related to risk. Because
farmers are risk averse, we must assess how to reduce the risk associated with a new
variety (an innovation), or at least, to reduce the farmer’s risk aversion to growing
that variety.

Reducing risk or risk aversion first depends on the innovation itself and its
impact on farmers’ activity. For instance, precision farming and precision cattle
production systems reduced risk aversion because they provided precise
information that was useful to farmers. Other approaches that are efficient in
reducing risk aversion: (i) farmers groups enable sharing experiences among
peers; (ii) field days can demonstrate in practice the innovations; (iii) advisory
services can provide the right information to support the innovation; and (iv)
education and training can help farmers become comfortable with the innova-
tion. Over the long term, education is very efficient for deep, structural changes,
but probably not the most relevant and efficient system for adoption of particular
new varieties.
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Fig. 1.5 With successive groups adopting a new technology (shown in blue), its market share (yel-
low) will eventually reach the saturation level (Adapted from Rogers (2003))

As documented by Rogers (2003), farmers, as other groups of stakeholders, are
not homogeneous in their capability to adopt innovation (Fig. 1.5). Early adopters
will rapidly test and adopt innovations, while other groups will be followers. It is
essential to identify the early adopters, who behave as opinion leaders in the farm
community, and to establish trials on their farms, as they can help in disseminating
the new practices or the new varieties.

Conclusion

This broad overview of the challenges for variety breeding and the associated ani-
mal production systems underlines the need to define short and long term goals of
sustainable farming and to define the breeding objectives, and the subsequent regis-
tration criteria, to meet production and environmental issues. A combination of
annual and perennial crops, e.g., temporary grasslands in annual cropping systems,
and the combination of animal and plant production at farm or territory scales are
highly relevant to achieve sustainable agriculture.

Varieties are very advanced types of innovations and careful definition of the
objectives, technologies, and regulations may offer either the possibility to explore
more sustainable production systems or may lock-in the present equilibriums.
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This paper also shows the importance to take into account the farmers’ expectations
and especially their risk aversion, both in the dissemination of the innovations, con-
sidering the whole farmer population, as well as in the analysis of experimental
data, where variance must be documented.

The improvement of varieties and of production systems must target to increase
the mean agronomic production and contribution to environmental services, but
must simultaneously reduce their sensitivity to environmental variation, thus con-
tributing to more resilient farming systems.
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Chapter 2
Agriculture, Forage Crops and Grasslands
in Serbia: Production and Breeding

Dejan Sokolovi¢, Jasmina Radovié, Zoran Lugi¢, and Aleksandar Simi¢

Abstract Serbia is a country with great potential and capacities for agriculture.
Agriculture is the basis of Serbian economy and it is the backbone of the develop-
ment of the country. It is the only sector with positive foreign trade balance, repre-
senting 21 % of total export. More than 17.3 % of the Serbian population live on
farms and their basic income originates equally from crop and animal production.
Cattle products constitute 42.6 % of overall animal production. In the last 10 years,
the number of farms engaged in raising cattle, as well as the number of dairy cows,
has declined. This reduction of approximately 2-3 % annually has resulted in stag-
nation and reduction of meat and milk production.

Arable fields and gardens account for ca. 65 % of all agricultural land in Serbia,
and of that 455,000 ha are fodder crops. The total area sown with alfalfa has expe-
rienced a slight reduction in recent years to the current level of 183 thousand hect-
ares. Red clover is cultivated on 120 thousand hectares, while fodder corn fields are
expanding. Since approximately two thirds of the Serbian territory consists of hilly
or mountainous areas, natural grasslands cover about 1.45 million hectares, or
almost 29 % of the total agricultural land area. Fodder crop production in Serbia is
traditionally based on domestic cultivars and hybrid maize seeds. Since extensive
forage production is dominating in Serbia, particularly in the upland regions,
domestic breeding programs are essentially focused on genotypes that can survive
and produce under the local agro-ecological conditions. This has led to the inclusion
of several new objectives in the breeding programmes, with the aim to improve
plasticity and resilience to environmental limitations. The main objectives are
drought tolerance, root characteristics, field persistence linked to low pH tolerance
and symbiotic N-fixation, tolerance to the most important pathogens, Fusarium sp.,
Coletotrichum sp. and Puccinia sp., and adaptability to different environmental
extremes. The forage crop species currently in use in Serbia consist of highly pro-
ductive cultivars, with improved dry matter quality. These cultivars can achieve and
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sustain a satisfactory level of plasticity under a wide range of climatic conditions,
not only in Serbia but also on the Balkan Peninsula.

Future steps to improve fodder crop production and husbandry in Serbia include
regionalisation of forage production according to a set of recommendations, stabili-
sation of subsidy policies, consolidation of fields and farms, improvement of grass-
land management and production technologies, and creating a better and more
efficient system of transfer of knowledge from scientists to farmers.

Keywords Agriculture * Grassland  Fodder crops ¢ Breeding * Serbia

Introduction

Serbia has considerable agricultural capacities and potentials, due to viable farming
communities, a substantial animal production and an abundance of processing facil-
ities. Serbia is an agricultural country, and as can be seen from official statistics, has
considerable natural resources, extensive areas of agricultural land, a favourable
climate, and a secure water supply.

The number of individuals and the proportion of the total population involved in
agriculture are substantially higher than in any other EU country. According to cen-
sus data from 2011, Serbia had a population of 7,186,862 (SORS 2013b). Farmers
constitute 17.3 % of the population, which is equal to approximately 1,240,000 indi-
viduals (Petrovi¢ et al. 2012). They live on 631,122 farms, with an average size of
4.5 ha (SORS 2013a). Although the average farm size has increased in Serbia, 58 %
of farms are still smaller than 3 ha (Petrovi¢ et al. 2011). The majority of the farms
(more than 450,000) can be found in Central Serbia, but these farms are smaller than
the farms in the flatter Pannonia region. Most of the agricultural income is generated
by animal and crop production (43 and 42 % of total production, respectively),
while fruits and grapes contribute to the remaining 15 % (Petrovi¢ et al. 2012).

Serbia covers an area of 8.85 million hectares, of which ca. 5.1 million hectares
(58 %) are agricultural land. Nearly 4.2 million hectares (83 %) of the agricultural
land are cultivated and 0.83 million hectares are permanent grasslands (SORS
2013Db). This translates to approximately 0.6 ha of agricultural and 0.5 ha of arable
land per capita (Aleksic¢ et al. 2010). However, more recent data from the Agriculture
Census that took place in 2012 show that only 3,335,859 ha have been utilised
(SORS 2013a). Fifty percent of all agricultural land is located in the Vojvodina
province and the remaining 50 % is located in Central Serbia. However, most of the
arable land (84 %) can be found in the Vojvodina province, which is predominantly
lowland. In the hilly and mountainous areas of Serbia, which constitute two thirds
of the total territory, the process of depopulation and abandonment of villages has
been a considerable problem during recent decades, resulting in a reduction of farms
and number of farmers. The quality of the soil and soil pH are different at different
altitudes and are very good in lowland areas (chernozem) but only moderately good
in upland regions.
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Table 2.1 Land uses of agricultural land in Serbia (in 1,000 ha)
Fodder Orchards and

Year Total Arable crops crops vineyards Meadows Pastures
2009 5,058 3,301 455 298 625 834
2010 5,051 3,295 460 297 624 836
2011 5,056 3,294 455 296 621 845

Table 2.2 Main subsidies for
animal and crop production
in Serbia in 2012 and 2013

For registered livestock (per head)
Dairy cows (min 4 — max 100) 225 € head™
Sheep, goats and sows (max 150) |36 € head™!

For fattening cattle 90 € head™
For investments in facilities and Based on documents
machinery
For arable land per hectare 54 € ha™!

For diesel fuel 120 L per ha of 0.45€L!
arable land

For milk production (min 3,000 L 0.063 €L!
per quarter)

Recent data on the areal extent of different crop groups in Serbia are presented in
Table 2.1. Most of the agricultural land is used for arable crops and, of this area,
fodder crops are planted on 455 thousand hectares (SORS 2013b).

Sixty percent of the total seeded area in Serbia is used for cereal crops (wheat,
barley, rye and oats) and maize (SORS 2013b). Maize is predominant, with more
than 1.2 million hectares seeded and Serbia ranks in fifth place in Europe in maize
crop production — after France, Ukraine, Romania and Italy (MATFW 2012).
Regarding the ownership of land, 87 % of land is private property, while the rest is
owned by the state (Petrovi¢ et al. 2012). Approximately 80 % of all agricultural
land is in the ownership of individuals. Agriculture is the basis of the economy and
the engine for development of rural areas in Serbia and it is the only sector with a
positive foreign trade balance. Agriculture contributes to 21 % of total export, but
only to 6-8 % of total import (MATFW 2012). The most important trade partners of
Serbia for agricultural products are the European Union (EU) and Russia.

The Serbian market has become more and more open in recent years, due to the
process of association with EU. As a result, the Serbian government were obligated
to invest considerably in the agricultural sector by subsidy policy with the aim of
making farming profitable (Table 2.2). There are four groups of subsidies, one for
registered livestock, one for investments, one for arable land (for fuel or directly)
and one for the production of milk.

The absolute values of the subsidies are not high, but the importance of a stable
and regular source of income for farmers cannot be underestimated.
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Agriculture is considered one of the most important academic disciplines in
Serbia. In the strategy of scientific and technological development for 2010-2015,
entitled “Focus and partnership”, the scientific field “Agriculture and food” is one of
seven fields specified as “strategic”’. Contrary to many other countries, the financing
of agricultural research by the state have remained relatively stable over recent
years and the likelihood of being awarded a state-funded grant is high.

Animal Production

A significant part of Serbian agriculture is the well developed and flexible animal
production sector with a long tradition. Also, Serbia has a strong animal feed indus-
try, not only in the country, but in the region as well. Animal production is the most
important branch of agriculture in all developed agricultures and its share in total
agricultural production indicates the level of development of agriculture in a coun-
try. In Serbia animal production is ca. 43 % of the total value of agricultural produc-
tion (Petrovi¢ et al. 2012), compared to 60-70 % in the EU.

Pork meat production is the largest animal production sector in Serbia, but in
terms of overall animal production, cattle husbandry is the most important one.
Cattle production represents 42.6 % of overall animal production and within it beef
meat production is ca. 17.6 % and dairy production is ca. 25 %. However, during the
last decades, livestock breeding in Serbia has been facing numerous problems,
including the reduction in number of farms, the small sizes of many farms, the low
number of animals per farm, an unstable market, fluctuating prices and changes of
subsidies (Petrovic¢ et al. 2005). In the last 10 years, the number of farms engaged in
raising cattle has declined (Perisi¢ et al. 2011). This trend is the same in the whole
EU-27 area, but the number of cattle per farm in the EU has been increasing con-
stantly (Huyghe and Tabel 2010; Huyghe 2010). According to the Census in 2002,
97.61 % of farms in Serbia owned between one and five cows and, together, these
farms owned 87 % of the total number of cows in Serbia (Peri$i¢ et al. 2011). The
Census of Agriculture 2012 states that the average number of cows per farm was
1.3, sheep 2.1 and 0.4 goats. The majority of cows were kept on farms that were
5-10 ha in size, whereas the majority of sheep were kept on farms that were 2—5 ha
in size and goats on small farms of less than two hectares. Over the last decades, and
especially in the first decade of the twenty-first century, there has been a decreasing
trend in number of cattle (Aleksié¢ et al. 2010; Petrovié et al. 2011), to the current
level of 909,000 heads (Figs. 2.1 and 2.2).

There was a decrease in number animals for all other livestock groups during the
last decade, but in the last year the number of sheep and goats increased signifi-
cantly. There are currently 1.7 million sheep, 3.4 million pigs and 236,000 goats in
Serbia (Fig. 2.2).

Total meat production has stagnated in last ten years (Table 2.3). Pork meat produc-
tion (271,000 t) dominates with 56.6 % of total meat production, while beef and sheep
meat production account 16.90 % and 5.04 %, respectively (Petrovi¢ et al. 2012).
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Table 2.3 Dairy and meat production in Serbia (SORS 2013b)

Year Meat (in 1,000 t) Cow’s milk (10° 1) Sheep milk (10°1)
1990 548 1,805 20

2000 473 1,585 19

2005 431 1,602 16

2006 - 1,587 15

2007 474 1,549 14

2008 464 1,534 14

2009 457 1,478 10

2010 468 1,462 9

2011 479 1,434 11

Milk production is a very important sector of animal production, with 25 % of
total animal production, but it has been decreasing constantly in the last two decades
(Table 2.3). Milk is commonly produced on small family farms, which provide
92 % of the total milk production (Petrovi¢ et al. 2012). Officially, dairy plants in
Serbia process approximately 50-55 % of the total volume of raw milk produced
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(SCR 2006). Average milk yield of registered cows of Simmental breed (dominat-
ing with 70 % in Central Serbia due to its dual-purpose type) is about 4590 kg and
of Holstein Friesian breed about 8,700 kg (PeriSi¢ et al. 2011). The consumption of
milk and milk products in Serbia is between 150.3 1 (FAO 2013) and 200 1 (Petrovi¢
et al. 2013) per capita, which is far below that of EU countries (280-950 1).

The main reason for this negative trend in milk and meat production in Serbia is
the reduction of the number of farms and, especially, the number of animals, with-
out substantial improvement of the production per animal. Another important rea-
son for this reduction is that fields and farms are too small for large-scale production.
The average field size in Serbia is only 0.45 ha (1.2 ha in lowland and 0.3 ha in the
mountainous regions; SORS 2013a). The reduction of export of animal products has
also contributed to the reduction in animal production. For animal products to be
competitive on the export market, the combination of three key factors (quantity,
quality and continuity in production) is required, but this is currently lacking in
Serbian animal production. Low quality forage (with low CP and high ADF), espe-
cially in the lowland regions, and consequently high price of animal feed, is one of
the main reasons of insufficient production of meat and milk according to experts in
animal nutrition.

Fodder Production

Serbia is a country with varied topography, from flat areas in the Pannonia region to
hilly and mountainous areas, which constitute approximately two thirds of the total
Serbian territory. Different altitudes are linked to different soil qualities (structure
and humus content) and acidity (pH), which are very important factors for fodder
production. Large areas of land in Serbia, almost 60 %, have acidic soils with pH
below 5.5 (Lugic et al. 2010).

The most important forage crops are perennial legumes (alfalfa and red clover) in
pure stands, corn for silage, annual legumes, meadows mixtures and natural grass-
lands. Fodder crops take up 13.8 % (455,000 ha) of the cultivated arable land, or
9 % of the total area of agricultural land (SORS 2013b). The total area dedicated
to alfalfa crops has decreased slightly to a current level of 183 thousand hectares,
whereas the total area used in red clover production remains unchanged. In con-
trast, the area used for fodder corn is expanding (Table 2.4). However, silage corn
only make up a small percentage (2.4 %) of the total area sown with corn (1.258
million ha).

Most of the forage production is conserved as hay, but also as silage or haylage.
Statistics show that the average dry matter yield of major forage crops in Serbia is
still too low (SORS 2013b). It increases from below 1 t ha™! on upland pastures, 2
and 3 t ha™! on natural and sown meadows, to 4.5 t ha™! and almost 6 t ha™! in red
clover and alfalfa pure stands. However, the genetic potential of local genotypes of
the mentioned crops is much higher. Regular dry matter yield for alfalfa and red
clover is between 14 and 18 t ha™! (Radovié et al. 2007; Lugi¢ et al. 2006), for sown
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Table 2.4 Total area ] Year Alfalfa Red clover Corn for silage
dedicated to three main 1997 192 120 19
fodder crops in Serbia
(1,000 ha) 2000 191 124 21
2001 193 122 21
2004 190 122 22
2006 188 121 22
2009 188 119 27
2010 187 119 28
2011 183 120 30.2

grass-legume mixtures it is 7-10 t ha™! (Lazarevi¢ et al. 2005) and on natural grass-
lands it is over 4 t ha™! (Vuckovic et al. 2005). Production of corn silage is between
20 and 23 t ha™! of biomass depending on the year. Natural grasslands cover about
1.45 million hectares, or almost 29 % of total agriculture land in Serbia, whereas
sown grasslands cover 155,000 ha (Lugi¢ et al. 2010). Within natural grasslands,
meadows cover about 600,000 ha and pastures about 800,000 ha. These grasslands
are not only important for forage production, but also in preserving biodiversity,
which is very high in Serbia. Some meadow vegetation classes (Festuco-Brometea
Br.-Bl. et R. TX. 1943) comprise 1,194 species, representing ca. 42 % of the total
flora in Serbia (Lakus$i¢ 2005). Grassland is the best agricultural production system
with regards to ecosystem quality, since it provides undisturbed habitats for autoch-
thonous, endemic and endangered species, not only of plants, but also of insects,
mammals, birds, reptiles and other animals. Grasslands are also more beneficial for
the environment, due to the infrequent need for cultivation, which relaxes the soil,
and the reduction in soil losses from ploughing and erosion. Grasslands have high
water infiltration capacities and improve water quality due to the reduced need for
pesticides and fertilisers.

Genetics and Breeding of Forage Crop Species in Serbia

The fodder crops production in Serbia is traditionalistic and based on domestic
cultivars and, for corn, hybrids seeds. Typically, farmers favour local genotypes in
fodder production, partly due to their experience of these genotypes and partly due
to praxis. However, in extensive forage production systems that generate low reve-
nue, as is common in Serbia and especially so in the upland regions, adopted geno-
types or cultivars are of high importance. These forage cultivars have to be flexible,
highly adaptable, environmentally plastic, productive and of good quality, as well as
tolerant to drought and other unfavourable conditions. Despite it being very difficult
to achieve all these traits in a single cultivar, it has been made possible through
appropriate approaches in breeding programmes. Domestic breeding programmes
are focused on genotypes that can survive and produce under local agro-ecological
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conditions, which are continuously deteriorating. It is noteworthy that the produc-
tion seasons in Serbia often experience extreme conditions. Periods of drought are
frequent during spring and summer, which lead to reduced yields and can even
jeopardise whole crops.

These problems can be solved by two complementary approaches. The first
approach involves defining or developing breeding germplasm that has been accli-
matised to local agro-ecological conditions. This is achieved by collecting wild
plant materials (autochthonous populations and ecotypes) and is regularly practiced
by forage breeders in Serbia (Sokolovi¢ et al. 2003a, 2012a). These genotypes
exhibit a desirable level of adaptability to local agro-ecological conditions and very
often have satisfactory yielding performance (Sokolovié et al. 2003b, 2004a; Babi¢
et al. 2010), which may lead to direct phenotypic selection and cultivar release
(Posselt and Willner 2007). Imported cultivars, on the other hand, are frequently not
adapted to local agro- ecological conditions and show weak vigour in subsequent
years of grassland utilisation, especially in comparison with local genotypes
(Sokolovi€ et al. 2004b, 2010b). The second approach involves establishing forage
crops breeding programmes that utilise new breeding methods and have specific
breeding objectives, such as drought tolerance, persistency and adaptability under
different extreme weather conditions (Sokolovi¢ et al. 2010a). The breeding objec-
tives also include breeding for improved root characteristics (Sokolovi¢ et al.
2012b), persistency interconnected with low pH tolerance and improved symbiotic
N-fixation (Deli¢ et al. 2010), as well as to develop tolerance to the most important
pathogens, Fusarium sp. (Krnjaja et al. 2004) and Colletotrichum sp. (Vasi¢ et al.
2010a, b). The overall aims are to improve the plasticity of the forage crop cultivars
and to overcome environment limitation associated with forage crop production in
Serbia. Both approaches contribute with some of the desired characteristics to new
genotypes and make them adaptable to variable natural and cropping conditions.
Clearly, measures could and should also be taken to optimise cropping conditions
(e.g. irrigation, land consolidation) and inputs (e.g. fertilisers, pesticides) that fur-
ther improve the exploitation of plant potential. However, it is unrealistic to expect
that large areas of grasslands or arable forages in Serbia can be treated and improved
on a short timescale through these methods alone.

In recent years, strong efforts have also been made by plant breeding programmes
to meet farmers’ needs and expectations. Demands for different grassland mixtures
suitable for a range of farming conditions resulted in the breeding of specific culti-
var properties for mixtures and pastures, which had the required compatibility, com-
petitiveness and difference in maturity. Significant practical results (i.e. the release
of specific cultivars) have not yet been accomplished, but there has been a break-
through in the breeding of orchardgrass for the specific use in orchards greening
(Babic¢ et al. 2009).

As result of intense breeding work, the contemporary assortment of forage crops
species currently available in Serbia consist of cultivars that are highly productive
and have an improved dry matter quality. They can achieve and sustain satisfactory
levels of plasticity under diverse and suboptimal climatic conditions in Serbia, as
well as on the Balkan Peninsula.
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Cultivars Registration

Due to the high interest in the breeding and improvement of forage crops in Serbia
in general, and at the two main scientific and breeding institutes (KruSevac and Novi
Sad) in particular, there is a wide range of domestic cultivars that are well-distributed
among cultures and species (Puki¢ et al. 2007; Tomi¢ and Sokolovi¢ 2007). The
Serbian market is also open to introduced cultivars, which are subjected to an evalu-
ation process prior to registration, in which they have to exhibit superior properties
to local standard cultivars. Despite these measures, the number of actively used
cultivars is much lower than the total number of released and registered cultivars,
due to the fact that entry on to the official cultivar list is limited to 10 years. After
that period, cultivars have to be re-registered or they have to be removed from the
market within 2 years. The evaluation process for cultivar registration consists of 3
years of official state trials (VCU and DUS), but only two years of full field produc-
tion (second and third year) are included in yield calculations. These trials are con-
ducted in multiple locations; how many depends on the species (three for grasses
and four for legumes). Even though a sufficient number of cultivars of forage crops
have been released in Serbia in recent years (more than 85 since 2003) and the geno-
types have exhibited high genetic potential for dry matter production and quality,
the production results have been disappointing. Poor management, a lack of capital
investment and insufficient education of the farmers, followed by unstable and
adverse weather conditions have resulted in unreliable animal feed production on
grasslands and fields. However, it is promising that the majority of these factors
affecting fodder crops production can be addressed.

Fodder Cultivars Seed Production

The task of providing sufficient amounts of high quality seeds of registered cultivars
is an additional challenge for the plant breeding community in Serbia, on top of
their continuous work on the genetic improvement of fodder crops. Thus, cultivar
seed yield has been given special attention in breeding (Sokolovi¢ et al. 2006). New
genotypes have to provide the genetic potential for good seed production, if the
process of seed multiplication is to be affordable and attractive for seed producers.
Since seed production in Serbia is typically carried out under rain-fed conditions,
seed yield is variable and highly dependent on weather conditions. However, if the
particulars of seed production of the various perennial fodder grass species are
taken into consideration, the Serbian cultivars exhibit high genetic potential for seed
yield. In the early phases of local grass breeding programmes, the average seed
yields achieved within a 6-year period of production were 482 kg ha! for cocksfoot,
700 kg ha™! for meadow fescue, 432 kg ha™! for timothy, 581 kg ha™! for tall oat-
grass, 751 kg ha™! for tall fescue and 728 kg ha™! for red fescue (Mladenovié
and Tesi¢-Jovanovi¢ 1983). Among perennial grasses, the highest seed yield was
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obtained for Italian ryegrass with more than 2 t ha™' (Simi¢ and Vuckovié 2006).
Alfalfa cultivars also displayed extremely large variations in seed yield, due to spe-
cific weather conditions in different years. Some alfalfa seed crops can reach yields
as high as 1,000 kg, but the average seed yield of local cultivars over a 13 year
period was significantly lower, 250 kg ha! (Karagic et al. 2007). Serbian genotypes
of winter vetch gave an average seed yield of 0.8 t ha™!, while spring vetch reached
an average seed yield of 1.5 t ha™! (Karagic et al. 2010).

The seed production of forage crop cultivars has been organised by breeding
institutions and seed companies, mostly in collaboration with large farms. Legume
seed production has mainly taken place in the Vojvodina province, especially in the
case of alfalfa, with approximately 2,900 ha of certified seed crops and an estimated
1,000 ha of non-certified seed crops (Karagi¢ et al. 2010). Perennial forage grass
seed production mostly takes place in the hilly and arid areas of eastern Serbia or, in
the case of Lolium species, in areas with medium rain precipitation in western and
northern Serbia. Currently, the situation of depopulated villages and a reduced num-
ber of animals in upland regions has shifted grass seed production to low-lying
regions where fields are larger, mechanisation is better and there is a continued
interest in improving animal production. According to Nikitovi¢ and Radenovi¢
(1996), local grass seed production only covers 30 % of the total seed demand and
the remainder has to be imported. Despite favourable agro-ecological conditions for
perennial grass seed production, the volumes produced in Serbia are still too low to
meet the demand. In contrast, sufficient legume seed are produced in Serbia to sup-
ply the local market and to export. Serbian seed companies and research institutes
are important exporters of seeds and in recent years they have produced new, glob-
ally recognised varieties and hybrids. The foreign trade balance in certified seed
trade has changed over time (SORS 2013b), and in 2007-2009 it became positive
for certified seeds of local cultivars of alfalfa and red clover (Fig. 2.3).
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Fig. 2.3 Foreign trade balance data for legume seeds (2004-2012), with separate regression lines
for alfalfa and red clover



2 Agriculture, Forage Crops and Grasslands in Serbia: Production and Breeding 27

150

122 / \ R? = 0,557

: [ NN

—100 / / /V

—150 /’W

%\\ )/ — ryegs
/ / AWV

Fescue

—250 v

—300
2004 2005 2006 2007 2008 2009 2010 2011 2012

Fig. 2.4 Foreign trade balance data for grass seeds (2004-2012), with separate regression lines for
ryegrass and red fescue

During the same time period, the foreign trade balance for grass seeds has
remained negative, with a few exceptions in 2007 and 2009. However, the overall
trends are encouraging (Fig. 2.4).

Conclusions

Serbia is a country with great potential and capacities for agriculture. Agriculture is
the basis of Serbian economy and it is the backbone of the development of the coun-
try. It is the only sector with a positive trade balance and agriculture products repre-
sent 21 % of the total export. Animal husbandry, as well as animal production and
the feed industry, suffers from serious problems related to a decline in the number
of farms and ruminants, especially cattle. This has resulted in a stagnation and
reduction of meat and milk production. Fodder crops production in Serbia is largely
based on domestic cultivars, which are favoured by farmers, due to familiarity and
praxis. The forage crops species cultivar list currently available in Serbia consists of
cultivars that are highly productive, have an improved dry matter quality and can
achieve and sustain satisfactory levels of plasticity on a range of adverse weather
conditions, not only in Serbia but also on the Balkan Peninsula. These cultivars have
been bred from autochthonous genotypes that exhibited sufficient levels of adapt-
ability and had satisfactory yielding performances. However, in practice, realised
yields have been low due to several limiting factors, but these could be addressed.
In order to improve fodder crops production and animal husbandry in Serbia,
some fundamental actions are needed. The implementation of a regionalisation of
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forage production is necessary. This would open up for regional recommendations
on the species, mixtures and cultivars suitable for fodder production in each area.
Stabilisation of the subsidy policy will allow farmers to plan ahead. Consolidation
of fields and farms, especially in depopulated regions, has become an important
task, since the current distribution and sizes of fields are wholly inadequate for
profitable and sustainable production. The improvement of production technologies
and grassland management, in order to produce better forage, remains the major
task for scientists and experts. Finally, it is vital to improve the education of farmers
and this requires a more efficient and improved system for the transfer of knowledge
from scientists to farmers.
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Chapter 3

Ex Situ Conservation of Genetic Resources
of Forage and Turf Species in the IPK
Genebank at Malchow

E. Willner and K.J. Dehmer

Abstract The IPK Genebank, Satellite Collections North, at Malchow/Poel is
responsible for the ex sifu maintenance of genetic resources of forage plants in
Germany. More than 10,400 accessions of grasses (forage and turf species) and
1,300 small grained forage legumes (red clover and alfalfa) belong to the collec-
tions, originating mainly from Europe, but partially also from destinations around
the world. The main goal is to hold all accessions available for distribution and
characterize/evaluate them for different research and breeding purposes as inten-
sively as possible. For this means, a good documentation system is necessary,
besides the management of PGR according to European Genebank Standards and a
protocol for a quality management system (certificate ISO 9001:2008).

In specific research projects, accessions of the most important species like
Lolium perenne L. and Poa pratensis L. are described for traits concerning morphol-
ogy and/or relevant for breeding in order to have an assessment on the value of PGR
for different uses.

In an overview, we will present which tasks have to be fulfilled and how this is
achieved. Some results of characterization/evaluation trials and of specific research
projects are provided, setting the stage for a better use of forage genetic resources in
Germany, Europe and world-wide.
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Introduction

The IPK Genebank with its comprehensive collections of cultivated plants is one of
the largest in the world. The predecessor of IPK — Leibniz Institute of Plant Genetics
and Crop Plant Research — was already established in 1943 near Vienna. First col-
lections of important crops like cereals were compiled there. A few months later, the
collections and the institute were transferred to Gatersleben. In its 70 years of exis-
tence since then, comprehensive scientific research was conducted, and parallel to a
growing knowledge on cultivated plants, the institute expanded and the genebank
collections grew.

Parallel to the development of the institute at Gatersleben and the genebank
there, the compilation of special collections of crops at other institutes in Germany
was initiated. They were used for breeding or scientific research. In the former
Institute of Oil and Fodder Crops Breeding at Malchow, the first collections were
established as working collections for breeding purposes by Prof. Hans Lembke,
starting in the early 1960s. Here, substantial collections of oil and fodder crops and
cultivated grasses were compiled over several decades. Since the German reunifica-
tion in 1992, these valuable genetic resources belong to the IPK Genebank.

The Malchow oil and fodder crops collections are divided into three groups
according to botanical families: Gramineae, Cruciferae, Leguminosae. They include
more than 14,000 accessions of 17 genera and 140 species. To Cruciferae group
belong all genera and species which are used as oil plants, e.g. Brassica sp., Sinapis
sp., Raphanus sp. As Leguminosae fodder crops, only red clover and alfalfa as small
grained legumes are maintained at Malchow. In the following, the third group,
Gramineae, will be the matter of consideration.

To this group, the most important grass species for agriculture and breeding do
belong, as forage and turf type. The largest species in the grass collections are
Lolium perenne L. (3,016 accessions), Dactylis glomerata L. (1,885 accs.), Festuca
pratensis Huds. (1,122 accs.), Phleum pratense L. (985 accs.) and Poa pratensis L.
(727 accs.). But also smaller groups of grass species (Agrostis sp., Festuca sp.,
Holcus sp. Deschampsia sp., Poa sp. etc.) belong to the collections, in order to have
a wide range of interspecific and intergeneric variability, as well as material for all
research and different breeding purposes (as forage, turf or energy grass).

The Value of Genetic Resources: In General

In order to have a really comprehensive collection of grasses with a high level
genetic diversity, it is necessary to fulfill following tasks: collection, maintenance,
characterization, evaluation and documentation of grass PGR with high working
accuracy of curators, which are responsible for the collections.

In the IPK Genebank, collections are permanently but selectively updated in order
to close gaps and to enlarge genetic diversity. This happens in two ways, through



3 Ex Situ Conservation of Genetic Resources of Forage and Turf Species in the IPK 35

seed exchange with other genebanks and botanical gardens or via own collecting
trips. At the Malchow collections, the second option is preferred. Thus, several
collecting trips were conducted since the 1990s in Europe, but also within Germany.
In this way, 2,810 accessions from different geographic and climatic regions were
newly collected. Intraspecific diversity of some grass species was substantially wid-
ened and new species were introduced, enabling the Malchow collections to perma-
nently supply new base material for breeding and research.

The maintenance to secure PGR and to hold seed samples available for users, is
affected by two ways: (i) the regeneration of new samples (collected material) or
old ones, which have a low germination rate and (ii) the storage of seed samples
for medium and long term and as safety duplicate. All processes for regeneration
and storage are carried out at the IPK Genebank according to a quality manage-
ment system (ISO 9001:2008 certificate). After successful multiplication (seed
amount is sufficient and germination rate above 80 %), accessions are stored in
three seed lots (i) as active collection for users and own cultivations; (ii) as base
collection for long term storage and (iii) as safety collection in the Svalbard Global
Seed Vault (since 2008: 60 % of whole forage collection, 75 % of grasses and 25 %
of legumes).

The characterization of all samples is another important task in genebank work:
A large collection itself is not useful if users cannot find the adequate material for
their purposes. Thus, it is essential to have a good description of morphological and
breeding relevant traits. This happens at the IPK collections at Malchow on the one
hand in combination with cultivation for regeneration. During the vegetation period,
accessions are observed for growth development and habit, disease susceptibility,
phenology, leaf traits and plant height. On the other hand, in separate trials as so-
called comparative cultivations, botanical identity is determined or checked, while
in long—term trials over a period of several years overwinter survival/persistence of
different species/accessions are checked.

In addition to characterizations, the evaluation of some groups of the grass col-
lection is also necessary and very important for a valorization of PGR. As these
evaluation trials are very complex, afford special equipment/labs/methodologies
and are time- and cost-consuming, they are often conducted in co-operation with
external partners. In recent years, some projects of grass evaluations were initiated
on the national level, but also internationally (Nehrlich et al. 2013).

Another very important task is to document all accession information (passport,
characterization and evaluation data) as well as possible. For all genebank users, it
has to be very easy to obtain all available information of an accession and to search
the adequate material for different purposes. IPK’s Genebank Information System
(GBIS, http://gbis.ipk-gatersleben.de/gbis_i/) was developed to enable users to look
for all or special genera/species, accession name, country of origin etc. and several
C&E-data, as far as these are recorded. Additional, users can search in further spe-
cial databases, for forages e.g. in the European Poa database (EPDB; Weise et al.
2007), where you can find an overview about accessions of different Poa species.
Here, the donor genebank or institute is recorded, as well as Poa accessions with
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passport data and where to order them. Also of interest could be information on
weather data for the IPK sites at Gatersleben and Malchow (http://www.ipk-
gatersleben.de/en/databases/weather-data/).

All handling of PGR at the IPK Genebank with its quality management system
is targeted to provide a good service, which means to hold accessions available and
send out seed samples upon request in sufficient amounts, with high germination
rate and within short time. In the last 18 years, IPK Malchow distributed 1,779 seed
samples to 64 users on average world-wide. Users are mainly scientists or breeders
in Germany, Europe, USA, Asia, but also other genebanks, botanical gardens,
NGOs or private persons. In comparison to earlier years, the last 4 years show a
clear increase in user numbers, while also the number of distributed accessions is
significantly above average. The reason for this is the better access to IPK’s PGR
through internet visibility via GBIS/I and an easy handling as users request seeds
via this system. Nevertheless, seed deliveries are dependent on the start of new
research projects or breeding programs, too.

Another important aspect of good service is data delivery regarding IPK acces-
sions. More and more C&E data are available in GBIS/I. Furthermore, weather data
can be downloaded from IPK’s homepage for data analyses and better understand-
ing of observation data in a specific year. For special user requests on data/informa-
tion not available in GBIS/I, the curator can assemble excel sheets from data sources
not yet public.

The Value of Genetic Resources: In Particular

At the IPK Genebank, Satellite Collections North, the forage collection was devel-
oped in the last 20 years towards the improvement of genetic diversity (more acces-
sions per species/more species available), a better and easier access to seed samples/
information and better description/valorization of PGR. With regard to the last
topic, it was essential to get into contact with scientists and breeders, in Germany
via the GFP and in Europe via ECPGR network or EUCARPIA, in order to agree
upon and arrange special research projects for enhanced information on forage
PGR. This will be a continuous process, as not all accessions can be included in one
project and as new breeding or research goals require new projects.

At TPK Malchow, research projects are divided into projects for primary and
secondary evaluation, respectively. The trials for primary evaluation are carried out
in the field at IPK Malchow, or together with partners like the Eurograss breeding
company (EGB) in order to have a first impression on the traits of accessions
(growth, biomass development, disease/stress resistance or susceptibility, pheno-
logical data) from multiple sites/environments. Examples for secondary evaluations
are the trials for green matter yield tests in forage types of Lolium perenne L. or rust
evaluations in field and laboratory. Secondary evaluations are carried out together
with several co-operation partners (breeders or scientists).
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Fig. 3.1 IPK L. perenne L. collection sites in Europe (1996-2002)

Examples of Primary Evaluations

A joint plant exploration with EGB was conducted in Romania. The material col-
lected was shared for multiplication in order to have sufficient seeds for character-
ization and evaluation trials. The main focus here was on Lolium perenne L. 455
populations were collected as seeds or living material. From each of these, 24 single
plants were investigated in a primary evaluation at Malchow and Asendorf. The
most important traits like ear emergence, growth rates at different stages, reaction to
diseases, leaf width and persistence were assessed over 3 years. Based on the results,
populations with similar traits were unified, totaling in 85 subgroups. These were
transferred into the IPK Genebank as new accessions and supplied for further sec-
ondary evaluation (green matter yield, crown rust test).

Concerning rust susceptibility, primary evaluations in the field showed no large
differences between and within the geographic areas and regions. Worth mentioning
is the Crisana region, where all four areas have an average below the mean of this
trial. These results correspond very well to results of a subsequent secondary evalu-
ation by Dr. Hans Lellbach, Julius Kuehn Institute Gross Luesewitz, who applied
the rust leaf segment lab test to progenies of the above populations. Twenty three of
the 85 analyzed subgroups were scored as resistant, which totals 27 %. These sub-
groups originate mainly from the Crisana region, too (Willner et al. 2010).

In another primary evaluation, 352 newly collected accessions of Lolium perenne
L. from different European countries (Fig. 3.1) were tested at IPK in special trials
over 2 years in order to estimate behaviour over winter, biomass, phenological
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development and other relevant traits. All collected data were recorded in excel
sheets (but not yet in GBIS/I) and used for classification into maturity groups, in
order to plant the accessions correctly for a secondary evaluation trial (green matter
yield estimation).

Further data analyses were carried out in co-operation with Dr. J.-P. Sampoux,
INRA Lusignan. In analyses of variance, least-square means (LSM) of accessions
were adjusted between countries by the mean of common standard cultivars included
in the evaluation of accessions from each country. Canonical correlations analyses
(CANCOR) were performed between phenotypic traits (LSM of accessions) and
spatial parameters (latitude, longitude, altitude at collection sites). A first CANCOR
analysis was performed at a European scale, using LSM adjusted by standard culti-
vars and raw spatial parameters. A second CANCOR analysis was performed at
country scale after standardizing phenotypic traits, latitude and longitude by setting
a null mean within countries. Auto-correlation patterns were investigated at country
scale by setting up empirical variograms for standardized phenotypic traits.

The CANCOR analyses showed that latitude and longitude were strongly struc-
turing the spatial distribution of the natural phenotypic diversity of perennial rye-
grass at the European scale. The first canonical direction indicated that Northern
latitudes and Western longitudes were associated with low heading percentage in
the first year, late heading date in the second year, high greenness after winter in the
second year, low rust resistance but high resistance to other diseases. The second
canonical direction associated Northern latitudes and Eastern longitudes with weak
greenness before winter in the first year and high rust resistance.

Results of Secondary Evaluations

Between the IPK Genebank at Malchow and the GFP, the Association for the
Promotion of private German Plant Breeding, a good co-operation exists for more
than 20 years. Within this framework, several projects were established for better
description of PGR of forages and their use in breeding programs.

One of these projects was to evaluate the diversity of Poa pratensis L. In a first
step, 1,600 seed samples of P. pratensis from different European countries, regions
and sites were compiled and divided between four partners (three breeding compa-
nies and IPK) in order to establish a primary evaluation trial for 2 years. Based on
the results, 50 accessions were selected per site (total: 200 entries), showing the
largest variability in and between accessions with regard to traits like growth, head-
ing date, leaf morphology, forage or turf type. Seeds harvested from three mother
plants per each of the 200 selected accessions (total: 600 entries) were tested in a
field trial for 15 traits (characteristic, breeding relevant) per year on 10 single plants
per entry in comparison to the clone of the mother plant.

Leaf material of all entries from the field trial was sampled and transferred to the
IPK laboratory at Gatersleben. Here, in a GFP/AIF funded project, ploidy levels and



3 Ex Situ Conservation of Genetic Resources of Forage and Turf Species in the IPK 39

diversity were assessed, as well as potential correlations between geographic origin
and diversity investigated. According to the results, no clear grouping according to
geographical origin was observed, while the examined breeding accessions clus-
tered separately. In addition, material from the Northern European Islands (Great
Britain, Iceland, Greenland) is more distant in comparison to the continental eco-
types (Andreeva 2006). Data analyses of field and lab scoring resulted in selection
of several best, most variable genotypes for different breeding purposes by the
breeding partners of the project.

The co-operation of representatives from 36 European countries within the
ECPGR working group on forages is another example for the generation of second-
ary evaluation data. The partners are responsible for the maintenance of PGR in
their country, for keeping PGR available and promoting easy access to and better
use of accessions. In regular meetings, working group members discuss up-coming
tasks, co-operations and sharing of responsibilities (e.g. Maggioni et al. 2010). At
the moment, the main focus is to create An European Genebank Integrated System
(AEGIS) as European Collection which unifies the most important PGR of several
countries and to maintain these according to the AEGIS quality management sys-
tem. In the forages working group, there are ten databases on grasses and legumes.
IPK Malchow is responsible for the Poa database (Weise et al. 2007), especially
regarding updates and determination of most original samples and AEGIS acces-
sions. A further task will be to include all available C&E data. At the moment, there
is a discussion with experts of the ,doc and informatics’ network group about the
procedure for handling C&E data.

Conclusions and Outlook

In the IPK Genebank, Satellite Collections North at Malchow, a very comprehen-
sive collection of grasses exists, 84 % of which is readily available for users. The
collection of grasses, including a high intraspecific variability, is well described in
respect to characterization and evaluation data. Most characterization data are
online searchable via GBIS/I. Evaluation data are available upon request as excel
files from the curator.

The advanced status of the collection was achieved mainly during the last 10
years. This positive development would not have been possible without the contri-
butions from co-operation partners in Germany, Europe and world-wide. Thanks to
all partners in past, presence and future.

In the near future, improvement of data analyses and easy access to this informa-
tion via GBIS/I are the next important task, which only can be completed in co-
operation with partners in further projects. Besides the continuation of existing
co-operations, we are very interested in finding additional co-operation partners, in
particular for data analyses.
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Chapter 4

Genetic Response to Climate Scenarios

in Dactylis and Festuca of Temperate Versus
Mediterranean Origin

Marc Ghesquiere, P. Barre, J-L. Durand, I. Litrico, J-P. Sampoux,
P. Mournet, and F. Volaire

Abstract Climate change stresses the importance of exploring the genetic adapta-
tion of plants to an increase of both temperature and water deficit. To this end, dense
swards of Mediterranean and temperate cultivars of Dactylis and Festuca were seed
harvested after 2 years under artificial climate scenarios (range of summer drought)
in two environments (Mediterranean and temperate). To assess possible genetic
changes, all populations of the next generation were assessed and compared with
their parent population having not been subjected to these climate scenarios. The
experiment was a spaced plant design in the temperate location. The results showed
that a drought escape strategy through earlier heading time and reduced total plant
yield was enhanced by scenarios of greater summer drought. However, the direction
and the intensity of the response of the main measured traits suggested that the
physiological plant adaptation to water stress differs between species. In Dactylis,
the phenology appeared to be a very responsive trait in the late heading temperate
cultivar and induced a plant size reduction, while no genetic variability seems to be
still available for selection within the early flowering Mediterranean cultivar. By
contrast, the balance between both traits was not found so crucial in Festuca which
suggests a possible greater role of the rooting system in drought resistance for this
species.

Keywords Population genetics ¢ Perennial grasses ¢ Adaptive response
Phenology ¢ Drought tolerance
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Introduction

Climate change is raising new questions in genetics and breeding of forage crops.
Models of plant production and climate projections in France (Terray et al. 2011),
predict an increase of temperature beneficial to annual forage production in north-
ern latitude because of growth enhancement in spring and autumn. Conversely,
more severe summer drought will threaten more frequently any forage production
in southern latitude in particular in the Mediterranean area (Durand et al. 2011). At
this scale, Gordo and Sanz (2010) showed that many taxonomic groups are able to
tune their phenology according to temperature variation over years as a plastic
response. Investigating aerial biomass and senescence among ecotypes of various
origins in four grass species submitted to extreme climate manipulations,
Beierkuhnlein et al. (2011) underlined the importance of between and within genetic
variability against interspecific variability in plant response to climate.

Most forage crops are out-breeding plants. As a consequence ecotypes as well as
bred synthetic varieties necessarily harbour a minimum amount of genetic variability
which is a prerequisite for selection to occur. However, individual plant reaction to water
deficit involves many successive physiological processes over time which relationships
and relative effects among and between species are still unclear in terms of genetics. In
particular, it is unknown whether climate stressors may act as selection pressures in a
dense sward of perennial grasses liable to heritable genetic changes over generations.

Dactylis sp. and Festuca sp. are good plant models to investigate these issues. Both
complexes of species, as diploids in Dactylis and polyploids of high level in Festuca,
are presently spread all over South-Europe having experienced strong climate varia-
tions in the course of evolution. Well-adapted ecotypes which have emerged, in par-
ticular in the Mediterranean area, are of great interest as genetic resources for breeding
and to untangle the physiologic processes of plant adaptation to water deficit (Lelicvre
et al. 2011). By applying experimentally climate scenarios in plots of Dactylis and
Festuca of either temperate or Mediterranean origin, Poirier et al. (2012) showed that
an annual water deficit of 500 mm clearly discriminates more between ecotype origins
than between species with antagonistic relationships of annual productivity from the
temperate cultivars vs. long term persistency from the Mediterranean ones.

In this context, it was interesting to couple the evaluation of agronomic response
to climate scenarios with the quantification of possible genetic changes by using the
same experimental plant material. This may be carried out longitudinally through
plant sampling in a sward at successive periods of climate stress followed by new
experimental assessment. However, this would not avoid all artefacts or bias due to
plant cloning and limitation in sampling. Furthermore, this does not give access to
the heritable part of the response liable to long term species evolution. We hereafter
report the results of an evaluation in which all experimental plots were seed-
harvested by the end of a 2-years long climate scenario experiment and all next
generation populations were compared against the initial batch of seeds of each
cultivar as control parent populations.
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Material and Methods

In a preliminary experiment, two cultivars of temperate vs Mediterranean origin in
D. glomerata and F. arundinacea were cultivated in Lusignan as a temperate site
(lat. 46.4029716 — long. 0.0815821) and in Montpellier as a Mediterranean site
(lat. 43.6379542 — long. 3.8623542) under 4 climate scenarios, either by increas-
ing summer water deficit and/or by applying artificial heat waves in July (Poirier
et al. 2012). In particular, the S1-scenario consisted in a control, holding water
supplies at each site to its annual average (1980-2010). The S2-scenario halved
water supplies by rain-shelter covering at night all year long. The cumulated water
deficit (water supplies — evapotranspiration in spring and summer) which was
achieved over the two first years in the scenario S1 and S2 amounted to —762 and
—981 mm respectively in the temperate site and to —1,060 and —1,252 mm respec-
tively in the Mediterranean site. Summer survival rate differentiated strongly
between origin and site by decreasing down to 20 % in the temperate cultivars
under the S2-scenario at the Mediterranean site. This did not prevent, however, to
seed-multiply in-situ each experimental plot in spring of year-3 following almost
complete recovery of the swards in the previous autumn. The 64 resulting popula-
tions of next generation (4 cultivars X 2 sites X 2 scenarios x4 replicates (site x sce-
nario)) as well as the 4 parent populations were established in a field nursery of
spaced plants in the temperate site. The design was a split-plot in which the species
was ascribed to the whole-plot, each of them further arranged in a randomized
3-complete blocks design of 32 next generation populations and 2 parent popula-
tions. The single plots were rows of 10 plants; in order to keep the same accuracy
of mean estimates between next generation and parent populations, those latter
were randomly planted into 3 rowsx 10 plants each block. Following establish-
ment in autumn, heading time was recorded in spring of the next year as the date
of 2-spikes emergence and expressed in thermal time (°Cxday since the 1st of
January).

As a parallel second experiment, all next generation and parent populations
were transplanted, following germination on March 1st, in 20-cm deep contain-
ers filled with compost. After 3-months of growing in glasshouse and no water-
ing limiting conditions, all plants were clipped to 5 cm stubble height and
aboveground biomass dried to estimate total plant dry matter yield. Before cut-
ting, the lamina length of the last emerged adult leaf and the total plant height by
stretching the leaves were measured. The design was a split-plot similar to the
field nursery except that the replications in each site x scenario combination were
randomly confounded with the present blocks in the design. Each species as a
whole-plot was thus arranged into a randomized 4-complete blocks design of
8 next generation populations (2 cultivarsx2 sitesx2 scenarios) and their 2
parent populations. The blocks consisted of single containers of 10 random-
ized rows (populations) x 10 plants, each about 10 cm apart, surrounded by bor-
dering plants.



44 M. Ghesquiere et al.
Plant Material

The four cultivars which were used are registered on the French national list of
varieties (http://www.herbe-book.org), both dactylis cultivars Ludac and Medly and
the tall fescue cv. Centurion in 1997 while the other tall fescue cv. Soni in 2000.
Medly is a typical very early flowering tetraploid D. glomerata cv. of Mediterranean
origin bred from 9 entries from Australiax South France hybrids and Morocco
which, however, the contribution between hispanica vs glomerata ssp. was not well
defined. Centurion is a hexaploid F. arundinacea cv of 7 entries from Israel, Tunisia
and Morocco, quite genetically distant from its temperate relative as crosses between
the two origins give only sterile F1-hybrids (Jadas-Hécart and Gillet 1978).

Statistical Analyses

The data recorded in both trials were computed as 68 populations (4 cultivars x
(16 next generation populations +the parent population)) under a mixed model of
analysis of variance and holding all bloc interactions and plant within plot variation
as random effects. The proc mixed procedure of SAS (1999) was used as well as the
Ismean, estimate and contrast statements to test significance of the site x scenario
genetic response within each cultivar. The responses were expressed as a standard-
ized way (i.e. in standard deviation units, ) by dividing the contrast of the mean of
the next generation populations and that of the parent population by the residual
term of Anova as an estimate of the phenotypic variance within cultivar. The
responses were also fitted to regression models, nested or not within cultivar, by
using the 2-years water deficit in each site X scenario as a regressor.

Results and Discussion

Ecotype differentiation strongly contrasted across species (Table 4.1). Expressed in
standard deviation units, heading date differed by 4.28 o between the Mediterranean
and the temperate parent population in Dactylis while by 0.36 ¢ for above ground
biomass. Both traits differentiated in a more balanced way within Festuca (-1.05 o
vs 0.99 o resp.).

Furthermore, the traits correlated in an opposite way across species; earlier head-
ing time was associated with less above ground biomass in Dactylis while in the
early flowering Mediterranean Festuca all growth traits were higher than those in
the temperate cultivar.

It is likely that variable chilling temperature in glasshouse during spring enabled
the Festuca cv. of Mediterranean origin to exhibit higher plant above ground
biomass than the temperate cv. A negative response of heading time in all popula-
tions of next generations was found, on average, over site x climate scenarios while
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Table 4.1 Mean value of the traits recorded in the parental population of four cultivars of either
temperate or Mediterranean origin in D. glomerata and F. arundinacea (interval of confidence at
P<0.05 in brackets)

Dactylis Festuca
Traits Temperate Mediterranean | Temperate Mediterranean
Heading date (°C xd) 700 444 755 692

[682-718] [426-462] [737-772] [674-709]
Above ground biomass 1,319 1,168 819 1,235
(mg DM plant™) [1,095-1,543] [945-1,390] [591-1,048] | [1,012-1,458]
Plant height (mm) 668 563 534 600

[633-703] [529-598] [499-569] [565-634]
Adult lamina length 430 395 381 434
(mm) [409-471] [364-425] [350-412] [403—-464]

above ground biomass responded positively in the plants from the temperate site
and negatively in those from the Mediterranean site (Fig. 4.1). Negative regression
clearly suggests that a drought escape strategy is primarily enhanced by increasing
water shortage. Because of higher accuracy estimates, the response of heading time
was found significantly different across cultivars (F 7:48 df=2.907; P<0.0120).
Only a unique linear response (r*=0.747; F 1:14 df=41.23; P<0.0001) was found
in above ground biomass while heading time fitted better to a quadratic model
(r’=0.972; F 2:13 df=227.31; P<0.0001) emphasizing a particularly strong
decrease from the temperate Dactylis grown under the S2-scenario in the
Mediterranean site. By contrast, the Mediterranean cultivar of Dactylis gave no sig-
nificant response of heading time across all site X scenario combinations.

By plotting the response of both traits in the range of the origin differentiation
within species, overall changes from the temperate cultivar of Dactylis seem to
mimic to some extent the natural evolution which occurred in that species towards
earlier heading date and lower growing rate (Fig. 4.2). It appears therefore signifi-
cant that the Mediterranean cultivar at the extreme of the distribution of heading
date did not display any further significant response for that trait as if no genetic
variability was still available.

The response in tall fescue appeared more balanced in the same way as the dif-
ferentiation between parent populations was less pronounced than in Dactylis. The
Mediterranean cultivar of tall fescue reacted similarly to the temperate cultivar of
Dactylis by adapting both its phenology and plant size. By contrast, the response
within the temperate Festuca seems to involve more positively the traits associated
with growth rate. Rooting is considered as a major trait controlling persistency in
tall fescue. Possibly, positive response of above ground biomass in the temperate
Festuca results from an indirect response to selection for early deep rooting confer-
ring higher fitness when plants have to cope with water deficits later in summer.

Using polyethylene or cotton wrap to prevent pollen contamination between
plots may have induced artefacts by increasing temperature in the days before seed
harvest. It is also obvious that harvesting seeds from 3-years old swards do not
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Fig. 4.1 Mean response of heading date and plant above ground biomass to 4 site x climate sce-
nario combinations expressed against 2-years of cumulated spring to summer water deficit in 4
cultivars of either temperate or Mediterranean origin in D. glomerata and F. arundinacea
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Fig. 4.2 Associated response of heading date and above ground biomass across site X climate
scenarios in Mediterranean and temperate cultivars of D. glomerata and F. arundinacea. The sym-
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next generation populations across scenarioxsite according to increasing water deficit, from
S1-scenario x temperate site to S2-scenario x Mediterranean site

include only response to water deficit. In this respect, positive response of above
ground biomass under the least water limiting scenario in the temperate site could
result from a response for competing ability, expressed at early stage of plot estab-
lishment and/or during recovery in autumn. In any case, the results show that sub-
stantial genetic response can result from genetic variability restricted to a unique
cultivar as a parent population. Mean standardized response about 0.5 ¢ in the abso-
lute implies that true mortality occurred in swards despite apparent overall recovery
and that it was accompanied by strong individual selection (e.g. 10 % of rate of
selection assuming moderate heritability s.s. of 0.30). In some instances, the
responses which were observed are orthogonal to species and/or ecotype within
species differentiation which suggests that all traits are not of the same importance
in plant responses to water stress and they are under complex non-linear control. In
particular, it clearly appears that phenology in Festuca would not be so crucial for
climate adaptation as it is in Dactylis or, at least, that it may act secondarily once
sufficient deep rooting is achieved through natural selection as seen from the
Mediterranean Festuca cultivar.



48 M. Ghesquiere et al.

As the response to water deficit prioritizes an escape strategy, to aim at more
productivity or, at least, maintaining a same level while maintaining persistency
remains a challenge for plant breeders. In this respect, refinement in the climate
change models will help to better define forage ideotypes of productivity vs persis-
tency alternative in terms of annual climate risk. Future work is presently under-
taken to estimate the relative role of phenology in Dactylis and Festuca drought
tolerance from crosses between and within origins. Molecular DArT markers are
simultaneously developed to assist the assessment of genetic response as well as to
breed for ideotypes (Ghesquiere et al. 2012). In this respect, Dactylis provides a
good genetic model because of total cross-compatibility within the whole complex
of species. Moreover, strong origin differentiation and response which were
recorded suggest that strong linkage disequilibrium with molecular markers could
exist thus facilitating the detection of further genetic changes as well as breeding for
a better adaptation from inter-origin crosses.

Acknowledgments This work is a part of the project elargir n® C-2012-06 supported by The
French Ministry of Agriculture, Food Industries and Forestry and has been partly funded by the
INRA ACCAF project (Climagie).
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Chapter 5

Monitoring of Vegetation Changes in Selected
Sinkholes in the Moravian Karst, Czech
Republic

Tomas Vymyslicky and Zdenék Musil

Abstract Sinkholes are very important phenomenon increasing the diversity in
karst landscape. Twenty sinkholes in the area of Moravian karst have been moni-
tored since 2000. Plant recording and phytosociological releves have been per-
formed twice a year. The sinkholes are located at karst plateau, with intensive
agriculture, resulting in very intensive erosion and underground water eutrophisa-
tion and pollution. That is why grassland belts were established along most sink-
holes to decrease the level of erosion and eutrophisation. It was partly successful,
but especially in the central part of the sinkholes ruderal plant species prevailed. The
most predominant ruderal species are Urtica dioica, Agropyron repens and Cirsium
arvense. After spraying total herbicide and sowing a special seed mixture in the year
2010 the situation significantly improved. Total number of plant species before the
treatment varied from 19 to 86, while the actual numbers are from 30 to 78 per
sinkhole. Basing on the results of the monitoring, managements were proposed and
applied. The most important management practices are 2—3 cuts per year, removing
the biomass, keeping the grassland belt around the sinkhole and planting groups of
native small trees and shrubs in order to form natural formations for animals.

Keywords Sinkholes * Grasslands * Monitoring * Management * Seed mixtures

Introduction

Karst is a typical landscape, created by specific characteristics of bedrocks and
water regime. It develops in well soluble rocks — limestone, dolomites, and gypsum.
In dry desert conditions, salty karst can be found. Karst phenomena, like sinkholes,

T. Vymyslicky (b))

Department of Genetic Resources, Agricultural Research, Ltd.,
Zahradni 1, Troubsko 664 41, Czech Republic

e-mail: vymyslicky @vupt.cz

Z. Musil

Agency for Nature Conservation and Landscape Protection of the Czech Republic,
Moravian Karst Protected Landscape Area Administration,

Svitavska 29, Blansko 678 01, Czech Republic

© Springer Science+Business Media Dordrecht 2014 49
D. Sokolovié et al. (eds.), Quantitative Traits Breeding for Multifunctional
Grasslands and Turf, DOI 10.1007/978-94-017-9044-4_5


mailto:vymyslicky@vupt.cz

50 T. Vymyslicky and Z. Musil

Fig. 5.1 Sinkhole types in
Moravian Karst area
according to Kudlickova
(2012): 1, 2, 4 — closed
bowl-shaped sinkhole;

3 — open bowl-shaped
sinkhole with throats;

5 — funnel-shaped sinkhole;
6 crashed sinkhole; 7 — the
beginning of creation of
crashed sinkhole

are typical and are connected with permeability for water (Bell and Culshaw 2005;
Nisio et al. 2007).

Moravian karst, located approximately 30 km to the north of Brno, is the biggest
and most developed karst in the Czech Republic. More than 1,100 caves are known,
five of them being opened to public visits. Typical relief shapes are sharp, deep and
dark valleys and also plateaus with sinkholes occurrence. Moravian karst is valuable
not only from the point of view of biodiversity, but also for geodiversity. Sinkholes
are surface karst phenomena, surface depressions creating connection between sur-
face and underground. When the bottom is broken down, abyss is created (Fig. 5.1).
Main communication agent is water, so its quality is one of crucial factors in Nature
protection of karst areas.

In Moravian karst, there are sinkholes on agricultural land that are in some cases
intensively used (Kudli¢kova 2012). Their history is longer than history of agricul-
ture, trees were cut down, and pastures and meadows were established. After col-
lectivisation around 1950, surrounding area was ploughed. Sinkholes became
inaccessible and lack of management led to ruderal species predominance. Together
with intensive agriculture they became entrance place for residua of fertilisers,
pesticides and eroded soil into cave systems. In last years extensification of agricul-
ture started, most of sinkholes are now surrounded by grasslands, which reduce soil
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erosion and water pollution. Grass seed mixture for establishment of grasslands
around the sinkholes should be of regional origin. Trees and shrub planting is also
desirable. To maintain a sinkhole in good conditions, grass mowing twice a year is
essential. So, sinkholes are very typical elements of karst landscape and serve as
refuges of biodiversity. The aim of the study was to observe species composition
change in the period of 2001-2012.

Material and Methods

Together with Protected Landscape Area Moravian karst administration 20 sink-
holes with clay walls and covered with grassland vegetation were chosen in 2000.
Floristic composition was recorded in May and June and in September to record
as many plant species as possible. Taxonomy was unified according to Key to the
Flora of the Czech Republic (Kubdt et al. 2002). Vegetation of sinkholes is very
variable — according to eutrophication level and management intensity. The most
widespread swards are alliances Arrhenatherion and Cirsio-Brachypodion pin-
nati. In big sinkholes the vegetation changes according to slope aspect. Southern
slopes are familiar with thermophilous vegetation of broad leaved steppe species,
like Brachypodium pinnatum, Bromus erectus, Carlina acaulis, Festuca rupicola,
Potentilla recta, Primula veris, Ranunculus polyanthemos, Sanquisorba minor,
Verbascum austriacum, Veronica teucrium, Vicia tenuifolia etc. Northern slopes
are covered by mesophilous grassland vegetation with species like Achillea mille-
folium agg., Arrhenatherum elatius, Campanula patula, Centaurea jacea, Crepis
biennis, Dactylis glomerata, Festuca rubra agg., Galium album, G. verum,
Hypericum perforatum, Knautia arvensis agg., Lathyrus pratensis, Leontodon
hispidus, Leucantheum vulgare agg., Lotus corniculatus, Phleum pratense,
Plantago lanceoloata, Poa pratensis, Ranunculus acris, Tragopogon orientalis,
Veronica chamaedrys agg., Vicia cracca, etc. Unfortunately, in most cases the
bottom part, called throat, is overgrown with ruderal species like Urtica dioica,
Rumex obtusifolius, Agropyron repens, Calamagrostis epigejos, Taraxacum offi-
cinale agg. etc.

During the year 2009 herbicide was applied in the throat part of sinkholes with
ruderal vegetation, dominated by Urtica dioica and Rumex obtusifolius. After
destruction of the vegetation in March 2010 two grass seed mixtures were sown.
Both mixtures contained Czech grass varieties. Component selection was based on
floristic data and availability of seeds on the market.

Mixture 1: Agrostis gigantea cv. Janek (10 %), Festuca pratensis cv. RoZznovska
(10 %), Phleum pratense cv. Skala (10 %), Poa pratensis cv. Hetera (20 %), Festuca
rubra cv. Tradice (30 %), Lolium multiflorum cv. RoZnovsky (20 %).

Mixture 2: Agrostis gigantea cv. Janek (10 %), Festuca pratensis cv. RoZznovska
(10 %), Phleum pratense cv. Skala (10 %), Poa pratensis cv. Hetera (20 %), Festuca
rubra cv. Tradice (50 %).
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Results and Discussion

If 13 years of sinkhole monitoring in Protected Landscape Area Moravian karst
would be summarised, significant improvements have been observed. This was
caused by regular management, especially mowing. In the 90s, grasslands were
established around sinkholes. Later, after the year 2000, selected wood and shrub
species had been planted in the sinkholes and in 2009 and 2010 herbicide was
applied in the throat part and grass seed mixtures were sown. Agrostis gigantea cv.
Janek, Festuca pratensis cv. Roznovska, Phleum pratense cv. Skala were the most
successful sown species. In the first year Lolium multiflorum cv. Roznovsky quickly
occupied the gaps and thus prevented ruderal species germination from the bare soil
and subsequent invasion process. Under its canopy seedlings of meadow dicotyle-
don species could slowly develop and in the second year they replaced the Lolium
multiflorum.

At present the state of the sinkholes is more or less stabilised. Suitable manage-
ment is necessary to prevent plant species decrease. It is also necessary to reduce the
level of eutrophication and erosion around the sinkholes. It means to establish and
manage the grassland belts.

Concerning the number of species (Fig. 5.2), the best state was in sinkhole
No. 20, where the species number fluctuated from 60 to 86 vascular plant species.
On the opposite in sinkhole No. 1 the number of species varied from 15 to 40. The
highest numbers of plant species were recorded in the years 2012 (in 5 sinkholes),
2004 and 2011 (in 4 sinkholes), and in the year 2010 (in 3 sinkholes). This trend
positively reflects management connected with spraying the herbicide and subse-
quent sowing of grass seed mixtures in the year 2010. Total number of plant species
before the treatment varied from 19 to 86, while the actual numbers are from 30 to
78 per sinkhole.

Increasing the vascular plant diversity is possible by spontaneous seed dissemi-
nation from intentionally un-mown parts of sinkholes with the best vegetation, and
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Fig. 5.2 Number of plant species in selected years of sinkholes monitoring
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also thanks to occurrence of annual and ephemeral plant species growing on dis-
turbed sites. Planting wood and shrub species in small patches on the sinkhole mar-
gins could be evaluated as an extra positive management. It is necessary to protect
young woody plants against game browsing. If not, growth delay or withering would
be inevitable in the next years. Woody species formations are good refuge and feed
source for many insect and animal species. In the future, planting of old landraces of
fruit trees could be good, especially along paths and field roads, where people walk.

For the maintenance of current state it is necessary to cut at least once a year,
if possible 2-3 times, and to properly remove the cut biomass from the sinkhole.
In most sinkholes mowing nitrophilous vegetation of the throat 2-3 times per year
is recommended.

If the sinkhole margin is surrounded by intensively managed fields, the level of
fertilisation should be reduced as much as possible. The best solution is to establish
grassland belt. Newly established grassland belts should be preferably sown with
local grass, clovers and herbs varieties or landraces. As the subsequent step it would
be good to assemble, test, certify and produce regional species rich grassland mix-
tures for the purpose of grassing. In the past woody species were very often planted
in stripes along the sinkhole, but it would be better to create small groups and to
protect the plants against game browsing.

Speleological workers, opening new entrances into caves, represent another
problem. They cumulate heaps of soil and stones in the sinkhole for a long time, and
destroy all the vegetation. After this material removal there is only bare soil, which
is very quickly covered by ruderal vegetation. Sometimes, when heavy machinery
is used, all the sinkhole vegetation is destroyed or damaged.

Monitoring grassland vegetation in the sinkholes is a long term activity. Positive
changes after management intervention were clearly visible even in the following
year (decrease of ruderal species coverage, increase in plant species number). But
we do not know how the situation will look like in the next years, so this monitoring
should continue.

Management types in karst areas were compared to Vesely and Sklddanka
(2008). He emphasizes similar management practices like we did in our study. The
most important is to prevent eutrophication and to remove regularly biomass of
ruderal species. If grassland cutting is excluded, significant negative changes start to
occur (higher stand, decrease of moss layer, and lower number of plant species).
Mosaic cutting of sinkhole grasslands with good quality is recommended not only
because of plant diversity, but also because of insects. Presence of woody species in
sinkholes is also very important, but in small groups.

Conclusions

Sinkholes are very important features increasing the diversity in karst landscape. In
the karst plateau, sinkholes are the only natural grasslands surrounded by agricul-
tural land. So they have also great importance as source of valuable regional genetic
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resources. Many species have been collected, stored in the Czech national gene
bank and used in breeding programmes.

Based on the monitoring results, managements were proposed and applied. The
most important management practices are 2—3 cuts per year, removing biomass,
keeping grassland belt around the sinkhole and planting groups of native small trees
and shrubs in order to form natural formations for animals.
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Chapter 6

Evaluation of a Diverse Collection of Red
Clover Germplasm for Susceptibility to Clover
Rot (Sclerotinia trifoliorum) and Other
Important Traits

Tim Vleugels, J. Baert, and E.van Bockstaele

Abstract Clover rot, caused by Sclerotinia trifoliorum or S. sclerotiorum, is an
important disease in European red clover crops. Little is known about the differ-
ences in aggressiveness among Sclerotinia isolates from red clover. No completely
resistant cultivars are available and few previous studies have screened large red
clover collections for resistance. Moreover, the relations between susceptibility to
clover rot and architectural and biotic factors were never studied before. In this
study we compared the aggressiveness of 30 Sclerotinia isolates from 25 locations
in Europe. Aggressiveness was assessed on young plants from five cultivars with
different resistance. Additionally, we evaluated a diverse collection of 121 red clo-
ver accessions. Yield, branching, flowering date, susceptibility to mildew (Erysiphe
polygoni), rust (Uromyces trifolii) and viral disease were scored on the field. Clover
rot susceptibility was determined by inoculating young plants with five aggressive
Sclerotinia isolates. Our 30 isolates differed in aggressiveness. Red clover acces-
sions differed in susceptibility to clover rot, but no accession proved completely
resistant. Cultivars were more resistant than landraces and wild accessions.
Tetraploid cultivars were more resistant than diploid cultivars. Clover rot suscepti-
bility was not correlated with the degree of branching or plant yield. On the other
hand, late flowering and erectly growing accessions were less susceptible to clover
rot. Clover rot susceptibility was not correlated with susceptibility to rust or viral
diseases, but negatively with mildew susceptibility. The best way to improve resis-
tance may be to recurrently select for resistant plants among diverse cultivars and
landraces with lower susceptibility. Tetraploidisation of diploid populations with a
higher resistance level can provide an additional level of protection.

Keywords Sclerotinia trifoliorum * Red clover ¢ Pathogenicity ¢ Resistance
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Introduction

Red clover (Trifolium pratense) is an important perennial forage crop, grown as
a pure stand or in association with companion grasses. It is valuable because of
its nitrogen fixation, its high quality as a forage crop and its beneficial effects on
soil structure (Boller et al. 2010). Clover rot, also clover cancer or Sclerotinia
crown and root rot, causes severe damage to European red clover crops in regions
with mild winters or heavy snow cover. Two pathogens can induce clover rot:
Sclerotinia trifoliorum Erikks. or S. sclerotiorum de Bary., though S. trifoliorum
is most common on red clover (Vleugels et al. 2012). Symptoms of both patho-
gens on red clover are similar. In autumn, S. trifoliorum develops apothecia on
sclerotia in the soil that release large quantities of ascospores. Ascospores infect
red clover leaves and infection progresses during winter. The disease outcome
depends heavily on weather conditions: under favourable conditions, complete
loss of stands can occur (Boland and Hall 1994, Ohberg 2008; Pratt and Rowe
1995; Saharan and Mehta 2008; Taylor and Quesenberry 1996). Breeding for
clover rot resistance is hampered by the influence of weather conditions. Natural
infection is unreliable so that resistance breeding needs artificial bio-tests
(Delclos and Duc 1996; Ohberg 2008; Saharan and Mehta 2008). Yet little is
known about the pathogenicity of Sclerotinia isolates from red clover, so that is
difficult to choose suitable isolates for resistance breeding. Various studies found
variation in clover rot resistance within and among populations but no completely
resistant populations have been found (Dabkeviené and Dabkevieius 2005;
Delclos and Duc 1996; Marum et al. 1994; Ohberg 2008). Until now, the relations
between clover rot susceptibility, architectural factors and biotic factors have
never been investigated. It is unknown whether wild populations, landraces or
cultivars are the most desirable sources of resistance. Previous studies suggest
that tetraploid cultivars are more resistant than diploid cultivars (Ohberg et al.
2008; Taylor and Quesenberry 1996). Growth habit, the level of branching and
plant yield may influence clover rot susceptibility, as prostrate, intensively
branching populations would be less susceptible (Taylor and Quesenberry 1996).
Also late flowering cultivars are suggested to be less susceptible (Ohberg 2008).
Finally, nothing is known about the relation between susceptibility to clover rot
and other diseases such as mildew (Erysiphe polygoni), rust (Uromyces trifolii)
and viral diseases.

In this study, we compared the aggressiveness of 30 Sclerotinia isolates from
different European countries. Clover rot susceptibility was studied among a diverse
collection 121 red clover accessions, including 83 accessions from the USDA
National Plant Germplasm System (NPGS) core collection (Kouame and
Quesenberry 1993). Sources of resistance were identified and the effects of variety
type, ploidy level, growth habit, degree of branching, plant yield, flowering date and
susceptibility to other diseases were investigated.
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Material and Methods

Aggressiveness Study

In previous research, 154 S. trifoliorum and 38 S. sclerotiorum isolates from red
clover were obtained in 25 locations in Europe (Vleugels et al. 2012). For this study,
a set of 26 S. trifoliorum isolates and 4 S. sclerotiorum isolates was chosen so that
all locations were represented and genetic differentiation was maximised.
Aggressiveness was assessed on plants of five cultivars with different susceptibility
according to the Swiss variety list (Suter et al. 2008): Astur, Milvus, Global, Suez
and Mont Calme. HerkuPlast (QP96T) trays were sown with the five cultivars, two
random columns per cultivar, and a border cultivar. Each isolate was inoculated on
one tray and the experiment was repeated three times. 12-week old plants were
inoculated with 1.5 ml suspension of mycelium fragments and incubated between
15 °C and 25 °C on a daily watered ebb and flow table covered with an opaque
plastic cap. After ten days, plants were scored on a scale from 1 (healthy plant) to 5
(dead plant) and the disease severity index (DSI) was calculated (Marum et al. 1994;
Vleugels et al. 2011).

Screening a Diverse Red Clover Collection

A field trial was established with 121 red clover accessions and 30 plants per acces-
sion, including 83 accessions from the NPGS core collection. Important traits were
scored and the average score was calculated for each accession. Growth habit was
scored as prostrate or erect. Branching was scored from 1 (sparsely branching) to 5
(extensively branching). A yield index was calculated as the percentage of maxi-
mum attainable yield in 3 years. Susceptibility to mildew and rust were scored from
1 (healthy) to 5 (heavily infected) and susceptibility to viral diseases was calculated
as the percentage of affected plants after 3 years. A similar collection of germplasm
with 79 NPGS core accessions and 34 diploid and tetraploid cultivars was screened
for clover rot susceptibility by our bio-test on young plants. Seedlings of each
accession were planted in two columns of two HerkuPlast (QP96T) trays, so that
four columns (32 plants) were available per accession. Inoculation was done with a
mixture of 8000 mycelium fragments ml~! per isolate from four aggressive S. trifo-
liorum and one aggressive S. sclerotiorum isolate. The bio-test was executed as
described for the aggressiveness study. The average susceptibilities of wild acces-
sions, landraces, and cultivars were compared and the average susceptibility of dip-
loid cultivars was compared with tetraploid cultivars. Correlations were calculated
between susceptibility to clover rot and growth habit, branching, plant yield, flower-
ing date, mildew susceptibility, rust susceptibility and susceptibility to viral dis-
eases. Results were analysed with ANOVA and t-tests.
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Results and Discussion

Aggressiveness Study

DSIs between 50.8 and 84.1 % were observed and isolates differed significantly in
aggressiveness (p<0.001). There was a small but significant interaction between
isolates and cultivars (p=0.006), although no pathotypes were observed.

Screening a Diverse Red Clover Collection

Clover rot susceptibility varied extensively within accessions and among accessions
(p<0.001), which is characteristic for an outbreeding crop. The tetraploid cultivars
‘Tedi” and ‘Maro’ and the diploid landrace ‘No 292 were more resistant, while 15
diploid accessions were more susceptible than the average accession. While the
most susceptible accession had an average DSI of 89.6 %, the most resistant acces-
sion still had a DSI of 53.8 %, indicating that there were no completely resistant
accessions in our collection. Our results indicated that cultivars (73.6 %) were
slightly less susceptible than wild accessions (76.0 %) and landraces (75.6 %), but
not significantly. Artificial selection in cultivars or natural selection in landraces
may have increased the resistance level of cultivars and landraces. Tetraploid culti-
vars (75.1 %) were significantly less susceptible than diploid cultivars (65.8 %)
(p<0.001). This is consistent with previous studies (Delclos and Duc 1996; Halimi
et al. 1998; Ohberg et al. 2008). Tetraploids may be more resistant because the
double genome that allows a higher allelic diversity at immune genes and higher
amounts of proteins involved in immune function (King et al. 2012). Furthermore,
accessions with a high fraction of erect plants were less susceptible to clover rot
(r=-0.238, p=0.015). The erect growth habit could reduce the relative humidity
around the plants, so that the establishment of clover rot is slowed down. Clover rot
susceptibility was not correlated with branching (p=0.061), nor with plant yield
(p=0.093). This suggests that selection for resistance to clover rot will not necessar-
ily decrease plant yield, as feared by some red clover breeders. Late flowering
accessions were less susceptible to clover rot. Accordingly, Ohberg et al. (2008)
also found that late flowering increased the survival rate of red clover cultivars after
natural infection in the field. Finally, we found no correlation between susceptibility
to clover rot and rust (p=0.143) or viral diseases (p=0.593), but our data indicated
a negative correlation between susceptibility to clover rot and mildew (r=-0.230,
p=0.020). Erysiphe polygoni, the causal agent of rust, is a biotrophic pathogen,
while S. trifoliorum is a necrotrophic pathogen. Poland et al. (2008) stated that
resistance to biotrophic pathogens can increase susceptibility to necrotrophic patho-
gens and our findings may support this thesis.

Acknowledgments This research has been funded by ILVO. With thanks to colleague researchers
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Chapter 7
Variability of Alsike Clover (Trifolium
hybridum L.) Natural Populations from Serbia

Mirjana Petrovié, Zoran Lugi¢, Zora Daji¢-Stevanovié, Bojan Andelkovié,
Jordan Markovié, and Vladimir Zornié

Abstract The aim of this paper is to examine the variability of natural populations
of alsike clover (Trifolium hybridum L.) from Serbia. The study included six popu-
lations of different geographic origin. Collected material was investigated in the
fields of the Institute for Forage Crops, Krusevac, in 2009-2011. Morphological
traits of individual plants: height, green mass, number of stems, leaf length and
width were analyzed on 20 plants per population, and forage quality traits: crude
protein, crude fibre and crude fat were analyzed. The highest values of observed
morphological parameters were recorded in populations IS 037 (756 g green mass
and 86.6 cm plant height, with a 100 % survival rate in the second year), IS 077
(52.2 stems per plant and also 100 % survivals) and IS 086 (2.97 cm leaf length with
75 % survivals). Green mass yield proved to be the most variable trait, where the
CV ranged from 32 to 61 %. The importance of the studied traits was estimated
using the method of principal components analysis. With regard to chemical com-
position of dry matter, crude protein content ranged from 18.64 mg kg~! in CS 072
to 20.47 mg kg™! in IS 059, crude fibre ranged from 17.78 mg kg=' in CS 072 to
25.24 mg kg! in RO 100 and fat ranged from 1.91 mg kg~! in CS 072 to 2.51 mg
kg!in IS 086.

Keywords Trifolium hybridum ¢ Morphological traits ¢ Forage quality « PCA
Wild population
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Introduction

Alsike clover (Trifolium hybridum L.) is a perennial herbaceous plant, of decumbent
to erect growth habit, with trifoliate leaves and with 30-50 florets per inflorescence.
It is widespread mainly in the cooler regions of the temperate zone and in the sub-
arctic zones of Europe, Asia and America. It is one of the economically significant
species of the Trifolium genus (Malaviya et al. 2005) whose nutritive value is
slightly lower than on red or white clover (Vanda Paplauskiene and Dabkeviciene
2012) but nevertheless it has certain advantages — it survives longer in grasslands, it
tolerates acid and wet soils better than red clover, it gets through the winter well and
it is also frost-tolerant (Daugeliene 2000). It is most frequently grown in a grass-
leguminous mixture with timothy grass (Phleum pratense L.) for use as forage
(Kunelius et al. 2006) and as a fertilizer to increase the level of mineral substances
in the soil base (Warman 1991). No variety of this species has been developed in
Serbia to date, although because of heavier and more acid soils (Warman 1991)
there is potential for growing it for use in forage mixtures. The aim of this study is
to examine six wild populations of alsike clover, collected in Serbia, by observing
their morphological and chemical characteristics. In a long-term plan this could
result in the development of a commercially applicable variety.

Material and Methods

The examined material is a part of a collection of seeds of the Institute for Forage
Crops, Krusevac, gathered on localities with coordinates shown in Table 7.1.

A field experiment was carried out on land at the Institute for Forage Crops
KruSevac, (Globoder). The Institute for Forage Crops is in a region with a temperate
continental climate and with an average annual temperature of 10.9 °C and average
precipitation of 540-820 mm. The experiment was started at the beginning of
October 2009 on a degraded alluvial soil. The seed was germinated in plastic con-
tainers and then manually transplanted to plant nursery, at 60x60 cm distance,
when plants reached the stage of 3—4 permanent leaves. Plants were harvested in the
period of the first cut for 2 years (2009/2010) at the beginning of flowering. The
analyses were performed on 20 plants per population. Morphological properties
observed were: green mass yield per plant (GMY), plant height of the main stem,
number of stems per plant, length and width of middle lamina of the third leaf
viewed from the top of the stem. Basic parameters of forage quality — content of
crude proteins, crude fibre and crude fat — were analyzed by the Weende system. All
analyses were performed using the STATISTICA 8.0 software (StatSoft, Tulsa, OK,
USA). For data from the first year, differences amongst particular populations were
tested by LSD post-hoc test following one-way ANOVA. For data obtained in the
second year, differences were tested by Unequal N HSD test. Differences were con-
sidered significant at p<0.01. Differences among populations are presented by let-
ters. Principal component analysis (PCA) was applied to search for a general pattern
in the measured morphological variables.



7 Variability of Alsike Clover (Trifolium hybridum L.) Natural Populations 63

Table 7.1 Trifolium hybridum accessions used for analysis of genetic diversity

Abbreviation Location Latitude Longitude Altitude (m)
CS 072 Zeljin 1 N43°30.0990’ E020°51.6492' 727

IS 037 Balasevi¢ N43°48.8746’ E021°54.2695’ 371

IS 059 Cestobrodica 1 N43°50.5721’ E021°40.5952’ 590

1S 077 Crni Vrh 2 N44°08.3621’ E021°58.6408’ 770

1S 086 Crni Vrh 4 N44°10.0418’ E021°57.0274' 860

RO 100 Donja Vapa N43°17.5624' E020°01.7826’ 1,008

Results and Discussion

Analyses of variance revealed highly significant differences between populations
for all agronomic traits except leaf width. Average data for significant traits are
shown in Table 7.2. The green mass yield represents one of the most important
and, at the same time, one of the most variable agronomic traits. In the presented
group of populations, IS 037 was singled out for its particularly high green mass
yield (756 g). Since yield and height are the most frequently highly positively
correlated traits, this population is also characterized by significant plant height —
86.6 cm. Population IS 077 had the largest number of stems — 52.5. Survival rate
of single plants from those two populations was 100 %. Population IS 059 also
had a survival rate of 100 % in 2011, and values of the examined parameters were
similar to the values of two other populations from East Serbia. GMY and num-
ber of stems had the highest CV values per population, which is in accordance
with results on red clover reported by Asci (2011). Values obtained for height of
plants and number of stems were considerably greater than those reported by
Lugic et al. (2009) for alsike clover from natural habitats. Population IS 077 is
characterized by the highest average values of leaf length (2.97 cm). Leaf width
was measured in all populations, but differences were not statistically significant.
Leaf width was between 1.42 and 1.61 cm (p=0.4) in the first year and between
1.67 and 1.72 cm (p=0.42) in the second year. Populations CS 072 and RO 100
recorded the worst results in both years and also their survival rates were consid-
erably lower (60 %).

Relative significance of evaluated characteristics was examined using principal
component analyses. The first two principal components accounted for 79 and
12 %, respectively (Fig. 7.1). Populations were clearly separated along the first axis.
Populations with high values of the observed traits are on the left side, whereas
populations with low values are on the right side. The other axis separates popula-
tions with high values of mass and height (IS 037) from those with high values of
leaf length and stem number (IS 077 and IS 086).

Certainly the most important indices of forage quality are crude protein, fibre
and fat. The population with the highest content of crude protein (204.7 mg kg™)
was IS 059; population CS 072 had the lowest content of crude fibre (177.8 mg
kg™'); whereas the content of crude fat ranged from 19.1 mg kg™ in CS 072 to
25.1 mg kg™! in IS 086 (Table 7.3). The obtained values of these parameters are
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Fig. 7.1 Principal loadings for the first two components of PCA of morphological traits
Table 7.3 Forage quality parameters for evaluated populations (mg kg™' of dry matter)

Trait Population

CS 072 IS 037 IS 059 1S 077 IS 086 RO 100

Crude protein 186.4 188.6 204.7 196.3 195.2 202.1
Crude fibre 177.8 232.1 246.1 241.7 218.7 2524
Crude fat 19.1 20.3 21.3 18.6 25.1 21.2

reasonable, although values of crude protein and fibre are significantly higher and
lower respectively, than the values which Vanda Paplauskiene and Dabkeviciene
(2012) got in investigation of alsike clover strains.

Conclusions

It can be concluded from these results that alsike clover material collected in Serbia
can be a good source of germplasm for the development of commercially viable
varieties. Populations from East Serbia were singled out for their high values of
yield characteristics, as well as for satisfactory values of dry matter quality.
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Chapter 8

Characterization of Some Local Populations
of Medicago minima Collected in the Central
Steppe of Algeria

Abderrezak Chebouti, A. Bekki, M. Mefti, and N. Meziani

Abstract The aim of our study is to evaluate some local populations of Medicago
minima coming from a 2004 survey conducted by INRA Algeria throughout the
Djelfa area (Central Steppe). The study is based on quantitative traits of plant, pod
and seed. The results obtained show that there is high genetic variability within
populations of M. minima. Analysis of variance showed highly significant differ-
ences between populations for all parameters studied. We noted that the early flow-
ering stage setting was the most discriminating character. Several correlations were
observed between the various parameters studied. We noted correlations between
various traits related to pods and seeds, but none between vegetative development
traits.

Keywords Characterization * M. minima * Phytogenetic resources ¢ Variability

Introduction

Legumes of the genus Medicago are of special ecological and agro-pastoral impor-
tance in the Mediterranean regions. They include forage species expressing high
levels of N-fixation and protein production per hectare (Huguet et al. 1994). The
annual medics, in the spontaneous state, frequently occupy a prominent place in
grazing systems in Algeria (Abdelguerfi 1992). Medics are self-seeding pasture

A. Chebouti (B)

Plant Genetic Resources Division, National Agronomic
Research Institute of Algeria, Algiers, Algeria

e-mail: cheboutiabderrezak @yahoo.fr

A. Bekki
Faculty of Science, University of Oran, Oran, Algeria

M. Mefti
Department of Crop Production, Ecole Nationale Supérieure
Agronomique, Algiers, Algeria

N. Meziani
Departement of Biology, Université of Boumerdes, Boumerdes, Algeria

© Springer Science+Business Media Dordrecht 2014 67
D. Sokolovié et al. (eds.), Quantitative Traits Breeding for Multifunctional
Grasslands and Turf, DOI 10.1007/978-94-017-9044-4_8


mailto:cheboutiabderrezak@yahoo.fr

68 A. Chebouti et al.

legumes distributed throughout Algeria, and a very important source of proteins for
ruminants. They improve natural pastures and provide a source of high-quality for-
age (Chebouti and Abdelguerfi 2004).

M. minima (L.) Bart. is a pasture legume native to the Mediterranean Basin and
adjacent temperate regions, and one of the most widely distributed annual medics in
both its area of origin and other parts of the world with a semi-arid temperate cli-
mate (Fresnillo Fedorenko 2001).

Therefore, the objective of the present study was to evaluate some local popula-
tions of M. minima using agronomic and morphological traits.

Material and Methods

The plant material consisted of five natural populations of M. minima. These popu-
lations originated from a 2004 collecting conducted in the region of Djelfa by the
National Institute of Agronomic Research of Algeria (INRAA) (Table 8.1). The
trial was conducted at the experimental farm of the Research Center of Plant Science
(INRAA).

Scarified seeds were sown in pots filled with clay at a rate of five seeds per pot.
At emergence, we left two plants per pot. Pots were arranged in a completely ran-
domized design with five replications. At flowering stage, the following traits were
measured: earliness of flowering (EF) (in days after emergence), length of the
branch carrying the first flower (LB 1F) (in cm), number of internodes of the branch
carrying the first flower (NIN) and number of primary branches (NPR). For pods
and seeds, studied traits were pod diameter (DP) (in mm), thickness of the pod (TP)
(in mm), number of coils per pod (NTP), number of seeds per pod (NS/P), seed
length (LS) (in mm), seed width (WS) (in mm). These measurements were made on
25 pods and 20 seeds per population using a digital display caliper.

Data collected were subjected to an analysis of variance (ANOVA) and a correla-
tion matrix was calculated using the Discovery Edition of GenStat software.

Results and Discussion

The results are represented in Table 8.2. We noted a high genetic variability in M.
minima. The variance analysis showed highly significant differences between popu-
lations of M. minima in all studied traits. According to Chaulet (1995), species of
the genus Medicago derive their importance because of their large variability. El
Hansali et al. (2007) indicated the existence of a highly significant morphological
variability in nine natural populations of M. truncatula from Morocco, which is
even more important as populations are located in different climates.

For flowering earliness, the population of Charef was the earliest population at 99
days after emergence (Table 8.2). This may indicate that flowering earliness is related
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Table 8.1 List of Medicago minima populations and original collecting sites

Species Geographical origin Altitude (m) | Latitude Longitude
Medicago minima Ain Oussera (MmAQO) 758 35° 17" 08” 2°57" 37"
Deldoul (MmDel) 768 34° 15" 73" 1 3°19' 76"
M’liliha (MmMIi) 806 34° 48" 89" | 3°48" 94"
Charef (MmCh) 960 34°40' 317 | 2°43"13”
Oued Touil (MmOT) 718 35°16'43” | 2°33' 23"

Table 8.2 Traits average values and variance analysis in M. minima

Populations | LS WS | TP DP NTP |NS/P |EF LBIF |NIN |NPR
MmAO 244a | 1.42a |3.55b 4.14b |3.52a 5.32a 102.33a |16.99a | 6.33b 6.33b
MmCh 2.23b | 1.14c |3.32c |4.15b |3.12b |5.04a 1 99.16b |14.06b |5.67b |5.42¢c
MmOT 1.92¢ | 1.07d 12.99d | 3.89¢c | 3.00b |4.56b ' 102.50a | 13.73b |5.92b | 5.33c

MmMli 2.25b | 1.24b |3.92a |4.52a |3.44a |5.44a 102.16a |16.14a | 6.92a | 7.25a
MmbDel 2.32b | 1.25b |3.56b | 4.24b |3.52a |5.44a | 102.42a | 15.25b |5.92b |6.58b
Gen. Mean 223 |1.24 347 |419 |332 |516 |101.71 |1523 |6.50 |6.18

F.obs 20.15 |23.87 |264 | 11.12 (835 |7.90 |56.49 5.44 720 | 14.75

Gen. Mean General Mean, F. obs F. observed, *Significant at p<0.05, **Highly significant at
p<0.01, ***Very highly significant at p<0.001
a, b, ¢ Groups average

to environmental conditions, particularly temperature. Sulas et al. (2000) reported
that flowering of Trifolium subterranean and annual medics occurs in response to
day length and temperature, but cultivars vary considerably in their response to these
factors. According to Fresnillo Fedorenko (2001), in accessions of M. minima
adapted to low rainfall environments, plants were smaller, flowered earlier, and had
a shorter growth cycle than accessions adapted to wetter environments.

For morphological traits, the population from M’liliha presented the longest
branch carrying the first flower (16.14 cm), and the highest number of internodes of
this branch and of primary branches (6.91 and 6.58, respectively), whereas the pop-
ulation from Oued Touil presented the lowest values (Table 8.2). For Rotili et al.
(2001), the ideal stem for yield and quality should constitute a high number of short
and regular internodes, thus optimising leaf to stem ratio.

With regard to traits related to pods and seeds, the largest pods and number of
seeds per pod were recorded for the M’liliha population (DP=4.52; TP=3.93;
NS/P=5.44, respectively), while the population from Ain Oussera presented the
largest seeds with LS=2.44 and WS=1.42. Populations from Oued Touil had the
smallest pods and seeds and the lowest number of seeds per pod (Table 8.2).

Several correlations were observed between the various parameters studied. Seed
length was positively correlated with seed width (r=0.891%). Thus, populations
with a high number of seeds per pod presented thick pods (r=0.914*) and a high
coil number per pod (r=0.928*). Pod diameter was positively correlated with pod
thickness (r=0.961*%*) and with the number of primary branches (r=0.881%). We
also noted that populations with longer branches had large seeds (r=0.948*) with a
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Table 8.3 Correlation between studied traits in M. minima

Variables | LS WS TP DP NTP |NS/P |EF LB1F |[NIN |NPR
LS 1.000

WS 0.891* | 1.000

TP 0.689 |0.608 | 1.000

DP 0.529 0.374 | 0.961%* | 1.000

NTP 0.860 |0.861 |0.808 0.641 |1.000
NS/P 0.870 |0.726 1 0.914* |0.829 |0.928* | 1.000

EF —0.040 1 0.308 | 0.159 0.011 |0.414 0.120 | 1.000
LBI1F 0.806 |0.948* | 0.768 0.567 |0.882* |0.772 1 0.421 |1.000
NIN 0.278 10.460 |0.781 0.728 10.530 0.514 | 0.478 |0.715 | 1.000

NPR 0.564 |0.578 0.943* |0.881* |0.840 |0.856 |0.461 |0.766 | 0.829 | 1.000
*significant at p<0.05, df=3; **highly significant correlation at p<0.01

high number of coils (r=0.882%). The number of primary ramifications was posi-
tively correlated with pod thickness (r=0.943*). Laouar and Abdelguerfi (2003)
mentioned that the pods of Medicago intertexta were heavy (high pod weight) and
large (high diameter and thickness), with high numbers of seeds per pod. According
to Senhadri-Maamri et al. (2000), it seems that the strong diameter and thickness of
the pod vary with the number of seeds per pod. We have not noted any correlation
between vegetative traits (Table 8.3).

Conclusion

We noted significant variability in populations of M. minima for all the traits exam-
ined. This variability offers possibilities for selection of plant material adapted to
our soil and climatic conditions. Several correlations were observed between the
various parameters studied. We noted significant correlations between various traits
related to pods and seeds, but no significant correlation between vegetative traits. As
a result of their adaptability and production, annual Medicago species, can play an
important role in improving forage production and regenerating degraded rangeland
in arid and semi-arid environments.
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Chapter 9
Genetic Variability of the Most Important
Traits in Meadow Fescue Accessions

Snezana Babié, Dejan Sokolovi¢, G. Surlan Momirovié, Snezana Andjelkovi¢,
Jasmina Radovi¢, Goran Jevti¢, and Tanja Vasi¢

Abstract Meadow fescue (Festuca pratensis Huds.) is an important perennial grass
for animal feed production on grasslands and pastures. A basic requirement for suc-
cessful breeding of this species is variability of the initial material. The collection
examined consisted of 11 accessions (five breeding populations and six cultivars) of
meadow fescue. The trial was conducted as a spaced plant nursery with 30 plants per
genotype over 2 years. The aim was to determine genetic variability of the most
important traits, specifically heading date (phenological trait), plant height in the
first and the second cut, first internodes length, the number of tillers per plant and
length, width and number of leaves, (morphological traits), as well as dry matter
yield per plant. Statistical analysis of the data (ANOVA) revealed significant vari-
ability of genotypes for all properties included in the study. The highest average
within-population variability was found for the number of tillers (CV 58 %), while
the lowest variability was found for heading date (CV 8.8 %). The between-
population variability was statistically significant for all investigated traits. Cluster
analysis was used to graphically illustrate the genetic diversity of the meadow fescue
accessions included in the study. The high level of genetic variability of this collec-
tion highlights the potential for future success in the breeding of meadow fescue.

Keywords Festuca pratensis * Genetic variability ® Accessions * Breeding

Introduction

Meadow fescue (Festuca pratensis Huds.) is a perennial grass species, with high
yield potential and biomass quality. It is of increasing agricultural importance, par-
ticularly in the Northern Hemisphere, where it dominates in meadows and pastures
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(Casler and Santen 2000). Meadow fescue is often used in intensive production of
hay meadows. Pastures dominated by meadow fescue are long-lasting, due to its
high tolerance to grazing. It can be grown as a pure crop, but is more often grown in
mixtures with other grasses and legumes. The biomass quality is variable and
dependent on the stage of maturity, but since it does not flowers until the second half
of May, it has a long growth period during which quality remains high. This desir-
able trait explains why meadow fescue is an important component of many grass-
legumes mixtures.

The initial step in the grass breeding process is the determination of genetic vari-
ability of the breeding material. The existence of genetic variability within available
breeding material (autochthonous populations, breeding populations and cultivars)
influences the choice of breeding material and ensures the success of the plant
breeding program. Natural populations demonstrate great adaptability to different
macro- and micro-habitats, due to the genetic variation of traits of adaptive signifi-
cance. Therefore, natural populations can often be used for direct phenotypic selec-
tion and for cultivars release (Posselt and Willner 2007). Variability within
populations and cultivars of meadow fescue has been documented for important
breeding traits, forage yield and forage quality (Kanapeckas et al. 2005). Similar to
other forage grasses, the primary aim in meadow fescue forage breeding is to obtain
drought-tolerant and persistent cultivars with a high yield and quality of livestock
feed (Sokolovi€ et al. 2010, 2012). The aim of this paper was to examine the vari-
ability within and between breeding populations and cultivars of meadow fescue in
order to provide crucial data for future breeding programs and as a basis for further
studies.

Material and Methods

A collection consisting of five breeding populations and six cultivars of meadow
fescue was investigated during a two-year period (2006-2007). Breeding popula-
tions passed two cycles of selection. Four of the breeding populations (OP-1, OP-2,
OP-3 and OP-4) originated from local populations, collected mainly in Eastern
Serbia, whereas one population (OP-5) originated from the Czech Republic.

The cultivars included in this study were Krusevacki 21 (K-21, Serbia), Jabeljska
(Slovenia), Premil, Pradel and Preval (Switzerland), and RoZnovska (Czech
Republic). The study was conducted in an experimental field with a degraded allu-
vium soil type at the Institute for Forage Crops, KruSevac, Serbia. The trial was set
up in a space plant nursery using a randomized block design, with 30 plants per
accession in triplicate, and a plant—to—plant distance of 60 x 60 cm. Sowing in con-
tainers was carried out in the greenhouse in early spring and planting out in the
experimental field was completed by April 2005. Heading date (HD), dry matter
yield per plant (DMY) and a range of morphological traits, namely plant height
(PH) in the first and the second cut, leaf length (LL), leaf width (LW), the number
of leaves per tiller (NLT), first internodes length (FIL), the number of tillers per
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plant (NTP), were recorded during 2 years. Heading date is presented as number of
days from the 1st of April. Dry matter yield per plant was measured in two cuts and
is presented as annual dry matter yield per plant. All morphological traits, except
height in the second cut, were measured at the full heading stage in the first cut.
Height in the second cut was measured 30 days after the first cut. All results are
reported as mean values over 2 years.

All data were evaluated by analysis of variance (ANOVA). Differences between
accessions were tested using the LSD test. Cluster analysis was performed using
Ward’s method and Euclidean distances (Statistica 5.0, Stat Soft.inc).

Results and Discussion

Highly significant differences between accessions were found in all studied traits.
Heading date is a very important trait in grass breeding, because variation in this trait
enables the development of cultivars with diverse maturing times. A wide range of
available maturing times means that the forage species can be used in a wider range
of applications. This is of particular interest for the composition of mixtures for vari-
ous terms and duration of utilization (Sokolovi¢ et al. 2010). The earliest heading
dates were found in cultivar K-21 and breeding population OP-2, while heading
occurred last in breeding population OP-4 and cultivar Premil. Overall, heading date
exhibited the lowest within-population variability of all traits. The highest coeffi-
cients of variability were obtained for the very early (K-21 and OP-2) and the very
late (OP-4) accessions, which provides an opportunity to develop varieties with ear-
lier or later maturity. LemeZiene and Kanapeckas (2008) reported that there was no
evidence of heading date polymorphism in their meadow fescue collection. In their
study, heading dates did not differ more than 3 days between accessions.

The average plant height in the first cut was 89.2 cm, which is substantially lower
than was found by Fang et al. (2004), who reported average plant heights of 126—
139 cm. However, our results were similar to those presented by Akgun et al. (2008).
The average plant height in the second cut was 29.9 cm, which is similar to results
published by LemeZiene et al. (2004), who reported plant heights in the second cut
ranging from 30.2 to 35.9 cm depending on year.

Breeding population OP-2 and cultivars K-21 and Pradel had the highest leaf
length and width, as well as the largest number of leaves per plant. These traits influ-
ence the forage quality by increasing the dry matter quality and improving the crude
protein content.

First internode length is an important trait from the aspect of plant lodging.
Although this trait is positively correlated with plant height, the aim of breeding is
to produce plants with sufficient biomass height, but with a shorter first internode. In
this collection, Cultivar Pradel had the best ratio between plant height and first inter-
node length (respectively the biggest difference between these traits) (Table 9.1).

In grasses, number of tillers per plant in the first cut (NTP) is the trait which has
the highest impact on DMY, but NTP also affect other important traits like seed
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Table 9.1 Traits of meadow fescue accessions recorded over two growing seasons, given as the
mean of 30 plants. For each trait, the least significant difference (LSD) is given for two significance
levels (alpha=0.05 and alpha=0.01)

Trait PH Ist PH2nd |LL LW FIL DMY
accession HD | cut(cm) |cut(cm) |(cm) |(mm) |NLT |(cm) [NTP |(gplant™)
OP-1 40.6 | 88.6 27.7 220 7.1 2.5 23.1 |819 |77.0
OP-2 38.7 195.8 33.1 277 |84 2.8 279 1106.0 |115.0
OP-3 41.2 86.5 29.0 23.7 7.0 2.5 24.1 558 70.8
OP-4 447 | 74.1 27.7 250 |7.8 2.5 21.8 1389 |71.0
OP-5 41.8 833 28.5 24.1 |77 23 345 763 855
K-21 37.8 1 98.9 334 303 |79 3.0 31.2 1323 |111.8
Jabeljska 41.0 | 86.1 25.3 23.1 |69 2.5 23.8 |66.6 |65.6
Premil 427 838 29.3 252 |15 2.5 219 68.0 |84.0
Pradel 41.5 1964 332 26.8 8.1 2.8 252 1928 | 109.1
Preval 42.0 1933 31.6 263 7.6 2.6 24.6 |83.1 103.4
Roznovska |42.0 |93.9 30.8 26.6 7.8 2.6 26.8 729 |102.7
Mean 413 189.2 29.9 255 |7.6 2.3 249 795 190.54
LSD [0.05 [0.69 |3.02 0.84 1.51 |0.19 |0.18 |1.62 |3.80 |5.52
0.01 095 4.12 1.15 206 027 025 (215 [479 7.02

HD heading date (number of days from 1st of April), PH plant height in the first and the second
cut, LL leaf length, LW leaf width, NLT number of leaves per tiller, FIL first internodes length, NTP
number of tillers per plant, DMY dry matter yield per plant

yield. The highest NTPs were found in cultivars K-21 (132.3) and Pradel (92.8), and
in breeding population OP-2 (106.0). These are much lower than the NTPs reported
by Fang et al. (2004), where the average number of tiller per plant was 232.2.
However, large variations in NTP between studies are expected, since the trait is
highly affected by environmental conditions.

The same three accessions (OP-2, K-21 and Pradel) scored the highest dry matter
yield per plant (115.0, 111.8 and 109.1 g, respectively), which was more than 20 %
higher than the average dry matter yield of the collection (90.54 g). The DMY in
this study was noticeably higher than that reported by Akgun et al. (2008), where
the average dry matter yield per plant was 62.32 g over two years. After examining
alarge collection of populations and cultivars of meadow fescue over 2 years, Casler
and Santen (2000) reported that the average dry matter yield was 105 g plant.

The results obtained in the present study demonstrate very high within-population
variability in key traits, as indicated by the high coefficients of variation (Table 9.2).
The highest coefficients of variation were determined for number of tillers per plant
(58 %) and for dry matter yield (47.2 %). The means and coefficients of variation
for number of tillers per plant and dry matter yield indicate a high breeding potential
of genotypes for these traits.

In order to determine the genetic distances between meadow fescue accessions,
a cluster analysis was performed. The resulting dendrogram revealed three groups
(Fig. 9.1). Breeding population OP-2 and cultivars Pradel and K-21 were the most
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Table 9.2 Coefficients of variation (CV %) of studied traits of meadow fescue accessions

Trait accession |HD |PH Istcut |[PH2ndcut LL |LW |NLT FIL |NTP |DMY
OP-1 77 127 14.9 12.6 |164 |153 |16.9 |51.7 457
OP-2 13.8 |20.7 16.8 17.1 |16.8 [13.3 [24.0 [49.0 406
OP-3 6.1 |22.7 21.2 21.1 |21.8 188 |26.0 729 |71.2
OP-4 15.8 |13.7 16.2 153 |13.6 |17.3 |19.5 |458 |33.6
OP-5 6.6 142 18.8 158 |13.7 |158 [16.2 |66.0 |59.9
K-21 114 |18.3 18.2 183 184 |12.8 |26.6 (475 29.8
Jabeljska 57 |142 19.5 127 1177 [ 16.8 [ 19.0 |66.5 |56.8
Premil 7.8 148 14.3 16.2 |18.6 |185 [20.2 |67.1 |51.7
Pradel 7.5 11.6 17.0 122 142 |14.1 |17.2 |629 40.7
Preval 72 1120 14.6 122 126 |13.1 |162 |51.5 452
RozZnovska 7.8 137 16.1 134 |15.0 |[152 |16.2 |56.9 |43.6
Mean 88 153 17.0 152 |13.6 |155 |19.8 |58.0 (472

HD heading date, PH plant height in the first and the second cut, LL leaf length, LW leaf width,
NLT number of leaves per tiller, FIL first internodes length, NTP number of tillers per plant, DMY
dry matter yield per plant
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Fig. 9.1 Dendrogram of cluster analysis of meadow fescue accessions based on nine traits
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distant from the rest of the collection, due to high number of tillers, dry matter
yield per plant, leaf length and width and number of leaves per plant. Breeding
population OP-4 was clearly separated from other accessions by its later maturity,
low height of plants and the low dry matter yield per plant. Based on these results,
superior genotypes (in terms of yield) from the most distanced populations or cul-
tivars will be intercrossed, with the aim to produce superior genotypes of in the
F1 generation. This gene pool will form the germplasm for breeding new meadow
fescue cultivars.

Conclusion

This study found significant differences in nine key traits within and between
meadow fescue accessions. The highest number of tillers per plant and dry matter
yield was obtained inbreeding population OP-2 and in cultivars K-21 and Pradel.
These three accessions also had the highest leaf length and width, as well as the
largest number of leaves per plant, all important components of dry matter quality.
The best genotypes from all populations and cultivars, particularly those with the
highest genetic distances, will be included in the next step in the meadow fescue
breeding process. These genotypes will be intercrossed to form basic breeding
germplasm for creating new meadow fescue cultivars.
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Chapter 10

Morphological Variation Between Perennial
Ryegrass (Lolium perenne L.) Natural
Ecotypes

Vilma Kemesyté, Grazina Statkeviciute, Nijolé LemeZiené,
Gintaras Brazauskas, and Ruslana Ivanciv

Abstract Perennial ryegrass (Lolium perenne) is a highly important forage and turf
grass. The objective of this study was to evaluate the diversity of morphological
traits of wild perennial ryegrass ecotypes. Natural ecotypes from Lithuania (5),
Poland (2), Russia—Kaliningrad (3), Slovakia (1) and Ukraine (40) were planted in
2011-2012 into the germplasm collection at the Institute of Agriculture, Lithuanian
Research Centre for Agriculture and Forestry. Winter survival, re-growth in spring,
plant height, beginning of heading, flag leaf length and width and dry matter yield
per plant of 1st cut were assessed. Variation among ecotypes was high for re-growth
in spring and biomass (CV=22.69 and 22.38 %) and low for winter survival
(CV=6.07). The polymorphism between wild ecotypes averaged CV=10.57-
16.39 % for other traits. Principal component analysis was carried out on morpho-
logical traits. The grouping of ecotypes was mostly influenced by plant height, flag
leaf length and width, dry matter yield and winter survival.

Keywords Perennial ryegrass  Morphological traits ¢ Diversity

Introduction

Perennial ryegrass (Lolium perenne L.) is one of the most important forage (high
yield, good digestibility and tolerance to grazing pressures) and amenity grasses.
A new variety must be not only stable and uniform, but also distinct from other

V. Kemesyte (0<) « G. Statkevicitteé « N. LemeZiené * G. Brazauskas

Institute of Agriculture, Lithuanian Research Centre for Agriculture and Forestry,
Instituto a. 1, Akademija, distr., LT-58344 Kédainiai, Lithuania

e-mail: vilma@1zi.It

R. Ivanciv
Institute of Agriculture of Carpathian Region, Ukrainian Akademy of Agrarian Science,
Lishnia, Drogobich distr., Lvov r., Ukraine

© Springer Science+Business Media Dordrecht 2014 81
D. Sokolovié et al. (eds.), Quantitative Traits Breeding for Multifunctional
Grasslands and Turf, DOI 10.1007/978-94-017-9044-4_10


mailto:vilma@lzi.lt

82 V. Kemesyté et al.

varieties. Therefore, variability of phenotypic traits is very important in breed-
ing. Ecotypes, collected in their natural habitats, usually are not productive, but
some genotypes exhibit high resistance to various biotic and abiotic stresses or
are of good quality and therefore can be used as parental genotypes in breeding
(Lemeziené and Kanapeckas 2008; Kanapeckas et al. 2011). The objective of this
study was to evaluate the diversity of morphological traits of natural perennial rye-
grass ecotypes.

Material and Methods

Plant Material

The plants of ecotypes of perennial ryegrass (Lolium perenne L.), collected in their
natural habitats in Lithuania (LT, 5), Poland (PL, 2), Russia-Kaliningrad (RU, 3),
Slovakia (SL,1) and north and north-west Ukraine (UA, 40) were planted in 2011
and 2012 into the germplasm collection at the Institute of Agriculture, Lithuanian
Research Centre for Agriculture and Forestry. The soil of the experimental site is
Endocalcari—Epihypogleyic Cambisols (CMg-p-w-can). Eight plants of each geno-
type were planted at 50x 50 cm distances.

In the collection trials the following parameters were assessed: winter survival
(%), re-growth in spring (score, 1 — very low ...9 — very high value), plant height
(cm), beginning of heading (date), flag leaf length and width (cm) and dry matter
yield (DMY) of 1st cut (g plant™).

Statistical Analyses

Coefficient of variation (CV) and standard deviation (Sd) of agro-biological traits
were estimated. NTSYSpc v. 2.2 (Exeter Software, Setauket, NY) (Rohlf 2005) was
used to perform principal component analysis (PCA).

Results and Discussion

High variation for re-growth in spring and biomass (CV =22.69 % and 22.38 %) and
low for winter survival (CV=6.07), were detected among ecotypes. The average
polymorphism between wild ecotypes was estimated for other traits (Table 10.1).
Winter survival is one of the most important traits in ryegrass breeding in Lithuania.
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Table 10.1 Morphological traits and basic statistics of principal component analysis for
morphological traits of natural ecotypes

Eigenvector

Characteristics x+8d CV (%) PCl1 PC2 PC3
Winter survival, % 97.67+1.93 6.07 0.532 0.490 -0.028
Re-growth in spring, score 5.3+1.47 27.69 0.730 -0.417 -0.391
Beginning of heading, date 06.02+3.5 10.57 0.588 0.187 0.039
Plant height, cm 45.79+8.11 17.72 0.853 -0.212 -0.327
Length of flag leaf, cm 12.25+2.01 16.39 0.829 0.198 —-0.040
Width of flag leaf, cm 0.48+0.07 13.59 0.847 0.276 0.010
DMY of st cut, g plant™ 107.2+24.00 22.38 0.381 —0.743 0.469

Eigenvalue 3.44 1.16 1.00

% of variation explained 49.11 16.59 14.34

Cumulative variance 49.11 65.71 80.05

The weather conditions were favourable for perennial ryegrass to grow and develop
during the year of experiment. The winter damage was low for most wild ecotypes
used in this study (average 2.33 %).

Principal component analysis was carried out based on morphological character-
istics. In the first three principal components (PC) accounted for 80.05 % of total
variation among studied genotypes (Table 10.1). PC1 accounted for 49.11 % of total
variation. According to the corresponding eigenvector values, it was mostly equated
with plant height, flag leaf length and width. PC2 accounted for 16.59 % of total
variation and was explained by dry matter yield and winter survival. PC3 accounted
for 14.34 % of total variation and was mostly defined by dry matter yield and begin-
ning of heading. Factor analyses on different collections have indicated that every
collection of genotypes is individual. Plant height, leaf length and width were the
most important traits in other authors’ experiments (Sokolovi¢ et al. 2011) and bio-
mass, beginning of heading and re-growth in spring in our other collection
(Statkeviciuté et al. 2012).

PC1 separated six ecotypes from the majority of ecotypes. However, their origin
did not influence the grouping in PCA. No. 3889 (UA) was late and No. 3882 (UA)
was medium early heading. Both ecotypes survived winter poorly and had narrow
leaves. Genotype No. 3776 (SL) was characterized by the narrowest flag leaf, No.
3828 (UA) by the shortest plant height, No. 3773 (UA) by the poorest re-growth in
spring and No. 3774 (UA) by the lowest dry matter yield. No. 3719 (UA) was dis-
tinguishable from the rest of ecotypes by the highest dry matter yield of 1st cut
(Fig. 10.1).
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Fig. 10.1 The clustering of natural ecotypes based on morphological traits
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Chapter 11
Variability of Selected Traits in the Czech
Alfalfa Core Collection

Jan Pelikan, Tomas Vymyslicky, Daniela Knotova, and Simona Raab

Abstract Within the set of 99 origins (varieties, breeding lines and wild forms) of
alfalfa (Medicago sativa, Medicago x varia and Medicago falcata) of the world col-
lection maintained in the Czech national gene bank, 52 characteristics were evalu-
ated. The traits were evaluated on individual plants grown in a field spaced plant
nursery. From the mean values of particular weighted, measured and counted char-
acteristics the estimations of correlation coefficients were calculated for 28 of these
characteristics. The estimations were used to show the degree of association between
measured traits. The results obtained are presented in a correlation matrix and dis-
cussed. Furthermore, for each origin and 22 selected characteristics the variation
coefficients were calculated from the observed values. These coefficients were used
as the measure of within-variety variability. The biggest variability was found for
weight of seeds per plant, number of inflorescences per stem and the number of
lateral branches. The lowest average variability was observed in the following traits:
the height of growth at the onset of flowering, the length and the width of the termi-
nal leaflet and the stem diameter. The main aim of our paper is to give methodologi-
cal instruction to the practical breeders on how to work more effectively with
important traits that could be used in plant breeding.

Keywords Medicago spp. * Fodder characteristics * Seed traits ¢ Individual plants
* Correlations * Variability

Introduction

Genetic variability is a prerequisite of plant breeding. Primary sources of variability
available in breeding are ex-situ collections of genotypes and wild populations.
Marshall et al. (2003) refer to extensive use of these collections in breeding
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programmes of red and white clover. Negri et al. (1995) indicated that, for most
forage species of agronomic importance, their outcrossing nature, high levels of
heterozygosity, and the quantitative nature of most agronomically important charac-
teristics, effective breeding and selection, and subsequent trait evaluation, in order
to obtain genetically uniform cultivars is challenging. Genetic resources are evalu-
ated basing on morphological, phenological and agronomical characteristics, which
are influenced by environment and plant developmental stage. Kongkiatngam et al.
(1996) mentioned that only a few traits are genetically fixed by red clover. The study
of correlations among characteristics of plant species is important from the point of
view of plant breeding. So, great attention is devoted to the evaluation of selected
characteristics on individual plants and their correlations (Fonseca et al. 1999; Julier
et al. 1995). The study of yield parameters structure and analyses of relations
between particular characteristics influencing yield directly or indirectly has signifi-
cance during all the stages of breeding work (Holy and Rod 1984). Correlations
found among studied characteristics can change in particular years, during plant
development, and may depend on the specific populations being evaluated. That is
why we pay great attention to the evaluation of obtained materials (Mrazkova and
Pelikan 1985).

Material and Methods

The genotype collection of alfalfa (Medicago sp.) maintained by the Research
Institute for Fodder Crops, Ltd. in the frame of “National Programme on
Conservation and Utilization of Plant Genetic Resources and Agro-biodiversity” in
the Research Institute of Crop Production in Praha-Ruzyné was used for this evalu-
ation. In March 2005 30 plants of all available 99 alfalfa accessions were sown in
pots and then planted out on the field. Varieties, breeding lines and wild materials of
Medicago sativa; varieties and breeding lines of M. x varia and one variety of M.
falcata were included into the evaluation. Only seeds from well defined and natural
populations of alfalfa have been collected in the wild. The seeds were collected only
once from all available plants in the population according to the gene bank stan-
dards, so the seed samples should be representative. Altogether, 52 characteristics
on individual plants of these materials were evaluated according to the descriptor’s
list for the genus Medicago L. (Vacek et al. 1985) in the year 2006. Sampling and
characterization methodology (10 plants per origin) may have reduced observed
variability. During our evaluation of such a big set of plants it was not possible to
increase the number of plants included into evaluation process because of time and
work possibilities. We evaluated all the plants in the same phenological phase.
Some of the 52 characteristics were only evaluated according to point scale of the
descriptor’s list and were not included into the analyses. Among all calculated,
weighed and measured traits (altogether 28 traits) correlation coefficients were esti-
mated, as the extent of the association of measured traits. The following 28 traits
were evaluated: (1) The length of terminal leaflet, (2) The width of terminal leaflet,



11 Variability of Selected Traits in the Czech Alfalfa Core Collection 87

(3) Plant weight, (4) Number of stems, (5) Stem length, (6) Stem diameter, (7)
Number of internodes, (8) The length of medium internode, (9) Number of lateral
branches, (10) Height at the beginning of flowering, (11) Inflorescence length, (12)
The weight of thousand seeds, (13) Leaf area, (14) The area of terminal leaflet, (15)
Nitrogen content, (16) Fibre content, (17) Nitrogen free extract, (18) Ash content,
(19) Digestibility in vitro, (20) Number of ripened inflorescences per stem, (21)
Pod — width of the spiral, (22) Number of pods per inflorescence, (23) Number of
pods per 100 flowers, (24) Number of seeds per pod, (25) Pod — height of the spiral,
(26) The weight of seeds per plant, (27) Number of inflorescences per stem and (28)
Number of flowers in inflorescence. Coefficients of variation were calculated on the
22 measured, counted and weighted traits with multiple observations (all the above
mentioned except No. 12, 15, 16, 17, 18, 19). From average values of each acces-
sion the estimation of basic statistical characteristics among populations within the
whole set was calculated. Cluster analysis of the core collection was calculated,
discussed and published in a separate paper (Vymyslicky et al. 2013).

Results and Discussion

The results of the coefficient of variation calculation of the whole set of accessions
are presented in Table 11.1. The coefficients were calculated from the mean values
obtained for each accession.

The lowest values of coefficient of variation, calculated based on mean value of
the trait in the whole set, were found for the traits growth height at the beginning of
flowering (9.9 %), the length of terminal leaflet (10.2 %), the width of terminal
leaflet (10.8 %), stem diameter (11.4 %), the length of medium internode (11.4 %)
and the width of pod spiral (11.5 %). The highest values of the variation coefficient
were found by these traits: the weight of seeds per plant (80.7 %), number of the
ripened inflorescences per stem (47.9 %), number of the lateral branches (47.0 %)
and the plant weight (33.0 %). High value of variation coefficient indicates non
uniformity of accession in given trait. Genotypes having traits with high value of
variation coefficient are suitable for future breeding process to be used in different
selections. On the other hand, low variability or high uniformity, should be typical
for bred varieties. Based on our results it cannot be stated in many characteristics,
that bred varieties have the lowest variability. The lowest variability was observed
in many characteristics in wild populations. These results reflect well the synthetic
origin of many varieties.

The correlation coefficients are presented in the Table 11.2. The correlations are
presented for individual pairs of traits. Table value of the correlation coefficient at
the significance level p<0.05 is 0.21, so all the coefficients higher than 0.21 are
significant. The classification among groups: soft, medium, strong and very strong
correlations was done arbitrary. From 378 pairs of observed traits the soft positive
correlation was found in 41 cases, the soft negative correlation was found in 19
cases, the medium positive correlation was found in 27 cases, the medium negative
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Table 11.1 The variation coefficients among cultivars and populations averages of the whole
genotype collection

No.
1

10

11

Table 11.2 The estimations of correlation

Trait/characteristic

The length of terminal
leaflet

The width of terminal
leaflet

Plant weight

Number of stems
Stem length

Stem diameter
Number of internodes

The length of medium
internode

Number of lateral
branches

Height at the beginning
of flowering

Leaf area

section Material and methods)

28
1 009
2 008
2 0,05
40,03
5 0,11
6 0,05
10 -0,18
10 001
10 -0,06
10 0,08
11 034"

130,04

140,06 0.
15 020

16 0,15
170,06

18 0,15 -0,

19 0,10
20 0,02
21 003
22 001

23 -005
24 012 -0,
25 021" -0/

26 004
27 008

27 26 25 24 23 22 21 20

040" 002 0,10 000 000 013 0,15 0,05
0.40* 0,01 009 0,10 001 011 007 0,12
057" 003 -003 -006 005 010 028" 0,04
0,07 003 000 008 -005 -0,07 004 002
062" 001 -010 -0,17 008 0,18 027° 0,04
049" 0,05 -0,10 -0,13 008 0,18 0,18 -0,04
050" 0,08 -0,08 -0,09 0,16 0,18 0,23" -0,08
0.44* 002 -007 -0,12 001 006 024* 0,07
013 -003 002 003 009 004 012 -003
026" 002 004 005 002 006 004 007
-0.42' 0,02 024° 027° 005 -0,11 -0,07 -0,06
120,00 -0

0,02 -0,01 -006 -0,09 002 -0,04
001 0,14 -001 013 0,18 0,06
004 0,11 001 011 018 007
0,19 028 010 -0,17 -0,09 -0,03
0,19 0,12 -0,14 0,04 -0,04 0,00
0,08 -028" -004 020 0,13 0,07
001 014 015 -007 002 -0,07
0,09 -0,08 008 011 011 008
008 002 -007 -008 002
043 009 016 001

0,06 0,14 0,10

0,18 0,06

031°

CV (%)

10.2

10.8

33.0

222
19.0

11.4
13.3
11.4

47.0

9.9

19.3

19 18
027° 017
039" 024"
026" -0,15
019 013
033" 0,19
040" 0,20

015 0,03
034° 024"
007 001
026" -0,09
019 022"
-0,07
0.40"
040" -0,22"
0,03
045" -0.38"
0.61%
0.37"

17

No.

12

13

14

15
16

17
18
19

20

21

22

Trait/characteristic

The area of terminal leaflet

Number of inflorescences per stem

Number of flowers per
inflorescence

Inflorescence length

Number of ripened inflorescences
per stem

The weight of seeds per plant
Number of pods per 100 flowers
Number of pods per inflorescence

Pod - width of the spiral
Pod - height of the spiral

Number of seeds per pod

CV (%)
18.4

33.1

25.0

27.6
479

80.7
14.7
22.8

11.5

155

24.5

coefficients (for explaining the numbers of traits see

15
-0,24*
-027"

* 045"

0,08

© 056"

-0.36"
-0.36"
-0.36"
0,09
0,13

052

0,03
041
-0.37*

1413 12 11 10 9 8 7 6

5
0.42*
0.44*

0,15

4 3 2
0,14 025" |0.65%
0,17 029"

051 049° 002 -008 037" 005 032° 029" 036"
062" 060" -007 -0,17 0.38° 003 034* 020 0.39"

049" 054" -0,14 -0.40' 022° 0,16 061" 0.56* 0.59* 0183 0.48"
0,11 -008 -012 -001 -011 -001 016 004 -0.45"

0.64** 068" -0,14 -0.46" 035" 0,19 069" 066 070"

056" 058" -0,13 -0.32" 029" 0,18 049" 061"

041" 044" -0,11 -0.30" 024" 032" 033

0.48* 050" -0,13 -0.30" 023° 009

007 008 001 -004 008

0.33' 034" -004 -0,07

-0.36" -0.33" 0,02

0,04 -004

Table value of the correlation coefficient at the significance level p <0.05 is 0.21
No asterisk — no significant correlation, correlation coefficient 0.0-0.2

* — soft correlation, correlation coefficient 0.21-0.5

*#* _ medium correlation, correlation coefficient 0.51-0.75

*##% _ strong correlation, correlation coefficient 0.76-0.9

*##%* _ yery strong correlation, correlation coefficient 0.91-1

Degrees of freedom are the same for all pair-wise comparisons
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correlation was found in 2 cases, the strong positive correlation was found in 1 case
(stem length x plant weight) the strong negative correlation was found in 1 case
(nitrogen substances content X fibre content) and the very strong positive correlation
was found also in 1 case (leaf area x the area of terminal leaflet). By couples of traits
with high positive correlation coefficients during selection of breeding materials it
is enough to work only with one trait. In case of more positively correlated traits the
situation is much easier for the breeder. This knowledge leads to simplifications
during the breeding process. The obtained results confirm the experiences of many
authors concerning the complicated relation of seed (Vachtinova 1979) and biomass
production by alfalfa. Nevertheless some correlations seem to be general, because
they occur under different conditions and years of trials. For example Pelikan et al.
(1987) found medium positive correlation between the traits number of flowers and
seed yield, number of pods and seed yield, stem length and number of pods and
medium negative correlation between the traits number of inflorescences and seed
yield. The same correlations between these pairs of traits were found also in this
study, even if the correlations were only low. These above mentioned correlations
are suitable for use in practical breeding process.

The main objective of our paper is to give methodological instruction to practical
breeders specifically in the Czech Republic and generally in Central Europe how to
work more effectively with important traits that could be used in plant breeding. Our
results are based on a study of 457 alfalfa origins. The number of evaluated alfalfa
materials is well representative for general conclusions.

Acknowledgement This work was conducted in the framework of “The National Programme on
Conservation and Utilization of Plant Genetic Resources and Agro-biodiversity”, financed by the
Ministry of Agriculture of the Czech Republic and in the frame of institutional research project,
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Chapter 12

Influence of Management and Habitat
on Genotypic and Phenotypic Diversity
of Dactylis glomerata

Luisa Last, B. Boller, F. Widmer, and R. Kolliker

Abstract Although the importance of grassland habitats as a reservoir of genetic
resources is generally recognized, little is known about the effect of environmental
factors and agricultural land use on genotypic and phenotypic diversity in grassland
ecosystems. This study aimed to investigate orchardgrass (Dactylis glomerata L.), a
perennial forage grass well adapted to a broad range of temperate environments as
a model species to assess the effect of management practices (intensive, extensive)
and farming systems (organic, non-organic) on genotypic and phenotypic diversity.
Twenty orchardgrass populations were sampled from Swiss permanent grassland
habitats, contrasting in respect to organic and conventional farming systems, man-
agement intensity and environmental conditions. Genetic diversity was analyzed
using 29 simple sequence repeat markers (SSRs) and 10 morpho-physiological
traits evaluated in a field experiment. Nei’s unbiased gene diversity (Hg) revealed a
high genetic diversity (0.51-0.56). Most of the genetic variation resided within
populations (96.06 %). Genetic diversity was significantly influenced by intensifica-
tion of management resulting in a decrease of genotype diversity within sites
(r=-0.50, p=<0.05). Furthermore, phenotype evaluation revealed significant influ-
ence of management on Dactylis glomerata populations based on selected traits.
However, within- and between-population genotypic and phenotypic diversity was
only marginally correlated with faming systems. Facing uncertain climatic changes
and an increasing need for sustainable management of resources, the insights gained
may be particularly valuable for the in situ conservation of valuable genetic
resources of grassland species. Furthermore, they support targeted selection of eco-
types for breeding programs.

Keywords Genetic diversity * Management intensity ® Grassland * Ecotypes
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Introduction

Permanent grasslands are an important source of roughage for milk and meat pro-
duction in the mountainous regions of Europe. They not only harbor a large number
of different plant species, they also serve as important reservoirs of genetic diversity
for many important forage species including ryegrasses, fescues and clovers
(Kolliker et al. 2003; Peter-Schmid et al. 2008). The value of ecotypes sampled
from permanent grassland has long been recognized by plant breeders and many
forage crop breeding programs partly rely on these valuable genetic resources
(Boller and Greene 2010). Although many of these ecotypes suffer from disadvan-
tages such as reduced forage yield and quality when compared to advanced culti-
vars, they also often carry alleles for valued characteristics such as disease resistance
or early flowering. In Italian ryegrass, certain local ecotypes have even been found
to outperform today’s cultivars for traits such as persistence, vigor or resistance to
snow mold (Boller et al. 2009). In order to optimally exploit genetic resources, a
detailed characterization of the genetic diversity present in permanent grassland and
the factors influencing it is indispensable. Orchardgrass (Dactylis glomerata L.) is
an important component of permanent grassland, particularly in higher altitudes,
especially valued for its high yield potential under conditions where ryegrass spe-
cies are limited. The aim of this study was to investigate the influence of habitat and
management on genetic diversity and phenotypic characteristics of orchardgrass in
order to provide a basis for the targeted exploitation of ecotype populations in plant
breeding programs.

Material and Methods

Twenty orchardgrass populations were sampled from permanent grassland habitats,
contrasting with respect to organic and non-organic farming systems, management
intensity and environmental conditions. Sampling sites were located in Northern
Switzerland and spread over an area of 12 km? and from 605 to 1,133 m a.s.l. Sixty
parental plants per population were cross-pollinated in isolation to produce 20 Syn,
progenies. Genetic diversity of parental populations was assessed using 32 indi-
viduals and 29 simple sequence repeat (SSR) markers (Bushman et al. 2011; Hirata
et al. 2011). Phenotypic characteristics were assessed in a field experiment located
at Agroscope Reckenholz-T#nikon, Research Station ART, Zurich using 20 ecotype
Syn,; populations and the two reference cultivars “Beluga” and “Reda” (Agroscope
ART). Sixty individual plants per Syn; population or cultivar were planted in a ran-
domized block design with 0.3 m distance within and 0.5 m distance between rows.
Ten phenotypic traits were surveyed in the year after establishment based on UPOV
guidelines. The influence of management intensity, farming system and habitat
characteristics was assessed using multivariate statistics.
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Results and Discussion

SSR analysis revealed high genetic diversity within D. glomerata ecotype popula-
tions with average heterozygosity (Hg) ranging from 0.51 to 0.56. As expected for
an outbreeding species, analysis of molecular variance revealed most of the genetic
diversity (96.06 %) to reside within rather than among populations. No grouping of
populations was observed based on management intensity and SSR diversity
(Fig. 12.1a). This is in agreement with findings in L. multiflorum but in contrast to
the clear separation observed in F. pratensis (Peter-Schmid et al. 2008) and may
reflect the high competitive ability of this species in various environments. However,
intensive management lead to a significant decrease in genotype diversity and popu-
lations from organic farms showed lower average (Hg) than populations from non-
organic farms (data not shown).

With one exception, ecotype populations from extensively managed grassland
were clearly separated from ecotypes from intensively managed grassland and from
cultivars based on ten phenotypic traits (Fig. 12.1b). Plants from extensively man-
aged grassland had significantly shorter stems (Fig. 12.2b), shorter and smaller flag
leaves and shorter internodes (data not shown), while growth habit and susceptibil-
ity to rust diseases were not significantly influenced by management intensity
(Fig. 12.2a, c). Although both cultivars clearly outperformed ecotypes in terms of
vigor and disease resistance, diversity in ecotype populations was large and indi-
viduals with interesting characteristics were present in several populations.
Populations from extensively managed sites showed greater variation for flowering
time, while the variability of the other phenotypic traits was neither influenced by
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Fig. 12.1 Principle components analysis of (a) SSR marker data of 20 parental populations and
(b) 10 phenotypic traits of 20 Syn; populations of D. glomerata. Triangles and circles indicate popu-
lations from intensive and extensive management, x and + cultivars Beluga and Reda, respectively
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tability to rust disease) of 20 D. glomerata ecotype populations and two cultivars. ETI1 to ETI10
indicate intensively managed plots on farm 1 to 10. ETE1 to ETE10 indicate extensively managed
plots on farm 1 to 10

management or farming system. Our results demonstrate that permanent grassland
harbor D. glomerata populations with large diversity and agronomically interesting

Fig. 12.2 Phenotypic characteristics (a) inflorescence emergence, (b) stem length, and (c) suscep-
characteristics.
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Chapter 13
The Utilisation of Wild Fabaceae Species
in Grasslands

Daniela Knotova, Jan Pelikan, and Simona Raab

Abstract Within the period of 2004-2010, the possibility of cultivating some
selected Fabaceae species as grassland mixture components was tested in field trials
performed in Troubsko, Czech Republic. The experiment was established using a
standard grass mixture to which 50 seeds of single Fabaceae species were admixed.
The standard grass mixture contained Festuca pratensis, Lolium perenne, Poa pra-
tensis, Phleum pratense, and the hybrid Festulolium. Twenty species of the follow-
ing genera were tested: Trifolium, Vicia, Lotus, Lupinus, Lathyrus, Astragalus,
Melilotus, Medicago. The experiment was established in a randomised block design
with three replicates. The size of each plot was 5 m? Each plot was harvested twice
per year. Average numbers of plants were calculated on the base of all wild species
identified in the standard grass mixture. The survival of tested species was limited
by soil-climatic conditions of the locality.

Keywords Diversity * Wild species ® Fabaceae * Clover-grass mixtures

Introduction

Within the framework of the National Programme of Preservation and Use of Plant
Genetic Resources and Agrobiodiversity, our research institute organises seed col-
lecting expeditions. The main objective of expeditions is to collect seeds of not only
wild species of cultivated plant species but also of other species of plant families
under study for ex-sifu conservation. Furthermore, we evaluate collected seed mate-
rials under field and climatic conditions of the Czech Republic. Already at the
beginning of the second half of the twentieth century, Vacek (1963) tested a wide
spectrum of wild species belonging to the family Fabaceae and recommended some
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of them for further cultivation. Also at present there are efforts to collect and to test
wild species of forage plants in different parts of the world (Jansone and Jansons
2007; Martincova et al. 2007). The first report about results achieved within the
framework of this project was published by Pelikan et al. (2005). This paper sum-
marises further results obtained within the period of 2004-2010.

Materials and Methods

Some wild species belonging to the Fabaceae family were tested with the aim of
assessing potential to increase the diversity of clover/grass associations and their
use in permanent grassland. The experiment was established in Troubsko, Czech
Republic, at an altitude of 280 m a.s.l. In this locality, the average annual tempera-
ture and the sum of precipitation were 8.5 °C and 547 mm, respectively. In this
experiment a standard grass mixture was used; the composition of this mixture was
as follows: Festuca pratensis (23 %), Lolium perenne (23 %), Phleum pratense
(15.4 %), Poa pratensis (15.4 %), and the hybrid Festulolium (23 %). On each
experimental plot, a standard grass mixture was sown in the amount corresponding
to the normal seeding rate of 26 kg ha™! and with the admixture of 50 seeds of indi-
vidual tested wild Fabaceae species (regardless to the amount of hard seeds). The
experiment was established as a randomised block design with three replicates and
the size of each experimental plot was 5 m In individual experimental years, num-
bers of plants of each tested species were counted including those which are repro-
duced vegetatively by rhizomes, on several different dates in the course of the
growing season. Each plot was harvested two times per year and the average num-
ber of plants of each tested wild species was calculated on the base of data collected
during the year. During the experiment the fertilizers were not used. This experi-
ment was performed within the period of 2004-2010.

Results and Discussion

Results are presented in the following graphs. Average numbers of plants of the
genus Trifolium counted in individual experimental years are presented in Fig. 13.1
and there was a gradual increase in numbers of plants of individual species belong-
ing to this genus. The highest increase was observed in case of the species Trifolium
medium mainly due to its spreading via underground rhizomes (runners). In species
Trifolium alpestre, Trifolium dubium, and Trifolium campestre the increase was
observed till the sixth year of the stand’s existence and thereafter a decrease in their
numbers took place. In spite of the fact that the species Trifolium dubium and
Trifolium campestre are annual plant species, they persisted in the stand due to the
fact that both were relatively low-growing so that the inflorescences were not
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Fig. 13.1 Average number of plant species of the genus Trifolium

removed during the first cutting. In this way they produced fully ripened seeds that
germinated and established new seedlings. The occurrence of Trifolium montanum
and Trifolium fragiferum was lower, probably due to the fact that they had not quite
ideal growing conditions in the experimental locality. It is known that Trifolium
fragifeum prefers more humid conditions while Trifolium montanum likes lime-rich
(chalky) soils.

The second group under study involved species belonging to the genus Vicia.
Obtained results are presented in Fig. 13.2. Among these species, plants of Vicia
cracca showed to be the best ones. However, its high abundance and long stems
caused problems during the harvest of green fodder and, besides, it also suppressed
some grass components in the stand. The abundance of species Vicia pisiformis,
Vicia angustifolia and Vicia tenuifolia (5-10 plants per 5 m?) was satisfactory. The
species Vicia villosa was the most abundant in the year of sowing but in years to
follow its numbers gradually decreased.

Results concerning members of the genus Lathyrus and of species Lotus uligino-
sus and Lupinus polyphyllus are presented in Fig. 13.3. In this group of tested plants,
the best results were obtained with the species Lathyrus sylvestris, however, its high
abundance also caused problems during the harvest of forage, similarly as in case of
Vicia cracca.

The species Lathyrus tuberosus asserted itself very well in the stand. The species
Lupinus polyphyllus was well represented already in the year of the stand establish-
ment but thereafter it gradually disappeared with the increasing age of the stand. For
the species Lotus uliginosus, conditions of the experimental locality were not
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Fig. 13.3 Average number of plant species of the genus Lotus, Lupinus and Lathyrus

favourable (because it also preferred humid habitats); nevertheless, it persisted in
the stand for the whole experimental period.

Results concerning the last four species under study are presented in Fig. 13.4.
Of members of the genus Astragalus, the best results were recorded in stands with
the admixture of Astragalus cicer, again because of underground rhizomes that
enable its secondary spreading.

Although there are references that all species belonging to the genus Astragalus
are poisonous, the species Astragalus cicer is selected and propagated both in
the USA and in Canada (Townsend 1988, 1990). This species is used in grazing
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Fig. 13.4 Average number of plant species of the genus Astragalus, Melilotus and Medicago

mixtures for sheep (Johnston et al. 1975). In case of the species Medicago falcata,
a similar trend was observed as in Astragalus cicer. Species Melilotus officinalis
and Astragalus excapus asserted themselves only in the year of the stand establish-
ment and in the year that followed; thereafter, they fully disappeared from experi-
mental stands.

Conclusions

Monitoring of the occurrence of admixed species of wild legumes and the succes-
sion of clover/grass associations is a long-term affair. After 7 years of experiments
performed in the locality Troubsko it is possible to conclude that the majority of
tested wild species belonging to the family Fabaceae can be admixed (with the
exception of the species Galega officinalis) into species-poor grassland stands (i.e.
stands with a lower number of plant species). Under favourable environmental
conditions, individual members of this family can not only appear in the stand but
also survive and persist there. Seeds from the family Fabaceae are characterized
by production of a proportion of ‘hard’ seeds, so some seeds germinate in subse-
quent years. However, when deciding which species is suitable for cultivation
under conditions of a given locality and/or habitat it is necessary to consider care-
fully their properties and parameters. The choice of a good and successful technol-
ogy enabling production of sufficient amounts of the seeding material and the
determination of the seeding rate of a chosen wild species are necessary prerequi-
sites of their practical application. Presumably different cutting frequency and
height and fertiliser regime would have a significant effect on the successful estab-
lishment of the legume species in the sward and you could expect a completely
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different result under different management strategies. These factors were not
taken into account.
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Chapter 14

Assessment of Susceptibility of Different
Alfalfa Genotypes to Colletotrichum
destructivum

Tanja Vasié, Jasmina Radovi¢, SneZana Andjelkovié, Bojan Andjelkovic,
Sanja Zivkovi¢, Dragoslav Dokic, and Zoran Lugic¢

Abstract Southern anthracnose or crown rot, caused by Colletotrichum destructi-
vum, is a disease that has been detected on alfalfa in Serbia. During a 6-year period,
especially in summer and autumn, alfalfa plants with anthracnose symptoms were
studied in the field. Stem infection resulted in wilting and death of the upper portion
of the stem, giving rise to the characteristic ‘shepherd’s crook’ symptom. To exam-
ine the level of sensitivity of different alfalfa genotypes in experimental conditions,
six isolates: Coll-3, Coll-8, Coll-9, Coll-10, Coll-18 and Coll-75 (C. destructivum
originating from Serbia) and one reference isolate CC657 C. destructivum, were
used. Ten commercial alfalfa genotypes of different origins (K-1, K-28, Zajecarska
83, Osjecka 12, NS Slavija, Banja Luka, Affinity 401 + Z, Florida 77, Vernal S and
Perry) were examined in this study. Infected plants showed typical symptoms of
anthracnose. Necrotic lesions appeared on the plant stems and gentle bending of the
top of the upper third of stems occurred on tested plants. Necrotic lesions then
spread to the whole plant and in some plants this led to withering. Assessment of
damage by pathogen inoculation was based on a scale of 0-5. Results were pro-
cessed by analysis of variance as one-factor experiment. Investigated genotypes
showed varying resistance to different C. destructivum isolates.

Keywords Alfalfa * Anthracnose ¢ Colletotrichum destructivum * Genotypes ®
Susceptibility
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Introduction

The fungus Colletotrichum destructivum O’ Gara, which causes anthracnose disease
in alfalfa (Medicago sativa L.), is an important limiting factor for alfalfa growth,
plant vigour and persistence (Boland and Brochu 1989). During summer and
autumn, diseased plants start to be seen in the field. C. destructivum was isolated
from stem lesions typical of C. trifolii (Graham et al. 1976). Conidia form in the
acervuli on stem lesions. Rain splash and wind carry the conidia to the growing peti-
oles and stems. The fungus grows down along infected stems into the crown and
taproot, causing tissue damage, a predisposition to winter injury, wilting or plant
death. Nevertheless, soil infections of alfalfa by C. destructivum have also caused
considerable yield losses in North America (Boland and Brochu 1989), Europe
(Robotic and Klokocar-Smit 1983), and North and South Africa (Koch et al. 1989).
The host range of C. destructivum is wide and includes legumes such as Phaseolus
lathyroides L., Glycine max (L.) Merr., Trifolium spp., Lotus spp., Leucaena leuco-
cephala (Lam.) DeWit., Melilotus albus Desr., Vigna unguiculata (L.) Walp.,
Coronilla varia L., as well as tobacco (Nicotiana tabacum L.) and dodder (Cuscuta
spp.) (Latunde-Dada et al. 1996). The aim of this study was to determine sensitivity
of commercial alfalfa cultivars to C. destructivum in Serbia, and possibilities for
breeding resistant alfalfa genotypes.

Material and Methods

The susceptibility of domestic commercial alfalfa genotypes was tested in order to
find potential sources of resistance to C. destructivum. The domestic alfalfa variet-
ies studied were Krusevacka-1 (K-1), Krusevacka-28 (K-28), Zajecarska 83 and NS
Slavija, as well as varieties from Croatia (Osjecka 12) and Bosnia and Herzegovina
(Banja Luka). The experiment also included the commercial varieties Affinity 401
+ Z, Florida 77, Vernal S and Perry from USA, which show different levels of resis-
tance to species of the genus Colletotrichum (Gray et al. 2003).

Isolates included in this study were selected in spring 2010, based on morpho-
logical and molecular traits. Six isolates from Serbia (Coll-3, Coll-8, Coll-9, Coll-
10, Coll-18 and Coll-75) identified as C. destructivum and one referent isolate
CC657 (CBS Culture Collection of Fungi, Yeast, Bacteria, Plasmids and Phages,
The Netherlands) were used for screening. The experiment was conducted in a
greenhouse at the Institute for Forage Crops, Krusevac. Alfalfa seeds were sown at
a depth of 2 cm in sterile substrate in plastic containers. Conidial suspension was
prepared from cultures of tested isolates grown for 10 days on PDA medium at
25 °C in the dark. The concentration of spores was determined by hemocytometer
at 4-6 x 10~ spores ml~!. Seven-week-old alfalfa plants were scarred by cutting
prior to inoculation then sprayed with spore suspension. Alfalfa plants inoculated
with sterile water were used as a negative control. Testing was carried out on 60
seedlings per isolate of each variety.
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Susceptibility of the different alfalfa genotypes to isolates of C. destructivum
was evaluated 4 weeks after inoculation using the modified method of Ostazeski
et al. (1969), according to a scale of 0-5: Plants without symptoms (0), individual
watery spots in the base (1), recessed lesions present (2), appearance of lesions
along the stem (3), necrosis of the entire stem (4) wilting and drying of the whole
stem (5).

Disease severity index (DSI) was calculated by the formula:

(nxk)
DSI=2 Nk

n — seedlings in class, k — class severity value, N — total no. of seedlings, K — no.
class.
Data were analyzed using one-way factorial variance analysis (ANOVA).

Results and Discussion

All the studied isolates caused symptoms of alfalfa anthracnose in the tested plants.
Four weeks after inoculation, necrotic spots in the lower parts of stems appeared in
infected alfalfa plants of all the tested cultivars (K-1, K-28, Zajecarska 83, Osjecka
12, NS Slavija, Banja Luka, Affinity 401 + Z, Florida 77, Vernal S and Perry). As
the disease progressed, stem colour changed to a glossy yellow, the crown bent into
the shape of a hook and plants started to wilt (Fig. 14.1).

Fig. 14.1 Anthracnose symptoms on tested plants; cv. Banja Luka inoculated with isolate Coll-3
(left) and cv. K-1 inoculated with isolate Coll-18 (right)
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Table 14.1 Evaluation of susceptibility in commercial alfalfa varieties to isolates of C.
destructivum

Cultivars Coll3 | Coll8 | Coll9 | Colll0 | Colll8 | Coll75 | CC 657 | Average | CV (%)
K-1 3.7 4.5 35 3.6 2.8 4.8 34 3.76 38.3
K-28 4.1 2.9 35 24 2.9 3.7 2.8 3.19 43.5
Zajecarska 83 | 2.5 32 35 2.8 2.5 32 4.1 3.11 443
Osjecka 12 2.7 4.5 3.6 3.1 22 4.2 39 3.46 40.1
NS Slavija 24 34 24 4.2 3.6 3.7 2.7 3.20 45.0
Banja Luka 4.1 2.4 3.1 3.0 24 3.7 2.9 3.09 45.0
Affinity 401+ Z | 2.2 3.7 3.5 4.0 2.8 24 2.7 3.04 48.5
Florida 77 24 4.0 33 3.8 32 39 24 3.29 35.8
Vernal S 2.5 3.6 3.1 3.8 2.9 3.0 23 3.02 43.0
Perry 2.0 3.0 2.7 3.9 32 33 34 3.07 353
Average 2.86 |3.52 322 |3.46 2.85 3.59 3.06 322 41.9
Duncan’s test 1.16 | 1.21 |1.12 |1.13 1.21 1.15 1.18

0.05

Results showed varying responses of the alfalfa varieties to the pathogen isolates.
Using one factor variance analysis (ANOVA), it was determined that differences in
the susceptibility of the tested genotypes were statistically significant (Table 14.1).
Alfalfa varieties showed a high variation in resistance to different C. destructivum
isolates. In general terms, almost all varieties indicated a lower tolerance to isolates
Coll-8, Coll-10 and Coll 75, whereas tolerance to isolates Coll-3 and Coll-18 was
greater.

Results of the inoculation of the alfalfa genotypes with isolate Coll-3 showed
variations between the genotypes. Genotypes Affinity 401 + Z and Perry were char-
acterized by greater tolerance to the tested isolates, while genotypes Banja Luka and
K-28 showed high susceptibility. The results of the inoculation with isolate Coll-8
separated the alfalfa genotypes into three groups. The most tolerant to Coll 8 was cv.
Banja Luka, while the most susceptible were cvs Osjecka 12 and K-1. Isolate Coll-9
caused a medium resistance reaction on tested plants; only cv. Osjecka 12 showed a
low DSI for this isolate. A greater tolerance to Coll-10 was observed in cvs K-28
and Zajecarska 83, but other cultivars showed greater susceptibility to this isolate.
The reaction of genotypes to inoculation with isolate Coll-18 showed the separation
of the three groups; cvs Osjecka, Banja Luka and Zajecarska 83 all showed toler-
ance to the isolate. All varieties had a low tolerance to inoculation with isolate Coll-
75, with Affinity 401 + Z showing the highest tolerance. Comparing the responses
of genotypes to inoculation with isolate CC657, genotypes Zajecarska 83 and
Osjecka 12 proved to be very susceptible, while the tolerance of other varieties was
much greater.

From the results of our experiment with the domestic and foreign commercial
alfalfa varieties, it can be concluded that cvs Affinity 401 + Z and Vernal S showed
the highest tolerance to the tested isolates followed by cvs Banja Luka and
Zajecarska 83. Other investigated cultivars displayed a much lower tolerance, espe-
cially K-1 and Osjecka 12.
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Vasié et al. (2010) showed that alfalfa clones had different resistance to C. trifo-
lii. Comparison of American and Serbian genotypes showed that the American
alfalfa genotypes had the highest level of resistance (64.5 % plant survival). The
varieties listed in Serbia displayed uneven levels of resistance, as the mean percent-
age of surviving plants ranged from 0 to 56.4 %.

As a consequence of its synthetic origin and its autotetraploidy, an alfalfa cultivar
incorporates a mixture of heterozygous individuals such that within a cultivar there
is a genetic diversity nearly as large as that found between cultivars (Julier et al.
2000). It means that every alfalfa cultivar may contain a varying proportion of sus-
ceptible and resistant plants. The resistance pool should contain both alleles for
resistance and susceptibility, their proportion depending on the frequency of resis-
tance alleles in the variety. The response of individual plants within varieties to
inoculation with pathogenic isolates was also very variable. Average coefficients of
variation of individual plants within a cultivar for all isolates were very high, from
35.3 % (cv. Perry), to 48.5 % (cv. Affinity 401 + Z) (Table 14.1). A small number of
individual plants managed, despite displaying clear disease symptoms, to produce
seeds. The progeny of these plants is an excellent source of genetic resistance to the
tested pathogen isolates and will be included in the next cycle of selection for
increasing tolerance to pathogens. Identification of clones with dominant resistance
is an important step in increasing tolerance. Irwin et al. (2006) indicated the impor-
tance of increasing the proportion of individual plants resistant to Colletotrichum
trifolii within alfalfa cultivars.

Until now, recurrent selection has provided an effective way to increase anthrac-
nose resistance levels in breeding populations of autotetraploid alfalfa. Considering
the results of Devine et al. (1971), who showed that after several cycles of selection
the level of resistance can be increased, we believe that it is justifiable to continue
investigations in this direction. The causal agents of alfalfa anthracnose exist in a
few distinct races, which makes the breeding process very complex. Three races of
C. trifolii (races 1, 2 and 4) have been described based on differential responses of
alfalfa cultivars (Ariss and Rhodes 2007). Anthracnose resistance is conferred by
two separate dominant genes, designated An/ and An2. Anl confers resistance to
race 1 and likely to race 4, whereas An2 confers resistance to races 1 and 2. It is
noteworthy that the race 3 of C. rrifolii was only reported in 1982 (Allen et al.
1982), but this race was subsequently reclassified as C. destructivum (Ameline-
Torregrosa et al. 2008; Yang et al. 2008).

Boland and Brochu (1989), O’Neill et al. (1989) and Schubiger et al. (2003), in
their studies of pathogenicity, showed that the species C. trifolii is more infectious
for alfalfa than C. destructivum. Boland and Brochu (1989) and O’Neill et al. (1989)
reported that C. destructivum in a controlled environment (phytotrons) showed a
higher level of infectivity and the same level of infection as C. trifolii in field
conditions.

Selected alfalfa genotypes that showed high levels of tolerance to isolates tested
will be used in further field trials in order to assess their level of resistance accu-
rately. This will enable the separate genotypes to be used in the further process of
selection and breeding of alfalfa to increase frequency of resistant alleles in the
variety and increase level of plant resistance.
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Chapter 15
The Czech Core Collection of Medicago spp.

Tomas Vymyslicky, Jan Pelikan, Daniela Knotova, Simona Raab,
and Jan Nedélnik

Abstract This study evaluated 52 characters from a set of 457 accessions (includ-
ing newly bred varieties and collected wild forms) of the world collection of the
Medicago sativa, Medicago x varia and Medicago falcata. Thirty plants of each
origin were planted in the field. Ten of these were evaluated in the years 2005 and
2006. All the evaluated characters were included in the analyses. Missing values
were replaced by mean values. Cluster analysis was performed using the software
Statistica for Windows for all the accessions together. Complete linkage method
was used for clustering and Euclidean distance as the measure of distance.

Keywords Medicago spp. * Varieties  Wild forms ¢ Yield ¢ Cluster analysis * Core
collection

Introduction

The study of genetic resources and their evaluation has a long tradition in the Czech
Republic (Vacek 1963; Pelikén et al. 2005). During the last 50 years roughly 2,000
accessions have been evaluated, described and stored in gene banks, but many char-
acters of individual plants have not yet been evaluated. Recently, great attention has
been devoted to a detailed evaluation of the world assortment of fodder crops
(Vymyslicky et al. 2007). However, at present the evaluation of morphological
characters alone is insufficient. For this reason resistance evaluation and molecular
analyses were performed and the “core collections” were created.

The importance of wild species/forms as input materials for breeding pro-
grammes and for use in organic farming and nature protection is increasing. Genetic
resources of red clover and the possibilities of their use were studied by Drobna
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(2004). She evaluated 54 varieties from different geographic areas using basic and
multidimensional statistics. The set was divided according to individual character-
istics and the results were forwarded to breeding workstations. Drobn4 and Zdkova
(2001) evaluated a set of 15 characters on 36 genotypes of Trifolium repens. After
statistical evaluation by cluster analysis they found varieties with similar geographic
origin or with similar qualitative traits present in clusters. Boller et al. (2003) stud-
ied the collection of old Swiss landraces of the red clover. They evaluated a set of
20 varieties and important variability (among varieties and within varieties) was
found. The authors pointed out that old cultivars and landraces are donors of valu-
able traits. Gubis (2001) studied the resistance of alfalfa to bacterial wilt. He found
most resistant materials amongst wild forms. The study of variability in the collec-
tions is mostly based on morphological, phenological and agronomical characteris-
tics of individual genotypes. By the application of the multidimensional statistics
the varieties could be differentiated or aggregated according to evaluated traits/char-
acters (Uzik and Zofajova 1997). Kouamé and Quesenberry (1993) used the cluster
analysis for the classification of the red clover collection as the base for creating a
core collection.

Materials and Methods

All the available seed samples of the Medicago spp.—newly bred varieties and col-
lected wild forms stored at the Czech national gene bank—were included in the
study’s detailed evaluation of morphological and yield characters. Seeds from the
gene bank were germinated and seedlings were transplanted into grow-boxes. In the
spring of 2005 30 seedlings of each accession were planted in the field spaced
50%50 cm apart. During 2005-2006, 52 characters from ten plants of each acces-
sion were evaluated in the field and in the laboratory:

e Turf — number of stems in the first cut (to the standard cv.);

* Stem — length, thickness, shape in diameter, hollowness, colour, number of inter-
nodes, the length of middle internode, number of lateral branches;

* Terminal leaflet — shape, margin, apex, length, width, area;

* Leaf — colour, indumentum, area, polyphyly;

* Inflorescence — shape, length, number per stem, number of flowers, colour, num-
ber of pods per stem;

* Infructescence — number of pods;

e Pod — number per 100 flowers, shape, colour, height of spiral, width of spiral,
number of seeds;

* Seed — shape, colour, 1,000 seed weight;

* Vegetation period — by the beginning of flowering (to standard cv.);

¢ Winter hardiness — resistance;

¢ Alfalfa mosaic virus — resistance;

» Stand — height at the beginning of flowering (to the standard cv.), height 20 days
after the first cut (to the standard cv.), foliage (% of leaves in dry matter), regrowth
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(at standard height 25 cm), biomass of yield of all cuts in the year (to standard
cv.), yield of hay in all cuts (to the standard cv.), yield of absolute dry matter (to
the standard cv.), yield share in the first cut to the whole yield per year (to the
standard cv.), seed yield (to the standard cv.);
* Plant — yield of green biomass (to standard cv.), seed yield (to the standard cv.);
* Dry matter — nitrogen content, digestibility, fibre content.

Near Infra Red Spectrum (NIRS) analyses were also performed to determine the
chemical composition of dry matter samples. Dried mixed samples from ten plants
of each accession were grinded and NIRS analyses performed. The method is based
on the transmittance of the near infrared rays through the grinded sample. Chemical
composition of each sample was derived from the equation, which was created
based on the NIRS results of the control sample.

All the evaluated traits were transformed on to a nine-point scale according to the
Czech national descriptor’s list for the genus Medicago L. (Vacek et al. 1985). For
the evaluated quantitative characters the point estimations of the mean value were
made and the estimations of correlation coefficients among measured characters
were performed.

Cluster analysis was performed using the software Statistica for Windows
(STATSOFT INC. 2003), both separately for M. sativa, M. x varia and M. falcata
accessions, and for all the accessions together. The complete linkage method was
used for clustering and Euclidean distance as the measure of distance.

Results and Discussion

Based on cluster analysis, all 457 evaluated accessions were divided into groups and
representatives were selected to establish the core collection. Finally 99 accessions
of the world assortment were selected to establish the Czech core collection
(Fig. 15.1). Eighty eight of these are Medicago sativa materials, 4 are newly bred
materials of M. sativa, 5 are varieties of M. x varia, 1 is a newly bred variety of M.
x varia and only one variety represents M. falcata. The survey of these materials is
presented in Table 15.1. Fifty four out of the selected 99 accessions are registered in
the Common catalogue of varieties of the European Union.

Good predictive ability of cluster analysis was confirmed. The closest couple
from all 457 accessions consists of Slovak materials marked SVK 3/6 and SVK 2/8.
In the first case it was hybrid varieties Burgaltaj and Leonicena from the former
Soviet Union, in the second case it was material from Kazakhstan. The next couple
was created by the French varieties Orca and Omega. Further, clusters of similar
origin, i.e. by country of origin, were established. This kind of cluster was formed
by Czech varieties from the former breeding station at Libochovice (Li-POP-1, Li-1
and variety Hana, which was bred under mark Li-POP-2), plus two of Czech origin
from the ZeleSice breeding station (ZE-XXVIII and variety Niva, bred under mark
ZE-N2-2). It can be supposed that these materials were bred from similar ancestors.
The next clusters were all, or partially, created by origins of Medicago x varia. For
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example, a cluster created by origins Mnogolistna (BGR), Tulunskaja gibridnaja
(SUN), Heinrichs (CAN), Drylander (CAN) and Ufimskaja (SUN). A similar clus-
ter was formed by varieties Bendelebener (DDR), Beloruskaja (SUN), Tula (POL)
and von Arnim’s Altdeutsche Bastard (DEU). The last cluster was created only
from Medicago x varia origins, formed by two Polish newly bred materials POC—
1/79 and POC—4/82, which both originated from the same station.

An interesting cluster was formed from ten origins from the Slovak Republic,
including wild forms collected in the High Tatra mountains. These selections were
tested under different stress conditions. Next, interesting clusters were formed by
varieties from the same country of origin. For example, a cluster of the American
varieties Duke, Mercury, Armor, Liberty and Multileaf; A cluster of the French
varieties Warotte, Orca and Omega; And a cluster of the Croatian varieties Posavina,
Panonia and Astra or a cluster of American varieties Nuget and Thor. Also many
other clusters were created by combining origins from the same country with one or
more varieties from another country. For example, a cluster of French varieties Janu,
Euver, Jade and Gemini, plus the Swedish variety Alfa II; A cluster of American
varieties Resistador, Raidor, Polar I and Arc, plus the Australian variety Paravivo.
Another similar cluster consists of American varieties Fortress, Defender, Trident,
Voris A-77 and CUF 101, plus the Australian variety Cancreep and English Maris
Phoenix; And a cluster of American varieties Mesilla, Lahontan, Agata, Dawson,
Dominor and Uinta, plus the English variety Maris Kabul. Unfortunately, we do not
know the detailed pedigree of varieties to determine their joint progenitors.
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and Utilization of Plant Genetic Resources and Agro-biodiversity”, financed by the Ministry of
Agriculture of the Czech Republic and in the frame of institutional research project, number MSM
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Chapter 16
Variation in Cell Wall Digestibility
of Perennial Ryegrass at Heading Stage

Frederik R.D. van Parijs, C. Van Waes, E. Van Bockstaele, G. Haesaert,
I. Roldan-Ruiz, and Hilde Muylle

Abstract Perennial ryegrass (Lolium perenne) is the dominant forage grass in
Europe, because of its high yield level, good persistence, high protein content and
energy value. As high levels of water soluble carbohydrates (WSC) lead to rumen
acidosis, the energy contained within the cell walls, which is released more gradu-
ally, has become a focus in ryegrass breeding. We have assessed the cell wall digest-
ibility (NDFD) of blade, sheath and stem fraction of a set of 13 genotypes harvested
at heading stage. Significant genotype-to-genotype differences were found for total
plant NDFD, with genotypes explaining 68 % of the total variation. The observed
variation in NDFD for sheath and stem was higher than for the total plant, with
genotypes explaining 79 and 80 % of the total variation in sheath and stem NDFD
respectively. Further, multiple linear regression showed that sheath NDFD, stem
NDFD and the weight of the leaf fraction have a significant impact on the total plant
NDFD values, whereas blade NDFD does not. Analysis of this limited set of geno-
types has revealed limited variation in NDFD at the plant level, but a significant
variation in organ fractions and organ-specific NDFD values, indicating potential
selection targets to improve cell wall digestibility at the whole plant level.

Keywords Cell wall digestibility (NDFD) e Variation ¢ Perennial ryegrass ¢
Heading
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Introduction

Perennial ryegrass (Lolium perenne) is the most abundant forage grass in temperate
regions (Sampoux et al. 2013). To reduce environmental and economic costs of
animal production, the nutritional value of forage needs to be improved (Wilkins
and Humphreys 2003). Improving organic matter digestibility (OMD) increases
both intake and energy release during digestion, reducing the release of nitrogen
into the environment and increasing milk production (Casler and van Santen 2010;
Parsons et al. 2011). A 1-unit increase in OMD of perennial ryegrass was estimated
to increase milk yield by 1.5 % (Pacheco et al. 2007).

The total digestibility of forage is affected by both the concentration of water
soluble carbohydrates (WSC) and the digestibility of the cell wall (NDFD) (Casler
and Van Santen 2010). The latter has become a more relevant selection criterion for
three reasons: (1) WSC are subject to extensive environmental variation, (2) WSC are
released too quickly in the rumen leading to acidosis when present at high concentra-
tions and (3) a higher NDFD results in a higher energy release (Barriere et al. 2003).

To our knowledge, variation in NDFD has never been studied in detail for L.
perenne on a genotype basis. By assessing individual genotypes, a larger variation
in NDFD values is expected compared to mixtures, where extreme genotypic values
are averaged out. In this study, a set of genotypes was harvested at early heading, an
agronomically important cut, as total plant digestibility and yield are well-balanced
at this phenological stage.

The NDFD of the whole plant is determined by both its cell wall composition
and leaf-to-stem ratio (Casler and Van Santen 2010). Here we examined the NDFD
of different organs in 13 diverse L. perenne genotypes, as well as the leaf-to-stem
ratio. In previous studies these two factors were mostly confounded, as total plants
were analysed. If genotypic differences in NDFD can be identified at the total plant
level, selection response can be improved by selecting for high NDFD at the organ
level, or by altering the leaf-to-stem ratio.

Material and Methods

Plant Material

Thirteen diploid perennial ryegrass genotypes were selected from a set of 300 dis-
playing a large variation in total plant NDFD in a preliminary trial in 2008 (Muylle
et al. 2013). Plants were vernalised, planted in 10 1 containers in four replicates and
harvested in spring 2011 at heading (when three spikes were visible). Each pot
received an equivalent of 100 kg nitrogen per ha at the beginning of May. The har-
vested plant materials were dried at 70 °C for 48 h and separated in five fractions:
blade, sheath, stem, spike and dead material. These fractions were weighed, ground,
and analysed by near-infrared reflectance spectroscopy (NIRS FOSS XDS).
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NIRS and Wet-Chemical Analyses

Separate NIRS calibration models were built to predict blade, sheath and stem val-
ues, using 72, 40 and 32 diverse samples respectively. For these 144 samples, NDFD
was determined as described by Goering and Van Soest (1970).

Statistical Analysis

Plant values for NDFD were calculated using the organ-specific NDFD and NDF
values, and organ fractions. The software package R 2.15.1 was used to determine
genotype and organ effects by ANOVA (type II) and multiple linear regression
(MLR). For pairwise comparison of genotypes, a Tukey test was executed. Finally,
the effects of organ-specific NDFD values and the weight fraction of blade on plant
NDEFED values were estimated by MLR.

Results and Discussion

Inter-genotypic Variation for NDFD

For the 13 diverse genotypes studied, 95 % of the variation in NDFD falls within a
range of 7.8 units. Although this measure of variation is not an estimation of the true
population variance, it does suggest that there is sufficient variation in NDFD at the
plant level. The statistical analysis shows a significant genotype effect (p<0.001),
with genotypes explaining 68.0 % of the total variation (R?).

Compared to the total plant, the variation for blade NDFD is slightly lower, while
for sheath and stem, the variation is much higher (Table 16.1). For all organs, a
simple ANOVA shows a significant genotype effect (p<0.001). For blade, geno-
types explain 76.1 % of the variation, for sheath 79.0 % and for stem 80.4 %. Thus,
more variance is explained when organs are evaluated separately. Consequently, by
separating organs, more genotypes could be differentiated in their NDFD value, as
confirmed by homogeneous grouping (Tukey, not shown).

Differences for Blade, Sheath and Stem NDFD

On average, NDFD is significantly higher for blade than for sheath and stem (95 %
C.I. 6.1-7.7 for sheath and 9.9-11.5 for stem). However, a significant genotype by
organ interaction is found (p<0.001). For example, Sibasa_235 shows no significant
difference between blade and sheath NDFD, while Barata_198 shows no significant
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Table 16.1 Summary table of genotype means and variation

Heading/ NDFD (%) Weight fraction (%)
harvest date | Plant | Blade |Sheath |Stem |Blade |Sheath |Stem |Stem+sheath
Mean | 01/06 758 |78.6 |71.7 679 |579 |25.8 122 |38.1
Min. | 16/05 72.8 |757 66.1 594 472 13.7 4.7 19.4
Max. | 14/06 794 809 |78.2 76.6 |77.6 332 18.2 |47.0
95% |35.1 7.8 6.2 14.2 18.6 |39.1 24.2 17.8 | 36.7

range

“95 % range” is the range within which 95 % of genotype values fall, assuming a normal distribu-
tion (2*¥1.96*SD)
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Fig. 16.1 Left: average NDFD value for each genotype, for separate organs and plant values.

Right: average weight fraction of each organ for each genotype. Genotypes are sorted in increasing
plant NDFD

difference between blade and stem NDFD (Fig. 16.1). However, for each genotype,
NDEFD for blade is significantly higher than for sheath and stem combined. Thus,
selecting higher blade fractions is another option to increase plant NDFD.

Genotypic Variation in Weight Fractions of Blade, Sheath
and Stem

On average, 57.9 % of the plant is blade, 25.8 % of the plant is sheath and 12.2 %
of the plant is stem (Table 16.1). Although sheath and stem fractions are rather
small, together they still comprise 38.1 % of the plant. Significant genotypic dif-
ferences in weight fractions were identified for each organ, with genotypes
explaining 83.2 % of the variation for blade, 82.7 % for sheath and 67.6 % for
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Table 16.2 Multiple linear regression model

Estimate SE 95 % C.1. p-value VIF
(Intercept) 75.78 0.18 75.36-76.20 <0.0001
Blade NDFD 0.39 0.18 -0.02-0.78 0.0596 2.14
Sheath NDFD 0.35 0.06 0.20-0.49 0.0006 1.42
Stem NDFD 0.16 0.04 0.06-0.26 0.0068 1.25
Blade fraction 0.08 0.02 0.02-0.13 0.0096 1.45

Average plant NDFD is estimated by NDFD of each organ and the blade fraction (which is com-
plementary to sheath and stem fraction). The intercept is the expected NDFD of a plant with an
average blade fraction and average organ NDFDs. Variation inflation is limited as shown by the
VIF factors (<3)

stem. Indeed, within the set of genotypes, leafy genotypes could be differentiated
(e.g. Sibasa_235 and Carillon_91) (Fig. 16.1). Further, the sheath-to-stem ratio is
not significantly different across genotypes (2.3 on average), except for
Barata_198 (6.2). Excluding Barata_198, the correlation between sheath and
stem weight fractions is 61 %.

Strategies to Increase Plant NDFD

In this study, three possible ways of increasing plant NDFD are considered: (1)
increasing the blade fraction, (2) increasing NDFD for blade, the largest plant frac-
tion and (3) increasing NDFD for sheath and stem, the less digestible fractions. To
assess the extent to which these strategies would affect total plant NDFD, a multiple
linear regression was carried out (Table 16.2). Although the blade fraction is high,
increasing NDFD for blade has no significant effect on plant NDFD in this experi-
ment (p=0.06), which is due to lack of variation. Increasing sheath and stem NDFD
seems to have the highest impact, even though they separately represent a low frac-
tion. Increasing sheath NDFD by 10 units increases plant NDFD with 3.5 units,
increasing stem NDFD by 10 units increases plant NDFD with 1.6 units. Together,
an increase of 5.1 units in plant NDFD could be achieved.

As blade is better digestible than sheath and stem, changing its weight fraction
will also significantly affect plant NDFD. Increasing the blade fraction by 20 units,
will increase plant NDFD with 1.6 units. However, as significant genotype by organ
interactions are found, the extent to which increasing the blade fraction will affect
plant NDFD is genotype dependent. The higher blade NDFD compared to sheath
and stem, the larger the effect of increasing blade fractions will be. Simultaneous
breeding for a higher sheath and stem NDFD will reduce the difference with blade,
and thus, limit the effect of increasing the blade fraction.

The results presented here are still to be confirmed by repeating the experiment
for a second year. Further, a larger population (n=600) is being screened for leaf-
to-stem ratio and organ-specific NDFD values to estimate the true population vari-
ance in diploid Lolium perenne.
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Conclusion

A high diversity in NDFD plant values was noted for the first cut of perennial rye-
grass at heading stage in this set of 13 genotypes. To maximise selection response,
we advise selecting genotypes with a high NDFD for sheath and stem, separately or
combined. Our results demonstrate that differentiating between different organs is
necessary to improve total plant NDFD.
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Chapter 17
Factors Influencing Animal Preference
of Tall Fescue Genotypes

Mathias Cougnon, J. De Koker, V. Fievez, and D. Reheul

Abstract An important disadvantage of tall fescue (Festuca arundinacea Schreb.)
is its low voluntary intake, resulting in low performances under a grazing manage-
ment. Our breeding objective was to relate animal preference with leaf morphology
and mechanical characteristics. Sixteen different clones were selected from a breed-
ing programme and cloned to be planted in mini swards grazed by sheep and rab-
bits. In 2012 we measured leaf blade length, width, shear breaking load, shear
strength, pre-grazing sward height, leaf harshness, dry matter content and rumen
degraded organic matter. Leaf harshness, pre-grazing sward height and rabbit pref-
erence were the best estimators for sheep preference.

Keywords Tall fescue * Sheep preference * Rabbit preference ¢ Shear strength

Introduction

The low voluntary intake and digestibility of tall fescue (Festuca arundinacea
Schreb.; Fa) compared to ryegrasses (Lolium sp.) are limiting the use of Fa in grass-
land based production systems found in NW Europe. As soft leaved genotypes
proved to have a higher animal preference in the past (Gillet and Jadas-Hecart 1965;
Jadas-Hecart 1982; Rognli et al. 2010), the softness of the leaf blades, determined
by touching the plants, is used to select genotypes with a potentially higher animal
preference. Scoring for leaf softness is highly subjective and demands a lot of expe-
rience. Moreover leaf softness is a very complex trait influenced by e.g. leaf dimen-
sions and plant architecture. Repeatable, stable and quantifiable methods producing
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results matching with animal preference may advance the breeding of genotypes
with improved animal preference.

The objective of this study was to relate animal preference with leaf morphology
and mechanical characteristics of leaves. Our research hypotheses were:

* Sheep can be used to distinguish between genotypes of Fa in a consistent way.

» Grazing preference is positively correlated with digestibility and negatively cor-
related with leaf harshness, leaf shear strength, leaf shear breaking load and dry
matter content.

» Rabbits and sheep have a similar preference.

Material and Methods

A grazing trail comparing 16 tall fescue (Fa) genotypes (extracted from ecotypes
and from varieties), with contrasting morphogenetic traits (broad vs. fine leaves,
dark green vs. light green leaves, soft vs. hard leaves) was established in March 2011
on a sandy loam soil at the experimental farm of Ghent University in Melle, Belgium.
Plant material to establish the trial was dug out from a clonal nursery in the spring
of 2011. Sixteen selected clones were divided into at least 240 genets of 3-5 tillers.
All plots were planted with genets of a single clone spaced 0.20 m between and
within the rows, resulting in plots of 2.4 m? with genetically identical plants. The
trial was planted as a randomized complete block design with four replicates. No
measurements were performed in the year 2011, allowing the swards to establish.

In addition, 12 genets of each of the 16 clones were planted in a spaced plants
trial with four blocks. In each block, three genets of each of the 16 clones were
planted randomly with 0.5 m between and within the rows. The spaced plants trial
was fenced to allow grazing by rabbits.

On four occasions in 2012, pre-grazing sward height, leaf blade length, leaf blade
width, leaf blade breaking load, leaf blade shear strength and leaf harshness and graz-
ing preferences by sheep and rabbits were measured. Pre-grazing sward height was
measured with a falling plate meter on four randomly selected spots per plot (Bransby
et al. 1977). Leaf blade length, width, shear breaking load and shear strength were
measured on ten randomly selected adult leaves per clone. Leaf blade width was
measured with vernier callipers at 1/3 of the distance between the ligule and the tip;
leaf blade length from the ligule to the tip was measured using a ruler. Leaf shear
breaking load, the maximum load needed to cause breakage at a 90° breaking angle
to the length of the leaf, was measured using a Warner-Bratzler meat shear apparatus.
Leaf shear strength was calculated by dividing leaf shear breaking load by leaf width.
Leaf harshness was scored by two plant breeders on an ordinal scale from 1 (very soft
and flexible leaf blades) to 5 (very hard and rough leave blades).

In three of the four grazing periods, apparently rumen degraded organic matter
(RDOM) (Demeyer 1991) and dry matter content (DMC) of the clones were
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measured. One sample of 500 g of fresh material per clone was collected by clip-
ping circa 125 g of grass from each plot (clipping height 5 cm) and by pooling the
material over the replicates. This pooling was necessary because the plots were too
small to harvest enough material per plot for the lab measurements without jeopar-
dizing grazing observations. The samples were dried for 16 h at 75 °C. Samples
were taken prior to the grazing period.

The trial was stocked with Flemish sheep that had been grazing for at least 2
weeks on tall fescue pastures adjacent to the trial. Stocking density was adapted to
allow complete grazing of the trial in circa 1 week. In accordance with Jadas-Hecart
(1982) and Shewmaker et al. (1997), grazing preference was scored every morning
on an ordinal scale from O (no grazing at all), 1 (between 0 and 10 % of standing
biomass eaten) to 9 (between 80 and 90 % of standing biomass eaten). As soon as
the best grazed genotypes had reached a score of 9, measurements were stopped.

Parallel with the sheep grazing, four female rabbits (local race) were allowed to
graze the spaced plants trial. During each grazing period all individual plants were
scored twice on an ordinal scale from 0 to 9. The observation with the best discrimi-
nation between the clones was withheld.

Linear regression between sheep preference and the different variables was per-
formed. A multiple linear regression model was fitted to all the data to find out which
of variables resulted in the best prediction of sheep preference. The minimum ade-
quate model was obtained by minimizing the Akaike’s information criterion (AIC).

Results and Discussion

Significant genotypic differences in preference occurred. The most preferred and
least preferred clones were consistently the same over the different grazing periods.
The sheep preference observations made at the beginning of each grazing period
discriminated more between the genotypes than the observations made at the end of
each grazing period. At the end of the grazing periods differences in preference
between the genotypes decreased. Obviously, this was a result of the decreasing
forage availability of the preferred genotypes.

A significant negative correlation was found between sheep preference and leaf
harshness (Y =-0.36x; p=0.007, R?=0.11), pre-grazing sward height (Y =-0.66x;
p<0.001; R?=0.42), leaf blade length (Y =-0.27%; p=0.047, R?=0.05), leaf blade
shear strength (Y=-0.30x; p=0.025, R?=0.07) and DMC (Y=-0.38x; p=0.014,
R?=0.12). Slopes were not significantly different from 0 for leaf blade width
(p=0.24), leaf shear breaking load (p=0.073) and RDOM (p=0.014). A significant
positive correlation was found between sheep preference and rabbit preference
(Y =0.69x; p<0.001; R?=0.47).

Over all experimental periods, rabbit preference, leaf blade harshness and pre-
grazing sward height were the variables that correlated best with sheep preference.
This was reflected in the multiple linear regression model. In the minimum adequate
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model (R?=0.73) the effects of pre-grazing sward height (p=0.016), leaf blade
harshness (p=0.001) and rabbit preference (p=9.7*1078) were significant; whereas
the effects of leaf shear strength (p=0.162) and leaf breaking load (p=0.145) were
not significant.

Genotypes with an erect growth habitus had a high pre-grazing sward height and
were disliked. Erect growing genotypes may sting the muzzle of the grazing animal
more than prostrate growing types. Our sheep preferred genotypes with rather short
leaves or long leaved genotypes with flexible (non-erect) leaves that produced
swards with small heights.

Rabbit and sheep preference correlated well. So the small rabbits are a good
proxy for ruminants which may offer advantages particularly in the early stages of
abreeding programme when replicates of plant material are not obvious. Digestibility
measurements and dry matter measurements were no more than indicative in this
trial, as replicates were absent for these variables. There seemed to be no direct
effect of both variables on the preference in our study. The large morphological dif-
ferences in our trial might have masked the more subtle effect of digestibility. The
effect of digestibility on preference of grazed tall fescue should be studied in more
detail, with genotypes with a similar morphology. Given the positive relationship
found between water soluble carbohydrate content (WSC) and preference in tall
fescue varieties found by Mayland et al. (2000), it would be interesting to include
the concentration of WSC in further studies.

The results suggested that the preferred clones were soft, fine leaved and low
growing, but that not all clones with these properties were preferred. With the
knowledge we have now, animal preference trials remain the best method to make
progress in animal preference for tall fescue.

Conclusion

Both sheep as rabbits distinguished between the clones in a significant and consis-
tent way. Leaf harshness, pre-grazing sward height and rabbit preference were the
best estimators for sheep preference.
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Chapter 18
Fair Evaluation of Yield Potential
in Forage Species Evaluation

UIf Feuerstein and Anita Swieter

Abstract The evaluation of yield and quality in forage species is more laborious
and time consuming and yet less precise than in cereals. Some reasons are well
known, have been discussed frequently (multi cut and multi year trials) and will be
difficult to overcome. In the last years another reason for the low repeatability of
forage trials came into focus — the wide range of heading date.

In 2006 five breeding companies (DLF Trifolium, Barenbrug, Deutsche
Saatveredelung, NorddeutschePflanzenzucht and Saatzucht Steinach) started a joint
project with the Federal Plant Variety Office, Germany (BSA). Its aim was to get
more information about the influence of heading date on the yield and quality results
in the existing testing systems. The project was carried out between 2008 and 2010
at five locations in Germany and The Netherlands. Yield data collection and pro-
cessing was done like in a normal yield trial (VCU trial) by the BSA. Additionally,
samples for quality analysis were taken and analyzed in an ongoing second project
supported by the German Agency for Renewable Resources (FNR).

This paper examines the difficulties of a fair evaluation of yield and quality
potential, identifies the problems and points to possible solutions in order to over-
come the most dangerous pitfalls.

Keywords Variety evaluation » Heading date * Yield and quality * Ryegrass  Lolium

Introduction

The harvest date of forage plants is oriented towards a certain developmental stage.
According to this the varieties to be compared should be harvested at the same stage
of development. Although this is very important for yield testing and even more
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important for quality assessment it is often disregarded in the current practice. For
practical reasons the tester harvests all entries in most forage species at one particu-
lar date. Only entries in those species which exhibit a very wide range in heading
date are divided into two or three harvesting groups.

In general it can be assumed that grass increases its biomass after start of grow-
ing in spring until a certain growing stage after flowering. Parallel to this increasing
biomass the quality is reduced. Varieties with an earlier heading date pass through
the different stages of development earlier than varieties with a later heading date.
As aresult early varieties have over a certain time at the same date, during the first
growth, a higher biomass yield and lower quality as late varieties.

To overcome this problem many variety tests of perennial ryegrass are divided in
three harvest groups: early, intermediate and late. Each of these groups cover a
range in heading date between 10 and 18 days. Due to these harvest groups the
problem of the different heading dates in a species is reduced but not eliminated.

Therefore already during the 1970th in England and Wales a model was installed
to compensate the different heading dates (Walters 1984). This model based on two
assumptions:

1. Dry matter yield increases about 133 kg ha™! day~! and
2. Digestibility (D-value) falls per 0.33 units day~.

This model allows for a given harvest date, where yield and digestibility is
assessed, adjustments for every variety. In the case of England and Wales each vari-
ety was adjusted to the value of 67 % digestibility (67 D-value). However this model
is also based on the assumption that all varieties respond in the same linear way.
Some breeders doubt this and this model was not used any more after 2007.

To build up models which are individual it is necessary to get more information
for each variety. The simplest linear adjustment requires extra harvests of a mini-
mum of three quality and yield points (1 week before to 1 week after the ideal cut-
ting date). This extra work load in harvesting yield trials is impracticable. Hence the
question: How relevant are these differences in yield and quality between actual
cutting date and ideal cutting date (e.g. at 67 D-value)?

To get an answer to this question breeders had many discussions with plant vari-
ety rights offices. 2006 five breeding companies (DLF Trifolium, Barenbrug,
Deutsche Saatveredelung, NorddeutschePflanzenzucht and Saatzucht Steinach)
started a joint project with the Federal Plant Variety Office, Germany (BSA). The
aim was to get more information about the influence of heading date on the yield
and quality results in the existing testing systems.

Material and Methods

Plant Material

A field trial with 14 diploid and 5 tetraploid varieties of perennial ryegrass (Lolium
perenne L.) was carried out. The following varieties were selected (heading date in
days after 1st of April in brackets), including the checks of the official VCU-test in
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Germany: Lipresso (check, 41), Liconda (45), Abersilo (46), Trintella (48),
Aubisque (check, 50), Respect (check, 51), Fennema (52), Chicago (53), Barata
(53), Bargala (53), Eurocity (55), Niata (56), Toledo (57), AberAvon (59), Licampo
(60), Stefani (61), Forza (62), Denver (62), Sponsor (64).

The intermediate harvest group ranges from 48 days up to 58 days. Varieties
which are up to 3 days earlier or later than this range are accepted for the VCU-test,
varieties which are even more early or late are excluded if they were appointed to
the intermediate harvest group.

Experiment Set Up

Objective of this project was to calculate the ‘real’ yield and the ‘real’ quality from
a certain phenological stage in relation to the cutting date.

The experiment was designed as block design with four replications at five loca-
tions (Asendorf, Malchow, Steinach, Lelystad and Moerstraten).

The experiment was carried out in two different managements.

1. Standard management: like in official trials — all entries of one harvest group are
cut at the same date.
2. Individual management: each entry is cut at its individual heading date

The experiments were carried out like the official variety tests (VCU-trials) in
Germany (Bundessortenamt 2008). The harvest was done with forage harvesters.

Statistical Analysis

The data were collected by the Federal Plant Variety Office, Germany (BSA). The
calculation was done by the statistical program of the BSA parallel to the calcula-
tion of the regular VCU-trials.

Results and Discussion

The yield of early varieties in a harvest group was higher than in the later ones if the
cut was done at one harvest date (standard management). For the individual manage-
ment — each variety was cut at the same phenological stage — the contra was true. In
both cases there was a high relationship between yield and heading date. For the
standard management a decrease of 0.91 % dry matter yield in the first cut was found
for each day later in heading. For the individual management an increase of 1.24 %
dry matter yield in the first cut was found for each day later in heading (Fig. 18.1).

For the total dry matter yield this relationship was weaker but still remarkable.
For the standard management there was a decrease of 0.32 % day~! and for the indi-
vidual cut an increase of 0.33 % day'.
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Fig. 18.1 Management comparison of dry matter yield (Ist cut — relative to trial mean)

There is a difference of 3.2 % in dry matter yield between early and late varieties
of the intermediate harvest group which is exclusively caused by the difference in
heading date.

Therefore cutting management has significant influence on the dry matter yield
of varieties. This influence is biggest in the first cut, but still remarkable over all
cuts. Different varieties react differently to deviating cutting managements.

Conclusions

Today’s variety-tests are not fair because of dissimilar heading dates and dissimilar
quality characteristics.

The fairness of variety-tests should be improved by means of suitable
adjustments.

The D-value adjustment concept is a fine first step but does not take into account
residual differences in quality decline or yield increase.

A group of forage breeders has started to collect data to create a model for a bet-
ter comparability and fairness of variety evaluations in terms of yield and quality.
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Chapter 19

Patterns of Morphophysiological Diversity
and Their Implications for Selection

of Grazing-Tolerant Lucerne

Luciano Pecetti, Paolo Annicchiarico, and Massimo Romani

Abstract Grazing-tolerant lucerne (Medicago sativa L.) has gained popularity for
exploitation in pure stands or as a component of legume-grass mixtures in grazing
systems of temperate regions. A challenge for breeders targeting mild-winter
regions, such as Mediterranean Europe, is the selection of grazing-tolerant germ-
plasm with low cold-season dormancy, because grazing-tolerant materials tend to
possess marked autumn dormancy. It is unclear whether the relationship of persis-
tence under grazing with autumn dormancy and low-growing habit is genetically
based. In this study, four biparental populations of lucerne were evaluated for a set
of morphophysiological traits and tolerance to heavily-stocked continuous sheep
grazing. The populations originated from crosses between prostrate, dormant,
grazing-tolerant germplasm and erect, non-dormant, little tolerant germplasm. The
work aimed at exploring the patterns of morphophysiological variation in the popu-
lations, and assessing the relationships of plant morphophysiology with grazing
tolerance. Great variation was found for all traits both among populations (except
for grazing tolerance) and among F; progenies within populations. The correlations
between survival after grazing and morphophysiological traits indicated better tol-
erance of genotypes with more prostrate habit and larger crown. The undesired cor-
relation between grazing tolerance and cold-season dormancy did not occur
consistently in all populations. The results can help understand to which extent
different useful traits can be combined into a grazing-tolerant variety targeted to
mild-winter environments.

Keywords Cold-season dormancy ¢ Grazing tolerance * Growth habit ® Medicago
sativa

L. Pecetti (<) * P. Annicchiarico * M. Romani

Consiglio per le Ricerca e la Sperimentazione in Agricoltura,

Centro di Ricerca per le Produzioni Foraggere e Lattiero-Casearie (CRA-FLC),
viale Piacenza 29, 26900 Lodi, Italy

e-mail: luciano.pecetti @entecra.it

© Springer Science+Business Media Dordrecht 2014 137
D. Sokolovié et al. (eds.), Quantitative Traits Breeding for Multifunctional
Grasslands and Turf, DOI 10.1007/978-94-017-9044-4_19


mailto:luciano.pecetti@entecra.it

138 L. Pecetti et al.
Introduction

Although mainly exploited for hay-making, lucerne is also used as a valuable graz-
ing crop in different countries. Better comprehension has been achieved in the last
decades of the morphological and physiological mechanisms underlying the toler-
ance to grazing in lucerne and several traits have been claimed to contribute to toler-
ance, including decumbent growth habit, large and deep-set crown and prolific
underground budding (Smith et al. 2000). Successful attempts were made to com-
bine the advantages of a suitable morphology with those of the selection under
continuous and heavily-stocked grazing (Pecetti et al. 2008).

An additional challenge for breeders targeting mild-winter regions, such as
southern Europe, is the selection of grazing-tolerant germplasm with good growth
during autumn and winter, to better exploit the potential growing season. A close
phenotypic relationship among grazing tolerance, marked cold-season dormancy
and low stature emerged in some studies (Pecetti et al. 2008), which may have been
determined by the large use of germplasm introgressed with the autumn-dormant
M. sativa subsp. falcata. Various studies also suggested the presence of a trade-off
between persistence under grazing and forage yield under mowing (Smith et al.
2000; Pecetti et al. 2008), indicating that these traits are maximized by contrast-
ing morphophysiological types (the prostrate type tending to confer high grazing
tolerance but low forage yielding ability). It is unclear whether the relationships
between persistence under grazing, autumn dormancy and low-growing habit are
genetically based. This study was undertaken with the ultimate objectives of assess-
ing the genetic correlations between grazing tolerance, cold-season dormancy and
plant morphology, and acquiring phenotyping data to associate with future geno-
typing data for the implementation of marker-assisted selection simultaneously for
tolerance to grazing and limited dormancy. Aims of the current phase of the work
were: (i) exploring the patterns of morphophysiological diversity in each of four
biparental populations originated by crosses between prostrate, dormant, grazing-
tolerant germplasm and erect, non-dormant, little tolerant germplasm; and (ii)
assessing the relationships between grazing tolerance, dormancy, forage yield and
plant morphology.

Materials and Methods

Four biparental mapping populations were obtained from all combinations of pair-
wise crosses of two genotypes singled out from the experimental cultivar Camporegio
with two genotypes singled out from the old cultivar Mamuntanas. Camporegio is a
prostrate, very autumn-dormant and grazing-tolerant cultivar selected in northern
Italy from exotic germplasm (Pecetti et al. 2008), while Mamuntanas is an erect,
non-dormant and little grazing-tolerant old cultivar from Sardinia provided with
outstanding drought tolerance (Annicchiarico et al. 2013). Each population was
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represented by over 100 F, progenies clonally propagated by rooting stem cuttings.
They were replicated three times in a randomized complete block design, with four
clonal plants per plot. Plants were transplanted in autumn 2010. All the progenies
were evaluated for average spring dry-matter (DM) per plant in one harvest of 2011
and of 2012. Plant crown diameter (on early vegetative regrowth), growth habit (on
a 1-6 scale based on shoot erectness), and middle leaflet area were also evaluated in
spring 2012. Mean shoot length in late autumn and at the end of winter were
recorded, using their mean value per plot as an index of cold-season vegetative
activity. From the beginning of June to mid-September 2012 (140 days) the trial was
managed under continuous sheep grazing and high-stocking rate (about 50 ewes/ha
equivalent). Grazing tolerance of each progeny was estimated in early October as
percentage of plant survival per plot.

Data were subjected to analysis of variance (ANOVA) assessing the variation
both among populations and among progenies within populations. Frequency distri-
butions of progenies within each population were determined for all traits. Finally,
phenotypic correlations were computed, over all progenies and within each popula-
tion, between grazing tolerance and the morphophysiological characters.

Results and Discussion

Grazing tolerance was very high (over 90 % mean survival) and not different among
populations, although the two Mamuntanas parents showed different response to
grazing (Fig. 19.1). For all other traits, however, the variation among populations
was remarkable according to ANOVA (P<0.001). Progenies within populations
differed for all traits (P<0.01). In each population, the values of the two parents for
morphophysiological traits tended towards the extremes of the range of the respec-
tive progenies (see Fig. 19.1 for the cold-season vegetative activity), confirming
their usefulness for establishing highly-variable mapping populations. However,
for plant vigour (as average DM per plant summed over the two spring harvests)
there was high frequency of progenies exceeding the values of their respective par-
ents (Fig. 19.1), suggesting the expression of some heterosis when crossing such
distant parents.

Phenotypic correlations between survival after grazing and morphophysiological
traits (data not reported) confirmed the previously observed relationship between
persistency, prostrate habit and crown spreading (Pecetti et al. 2006). However, the
populations differed for the extent of these correlations. For instance, grazing toler-
ance was not related to crown diameter in Population C, or to growth habit in
Populations A and B. The undesirable negative correlation between grazing
tolerance and cold-season vegetative activity was not univocally present in all popu-
lations. Plant vigour and grazing tolerance were never correlated, suggesting inde-
pendent mechanisms underlying the two characters. However, the current
relationships of grazing tolerance with other traits await confirmation from on-
going evaluation work aimed to assess the grazing tolerance of the material over a
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Fig. 19.1 Progeny frequency (%) in four biparental populations (A to D) for different classes of
(top to bottom graphs): (a) plant vigour (g DM plant™ over two spring harvests); (b) cold-season
vegetative activity (shoot growth, cm); and (c¢) survival to heavily-stocked continuous sheep graz-
ing (%). In each population and for each character, the class of each parent is also shown
(Mamuntanas parents: circles; Camporegio parents: triangles)

longer grazing period. Material that underwent greater recombination (e.g. F, gen-
eration) would be particularly useful in this respect. Based on the present results,
combining useful agronomic traits into a grazing-tolerant variety with flexibility of
utilization and adaptation should not be precluded, when relying on a wide and
diverse genetic base as the present one.
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Chapter 20
Combining Abilities of Different Alfalfa
(Medicago Sativa L.) Varieties

Jasmina Radovic, Zoran Lugic, Dejan Sokolovic, DusSica Delic, Tanja Vasic,
Snezana Andjelkovic, and Snezana Babic

Abstract The objective of this study was to test the general combining ability
(GCA) of different alfalfa varieties, with the main objective being to improve local
varieties through the selection of good parental gene donors. Foreign varieties that
in previous studies had been found to adapt well to agro-ecological conditions in
Serbia were selected as possible gene donors. The female parental lines from
domestic cvs K 22 and K 28 were crossed with the males of seven different alfalfa
varieties. Progenies from the crosses were sown in nursery and observed during the
second and third year of growth in the experimental field at the Institute for Forage
Crops, Krusevac. Results showed significant differences between progenies.
Variation among progenies for forage yield and forage yield components (plant
height and number of stems per plant) were primarily attributed to general combin-
ing effects. The variety Magna had the best GCA with all domestic varieties for
forage yield and was an excellent donor for improving this trait. Cultivars Integrity
and Magna had the best GCA for increasing the number of stems per plant. These
varieties demonstrated a favourable genetic potential that could contribute to the
improvement of alfalfa yield in our breeding program. Varieties Vali and Pointer
showed negative results for all traits and their poor GCA indicated that they are not
suitable for improving domestic selection material. The best progeny will be used
as parental lines in a new synthetic variety.
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Introduction

Results in plant breeding depend primarily on the extent and type of variability in the
breeding material and on choosing the appropriate selection methods (Veronesi et al.
2010). Although populations of alfalfa have a broad genetic base for the most important
traits, increasing the existing variability by introducing new material is always desir-
able. Increasing variability in selection material can be achieved by the introduction of
genetically divergent material that may be a new source of diversity. It may be possible
to develop progenies that are superior in yield by crossing high yielding alfalfa cultivars
of different geographic origin (Tucak et al. 2012). They could, in any case, be a new
source of variability, especially for some traits that are missing in domestic cultivars
(Radovi€ et al. 2009). Before introduction in the breeding process, it is important to test
foreign selection material for productivity, adaptation to the new environment, persis-
tence and other important traits. The most economically important characteristics of
alfalfa, such as green forage and dry matter yield and quality, persistency, plant height,
number of shoots and regrowth, are all quantitative traits (Veronesi et al. 2010). Alfalfa
traits whose inheritance is complex in nature (i.e., all the above listed traits) require
breeding procedures that include progeny tests (Woodfield and Brummer 2001).

Also, knowing some genetic parameters, such as combining ability, could be
useful. The improvement made by a preliminary selection of lines for their GCA
comes from the additive variance in the base population. Any further improvement,
making use of the non-additive genetic variance, must come from selection for the
specific combining ability (SCA) (Falconer and Mackay 1996).

The contributions of both GCA and SCA are important in explaining variation in
dry matter yield between alfalfa progenies (Tucak et al. 2012). GCA contributed
significantly to genetic variation in forage yield, while SCA (non-additive gene
action) was not significant. Also, it is difficult to detect the SCA effect in alfalfa,
which is an autotetraploid, due to the existence of both trigenic and tertagenic gene
action (Bhandari et al. 2007).

The objective of this research was to assess the GCA of different alfalfa varieties
by studying the F1 progeny and to determine their genetic potential for improving
local alfalfa varieties.

Material and Methods

Seven varieties from USA (Pointer, Tru Test, Integrity, Magna, G+ 13R), Croatia
(OS 95) and Slovak Republic (Vali), which in a previous study had been shown to
adapt well to agro-ecological conditions in Serbia, were chosen as possible gene
donors to improve domestic varieties Krusevacka 22 (K 22) and Krusevacka 28 (K
28). The study was conducted during 2009—2012 in a field experiment at the Institute
for Forage Crops, Krusevac. Parental female components selected from domestic
varieties were crossed with male parent components from seven different alfalfa
varieties (14 crosses in total without reciprocals). Plants were hand-crossed, without
flower emasculation. The seed from each crossing (F1 progeny) were sown in
March 2010 in pots and grown in a greenhouse during the following month.
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Table 20.1 Average values of investigated traits and estimates for general combining ability of F1
progenies over 2 years

Cultivar | Pointer | Trutest | Integrity | G+13R | Magna OS 95 Vali GCA
Dry matter yield (g plant™)

K22 106.25 | 118.75 |173.25 171.75 | 171.50 162.50 130.50 | -1.60
K 28 150.00 | 197.00 | 139.50 112.25 |170.25 172.25 11575 | 1.60
GCA -21.28 8.48 6.98 -7.40 21.48** 1 17.98%*% |-26.28

Number of stems per plant

K22 32.71 32.96 42.80 52.56 42.33 43.07 30.59 1.86
K28 37.06 45.48 42.00 26.75 41.28 38.00 29.81 -0.52
GCA -7.52 1.50 4.68% 1.94 4.09%* 2.82% -7.52

Plant height (cm)

K22 95.86 101.88 |113.60 |102.25 |107.67 97.36 97.59 -2.23
K 28 100.22 | 109.70 | 98.50 101.25 |103.94 97.43 11246 | -1.19
GCA 1.91 2.67 -2.07 -1.37 2.69 -3.73 1.91

* #% significant at P<0.05 and P<0.01 level, respectively

Well-developed young plants were transplanted in the field. The field experiment
was designed as a randomized complete block with three replications. Twenty
spaced plants were analyzed per replicate (60 per variety). Four cuts per year were
made in the second (2011) and third year (2012) (eight cuts in total). The dry matter
yield (g plant™), plant height and shoot number per plant were recorded and pre-
sented as average values for all eight cuts. Analyses of variance (ANOVA) for gen-
eral combining ability (GCA) for the traits being investigated were carried out
according to Griffing’s (1956) Method 4 (F1 progenies).

Results and Discussions

The results revealed significant differences between F1 progenies (Table 20.1).
Average dry matter yields ranged from 115.7 g to 197.0 g plant™'. Estimates of GCA
ranging from 21.48 for cv. Magna to —26.28 for cv. Vali were obtained. Significantly
positive GCA was recorded in cvs Magna and OS 95, indicating that these two vari-
eties are good combiners and possess the potential to improve dry matter yield in
domestic varieties.

Negative estimates of GCA for this trait were observed for cvs Pointer and Vali.
Variety Magna had displayed a high yield potential in a previous study and, accord-
ing to cluster analyses, a large genetic distance from domestic varieties K 22 and K
28 (Radovi¢ et al. 2009). Based on that data, cv. Magna was expected to be a source
of genes and good traits for improvement of domestic varieties. Varieties Pointer
and Tru Test showed lower yield in the second year, suggesting that they do not
adapt well to changing climatic conditions, a trait which is very important for stable
forage yield during the total growth cycle of alfalfa. It is one reason why these vari-
eties show a low GCA compared with other varieties.

The highest number of stems per plant was recorded in progenies of crosses with
cvs Magna, Integrity and OS 95. Those varieties showed significant and positive
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GCA for this trait, while cvs Pointer and Vali showed negative GCA. Plant height
ranged from 95.86 to 113.6 cm, but there were no significant differences between
progenies for average values and estimated GCA.

It is important to note that cv Tru Test showed increased yield and number of
stems when crossed with K 28, but crossing with K 22 did not produce good results.
Also, the progeny of the cross between K 22 and G+ 13R showed excellent results
for dry matter yield and especially for number of stems per plant.

Several studies reported differences between alfalfa varieties for GCA and the
significant effect of GCA on genetic variation of forage yield (Mili¢ et al. 2010;
Tucak et al. 2012). This confirmed that alfalfa yield can be improved by exploiting
additive and non-additive gene effects. The predominance of GCA in determining
alfalfa forage yield has also been documented previously (Bhandari et al. 2007,
Mili¢ et al. 2011). In their investigation, Tucak et al. (2012) concluded that the prog-
eny of high yielding parents from the same geographical origin had lower yield than
progenies that were obtained from crosses between genetically divergent varieties.

According to estimates for GCA, the best gene pool for improving dry matter
yield of domestic cultivars were cvs Magna and OS 95. For increasing the number
of stems per plant, the best results were recorded for cvs Magna and Integrity. Dry
matter yield improvement can be achieved by the accumulation of favourable alleles
and exploiting heterosis effects. The parents of the best progenies will be used as
parental lines in a new synthetic variety.
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Chapter 21
Towards Productive Summer Dormant
Cocksfoot for Mediterranean Climates

Philippe Barre, Latifa Zhouri, Rajae Kallida, Bernadette Julier,
Naima Shaimi, Malika Fakiri, and Florence Volaire

Abstract There are different strategies for producing fodder crops without irrigation
under Mediterranean climate conditions. One strategy is to avoid the drought period by
using annual plants such as cereals or Italian ryegrass. Another strategy is to use peren-
nial forage species highly resistance to drought such as Dactylis glomerata or Festuca
arundinaceae. The advantage of the second strategy is a rapid growth when favourable
conditions come back after summer and good ground cover, which limits erosion.
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Summer dormancy, defined as an absence of growth in summer despite irrigation, is a
very effective adaptation to drought which has been observed in cocksfoot. Nevertheless,
summer dormancy in cocksfoot is associated with low vegetative productivity. The
objective of this study is to analyse the genetic and eco-physiological determinisms of
summer dormancy and vegetative growth in cocksfoot. For this purpose, the progeny
between a summer dormant genotype from the variety Kasbah and a summer active
genotype from the variety Medly is studied. The first results show that despite an
expected negative correlation (r=—-0.40) between summer dormancy and vegetative
plant growth, genotypes exist with the same summer dormancy level as the genotype
of Kasbah and a higher vegetative productivity than the genotype of Medly. These
results are promising for the development of new cocksfoot varieties combining both
summer dormancy and high vegetative productivity. The genomic regions implied in
the variation of these traits are under study and should be useful for breeding.

Keywords Drought resistance ® Cocksfoot Dactylis * Summer dormancy ¢ Genetic
determinism

Introduction

Climate change increases the risk of summer drought and the area of Mediterranean
climate conditions (IPCC 2007). Under such conditions, one strategy for producing
fodder crops without irrigation is to use perennial grasses that are highly resis-
tant to drought such as Dactylis glomerata or Festuca arundinaceae (Volaire and
Norton 2006). Summer dormancy, defined as “an endogenously controlled and
coupled series of processes comprising the cessation of leaf growth and senescence
of herbage expressed under nonlimiting water conditions in summer” (Norton et al.
2008), has been correlated with superior survival after severe and repeated summer
drought in a large range of perennial grasses (Volaire and Norton 2006). However,
complete summer dormancy seems to be associated with low productivity (Norton
et al. 2008; Shaimi et al. 2009). The objective of this study was to evaluate the pos-
sibilities of breaking this correlation between summer dormancy and productivity
in cocksfoot.

Material and Methods

A cross between a genotype of the summer dormant cultivar Kasbah and the summer
active cultivar Medly was performed under pollen-proof cages at INRA, Rabat,
Morocco. The hybrid nature of each sibling was checked with AFLP markers. Two
hundred and twenty nine hybrids were cloned and three cloned plants per hybrid were
planted in a completely randomized design in a nursery at the Guich experimental
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Table 21.1 Basic statistics for all traits and broad sense heritability

Plant
Traits Kasbah |Medly |number |Mediane Min. |Max. |SD |h?
Summer biomass (g plant™) | 1 5 94 6 1 28 6 0.36
Spring biomass (g plant™) |57 127 94 94 13 202 |44 048
Summer dormancy 9.7 9.4 94 9.3 80 |9.8 0.4 0.26
Senescence (%) 87 38 94 46 8 93 20 10.49
Heading date (days) 83 76 94 75 62 92 6 0.62

station of INRA, Rabat in February 2011. The plants were fertilized at the beginning
of the experiment (N, P, K) and irrigated in summer. In 2012, hand cuts at 10 cm
height were performed on the 31st of January, the 2nd of April, the 15th of May and
the 11th of September. 40 U of nitrogen was supplied after the first three cuts.

In 2012, on each plant and in all cuts, dry matter yield (g plant™!) and heading date
(when at least three spikes are visible, presented as number of days from the 1st of
January) were measured. The percentage of senescence of the plants was assessed the
4th of July (O=all tissues green, 100=no visible green tissues). The first harvest was
not taken into account and was considered as a starting point. Spring biomass was
calculated by adding the biomass harvested after the second and the third cut. Summer
biomass was measured by the biomass harvested after the cut in September. Summer
dormancy was calculated based on the summer dormancy index of Norton et al. (2008)
as S/Sp=(100-[(summer yield/spring yield) x 100])/10, which ranges between 1 =sum-
mer active and 10=fully summer dormant. Only genotypes with no missing data (three
replicates) were used. The analyses were performed with the software Statistica
StatSoft. Broad sense heritability was calculated as h*=0? geno/(c*geno+o2error/3).

Results and Discussion

A significant (p<0.05) genotype effect was detected for all traits. The heritability
was low to moderate (Table 21.1). For each trait, the variability observed in the
progeny was higher than the range of the parents (Table 21.1). The correlations
between traits are presented in Table 21.2. It shows: (i) a negative correlation
between spring biomass and heading date, as was observed in the parents (Medly
was more productive and flowered earlier than Kasbah), (ii) a positive correlation
between summer and spring biomass, which was linked to the size of the plant, but
(iii) no significant correlation between spring biomass and summer dormancy, tak-
ing into account the size of the plant in the calculation, (iv) a negative correlation
between the percent of senescence and the spring biomass, although this correlation
was not tight and highly senescent and productive genotypes were observed, (v) a
positive correlation between summer dormancy and senescence, which show the
same physiological process. It was possible to find genotypes in the progeny with
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Table 21.2 Correlations between traits

Traits Spring biomass | Summer dormancy | Senescence | Heading date
Summer biomass 0.60 -0.77 -0.52 0.03

Spring biomass -0.12 -0.42 -0.32
Summer dormancy 0.50 -0.20
Senescence 0.10
Heading date

Significant correlations p < 0.05 are in bold
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Fig. 21.1 Relationships between spring biomass and summer dormancy. The ellipse identifies
interesting genotypes with high summer dormancy and high spring growth

the same level of summer dormancy as Kasbah and a higher spring biomass than
Medly (Fig. 21.1).

These results showed that it should be possible to break the negative correlation
between summer dormancy and spring yield observed in natural populations, and
eventually to create varieties with a high level of summer dormancy and a good
level of vegetative production in spring. Currently, genetic determinism of summer
dormancy and spring production is being explored in the progenies through QTL
analysis, in order to verify the importance of the trade-off between summer dor-
mancy and drought survival.
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Chapter 22
Potential of Some Neglected European Annual
Legume Crops for Forage Production

Aleksandar Mikic and Vojislav Mihailovic¢

Abstract There is a general trend of re-introducing currently neglected and
underutilised crops into diverse farming systems and providing them with novel
roles in contemporary agriculture, which is faced with numerous challenges. One
such novel role could be the use of traditional grain legume crops for forage produc-
tion. One of the essential traits needed for improving the potential of quality forage
production in faba bean is a decreased proportion of lignin in forage dry matter,
providing more slender stems with a higher nutritional value for feeding ruminants.
Hairy vetch demonstrates a wide variability of agronomic traits and may be regarded
as having great potential for utilisation in breeding and developing new cultivars for
forage production and green manure. The future breeding efforts will emphasize
chemical composition, especially crude and digestible protein and fibre content.
Despite its relatively short stem length, bitter vetch may serve as one of the best
ideotypes in breeding annual forage legumes because of its large number of photo-
synthetically active leaves and its extremely good utilisation of growing space. The
indeterminate stem growth is one of the main obstacles in developing the grass pea
cultivars with both high forage yield and reliable seed yield. This trait is equally
important in hairy vetch, and needs to be efficiently solved for both forage and grain
production.

Keywords Annual legumes ¢ Breeding ¢ Forage production ¢ Neglected crops

Important and Neglected Annual Legume Crops

Legumes (Fabaceae Lindl., syn. Leguminosae Juss.) are one of the richest and the
most important plant families in the world. They comprise annual and perennial,
herbaceous, shrubs and trees, and temperate and tropical species (Lewis 2005).
Many legume species are of significant economic importance. They are used both
for human consumption as immature pods, immature grains or mature grains, and in
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animal feeding in the form of fresh forage, forage dry matter, forage meal, immature
grains, mature grains and straw (Mikic et al. 2006). Some legumes are also suitable
for grazing and browsing, while some are extensively used as green manure and
thus are extraordinarily important in organic farming and sustainable agriculture
(Cupina et al. 2011).

Perennial legume species, such as lucerne (Medicago sativa L.), red (Trifolium
pratense L.) and white (Trifolium repens L.) clovers, birdsfoot trefoil (Lotus cor-
niculatus L..) and sainfoin (Onobrychis viciifolia Scop.) are considered some of the
most important crops in feeding ruminants, with advanced and extensive breeding
programmes worldwide (Marshall et al. 2008; Annicchiarico and Scotti 2009;
Regos et al. 2009; Julier and Meusnier 2010; Riday 2011). On the other hand,
annual legume crops are often used as grain in feeding monogastrics, especially
chickens and pigs, with pea (Pisum sativum L.), faba bean (Vicia faba L.), lentil
(Lens culinaris Medik.), chickpea (Cicer arietinum L.), white lupin (Lupinus albus
L.) and soya bean (Glycine max (L.) Merr.) the most significant (Leterme and
Théwis 2004; Gabriel et al. 2008).

Despite the fact that pea, lentil, chickpea, bitter vetch (Vicia ervilia (L.) Willd.)
and grass pea (Lathyrus sativus L.) are among the first domesticated plant species
of the Old World (Miki¢ 2012), many of these crops have become heavily neglected
and underutilised during the past two centuries. A number of the annual legumes
once used in both human diets and animal feeding have become gradually reduced
to a few. A good example is faba bean which was replaced by Phaseolus beans in
eighteenth and nineteenth centuries and is now almost completely forgotten through-
out the Balkans (Miki¢ et al. 2011a). There is a general trend of re-introducing cur-
rently neglected and underutilised crops into diverse farming systems and providing
them with novel roles in contemporary agriculture, which is faced with numerous
challenges (Mihailovi€ et al. 2010). One such novel role for traditional grain legume
crops could be for forage production.

Forage Yields and Breeding Targets in Neglected Annual
Legumes

As shown in Table 22.1, a preliminary evaluation of forage yields in faba bean
spring cultivars of diverse geographic origin showed that this species may produce
average yields equal or better than those of forage pea and common vetch (Mihailovié
et al. 2010). One of the essential traits needed for improving the potential of quality
forage production in faba bean is likely to be a decreased proportion of lignin in
forage dry matter, providing more slender stems of higher nutritional value for feed-
ing ruminants.

Narbonne vetch (Vicia narbonensis L.) is a traditional grain legume crop in
South Europe, North Africa and the Near East. An evaluation of its potential for
forage production carried out in Novi Sad revealed great variability in the tested
populations, and promising genotypes were selected for further work, pre-breeding



22 Potential of Some Neglected European Annual Legume Crops for Forage Production 153

Table 22.1 Potential of some neglected annual legumes for fresh forage yield, forage dry matter
yield and forage crude protein yield in a long-term trial in Novi Sad (Mihailovi¢ et al. 2008, 2009,
2010; Mikic¢ et al. 2009)

Fresh forage yield Forage dry matter Forage crude protein yield

Species (tha™) yield (t ha™) (kg ha™)

Faba bean 46.7 12.7 1,790

Narbonne vetch 39.1 6.2 1,252

Hungarian vetch 48.7 10.7 2,182

Hairy vetch 50.9 11.7 2,351

Bitter vetch 30.7 6.9 1,554

Grass pea 453 13.9 3,088

LSDy s 8.6 2.1 402

LSD,, 11.5 2.8 587

activities and possibly developing first forage Narbonne vetch cultivars (Miki¢ et al.
2009). Such genotypes should be characterised by a large number of internodes and
photosynthetically active leaves.

Hungarian vetch (Vicia pannonica Crantz) is grown mostly in the countries of
the ex-Soviet Union, the Balkan Peninsula, Central Europe and the Eastern
Mediterranean. The evaluated populations of Hungarian vetch in Novi Sad show a
wide variability of agronomic characteristics related to forage production. The cor-
relation between number of plants before cutting and forage yield requires detailed
study to optimise crop density. The populations with high and stable forage yields
may be used for developing new cultivars of Hungarian vetch with enhanced forage
dry matter chemical composition and seed yield (Mihailovi¢ et al. 2009).

Hairy vetch (Vicia villosa Roth) is a traditional annual forage legume in both
Serbia and the Balkans, along with common (Vicia sativa L.) and Hungarian
vetches. It is grown as an autumn-sown crop and considered one of the most resis-
tant cultivated species to low temperatures. Hairy vetch demonstrates a wide vari-
ability of agronomic traits and may be regarded as having great potential for
utilisation in breeding and in developing new cultivars for forage production and
green manure. The future breeding efforts will emphasize chemical composition,
especially crude and digestible protein and fibre content (Mihailovi¢ et al. 2008).

The area of bitter vetch in both wild and agricultural flora in the Balkans is lim-
ited mainly to central, southern and eastern regions, such as southeast Serbia,
Bulgaria and Greece. It is almost solely an autumn-sown crop, with lower fresh and
forage dry matter yields in comparison to other cultivated vetches, but with promi-
nent winter hardiness, earliness and narrow variability of forage yield between
years (Mihailovi¢ et al. 2006). Despite its relatively short stem length, bitter vetch
may serve as one of the best ideotypes in breeding annual forage legumes, since its
large number of photosynthetically active leaves and extremely good utilisation of
growing space.

A preliminary trial with grass pea accessions, aimed at the evaluation of forage
yield components, demonstrated their ability to produce forage yields higher than in
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other Lathyrus species (Mikic et al. 2011b). This potential to produce high yields of
fresh forage and hay should be completed by examining all the aspects of the forage
chemical composition and cold tolerance. The indeterminate stem growth is one of
the main obstacles in developing the annual legume cultivars with both high forage
yield and reliable seed yield. This trait is the most prominent in grass pea and hairy
vetch and generally requires an efficient and long-term solution in any contempo-
rary breeding programme.
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Chapter 23
New Insights into Alfalfa Forage Quality
Through the Research Project Qual&Medica

Marilena Paolini, Valentina Nanni, Paolo Annicchiarico, Luciano Pecetti,
Andrea Formigoni, Alberto Palmonari, Giorgia Canestrari, Marco Ligabue,
Fabrizio Ruozzi, Alessandra Immovilli, and Angelo Innocenti

Abstract The research project ‘High quality alfalfa for the dairy chain’
(Qual&Medica), led by Societa Produttori Sementi and funded by Fondazione
Cassa di Risparmio of Bologna and Regione Emilia-Romagna, focuses on manage-
ment and genetic tools to improve the feeding quality of alfalfa forage for the dairy
chain and to increase the crop profitability in hay-based farming systems. Three
workpackages of the project aim to define: (i) breeding strategies to increase the
crop feeding value; (ii) mowing strategies to improve hay quality; and (iii) rapid
analytical tools for quality classification of harvested forages. The purpose of the
fourth workpackage is to communicate the project results and provide technical
support to growers that target high quality forages. Qual&Medica pays specific
attention to the evaluation of genetic and environmental determinants of alfalfa for-
age quality parameters, such as protein and fiber fractions. These parameters are
investigated in experiments under field and controlled conditions, which exploit the
genotypic diversity in a wide set of varieties, landraces and advanced breeding lines.
The effect of environmental and harvesting practices, and their interactions with
genetic factors, are studied by applying different mowing schedules and water-stress
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levels on different germplasm types. This paper provides preliminary results gener-
ated by project experiments carried out in agricultural and controlled-environment
experiments.

Keywords Alfalfa » Forage  Heritability * Medicago sativa * Quality * Variability

Introduction

Auvailability of high quality alfalfa forage is an essential requisite to increase the use
of locally grown hay in the diet of lactating cows. The recently updated Parmigiano-
Reggiano cheese disciplinary indicates that at least 50 % in dry weight of the daily
intake of forages must be harvested on land belonging to the dairy farms.

The project ‘High quality alfalfa for the dairy chain’ is aimed at improving the
feeding quality of alfalfa forage, which depends mainly on the protein content and
rapid digestibility of the NDF fiber fraction. The purpose of the research is to assure
compliance with the Parmigiano-Reggiano production disciplinary, as well as to
increase the profitability of the farming system. The workpackages of the project
examine the opportunities to improve the quality of alfalfa through breeding strate-
gies, mowing strategies, timely analysis of the hay, communication and technical
support.

The first workpackage, targeting effective breeding strategies for improved
quality, deals with variability and heritability of quality parameters in Italian and
exotic germplasm. Heritable variability for quality parameters is investigated by
analysis of the biochemical composition of the forage in different seasons and
phenological stages, factors that are known to affect the quality (Palmonari et al.
2011). Morpho-physiological traits, leaf/stem ratio and separate composition of
leaves and stems are also taken into account for a better assessment of existing
variation (Annicchiarico et al. 2010). This work package includes four field trials
and one controlled-environment trial, which are still in progress. In this paper we
present results obtained in the first year of the project from the controlled-environ-
ment trial on progenies of exotic germplasm and the field trial on clones of Italian
varieties.

Materials and Methods

Controlled-Environment Trial

The trial was established at Centro di Ricerca per le Produzioni Foraggere e Lattiero-
Casearie (CRA-FLC), Lodi, under rainout shelters irrigated by sprinklers. One hun-
dred and fifty-four half-sib progenies were obtained from genotypes originally
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singled out from three cultivars identified for their adaptation to drought in
Mediterranean environments. The progenies were grown in microplots of 0.2 m?
under non-stressed and moderately drought-stressed conditions in an alpha-lattice
design, with three replications for each condition. In early July, 20 days after stress
imposition by withholding water in the stress treatment, the plots were mown and
the dry-matter (DM) yield and the leaf/stem ratio (as the DM ratio of leaves to
stems) recorded for both treatments. A second harvest of the non-stress treatment
was carried out in early autumn, with the DM yield and leaf/stem ratio again
recorded. A subset of 34 progenies was chemically analyzed by Dipartimento di
Scienze Mediche Veterinarie, Bologna, for the content of protein, NDF, ADF, ADL
and digestible NDF, in order to test and adjust the NIRS calibrations (CRA-FLC and
Centro Ricerche Produzioni Animali) for determining the protein and fiber content
of all samples from both harvests.

Field Experiment on Clones

Three genotypes, randomly chosen from each of three Italian varieties (La Bella
Campagnola, Prosementi, Minerva), were vegetatively multiplied by rooting stem
cuttings and used to establish a trial, which included two replications of six cloned
plants per genotype. The experiment was carried out in the Societa Produttori
Sementi experimental farm in Argelato (44° 39’ N, 11° 39’ E). One plant per plot
was sampled at two cutting dates (June and July), both at an early (flower bud) and
standard (flowering) maturity stage. Each plant was sampled only once to avoid
carry-over effects. Dried samples were chemically analyzed by Dipartimento di
Scienze Mediche Veterinarie, for the content of protein, NDF, ADF, ADL and
digestible NDF.

Results and Discussion

Controlled-Environment Trial

On average, moderate stress vs non-stress treatments differed only by p<0.20 for
leaf/stem ratio (1.029 vs 1.089) and DM yield (2.40 vs 2.61 t ha™!). The non-stress,
autumn mowing exhibited lower DM yield than the non-stress, summer mowing, as
well as higher leaf/stem ratio (1.430 vs 1.089; p<0.01). Neither progeny (geno-
type) x stress treatment, nor progeny X season interaction were significant. Leaf/
stem ratio of the progenies ranged from 0.881 to 1.345 in summer non-stress, 0.823
to 1.284 in summer moderate stress, and 1.031 to 1.832 in autumn non-stress. There
was a slight negative trend between DM yield and leaf/stem ratio across conditions
(r=-0.23, p<0.01).
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As expected, leaves and stems differed for all traits chemically analyzed
(p<0.01). Averaged across summer samplings, leaves showed much higher percent
of protein content (27.4 vs 11.5) and NDF digestibility after 24 h (51.0 vs 19.9), and
lower percent of NDF (21.9 vs 59.4) compared to stems.

Further investigation is needed to assess the relationship between the leaf/stem
ratio and the overall forage quality, to verify the opportunity of selection for the
component with lower quality (the stem), and to identify drought-tolerant germ-
plasm retaining good quality under stress.

Calibration equations validated for hay by the laboratory of Centro Ricerche
Produzioni Animali (Brogna et al. 2009), were also suitable for dried leaf and stem
samples: R? values for NIR predictions of chemical determinations were very high
for the main quality parameters (>0.95 for protein, NDF, ADF; >0.85 for ADL).

Field Experiment on Clones

The results showed no significant differences in quality parameters among the three
varieties. The most relevant factors influencing the quality were mowing date and
maturity stage (with no interaction between these). However, the clone effect on
protein content was significant, as was its interaction with the mowing date
(Table 23.1).

The protein content of the nine clones in the two mowing dates is graphically
represented in Fig. 23.1. The correlation for clone values between these dates
(r 0.833) highlights the relatively modest interaction effects.

The results so far obtained showed, as expected, that the season and the pheno-
logical stage play a major role in determining the variation in quality traits. The
study also highlighted the genotypes contribution to the variation in specific traits,
which is valuable for selection purposes.

Table 23.1 Analysis of variance for protein content, NDF digestibility (INDF) and ADL content
in alfalfa clones

Factor Protein (% dry matter) dNDF (% NDF) ADL (% DM)
Clone Ak ns ns

MOWing date skoksk Hsksk ok

Maturity stage HoAk Hokok HoAk

Clone x mowing date woE ns ns

Clone x maturity stage ns ns ns

ns not significant
** p<0.01; *** p<0.001
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Fig. 23.1 Regression between protein content at two maturity stages for the same clone (each
point represents the average of two replicates for one clone at the same mowing date)
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Chapter 24
Certain Aspects of Breeding Forage Brassicas

Aleksandar Mikié, Vojislav Mihailovi¢, A. Marjanovi¢-Jeromela,
and S. Terzi¢

Abstract Numerous species belonging to the family Brassicaceae Burnett, popularly
known as brassicas, are multi-purpose crops used not only for various industrial pur-
poses and human consumption, but also in animal feeding. Among the most signifi-
cant fodder brassicas are those that are grown for forage, such as fodder kale (Brassica
oleracea L. var. viridis L.), rapeseed (Brassica napus L. var. napus), hybrid Perko
PVH (Brassica napus L. var. napus x Brassica rapa subsp. chinensis (L.) Hanelt),
turnip rape (Brassica rapa L. subsp. oleifera (DC.) Metzg.), white mustard (Sinapis
alba L. subsp. alba) and brown mustard (Brassica juncea (L.) Czern.). All of these
play an important role in diverse forage crop rotations, with the autumn-sown ones
much appreciated in environmentally friendly production, ecological services, organic
farming and sustainable agriculture. Due to their ability to produce abundant above
ground biomass, forage brassicas may also be grown as cover crops and for green
manure and grazing. Among the traits of great significance for developing new forage
brassica cultivars are plant height, number of stems and lateral branches per plant,
number of leaves per plant and other forage yield components, fresh forage yield and
forage dry matter yield per plant and area unit, earliness and tolerance to low tempera-
tures, drought and other forms of abiotic and biotic stresses. The methods of breeding
forage brassicas include mass and individual selection from local landraces, usually
characterised by a wide genetic variability of desirable traits, and various methods of
selection from hybrid populations, with emphasis upon bulk and pedigree methods.

Keywords Brassicas * Breeding ¢ Forage quality * Forage yield

Introduction

The family Brassicaceae Burnett comprises numerous species that are used not
only as vegetable crops and for industrial purposes, but also in animal feeding (Eri¢
et al. 2006). Among the most important are rapeseed (Brassica napus L. var. napus),
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fodder kale (Brassica oleracea L. var. viridis L.), hybrid Perko PVH (Brassica
napus L. var. napus x Brassica rapa subsp. chinensis (L.) Hanelt), turnip rape
(Brassica rapa L. subsp. oleifera (DC.) Metzg.), white mustard (Sinapis alba L.
subsp. alba) and brown mustard (Brassica juncea (L.) Czern.). All these brassica
crops are important in diverse crop rotations, especially those oriented towards for-
age production, as well as in organic farming and sustainable agriculture (Cupina
et al. 2004).

Basics of Forage Brassicas Breeding

All contemporary breeding programmes and the development of novel cultivars of
forage brassica crops are based upon complex characterisation and evaluation of the
accessions within one forage brassica collection (Mihailovi¢ et al. 2007b). The
characterisation results in the description of the most important qualitative traits.
The evaluation of the forage brassica accessions includes assessing the data of the
most significant quantitative characteristics. The majority of these are forage yield
components, such as plant height, number of stems and lateral branches per plant
and number of leaves per plant, all of which are positively correlated to fresh forage
yield in most forage brassica (Table 24.1). The evaluation also includes fresh forage
yield, forage dry matter yield and forage crude protein yield per both plant and area
unit (Table 24.2), earliness, tolerance to low temperatures in autumn-sown acces-
sions, drought and other forms of abiotic and biotic stresses and length of growing
period, especially in spring-sown genotypes (Mihailovi¢ et al. 2008).

The methods used in breeding forage brassicas and developing new genotypes
included mass and individual selection from local landraces, characterised with
wide genetic variability, and various methods of selection from hybrid populations,
with emphasis upon bulk and pedigree methods (Mihailovic¢ et al. 2007a).

Table 24.1 Simple correlation coefficients (r) between forage yield components and fresh forage
yield in some brassicas (Mihailovié¢ et al. 2009; Miki¢ et al. 2009, 2010; Marjanovié-Jeromela
et al. 2010; Cupina et al. 2012)

Species

Forage yield | Autumn-sown | Autumn-sown | Spring-sown | Spring-sown | Spring-sown
component | fodder kale rapeseed rapeseed white mustard | brown mustard
Plant height | 0.661* 0.860%* 0.780%* 0.398 0.074
Number of | 0.305 0.724* 0.765%* 0.891#* 0.869%*
branches

Number of | 0.493 0.834%* 0.814%* 0.410 0.807*
internodes

Fresh stem | 0.801%* 0.976%* 0.997%** 0.990%* 0.953%%*
mass

Fresh leaf 0.839%* 0.976%* 0.987%* 0.857%%* 0.952%%*
mass

*significant at 0.05; **significant at 0.01
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Table 24.2 Average fresh forage yield, forage dry matter yield and forage crude protein yield in
some brassicas (Cupina et al. 2010; Krsti¢ et al. 2010, 2012; Antanasovi¢ et al. 2012; Mihailovi¢
et al. 2013)

Fresh forage Forage dry matter Forage crude protein
Species yield (t ha™) yield (t ha™) yield (kg ha™)
Autumn-sown fodder kale 51.2 4.1 713
Autumn-sown rapeseed 47.2 4.9 888
Spring-sown rapeseed 33.1 3.0 500
Spring-sown white mustard 22.6 3.4 563
Spring-sown brown mustard 40.9 3.7 644
LSDy s 9.3 1.2 212
LSD,, 12.6 1.7 274

Breeding Most Important Forage Brassicas

Fodder kale is still rather neglected and underutilised in many European countries,
but is probably the most important forage brassica crop in temperate regions
(Mihailovi¢ et al. 2008). This species has great potential for fresh forage yield up to
nearly 70 t ha™!. One of the aims of many contemporary fodder kale breeding pro-
grammes is to increase the leaf proportion by up to a half of green forage yield per
plant (Mihailovi¢ et al. 2009). If a typical autumn-sown fodder kale genotype is
sown in spring, as a rule, it will not enter the reproductive stage, making developing
the cultivars with neutral photoperiod as one of the alternatives. In rainy seasons,
fodder kale may produce a second cutting, with average green forage and forage dry
matter yields reaching one third of those in the first cutting, thus opening the pos-
sibility of selecting genotypes with the ability to regenerate (Eri¢ et al. 2007).

In many European temperate regions, such as the Balkans, the autumn-sown
cultivars of rapeseed produce higher forage yields in comparison to the spring-sown
ones. Overall, the autumn-sown rapeseed cultivars have a similar forage dry matter
proportion to that of fodder kale, with the number of stems and lateral branches the
most important forage yield component (Marjanovi¢-Jeromela et al. 2004). The
spring-sown rapeseed cultivars are characterised by a higher proportion of stems in
the total fresh forage yield (Mihailovi¢ et al. 2007a). The rapeseed forage yields in
the second cutting, often occurring in rainy seasons, are between one third and one
half in comparison to the first cutting (Eri¢ et al. 2007).

In comparison to fodder kale and rapeseed, much less is known about using
white mustard as a forage crop. It is sown primarily in the spring, with a growing
season from sowing to cutting of up to 60 days. White mustard is generally charac-
terised by a lower leaf mass proportion in fresh forage yield (Mikic¢ et al. 2009). The
green and forage dry matter yields in white mustard are lower than in fodder kale or
rapeseed (Mihailovi¢ et al. 2007a). However, prominent earliness and its potential
to produce a considerable amount of fresh forage in a brief period of time represent
its main advantage as compared to other forage brassica crops. In favourable condi-
tions, the second cutting in white mustard may reach more than one half of the first
cutting (Eri¢ et al. 2007).
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Chapter 25

Evaluation of Dormancy and Winter
Hardiness of Alfalfa (Medicago Sativa L.)
Experimental Lines, Obtained by Crossing
Parental Lines Characterized Within

the Framework of the PERMED Project

Valentina Nanni, Marilena Paolini, Angelo Innocenti, Paolo Mule,
and Mirella Vargiu

Abstract The European research project PERMED (Improvement of native peren-
nial forage plants to enhance sustainability of Mediterranean farming systems;
2004 — 2008) has carried out a detailed, large-scale characterization of alfalfa culti-
vars of different origin in the Mediterranean region, in order to study the genetic
variability available for breeding programs. Two cultivars, with superior but contrast-
ing performance in the Mediterranean environment, were chosen as parental lines for
a breeding program initiated by Societa Produttori Sementi S.p.A. in 2009: the Italian
variety Prosementi and the Moroccan landrace Demnat 203. Prosementi is a winter
hardy, semi-dormant (Fall Dormancy Index (FDI) 6) cultivar that has a high and
constant yield in rainfed condition. It has adaptations to a wide range of environmen-
tal conditions. Demnat 203 is a non-dormant population (FDI 11) and has a specific
adaptation to frequent cuts under warm, irrigated condition (oasis). The aim of the
breeding program is to develop new genotypes with low dormancy, good winter har-
diness and high forage yields. The breeding scheme was based on open-pollinated
crossing of 84 parent plants for each cultivar in spatial isolation and on subsequent
half-sib selection with progeny testing. Three advanced lines derived from this breed-
ing program (PSB QM 4, QM 5, QM 6) are now under evaluation in field trials
located in two different Italian areas (Ravenna in Northeast Italy, 44°25'4"44 N,
12°11’58"92 E, and Cagliari in Sardinia, 39°13"24"96 N, 09°7'5"16 E).
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Introduction

Alfalfa (Medicago sativa L.) can enhance the economic and environmental sustain-
ability of crop-livestock system in the Mediterranean basin, but specific adaptations
to the climate of the area are required. The main aim of the EU-funded research
project PERMED (Improvement of native perennial forage plants to enhance sus-
tainability of Mediterranean farming systems; 2004 — 2008) was to evaluate several
alfalfa populations in different environments of the Mediterranean basin.
Annicchiarico et al. (2011) evaluated the forage yield responses of several geno-
types across a wide range of environments in the Mediterranean basin, providing a
useful tool for the breeding program development in this area.

Material and Methods

Following the final output of PERMED project, a new breeding program was initi-
ated by Societa Produttori Sementi in 2009, where two different populations of M.
sativa L. were used as the parental lines: Prosementi, an Italian semi-dormant (Fall
Dormancy Index, FDI=6) and winter hardy variety, with a wide range of adaptations
to different environmental conditions, and Demnat 203, a Moroccan non-dormant
(FDI=11) landrace, with a specific adaptation to frequent cuts in warm, irrigated
condition (oasis). Eighty-four plants from both cultivars were planted in 2009 in a
spatially isolated field nursery at Cervia, RA (44°15" N, 12°22" E). They were phe-
notypically evaluated for fall growth and winter injury. In 2009, the open-pollinated
seeds were harvested, while maintaining the identity of each plant, and for 28 paren-
tal plants (selected on the basis of previously reported traits) a progeny test was
performed. Half-sib families of 1st and 2nd generation (HS1 & HS2) were evaluated
in terms of fall growth and winter survival. Fifteen of the HS2 families were selected
to supply HS3 seeds for three mixed lines (PSB QM 4, 5 & 6) based on winter sur-
vival and fall growth of both the parents and their progenies (Table 25.1). The seed
mix was composed of an equal number of HS3 seed from each selected family.

The performance of PSB QM 4, 5 and 6 was evaluated in dense plots of
1.36 mx 7.5 m at the seeding rate of 30 kg ha! in a randomized block design with
four replicates and compared to both standard varieties and advanced lines
(Table 25.2). In both trials, varieties Prosementi and Melissa were used as dormancy
references, with an FDI of 6 and 9, respectively. The trials were started in 2012 at
two different location at Azienda Agraria Sperimentale M. Marani in Ravenna,
Northeast Italy (44°25’ N, 12°11’ E) and at AGRIS Sardegna, Dipartimento per la
Ricerca nelle Produzioni Vegetali, Cagliari, Sardinia (39°13’ N, 09°7’ E).

In 2012, three cuts were performed in Ravenna (4 Jul, 6 Aug & 3 Oct) and six in
Sardinia (20 Jul, 9 Aug, 28 Aug, 25 Sep, 18 Oct & 26 Nov). Additionally, in



25 Evaluation of Dormancy and Winter Hardiness of Alfalfa (Medicago Sativa L.) 169

Table 25.1 Characteristics of the parental plants of each experimental line: maternal line
(Prosementi or Demnat 203), number of constituents, dormancy (semi-dormant=moderate
vegetative growth during fall; non-dormant=good vegetative growth during fall), winter survival
(% of plants alive after two winters) and quantity of available seeds (gr)

Parental constituents

Maternal Number of % winter | Quantity of
Line plants constituents | Dormancy survival | available seeds (gr)
PSBQM 4 |Prosementi |5 Semi-dormant | 100 890
PSBQM S5 | Demnat203 |6 Non-dormant 100 742
PSBQM 6 | Demnat203 |4 Non-dormant 0 810
Table 25.2 Experimental Cultivars Dormancy Source

lines and standard varieties

included in the field trials in Prosementi | FDI=6 Societa Produttori Sementi
Ravenna and Sardinia, with Miranda Semi-dormant | Societa Produttori Sementi
dormancy type (Fall Buttero Non-dormant | CRA-FLC
Dormancy Index, FDI, given PR57Q53 | Semi-dormant | Pioneer Hi-breed
where available) and seed Melissa FDI=9 Jouffray-Drillaud
source Nuragus Semi-dormant | AGRIS
Picena Semi-dormant | CGS Sementi
PSB QM 4 Societa Produttori Sementi
PSB QM 5 Societa Produttori Sementi
PSB QM 6 Societa Produttori Sementi

Sardinia, the first cut in 2013 took place on 21 February. Dry matter yield (DMY; kg
ha™') was evaluated after each cut. For both trials, annual dry matter yield was
calculated in kg ha™'. In Sardinia, the dry matter yields of the sixth cut in 2012 and
of the first cut in 2013 were used as a measure of fall and winter growth. In Ravenna,
where fall and winter growth are not sufficient for cutting, visual inspections of the
vegetative activity were carried out in November (26th) and in March (5th) and
plants were scored on a scale ranging from 1 (lowest) to 7 (highest). In March, the
winter survival was registered in the field trial of Ravenna as number of plants per
square meter. Analysis of variance (ANOVA) and Duncan’s test (alpha=0.01) were
carried out using the program R version 2.15.2.

Results and Discussion

The analysis of visual inspection scores (Ravenna) and yields (Sardinia) in fall and
in late winter revealed highly significant differences between the cultivars (ANOVA,
p-value<0.001). For the Sardinia trial, there was a clear separation, where the stan-
dard varieties Prosementi and Melissa were classified according to their FDI
(Table 25.3). ANOVA analysis of total DMY in the first year also revealed signifi-
cant differences between cultivars, with two semi-dormant varieties PR57Q53
(Sardinia) and Picena (Ravenna) being the most productive.
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Table 25.3 Comparisons between annual yield for 2012 and fall and winter growth of experimental
lines and standard cultivars

Sardinia Ravenna
Late Fall Late winter | Plant

Annual Fall winter Annual | growth growth density

DMY DMY DMY DMY Nov 2012 | Mar 2013 (no of

2012 Nov 2012 |Feb 2013 | 2012 visual visual plants
Cultivars (kgha™) |(kgha') |(kgha') |(kgha™) |scoring scoring m2)
Prosementi | 693 ab 380 ¢ 0d 169 ab 5b 3cd 93
Miranda 569 b 355¢ 0d 127b 3¢ 1d 89
Buttero 847 ab 650 abc 220 be 187 ab 5b 5 abc 93
PR57Q53 1091 a 570 be 0d 158 a 5b 3.5bc 93
Melissa 907 ab 920 a 397b 145D 5.5ab 4 be 95
Nuragus 699 ab 617 abc 0d 173 ab 5b 4.5 bc 89
Picena 906 ab 732 ab 115cd 215a 6 ab 5.5ab 87
PSBQM 4 |761 ab 817 ab 77 cd 168 ab 6.5 ab 4.5 be 93
PSBQM S5 942 ab 852 ab 325b 176 ab 7a 7a 95
PSBQM 6 |761 ab 910 a 670 a 160 ab 6,5 ab 7a 86
ANOVA sk skeskesk sk £ ek ek ns

For the Sardinia trial, the average of the fall and late winter yields (DMY kg ha™') are given, and
for the Ravenna trial, the average of fall and late winter visual inspection scores (1-7) are reported
Letters a to d denotes homogeneous subgroups according to Duncan’s test (significance level of
alpha=0.01)

ns not significant

*p<0.1; #**p<0.01; ***p<0.001

Lines PSB QM 5 and 6 were equally or less dormant than the FDI 9 reference
Melissa. The dormancy of line PSB QM 4 was determined to be intermediate
between the two references FDI 6 and FDI 9. Further test will be performed to cal-
culate the fall dormancy indices for these lines according to Pecetti et al. (2008). In
the Ravenna trial, there were no significant differences in plant density (no of plants
m~2) after one winter between standard varieties and experimental lines. These
results indicate that the experimental lines PSB QM 4, 5 and 6 could possess a
combination of low dormancy and high winter hardiness traits. A weak link between
these traits has been reported previously by Brummer et al. (2000), suggesting that
concurrent selection for both winter hardiness and higher fall biomass production
may be possible. The two field trials are still running, which will allow for more
information about dormancy, winter survival and dry matter yield to be collected in
coming years.
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Chapter 26
Breeding Perennial Ryegrass with Enhanced
Water Soluble Carbohydrate Content

An Ghesquiere and Jost Baert

Abstract A high water soluble carbohydrate (WSC) content in perennial ryegrass
leads to a more efficient use of the protein in the grass by the ruminant and hence to
reduced nitrogen losses. In our breeding pool we search for breeding material of
diploid and tetraploid perennial ryegrass with enhanced WSC content. In 2011 we
have sown a yield trial in which we compare high sugar varieties with diploid and
tetraploid breeding material with expected high WSC content. Some of the material
(families, synl-populations, induced tetraploids) was not selected for a high WSC
content, but showed a high WSC content in previous trials. Other material was
based on crosses (pair cross, top cross, polycross) with genotypes selected for their
high WSC content. The yield trial was harvested five times in 2012. We took sam-
ples at each cut to determine the WSC content by NIRS. The results of the previous
trials were confirmed in the experiment. The WSC content of the progenies of the
populations with high WSC content was lower than the WSC content of the high
sugar grasses although the content of the original population exceeded the content
of the high sugar grasses.

Keywords Perennial ryegrass ¢ Breeding « WSC content

Introduction

High sugar grasses provide more available energy for rumen fermentation with
reduced levels of excreted nitrogen as a result (Miller et al. 2001; Humphreys et al.
2010). One of the breeding goals in perennial ryegrass is enhancing the WSC con-
tent. There is a lot of variation in WSC content among families in breeding popula-
tions. Based on family selection with and without single plant analysis, we tried to
develop material with improved WSC. This material was tested in a production trial
in comparison with high sugar cultivars.
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Material and Methods

In 2011 we have sown a production trial in which we compare high sugar grasses
(Abermagic, Aberavon and Aberbite) with control varieties (Rodrigo and Roy) and
with breeding material with expected high WSC content. We tested five diploid and
seven tetraploid breeding populations.

The diploid population D1 is based on a crossing between two perennial ryegrass
families with a high WSC content. In 2008 we carried out three paircrosses with
good performing plants of each of the families. The F1 seeds from these paircrosses
were multiplied to a synthetic progeny family in 2010. This population has been
tested in the experiment.

In 2003 we carried out a topcross of Aberdart with nine clones of diploid peren-
nial ryegrass. The progenies were visually evaluated in a single plant nursery. Half
sib seed was harvested on selected plants from seven of the nine parental families in
2006. We obtained enough seeds of 76 half sib families to sow small plots in 2007.
We measured the dry matter yield and the WSC content during 2008 and 2009.
Based on the results we carried out four multiplications with the best half sib fami-
lies. Seeds of these multiplications (D2, D3, D4 and D5) have been tested in the
production trial.

The tetraploid populations (T1, T2, T3, T4, TS5 and T6) were not selected for a
high WSC content, but showed a high sugar content in previous trials.

The tetraploid population T7 was selected from a breeding population with a
high WSC content. In 2009 we have analysed the yield and the WSC content of 300
plants of this population. The best plants were crossed and the progeny of this mul-
tiplication has been tested in the production trial.

The variety Aberavon was being used in all trials were we tested diploid popula-
tions and the variety Roy was used in the tetraploid trials. We used Aberavon and
Roy as standard varieties to compare the results of the experiment with the results
of the previous trials.

The production trial was harvested five times in 2012. We took samples at each
cut to determine the WSC content by NIRS. The NIRS calibration is based on
chemical analyses by Wiseman et al. (1960).

Results and Discussion

There was a large variation in the mean WSC content ranging from 19.5 for Rodrigo
to 26.4 for Aberbite. The tetraploid populations had a higher WSC content than the
diploid populations (respectively 23.6 and 22.3).

Figure 26.1 shows the mean WSC content of the parental diploid families and of
the progenies, relative to the mean of the WSC content of Aberavon (19.4 and
23.7 in the respective trials). The WSC content of the progenies was lower than the
WSC content of the parental families compared to Aberavon but was higher than the
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content of control variety Rodrigo. The parental families of D3 had the lowest WSC
content of all the selected families. The progenies of this multiplication had the
highest sugar content and only a minor reduction (3.9 %) compared to Aberavon.
The population D1 based on two families with a high WSC content had the largest
reduction (15.9 %).

Figure 26.2 shows the mean of the WSC content of the tetraploid parental family
and the progeny (T7) relative to the mean of the WSC content of Roy (17.8 and
21.1 in the respective trials). The six tetraploid families (T1-T6) show the potential
of the breeding pool for high WSC without selection. Population T7 was selected
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from material with a high WSC content. The WSC content of the progenies was
lower than the WSC content of the parental family compared to Roy but the decrease
was low.

The progenies of the diploid and tetraploid material selected for high WSC con-
tent had a WSC content that was lower than the content of the parental families but
still higher than the sugar content of the control varieties Rodrigo and Roy. The
diploid population D1 was based on six plants from families with a high WSC con-
tent. The WSC content of the six plants has not been analysed. This could explain
the low WSC content of the progenies. The other diploid populations were based on
80-300 plants that had not been analysed. The reduction of the mean WSC content
of these populations was lower. The WSC content of the parental population of T7
was analysed and the plants with the highest WSC content were multiplied. The
progenies of this population had only a slight reduction in WSC content.

Improving the WSC content of perennial ryegrass is possible by combining
families with a high WSC content without selection of single plants but the progress
is slow. Analysing single plants of populations with a high WSC content and select-
ing the best plants to create new populations leads to a higher increase of the WSC
content.

The WSC content of the tetraploid populations T2 and T7 was higher than the
WSC content of the diploid high sugar grasses Aberavon and Abermagic but was
lower than the WSC content of the tetraploid high sugar variety Aberbite. None of
the tested diploid populations had a WSC content that was higher than the WSC
content of the high sugar grasses Aberavon, Abermagic and Aberbite. Further recur-
rent selection is needed to reach this level.

References

Humphreys M, Feuerstein U, Vandewalle M, Baert J (2010) Ryegrass. In: Boller B, Posselt UK,
Veronesi F (eds) Handbook of plant breeding. Fodder crops and amenity grasses. Springer,
New York, pp 211-260

Miller LA, Moorby JM, Davies DR, Humphreys MO, Scollan ND, MacRae JC, Theodorou MK
(2001) Increased concentration of water-soluble carbohydrate in perennial ryegrass (Lolium
perenne L.): milk production from late-lactation dairy cows. Grass Forage Sci 56:383-394

Wiseman HG, Mallack JC, Jacobson WC (1960) Determination of sugar in silages and forages.
J Agric Food Chem 8:78-80



Chapter 27

Resistance of Perennial Ryegrass to Crown
and Stem Rust Under Field and Greenhouse
Conditions

Radek Macha¢ and Bohumir Cagas

Abstract The resistance of 59 varieties and three ecotypes of perennial ryegrass
(Lolium perenne) to crown rust (Puccinia coronata) and stem rust (Puccinia grami-
nis subsp. graminicola) was evaluated under field and greenhouse conditions at the
Grassland Research Station in Zubri in 2011 — 2012. The infection pressure of
crown rust was higher in 2011 and most of the investigated accessions, with excep-
tion of the variety Charger II, showed high susceptibility in the field. The occur-
rence of stem rust was low in both years. Artificial inoculation of young plants with
urediospores of P. graminis subsp. graminicola in the greenhouse revealed high
resistance in the varieties Kokomo and Score.

Keywords Stem rust * Field resistance * Perennial ryegrass

Introduction

Perennial ryegrass varieties are intensively cultivated for seed production in the
Czech Republic. Since 2000, some very early occurrences of stem rust (Puccinia
graminis subsp. graminicola) were detected on perennial ryegrass seed crops in a
few locations in the Czech Republic. The damage caused by the disease was severe.
Seed yields of some perennial ryegrass varieties decreased to 10 % of normal yields,
as a result of stem rust infection (Cagas et al. 2010). Stem rust is a devastating dis-
ease, particularly in grass seed production. The severity of crown rust on perennial
ryegrass seed production is lower, but it can cause reduced thousand seed weight
(TSW) and germination (Urban and Markova 2009). However, the occurrence and
severity of rust diseases caused by P. graminis and P. coronata (crown rust) is
decreased in perennial ryegrass cultivated for forage, if grown in mixture with other
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grass or herb species (Roscher et al. 2007). Intensive outbreaks of stem rust appear
to be linked to favourable temperatures during spring (Lellbach 2000), which have
occurred more frequently in recent years. Stem rust is a disease that has a negative
influence not only on seed yield but also on the quality of seed. Relevant informa-
tion about the response of perennial ryegrass varieties to different levels of rust
infection pressure is only sparsely available. Multi-year field observations, supple-
mented by greenhouse trials of different perennial ryegrass varieties under artificial
infection conditions, may improve our understanding of the level of disease resis-
tance present in existing cultivars.

Material and Methods

Field Trial

Sixty varieties and three ecotypes of perennial ryegrass were tested under field con-
ditions at the Grassland research Station in Zubri, Czech Republic. All seeds were
obtained from the gene bank of the Crop Research Institute Prague- Ruzyné. Seeds
were sown in pots in a greenhouse and later the seedlings were transferred to field
plots (11 June 2010) and planted in rows (2 m length, 0.25 m row spacing), in three
replications (11 plants per replicate). In total, 33 plants from each variety and eco-
type were planted. Seeds of variety no. 53 (Livonne) failed to emerge, so this variety
was excluded from further analysis.

Resistance to stem rust based on natural infection was evaluated in the year of sow-
ing (autumn 2010) and in the two succeeding years (2011-2012). However, in 2011,
only crown rust (and no stem rust) was observed on the perennial ryegrasses in the
field trial. In 2012, the occurrence of stem rust was lower than the occurrence of crown
rust. Based on these observations, the occurrence of crown rust was also included in
the assessment of rust resistance for the years 2010—11. In the first year, only the pres-
ence (+) or absence (—) of rust on plants was evaluated. In succeeding years, rust
infections were scored on a scale from 1 to 9, where 1 =more than 75 % of foliage
covered with rust, 2=75 % rust cover, 3=60 % rust cover, 4=40 % rust cover, 5=25 %
rust cover, 6=10 % rust cover, 7=5 % rust cover, 8 =trace of rust and 9=no rust.

Greenhouse Test

A greenhouse test using artificial inoculation was carried out in 2011 at the Grassland
Research Station in Zubri. Three hundred plants from each variety and ecotype of
perennial ryegrass were grown from seed in pots. Young plants were inoculated with
a mixture of urediospores of Puccinia graminis subsp. graminicola and talc at grow-
ing stages 13—15 (from three to five true leaves) and assessed as described by Cagas
(1978). Urediospores were obtained in 2011 from multiple-cultivar field plantings of
perennial ryegrass in Zubri and other locations nearby. Samples collected from
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different locations were pooled to form a single population. Plants were inoculated on
29 September 2011 and evaluated for rust resistance from 10 to 13 October onwards.

Results and Discussion

Field Trial

In the year of trial establishment (2010), stem rust was detected on 56.5 % of the
tested perennial ryegrass varieties. The remaining 43.5 % did not have any visible
symptoms of stem rust. In succeeding years, there was a higher occurrence of crown
rust than of stem rust in all of the tested varieties (Table 27.1).

In 2012, stem rust was observed on all three ecotypes, but only on varieties Filip,
Jaran, Jonas, Linar, Martha, Patrik, Slavek and Tremolo.

Table 27.1 Crown rust and stem rust disease scores for 59 perennial ryegrass varieties and three

ecotypes

Crown rust Stem rust

2011 2012 2012
Variety Score Tos* Score Tos* Score Tos*
Advent 5.0 d 7.5 abed 9.0 a
Amadeus 6.0 e 8.5 ab 9.0 a
Barcredo 6.0 e 8.0 abc 9.0 a
Bareuro 4.0 c 7.0 abed 9.0 a
Bargold 4.0 c 6.5 bed 9.0 a
Barminton 7.0 f 8.0 abc 9.0 a
Barnauta 4.0 c 6.0 cd 9.0 a
Barreal 4.0 c 6.0 cd 9.0 a
Boulevard 6.0 e 8.0 abc 9.0 a
Cadillac 6.0 e 7.0 abcd 9.0 a
Calibra 7.0 f 7.0 abced 9.0 a
Citacion III 8.0 g 6.5 bed 9.0 a
Darius 5.0 d 9.0 a 9.0 a
Delaware 7.0 f 7.5 abed 9.0 a
Disco 6.0 e 5.5 d 9.0 a
Figaro 6.0 e 6.5 bed 9.0 a
Filip 6.0 e 9.0 a 5.5 cd
Flor 5.0 d 7.5 abced 9.0 a
Fragment 5.0 d 7.0 abcd 9.0 a
Handicap 6.0 e 7.0 abed 9.0 a
Hannibal 5.0 d 8.5 ab 9.0 a
Henrietta 7.0 f 7.5 abcd 9.0 a
Herbie 7.0 f 8.5 ab 9.0 a

(continued)
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Crown rust Stem rust

2011 2012 2012
Variety Score Tos* Score Tos? Score Tos*
Charger I1 9.0 h 8.5 ab 9.0 a
Jaran 6.0 e 9.0 5.5 cd
Jonas 7.0 f 9.0 a 7.0 b
Kelt 7.0 f 8.5 ab 9.0 a
Kentaur 7.0 f 6.5 bed 9.0 a
Kertak 4.0 c 8.0 abc 9.0 a
Kokomo 5.0 d 7.5 abed 9.0 a
Linar 3.0 a 9.0 a 6.0 bc
Lipresso 7.0 f 7.5 abed 9.0 a
Mara 7.0 f 8.0 abc 9.0
Marietta 6.0 e 7.5 abed 9.0 a
Martha 5.0 d 9.0 a 6.0 bc
Mathilde 5.0 d 7.5 abed 9.0 a
Merci 7.0 f 8.5 ab 9.0 a
Missouri 7.0 f 6.5 bed 9.0 a
Montreux 6.0 e 8.0 abc 9.0 a
Napoleon 6.0 e 8.0 abc 9.0 a
Numan 7.0 f 8.5 ab 9.0 a
Option 5.0 d 8.0 abc 9.0 a
Patrik 6.0 e 9.0 a 6.0 bc
Plaisir 6.0 e 7.5 abed 9.0 a
Premium 4.0 c 6.0 cd 9.0 a
Recolta 6.0 e 6.5 bed 9.0 a
Renoir 5.0 d 7.5 abed 9.0 a
Respect 5.0 d 8.0 abc 9.0 a
Ritmo 4.0 c 6.0 cd 9.0 a
Sabor 5.0 d 8.5 ab 9.0 a
Sadek 7.0 f 7.5 abced 9.0 a
Sauvignon 7.0 f 7.0 abed 9.0 a
Score 5.0 d 6.0 cd 9.0 a
Slavek 7.0 f 9.0 a 6.5 be
Sponsor 6.0 e 7.0 abed 9.0 a
Titus 5.0 d 7.5 abed 9.0 a
Tremolo 6.0 e 9.0 a 5.5 cd
Troubadour 5.0 d 8.0 abc 9.0
Twingo 7.0 f 6.5 bed 9.0
14G2000630 4.0 c 9.0 a 5.5 cd
14G2000647 4.0 c 9.0 a 4.5 d
14G2000648 3.5 b 9.0 a 6.5 bc

“Homogeneous group according to Tukey’s HSD test (significance level of alpha=0.05)
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Greenhouse Test

The greenhouse tests indicated a high predisposition to stem rust in most varieties
and ecotypes. These results have greater implications for breeding of perennial rye-
grasses than for production. All ecotypes and most of the varieties were susceptible
to stem rust, with 75—-100 % of the plants displaying disease symptoms. Three vari-
eties (Score, Kokomo and Advent) were resistant to stem rust, with few, or no,
affected plants (Table 27.2).

Table 27.2 Occurrence of stem rust on different perennial ryegrass varieties or ecotypes after
artificial inoculation, expressed as the percentage of infected plants (%), and correlation between
greenhouse resistance and field resistance (r)

Variety % Tos r Variety % Tos r
Advent 28 c 0.89 Lipresso 89 ij 0.06
Amadeus 93 klm 0.11 Mara 94 Imn 0.06
Barcredo 99 pr 0.10 Marietta 33 d 0.31
Bareuro 93 klm 0.43 Martha 85 h 0.30
Bargold 94 Imn 0.43 Mathilde 85 h 0.30
Barminton 90 jk 0.06 Merci 81 g 0.07
Barnauta 97 nopr 0.41 Missouri 98 opr 0.05
Barreal 97 nopr 0.41 Montreux 98 opr 0.11
Boulevard 92 jkl 0.11 Napoleon 50 e 0.21
Cadillac 92 jkl 0.11 Numan 96 mnop 0.06
Calibra 98 opr 0.05 Option 78 fg 0.32
Citacion III 86 hi 0.03 Patrik 100 r 0.10
Darius 96 mnop 0.26 Plaisir 95 Imno 0.11
Delaware 93 klm 0.05 Premium 100 r 0.40
Disco 99 pr 0.10 Recolta 98 opr 0.11
Figaro 93 klm 0.10 Renoir 99 pr 0.26
Filip 99 pr 0.10 Respect 98 opr 0.26
Flor 98 opr 0.25 Ritmo 96 mnop 0.42
Fragment 85 h 0.30 Sabor 93 klm 0.27
Handicap 100 r 0.10 Sadek 75 f 0.07
Hannibal 81 g 0.31 Sauvignon 95 Imno 0.06
Henrietta 90 jk 0.05 Score 0 a -0.01
Herbie 93 klm 0.05 Slavek 100 r 0.05
Charger 11 79 g 0.00 Sponsor 80 g 0.13
Jaran 100 r 0.10 Titus 90 jk 0.28
Jonas 99 pr 0.05 Tremolo 98 opr 0.11
Kelt 97 nopr 0.05 Troubadour 98 opr 0.26
Kentaur 96 mnop 0.06 Twingo 99 pr 0.05
Kertak 100 r 0.40 14G2000630 97 nopr 0.41
Kokomo 4 b -0.16 14G2000647 98 opr 0.40

Linar 79 g 0.76 14G2000648 98 opr 0.61
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Correlation between field and greenhouse resistance was only observed in a few
varieties (e.g. Advent, Linar, ecotypes), and in some cases the correlation was nega-
tive (e.g. Kokomo, Score). However, none of the correlation coefficients were statis-
tically significant (p-values ranged from 0.15 to 0.33). Regression analysis revealed
that the link between field resistance and greenhouse resistance was minimal
(R=0.20) for all varieties and ecotypes, and varied between 0.89 and -0.16.
Therefore, the benefits of using greenhouse tests to assess the resistance to rust
infection in perennial ryegrass grown under field conditions are questionable.
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Chapter 28
Ideotypes of Forage Pea (Pisum sativum)
Cultivars

Vojislav Mihailovi¢ and Aleksandar Mikic

Abstract Pea (Pisum sativum L.) is one of the most important grain legume crops
in temperate regions worldwide. In many countries of Europe, West Asia and North
Africa, it is also used in feeding ruminants in the form of fresh forage, forage dry
matter, forage meal, silage, haylage and straw. The goals of breeding pea for forage
significantly differ from those in breeding pea for grain. A large majority of cur-
rently ongoing breeding programmes on forage pea develop cultivars completely or
mostly from local or introduced populations of P. sativum L. subsp. sativum var.
arvense (L.) Poir. Such cultivars are characterised by long stems with indeterminate
growth, long internodes, great number of nodes, large stipules and three pairs of
leaflets, purple flowers and low seed yields in comparison to typical feed pea culti-
vars. They also have prominent winter hardiness, late maturity and large forage
losses due to an extremely poor lodging tolerance, being the reason why these cul-
tivars are mostly grown intercropped with cereals. Much of said traits, such as large
aboveground biomass resulting from long stems or large leaves are important seg-
ments of the ideotypes of a forage pea cultivar. More recent improvements include
determinate stem growth and moderately great stem length, in order to reduce with-
ering of at least a whole lower half of leaves on the plant, as well as a leaf proportion
in the aboveground biomass higher than 0.50, improved earliness and a forage dry
matter proportion of about (.25, increasing crude protein content and decreasing
both neutral and acid detergent fibre and lignin content in forage dry matter. A suc-
cessful combination of all these desirable traits may result in a forage pea cultivar
producing about or slightly more than 10 t ha™ of forage dry matter and about
2 t ha™! of forage crude protein, able to easily fit into diverse cropping systems.
The latest trends in forage pea cultivars brought forth the first semi-leafless cultivars
with excellent standing ability and enhanced seed production, where numerous and
large stipules successfully replace the missing leaflets in providing quality forage.

Keywords Breeding ¢ Forage production ¢ Ideotype * Pea
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What is Forage Pea?

Pea (Pisum sativum L.) is one of the most economically important legume crops in
the world (Ellis 2007). As many other annual legume species, such as grass pea
(Lathyrus sativus L.) and other vetchlings (Lathyrus spp.), vetches (Vicia spp.), faba
bean (Vicia faba L.) or lentil (Lens culinaris Medik.), pea has a wide variability of
numerous morphological traits. This peculiarity is the most prominent in pea, sig-
nificantly progressed and accelerated by various breeding programmes (Ellis 2009).
As a consequence, the pea crop may be utilised in diverse ways.

Forage pea is one of the most distinguished agronomic types of the pea crop
(Carrouée 1993). In the case of pea and other botanically close cultivated species,
green forage, being often synonym of the terms fresh forage or fresh weight, repre-
sents the above ground parts of a plant cut in the stages of full flowering or forming
the first pods, as a balance between yield and quality (Miki¢ et al. 2012). Forage dry
matter is usually considered a plant mass remaining after proper drying green for-
age until constant mass mostly in laboratory and rarer in field conditions, with most
part of leaves preserved. Forage pea may be also be used as forage meal, similar to
that of lucerne (Medicago sativa L.) or red clover (Trifolium pratense L.), as silage,
together with acidifiers, and haylage, representing a specific way of self-conserving
green forage (Karagic et al. 2012).

Forage pea may be cultivated alone, that is, as a pure crop, or in mixtures with
cereals, which represents one of the most traditional ways of production in many
regions of Europe, Western Asia and North Africa (Mihailovi¢ et al. 2011). In the
countries as Serbia, a pea-cereal mixture is always cut before the cereal component
shoots out its spike, while in, for instance, western Canada, it is typically cut when the
cereal crop reaches the soft dough stage. The ratio of pea and the cereal component in
a mixture is also an issue of the agricultural tradition, varying between 75-80 %:
25-20 % in the Balkans and 50 %: 50 % in France or Lithuania (Sarunaite et al. 2013).

The results of several long-term pre-breeding trials in Novi Sad, including hun-
dreds of the pea accessions of diverse status in terms of genetic resources and geo-
graphic origin, show that, overall, forage pea may be regarded as a crop with a great
potential for both forage dry matter and forage crude protein production. The fresh
forage yield in pea is 45 and 50 t ha™!, the average forage dry matter yield ranges
from 9 to 10 t ha™! and an average forage protein yield varies between 1,500 and
2,000 kg ha™!. Similar forage dry matter yields and crude protein contents have been
obtained in spring forage pea cultivar trials in western Canada over the past 5 years
(Mihailovié et al. 2009).

Diversity of Forage Pea Ideotypes

The main goal of all forage pea breeding programmes is high and stable forage yield
and a high quality chemical composition, aiming a green forage yield of more than
50 t ha™! in winter and more than 45 t ha™! in spring cultivars, a forage dry matter
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Fig. 28.1 Various ideotypes of a forage pea cultivar: (a) classical (leff), in comparison to a typical
grain pea cultivar; (b) acacia-leaved; (c¢) semi-leafless

yield of about 10 t ha™!, a variation of forage yields between years less than 20 %
and a prominent winter hardiness and earliness (Miki¢ et al. 2011b).

Stem length is often positively correlated to high forage yield. However, number
of internodes has a much more positive impact on it, since it is closely associated
with number of photosynthetically active leaves. This trait is regulated by a number
of dominant genes and is easy to introgress from one forage pea genotype into
another. At the same time, forage yields can be improved by a moderately promi-
nent basal branching (Miki¢ et al. 2012). The most common ideotype of a forage
pea cultivar is unlike the one of a grain pea cultivar (Fig. 28.1a).

A high quality in forage pea cultivars, in terms of a desirable chemical composi-
tion, is directly and positively correlated with the proportion of leaves in the total
forage yield, since leaves contribute most to forage protein yield. A classical forage
pea cultivar has to have large stipules and two or three pairs of large leaflets. One of
the alternative types of forage pea cultivars are those with acacia leaf type
(Fig. 28.1b), characterised with a large number of leaflets and no tendrils. Although
theoretically expected to have an increased leaf proportion and thus better forage
quality, they are extremely prone to lodging, suffer either from low seed yields or
large seed losses during harvest and make the issue of their successful commerciali-
sation rather questionable (Miki¢ et al. 2011a).

An additional targeted trait in all modern forage pea breeding programmes is
reliable seed yield (Miki¢ et al. 2013). In such way, a forage pea cultivar, apart from
high quality and stable forage yields, may be able to produce medium or high seed
yields and thus enable its market commercialisation justified and successful. A seed
size of less than 200 g per 1,000 seeds positively affects an increased number of
seeds per plant, and thus higher coefficient of multiplication, and a less expensive
sowing costs. These efforts resulted in semi-leafless forage pea cultivars (Fig. 28.1c¢),
with a stem length up to 100 cm, a significantly improved standing ability, a greater
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number of internodes and large stipules providing high and quality forage yields,
thicker and more juicy stems making forage more palatable for ruminants and pods
grouped in the upper half of a plant increasing seed yield and decreasing seed losses
during mechanical harvest (Warkentin et al. 2009).
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Chapter 29
Recent Achievements in Breeding for Turf
Quality Under Biotic and Abiotic Stress

Trygve S. Aamlid and Vincent Gensollen

Abstract The genetic gain from breeding of turf varieties of Festuca rubra, Poa
pratensis, Lolium perenne was assessed using data from 204 candivars entered into
Norwegian/SCANTUREF variety (VCU) testing from 1986 to 2007, and 675 variet-
ies entered into the French/GEVES variety testing from 1982 to 2010. Among the
three subspecies of Festuca rubra, ssp. litoralis and ssp. rubra showed the strongest
improvements in overall turf quality in the Nordic (0.67 % per year) and GEVES
programs (0.99 % per year), respectively. The main reasons for these improvements
were better winter hardiness and resistance to Microdochium nivale in ssp. litoralis
and better persistency associated with higher tiller density in ssp. rubra. For Poa
pratensis there was no gain in turf quality in France, but a significant improvement
(0.94 % per year) associated with higher density, finer leaves and less height growth
in the Nordic program, which, unlike the GEVES trials, included trials at low (10—
20 mm) mowing height. Lolium perenne showed significant improvement in both
programs and all characters studied, but the progress was smaller for persistency,
overall winter hardiness and resistance to red thread than for tiller density, wear
tolerance and tolerance to rust.

Keywords Kentucky bluegrass ¢ Perennial ryegrass * Red fescue ¢ Turf quality *
Variety testing

Introduction

Breeding of cool-season grasses for turf started after World War II and was intensi-
fied with the introduction of Plant Breeders Rights and the initiation of programs for
systematic evaluation and publication of national variety lists in the 1960s (van
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Wijk 1993; Casler 2006; Sampoux et al. 2012). The activity of the publically funded
testing programs reached a maximum in the 1980s. Since then, public funding of
variety testing has mostly been withdrawn as the European Union only requires test-
ing for Distinctness, Uniformity and Stability (DUS-criteria), and no documenta-
tion of the Value of Cultivation and Use (VCU-criteria) for inclusion on the common
European list.

When variety testing started in the 1960s, most so-called ‘turf’ varieties were
chosen based on seed availability and agricultural merit. It is therefore not surpris-
ing that significant improvements in typical turf characteristics such as tiller density,
leaf fineness and height growth (leaf extension rate) were made during the first two
to three decades of turfgrass breeding (Van Wijk 1993). For perennial ryegrass
(Lolium perenne L.), Sampoux et al. (2012) recently documented that this progress
had continued for varieties released after 1990. For other species there is less docu-
mentation of genetic progress over the past 25 years.

Based on results from the Norwegian/SCANTURF and GEVES testing networks,
the objective of this paper is to document and discuss improvements in variety perfor-
mance of the most important cool-season turfgrasses in two contrasting climatic regions
during the period 1982-2012. Although data on disease resistance was not available
from the Nordic region, the title of the paper reflects the increasing importance of biotic
and abiotic stress tolerance in turfgrass breeding and evaluation programs.

Materials and Methods

The best way to evaluate genetic improvements by plant breeding is to compare in
the same field trials the performance of varieties released over an extended period
of time. To the best of our knowledge, the only study taking this precise, but expen-
sive approach is the study by Sampoux et al. (2012) on perennial ryegrass. For the
purpose of this paper, we took a different, yet commonly used approach (e.g. van
Wijk 1993; Duller et al. 2010), i.e. to reexamine data from individual variety trials
succeeding one another, but with the same variety/varieties included as control(s).

Data from the Nordic Region

In 1986, 1990, 1995 and 1999, publically-funded turfgrass variety trials in red fes-
cue (Festuca rubra L., including three subspecies), Kentucky bluegrass (Poa pra-
tensis L.) and perennial ryegrass were established at five sites in Norway. There
were also a few entries of colonial bentgrass (Agrostis capillaris L.), hard fescue
(Festuca trachyphylla Hack.), sheep’s fescue (Festuca ovina L.) and tufted hairgrass
(Deschampsia cespitosa L.), but too few to evaluate genetic progress. Varieties were
rated in the sowing year plus three evaluation years, both in ordinary lawn trials
with a mowing height of 34 c¢m and an annual fertilizer input of 120-180 kg ha™!
of N (all five sites), and in a short-cut lawn trial with a mowing height of 10-20 mm
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Table 29.1 Number of entries (excluding controls) in Norwegian and SCANTUREF varieties trials
seeded from 1986 to 2007

Norwegian testing SCANTURF

1986 | 1990 | 1995 1999 2003 2005 2007 | Total
Chewings fescue 8 15 5 6 5 9 8 56
Slender creeping red fescue |7 2 3 1 1 3 3 20
Strong creeping red fescue 6 6 8 2 3 2 1 28
Kentucky bluegrass 15 15 9 5 7 5 2 58
Perennial ryegrass 7 6 6 8 3 6 6 42
Total 43 44 31 22 19 25 20 204

(one site only). The characters used for calculation of genetic progress were overall
turf quality (visual merit, scale 1-9, where 9 is best turf), tiller density (scale 1-9,
where 9 is highest density), leaf fineness (scale 1-9, where 9 is finest leaves), sum-
mer color (darkness, scale 1-9 where 9 is darkest turf), height growth (cm per sea-
son) and winter damage (percent of plot area; this includes both winter diseases and
abiotic winter damage). In the last round of this national program seeded in 2003,
the number of test sites was reduced from five to two and the low-cut trial was sac-
rificed for cost reasons.

Since 2005, turfgrass testing for the five countries Finland, Sweden, Denmark,
Iceland and Norway is carried out through the joint SCANTURF program. Unlike
the former national programs, SCANTUREF is funded entirely by entrance fees. In
the test rounds starting 2005 and 2007, from which data have been used for this
paper, the program included seven trial sites throughout the Nordic region. Two of
the seven trials were cut at fairway mowing height (15 mm), the others at 3—4 cm.
Species, turfgrass maintenance and assessments were the same as in the former
Norwegian program. See www.scanturf.org for more information.

From 1986 to 2007, a total of 204 new varieties (excluding controls) of the five
species/subspecies were entered into the trials (Table 29.1). The highest numbers
were entered in 1986 and 1990. Unlike in most other European testing programs,
the highest numbers were not of perennial ryegrass, but of chewings fescue (F.rubra
ssp. commutata) and Kentucky bluegrass. This reflects the importance of winter-
hardy species for the Nordic region.

Control varieties of red fescue and Kentucky bluegrass in all trials were ‘Center’
and ‘Conni’, respectively. These varieties were top-ranked in Norwegian testing
from 1981 to 1985 and soon became among the most widely used turfgrass varieties
in the Nordic countries. ‘Center’ was used as reference also for slender and strong
creeping red fescue (F.rubra ssp. litoralis (syn. trichophylla) and F.rubra ssp. rubra,
respectively) as these subspecies did not have any checks in the trials starting 1986.
Unfortunately the same continuity in use of one specific control variety did not exist
in perennial ryegrass. In the first trials, candidates were compared mainly with
‘Barclay’, later mainly with ‘Mondial’, and in the SCANTUREF trials mainly with
‘Ronja’. Overlaps between control varieties in the different trials nevertheless
allowed us to establish a secure reference level for perennial ryegrass.

To estimate genetic gain in various characters, we calculated relative figures with
the control variety reference level as 100. These relative figures were related to the
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Table 29.2 Number of entries (excluding controls) in GEVES variety trials seeded from 1982 to
2010

1982— | 1986- |1991- | 1996- |2001- |2006—
1985 1990 1995 2000 2005 2010 Total

Perennial ryegrass 16 55 78 55 53 58 313
Kentucky bluegrass 7 27 23 9 14 7 87
Chewings fescue 4 23 18 24 16 17 102
Strong creeping red fescue 5 15 24 24 17 16 101
Slender creeping red fescue |3 17 14 13 15 10 72
Total 35 137 155 125 115 108 675

starting year of the different trials using simple linear regression. Regression slopes
(=genetic progress) were presented when correlations were significant at P<0.05.

Data from France

Contrary to other national authorities in Europe, GEVES maintains VCU testing as
a criterion for inclusion on the French list of turfgrass varieties. For this paper we
used results from VCU trials starting every year from 1982 to 2010. In 2008 the
GEVES network was extended to include test sites in Spain (Mediterranean zone),
Ireland (oceanic zone), Netherlands and Germany (Sub continental zone), Hungary
(continental zone) and Norway (Nordic zone) (Lassalvy et al. 2012). Thus, the
number of sites varied from six in 1983 to fourteen in 2010. A total 675 varieties
were evaluated, almost half of them perennial ryegrass (Table 29.2).

Unlike the Nordic trials, GEVES trials were only evaluated for 2 years after the
sowing year. Characters recorded were mostly the same, but there was no assess-
ment of overall winter damage or turf height growth in the GEVES trials. In return,
the GEVES protocol included persistency by the end of the each trial, tolerance to
football-type wear, establishment rate (turf coverage 2 months after sowing) and
tolerance to the most important turfgrass diseases. In this paper, these characters
will be emphasized in order to complement data from the Nordic region. Contrary
to the Norwegian/SCANTUREF trials, where turfgrass height growth and winter
damage were recorded in absolute terms (high value=poor performance), disease
resistance in the GEVES trials was always evaluated on a scale from 1 to 9, where
9 is the most resistant turf.

The set of control varieties in the GEVES trials was not constant from 1982 to
2010 in any of the species. There were, however, always overlaps allowing us to
estimate missing values for control varieties that were not included in a specific
year. To estimate genetic gain in various characters, we calculated relative figures
with the mean of control varieties used in the 1995 trials as 100. These varieties
were chewings fescue ‘Enjoy’, slender creeping red fescue ‘Dawson’ and ‘Manoir’,
strong creeping red fescue ‘Ensylva’ and ‘Pernille’, Kentuky bluegrass ‘Broadway’
and ‘Parade’, and perennial ryegrass ‘Numan’, ‘Repell” and “Troubadour’.
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Results and Discussion

Red Fescue

Low requirements for fertilizers, irrigation and fungicides makes red fescue an
appropriate species for sustainable and Integrated Pest Management (IPM) of turf-
grass areas. This is especially relevant in relation to EU directive 2009/128/EG
which calls for a strong reduction or even prohibition of pesticide use in certain
turfgrass areas (Strandberg et al. 2012). Major constraint limiting expanded use of
red fescue has been the species’ limited tolerance to heat and wear (Rummele et al.
2003). Among the three subspecies, chewings fescue has traditionally been the most
popular in the Nordic countries as it represents the best combination of good winter
survival, disease resistance and high density, while strong creeping red fescue has
been the most widely used i southern Europe due to better color retention during
summer drought.

There are conflicting results among the two test regions regarding genetic
improvement in the three subspecies of red fescue. For the Nordic region
(Table 29.3a) a significant increase in turf quality was achieved only in slender
creeping red fescue and this was accompanied by equally significant increases in
tiller density and reductions in winter damage. In 1986, varieties of slender creeping
red fescue were, on average, 13 % behind chewings fescue ‘Center’ in turf quality,
but in 2007 they were only 3 % behind.

In contrast to the results from the Nordic region, both the present results from
GEVES (Table 29.3b) and those reported for the period 1975-92 (van Wijk 1993),
suggest stronger improvements in turf quality and persistency for strong creeping
red fescue than for the two other subspecies.

This probably reflects that different aspects contribute to persistency in cli-
matically different regions. In the Nordic countries it is undoubtedly winterhar-
diness, including tolerance to pink snow mold (Microdochium nivale), which is
in agreement with Table 29.2b showing significant improvements in this charac-
ter only for the slender creeping type of red fescue. In France persistency is
probably more related to tiller density, as discussed by Sampoux et al. (2012)
for perennial ryegrass. The significant reduction in tolerance to red thread
(Laetisaria fuciformis) among strong creeping red fescue varieties in the GEVES
trials is probably also a reflection of the increase in tiller density of this
subspecies.

Kentucky Bluegrass

Because of its winter hardiness and persistency, Kentucky bluegrass has always
been a widely-used species in the Nordic region. Due to apomixis, breeding of
Kentucky bluegrass is, however, more complicated and less predictable than for out-
crossing grasses (e.g. Funk 2000), and the falling number of varieties submitted for
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Table 29.3a Simple correlation coefficients between year of entry into variety testing and scores
for turfgrass characters relative to control varieties in Norwegian/SCANTUREF trials 1986-2007

Visual turf | Tiller Leaf Summer | Turf height | Winter

Norway/SCANTURF | quality density | fineness | color growth damage
Chewings fescue

Correlation 0.17 ns 0.30%* —0.14ns |-0.10ns | -0.29% —0.58***

Annual change — 025% |- — -0.29 -5 %
Slender creeping red fescue

Correlation 0.78*** 0.79%*%* 10.39ns | 0.37 ns —0.44 ns —0.74%%%

Annual change 0.67 % 076 % |- - - -17 %
Strong creeping red fescue

Correlation 0.19 ns 0.12ns |0.07ns | 0.12ns —0.30 ns —0.44%+%*

Annual change - - - - - -7 %
Kentucky bluegrass

Correlation 0.72%%%* 0.56*%** 1 0.43*** 10.16ns | -0.54*** | -0.05ns

Annual change 0.94 % 064% |050% |- -0.61 % -
Perennial ryegrass

Correlation 0.66%** 0.68%** | 0.42%** | (0.59%** | -0.58*** | —-(.34*

Annual change 0.64 % 0.80% |0.53% |0.72% —0.83 % -2 %

Annual changes (%) (=slope of regression) was indicated for correlations significant at P<0.05

Table 29.3b Simple correlation coefficients between year of entry into variety testing and scores
for turfgrass characters relative to control varieties in GEVES trials 1982-2009

Visual Toler- | Toler- Tolerance
turf Establishment | Wear Persist- |anceto |anceto |tored
GEVES quality |rate tolerance | ency rust M.nivale | thread
Chewings fescue
Correlation | 0.67*** | 0.18 ns 0.43*** 10.31%*% | 0.26% 0.12ns | 0.25%
Annual 0.50% |- 075% 017% 025% |- 0.12 %
change
Slender creeping red fescue
Correlation | 0.65%** | 0.27* 0.42%** 1 -0.23ns |0.11 ns | 0.46%** |0.22 ns
Annual 052% 021 % 085% |- - 060 % |-
change
Strong creeping red fescue
Correlation | 0.82%%% | 0.57%%* 0.58%** 1 (Q.71%%* |(.22% 0.0l ns | —-0.40%**
Annual 0.99 % 0.59 % 1.14% [1.01% (024% |- -0.29 %
change
Kentucky bluegrass
Correlation | 0.07 ns | —0.07 ns —0.12ns |-0.24* [0.20ns |—-0.05ns |-0.28 ns
Annual - - - -0.41% |- - -0.10 %
change
Perennial ryegrass
Correlation | 0.80%*% | 0.61%** 0.65%** | (,32%%% | (.02%%% | 0.47*** | (.2]%%*
Annual 074 % 0.27 % 054% 020% (093% [0.68% 0.09%
change

Annual changes (%) (=slope of regression) was indicated for correlations significant at P <0.05
Significance levels:***: P<0.001, **:P<0.01, *:P<0.05, ns: not significant
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testing in the Nordic region (Table 29.1) may perhaps be taken as an indication of a
shift in breeding investments to other species. For southern parts of Europe, this is
also confirmed by the results from GEVES showing virtually no gain in overall turf
quality and even negative trends for some of the specific characters (Table 29.3b).
Another explanation for this lack of progress may be the excellent variety ‘Cocktail’
which was registered by GEVES in 1991 and later included as a control variety.
Unlike GEVES, Nordic testing shows improvements in turf quality, tiller density,
leaf fineness and height growth of Kentucky bluegrass on level with those in peren-
nial ryegrass (Table 29.3a). For the best varieties, these improvements seem to be
more prevalent in the trials with mowing height 2 cm or lower than in the ordinary
lawn trials cut at 3—4 cm. When ‘Limousine’ was first introduced in Norwegian
variety testing in 1990, it was more or less in a class of its own, but since 2005, it
has been accompanied by other high-density, fine-leaved varieties such as ‘Kaitos’,
‘Linares’ and several others. However, as suggested by the negative trend in persis-
tency in the GEVES trials, it may be speculated that many of the newer varieties are
not particularly adapted to the heat, drought and biotic stresses encountered at lower
latitudes. From North America, there is evidence that even ‘dwarf’ varieties of
Kentucky bluegrass become more susceptible to Drecslera leaf spot and rust if
mowing heights are reduced below 2 cm (Ebdon 2008; Jordan and Lyons 2010).

Perennial Ryegrass

With a European seed consumption of 33,000 t (Sampoux et al. 2012) it is not sur-
prising that more efforts are put into breeding of perennial ryegrass than of any
other species. Numerous varieties are released every year, and both the Nordic and
GEVES testing programs showed significant improvements in turf quality, tiller
density, leaf fineness, height growth, wear tolerance and rust tolerance as also
reported by Duller et al. (2010), Nijenstein (2010) and Sampoux et al. (2012).
Unlike the other species, the Nordic trials also suggest that perennial ryegrass vari-
eties have, on average, become darker, although this trend, inspired from North
America (Thorogood 2003) is not necessarily an advantage in lawns, fairways and
sports fields that tend to be invaded by light-colored annual bluegrass (Poa annua).
More importantly, the GEVES trials suggest a significant gain in persistency and
tolerance to M.nivale, and the Nordic trials suggest a gain in winter hardiness,
although these improvements were smaller than for the aforementioned characters.
In spite of indications that improved turfgrass varieties with shorter subcrown inter-
node lengths have better frost tolerance than old varieties with longer internodes
(Casler 2006), most evidence to date shows little or no improvement in the winter
hardiness of perennial ryegrass (van Wijk 1993; Thorogood 2003; Sampoux et al.
2012). Winter hardiness is indeed a complex trait involving tolerance to both abiotic
and biotic stresses (Thorogood 2003), but research is underway detecting quantita-
tive trait loci (QTLs) and associated physiological mechanisms that may eventually
lead to improved winter hardiness in this species (DaCosta et al. 2011; Hulke et al.
2012; Rognli 2013). A different and perhaps faster approach is the introduction of
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tetraploid turf type ryegrasses. Such varieties do not have the same density and leaf
fineness as diploid varieties, but preliminary SCANTURF observations in spring
2013. showed the tetraploid variety ‘Double’ to be more tolerant to gray snow mold
(Typhula incarnata) than its diploid counterparts.
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Chapter 30

Evaluation of Grass Species, Cultivars

and Mixtures for Use in High Quality Lawn
Tennis Courts

Andrew J. Newell

Abstract Tennis is a popular sport and has been played on natural grass surfaces
since its inception in the 1870s. Choosing grasses for this sport was not specifi-
cally evaluated until studies were initiated for the ALL England Lawn Tennis and
Croquet Club in the 1990s at STRI. Selected data from trials that informed the
choice of grass species and cultivars for use in high quality lawn tennis courts are
described. These showed that Lolium perenne, Poa pratensis and Festuca rubra
(slender creeping) were most tolerant of abrasive type wear designed to simulate
intense tournament play. It was also found that choice of cultivar could have a
larger effect on wear tolerance than choice of species. In mixtures of grass species
the selection of L. perenne cultivar appeared to be the dominant factor affecting
overall wear tolerance. The performance of the P. pratensis component in grass
mixtures varied in different trials from being most to least wear tolerant.
Monocultures of this grass were comparable with L. perenne in all trials. Surface
hardness measurements identified differences among species. Prior to and during
wear cultivars of L. perenne produced a harder surface. This in part led to the deci-
sion to limit the grass selection programme to cultivars of L. perenne. Results
from wear tests conducted in 2010 and 2011 are described. Recommendations are
made for selecting cultivars of L. perenne for use in high quality lawn tennis courts
in the UK.

Keywords Lawn tennis ® Wear tolerance ® Lolium perenne * Poa pratensis * Festuca
rubra * Agrostis sp
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Introduction

Tennis has been played on natural grass since the first lawn tennis club was
founded in 1872. There has been an international tennis tournament played on
grass at Wimbledon since 1877. Choosing grass species for this specialised use
was initially determined by chance rather than design. The game was first played
on ornamental lawns that were also used for croquet and the fine fescue (Festuca
spp.) and bent grasses (Agrostis spp.) associated with these lawns were the
grasses of choice. Advice from the Board of Green keeping Research
(Reconstituted as The Sports Turf Research Institute in 1951) some 50 years later
continued this tradition. In advice to The Queen’s Club in London recommenda-
tions were made to sow 1 part A. fenuis to three parts F. rubra (Anon 1931). At
the time the specific suggestion was to use New Zealand Chewing’s fescue and
browntop bent. Further to this it was strongly advised that L. perenne should
never be used.

The development of grass breeding for sports and other amenity uses has
improved other species that could be considered for and have been included in
seed mixtures for tennis; the main species in the UK being L. perenne. It is prob-
ably fair to say that breeding has changed the turf characteristics of this species
more than any other species in the last 40 years. It is now widely used in seed
mixtures for tennis. And, it is the only grass species purposely sown to create
the tennis lawns at Wimbledon today. It is the intention of this paper to describe
the process by which the species and specific cultivars of L. perenne were
selected to create the playing surface for the largest annual sporting event in the
world.

Materials and Methods

Trials to select the best grasses (species and cultivars) for high quality tennis courts
in the UK were initiated at the STRI in 1993. Data from four trials sown in 1993,
1994, 1998 and 2009 are included in this paper. Trial management has previously
been described for the 1993, 1994 and 1998 sown trials (Newell and Jones 1995,
Newell et al. 1996, Newell and Wood 2000). All trials were sown in randomised
block designs and managed to simulate a high quality tennis surface. All trials were
also subjected to intense abrasive type wear for 2—3 week periods simulating
Wimbledon Championship play in the year after sowing. This pattern was followed
for the 2009 sown trial. However, this trial was also extended to include a second
year of tennis management and intense wear. Wear was applied using the STRI dif-
ferential slip wear machine fitted with abrasive rotors (Canaway 1982). The man-
agement of the 1998 and 2009 sown trials was very similar to the earlier trials.
However, for the 1998 sown trial and all subsequent trials a bespoke tennis testing
area was used. This was built in 1995 by removing the top 100 mm of soil from an
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Table 30.1 Number of Cultivars
cultivars of different Grass species 1993 1994 1998 2009
grass species and
subspecies included in A. capillaris 4
the 1993, 1994, 1998 and A. Stolonifera 1
2009 sown grass F. rubra(Ch) 4 3
selection trials for tennis F. rubra(S1) 4 4 2
E. rubra(St) 2
L. perenne 8 12 41 45
P. pratensis 4 5 4
D. Cespitosa 3

The names of different cultivars used are included in the data tables

Table 30.2 Composition of seed mixtures (percentage seed weight) evaluated in the 1993 and
1994 sown grass selection trials for tennis

Grass species and subspecies
Trial | Mixture A. capillaris | F. rubra (Ch) | F. rubra (Sl) | L. perenne | P. pratensis

1993 | M1-M2 10 15 15 60

1993 | M3-M4 40 60

1993 | M5-M6 40 60

1993 |M7-M8 20 20 60

1993 | M9-M10 70 30
1993 | M11-M12 30 70
1993 |M13-M14 30 30 40
1993 | M15 20 40 40

1994 | M1-M2 17 17 66

1994 | M3-M5 40 60

1994 | M6-M7 40 60

1994 | M8-M10 70 30
1994 | M11-M13 30 70
1994 | M14-M17 30 40 30
1994 | M18 60 40

area of the STRI trials grounds. This was replaced with an identical 24 % clay root
zone (supplied by Surrey Loams Ltd.) to that used to construct courts at the All
England Lawn Tennis and Croquet Club.

Grass species and numbers of cultivars represented from each species in each
trial are shown in Table 30.1. The composition of seed mixtures in the 1994 and
1994 sown trials is given in Table 30.2.

Live grass cover measured using an optical point quadrat and visual quality,
assessed on a 1 (poor) to 9 (good) scale, are used to assess variation among grass
species and cultivars. Where given surface hardness measurements were made
using a Clegg impact soil tester fitted with a 0.5 kg weight dropped from a height of
0.3 m (Simon Deakin Instruments). Chlorophyll index was measured using a
Filedscout CM 100 chlorophyll meter from Spectrum Technologies Inc.
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Results and Discussion

This paper draws on previously published data (Newell and Jones 1995, Newell
et al. 1996, Newell and Wood 2000) from trials sown in 1993, 1994 and 1998.
Unpublished results from a more recent trial sown in 2009 are also included. It is not
intended to fully review data already in the public domain. The aim is to describe
the key stages followed that resulted in the criteria applied today to select grasses
for high quality lawn tennis courts in the UK. The data presented largely describe
the effects of intense abrasive wear on the durability and appearance of different
grass treatments. Grasses selected for high profile tennis use have to withstand peri-
ods of intense wear associated with tournament play. Other characteristics such as
disease tolerance, summer colour and winter discolouration will be important in
selecting the best grasses. However, these should only be taken into account after
grasses are shown to be sufficiently wear-tolerant to survive periods of intense play.

A summary for the main results from the 1993 sown trial are presented in
Table 30.3. The destructive nature of the wear is obvious with live grass cover
declining from in excess of 90 % cover to less than 10 % for some treatments in the
3 week wear period. The results show that some species and cultivars performed
markedly better than others. Among the grass species L. perenne and P. pratensis
appeared most wear tolerant. To a lesser degree some cultivars of F. rubra from the
slender creeping subspecies group were also wear-tolerant. In addition to the spe-
cies variation cultivar differences were found within and among the most wear tol-
erant species. At the other end of the scale Agrostis species appeared to be least
wear tolerant.

This study also allowed some comparison of the performance of different mix-
tures of grass species. In this comparison it was apparent that there were better
alternatives to the mixture in practical use at the time (M1). Indeed 13 of the 15
mixtures tested had significantly more live grass after wear. The fine grass mixture
(M15), which at the time was representative of a very high quality seed mixture for
golf green or ornamented lawn use performed equally poorly.

To help understand the performance of the different grass species in the mixtures
their relative contributions to live grass cover have been calculated. These results,
which have not previously been described, are presented in Table 30.4. In these
results the relative proportions before and after wear are given along with the differ-
ence between the two. The important point to make is that the performance of dif-
ferent species in the mixtures followed their performance as monocultures, at least
to some degree. Also there appeared to be a hierarchy of wear tolerance based
around the grass species in the mixture. In all mixtures the bent grasses (Agrostis sp.)
appeared to perform poorly. Where F. rubra was included in the mixture the relative
proportions of this species increased relative to Agrostis following wear. However,
L. perenne appeared even more wear tolerant with the relative proportions of this
species increasing relative to F. rubra in all mixtures that the two species were
included in. In terms of the performance in mixtures the most wear tolerant species
in this study appeared to be P. pratensis. The relative proportion of this grass
increased following wear relative to the other grass species tested in mixtures
alongside this species.
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Table 30.3 Live grass cover (%) just prior to, during and after abrasive wear simulating tennis
play for different grass species, cultivars and mixtures in the 1993 sown grass selection trial for
tennis

Grass Species/subspecies Pre wear | Wear day 11 Wear day 21
Barclay Lp 85.8 47.0 21.8
Danilo Lp 84.5 41.5 26.0
Elka Lp 86.2 53.5 30.5
Lorina Lp 89.8 54.5 33.8
Master Lp 84.8 42.0 20.0
Meteor Lp 86.0 43.5 26.2
Superstar Lp 82.5 36.0 20.8
Troubadour Lp 79.8 46.0 27.0
Cocktail Pp 91.5 58.5 37.0
Julia Pp 90.0 57.0 30.2
Limousine Pp 86.2 61.0 31.0
Rocardo Pp 85.5 39.5 16.5
Egmont Ac 88.8 5.0 2.8
Highland Ac 81.0 2.5 1.8
Lance Ac 92.5 12.5 6.8
Sefton Ac 90.8 9.0 4.8
Penncross As 89.5 14.0 7.8
Bargreen Fr-ch 80.5 26.5 8.0
Bingo Fr-ch 75.0 20.5 9.8
Center Fr-ch 82.8 21.0 8.8
Waldorf Fr-ch 80.2 13.0 6.0
Barcrown Fr-sl 93.8 41.0 21.2
Jupiter Fr-sl 89.2 335 15.8
Oriflamme Fr-sl 91.0 23.5 9.0
Smirna Fr-sl 90.8 29.5 16.2
Cindy Fr-st 71.5 20.0 4.5
Hollywood Fr-st 82.5 16.5 8.2
M1* Lp/Fr-ch/Fr-sl/Ac 88.8 22.5 11.8
M2 Lp/Fr-ch/Fr-sl/Ac 90.0 41.5 22.8
M3 Lp/Fr-ch 88.2 41.5 18.2
M4 Lp/Fr-ch 88.2 41.5 28.0
M5 Lp/Fr-sl 90.0 47.5 24.8
M6 Lp/Fr-sl 88.0 44.5 26.8
M7 Lp/Fr-ch/Fr-sl 86.2 42.0 242
M8 Lp/Fr-ch/Fr-sl 91.2 43.5 27.8
M9 Lp/Pp 91.2 47.0 25.8
M10 Lp/Pp 88.5 53.5 32.5
Ml1 Lp/Pp 88.2 57.5 33.0
M12 Lp/Pp 91.0 56.5 335
M13 Pp/Fr-ch/Fr-sl 90.2 37.0 26.0
M14 Pp/Fr-ch/Fr-sl 91.0 50.5 30.5
M15 Ac/Fr-ch/Fr-sl 91.8 21.0 10.5
LSD 5.9 11.1 5.9

“Wimbledon seed mixture
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The important point to make following the first trial was that choice of grass spe-
cies and cultivars could markedly influence the performance and appearance of
natural grass tennis surfaces.

A second trial was sown in 1994. A subset of results, showing the effects of wear
on live grass cover, from this study, are presented in Table 30.5. This work again
showed that species and cultivar selection was very important. However, apart from
the three F. rubra cultivars from the chewing fescue group, choice of cultivar was as
important as species choice. The ranges for the L. perenne, P. pratensis and F. rubra
(slender creeping) cultivars overlapped, with marked significant differences within
and among the species groups.

Table 30.5 Live grass cover (%) just prior to, during and after abrasive wear simulating tennis
play for different grass species, cultivars and mixtures in the 1994 sown grass selection trial for
tennis

Grass Species Pre wear Day 11 Day 22
Barclay Lp 67.8 25.0 13.5
Barlinda Lp 70.8 19.0 13.0
Danilo Lp 73.0 29.8 12.8
Elegana Lp 75.8 26.5 15.0
Elka Lp 77.8 352 20.5
Lorina Lp 72.5 34.0 23.5
Merci Lp 66.8 30.5 20.0
Meteor Lp 76.2 31.2 15.8
Queens Lp 68.8 28.5 15.0
Rambo Lp 75.2 22.5 11.8
Superstar Lp 68.5 25.5 11.0
Troubadour Lp 71.0 28.0 14.5
Barvictor Pp 89.5 38.2 20.2
Cocktail Pp 93.5 45.8 24.2
Julia Pp 75.8 39.8 17.2
Limousine Pp 79.0 47.5 21.5
Miricle Pp 90.5 55.5 22.5
Barcrown Fr-sl 92.8 29.0 18.8
Jupiter Fr-sl 83.8 29.0 13.0
Mocassin Fr-sl 94.5 28.2 19.0
Smirna Fr-sl 89.2 25.8 14.8
Center Fr-ch 78.8 16.8 8.2
Lobi Fr-ch 76.8 18.5 8.8
Nimrod Fr-ch 83.0 20.5 9.8
M1* Lp/Fr-sl/Fr-ch 77.0 28.5 10.5
M2 Lp/Fr-sl/Fr-ch 79.5 32.0 22.8
M3 Lp/Fr-sl 85.2 34.0 20.8
M4 Lp/Fr-sl 84.2 42.8 25.0
M5 Lp/Fr-sl 79.8 28.0 18.8

(continued)
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Table 30.5 (continued)

Grass Species Pre wear Day 11 Day 22
M6 Lp/Fr-ch 78.2 29.8 19.8
M7 Lp/Fr-ch 74.5 322 15.8
M8 Lp/Pp 70.5 31.8 14.0
M9 Lp/Pp 70.2 36.5 20.8
M10 Lp/Pp 82.5 31.0 21.0
MI11 Lp/Pp 71.0 37.0 15.8
MI12 Lp/Pp 77.2 31.8 18.5
M13 Lp/Pp 78.2 43.0 222
M14 Lp/Fr-sl/Pp 71.8 21.8 16.8
M15 Lp/Fr-sl/Pp 77.0 30.2 19.2
M16 Lp/Fr-sl/Pp 81.2 37.5 20.8
M17 Lp/Fr-sl/Pp 79.0 322 15.5
MI18 Fr-sl/Pp 94.5 39.8 225
LSD 9.1 8.8 5.3

“Wimbledon seed mixture

The mixtures tested also demonstrated that the commercial seed mixture being
used in 1994 (M1) could be improved. This was replaced with mixture M4 fol-
lowing the trial. This mixture was a 60:40 blend of Lorina (L. perenne) and
Barcrown (F. rubra). Like the first trial the performance of the different grass
species in the mixtures can be compared. Relative proportions of different grass
species in the mixtures before and after wear have been calculated for this paper
(Table 30.6). These results contrasted somewhat with the previous 1993 sown
study. Overall, L. perenne appeared to survive better (relative proportion of live
grass cover increased) than the other grass species that it was tested alongside in
the different mixtures. The relative P. pratensis composition declined in the
majority of mixtures following wear. This was despite comparable performance
with other grass species when sown as a monoculture. One of the differences
between trials that may have contributed to this finding was the time of sowing.
The 1993 trial was sown in mid-August, whereas the 1994 trial was sown in mid-
September. It should be noted here that the main renovation period for lawn tennis
courts in the UK would start in September after the season finishes (normally
mid-September).

Selected results from the 1998 sown trial showing measurements made just prior
to, during and at the end of the wear period area are presented in Table 30.7. The
emphasis for this trial changed somewhat with the principal aim being to identify
improved cultivars of L. perenne. Breeding for the grass species was moving at a
much faster pace at the time (as it still is today) than for other amenity species, with
large numbers of new cultivars being released. It was also apparent from the previ-
ous studies that this grass species would tend to dominate when included in mix-
tures with other grasses.
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Table 30.6 Proportions of different species sown (percentage seed weight) and species proportions
as a percentage of live grass cover before and after abrasive wear for seed mixtures in the 1994
sown grass selection trial for tennis

Sowing proportions Before wear After wear Difference

Mixture Lp Fr Pp Lp Fr |Pp Lp Fr Pp |Lp |Fr |Pp
M1* 66 34 81 19 |0 82 |18 |0 |2 |-2 |0
M2 66 34 74 126 |0 8 18 |0 |7 |7 |0
M3 60 40 70 |30 |0 68 32 |0 -2 |2 |0
M4 60 40 69 31 |0 78 122 10 9 |-9 |0
M5 60 40 74 126 |0 73 126 |1 -1 |0 1
M6 60 40 88 |12 |0 8 113 |0 -1 |1 0
M7 60 40 81 19 |0 8% |11 |0 |8 |-8 |0
M8 70 30 8 |0 15 |90 |1 9 |5 1 -7
M9 70 30 73 |0 27 |80 |0 |20 |7 |0 -7
M10 70 30 91 |0 9 % 0 6 3 |0 |3
Ml11 30 70 63 |0 37 |76 |0 |24 |13 |0 |-13
M12 30 70 44 10 56 (64 |0 |36 |20 |0 |-20
M13 30 70 55 |0 45 |79 (0 |21 (24 O |-24
M14 40 30 30 70 |23 |8 61 28 |10 -8 |6 |3
M15 40 30 30 71 |22 |7 73 124 |3 2 |2 |4
M16 40 30 30 56 |25 |19 |65 24 |11 (9 |-1 |-9
M17 40 30 30 64 22 14 |76 |16 |9 12 -7 |-5
MI18 60 40 0 72 128 |1 82 |18 |1 9 |-10

The change following wear (Difference) is calculated as the proportion after wear minus the pro-
portion before wear
“Wimbledon seed mixture

Table 30.7 Live grass cover (%) just prior to, during and after abrasive wear simulating tennis
play for different grass species, cultivars and mixtures in the 1998 sown grass selection trial for
tennis

Pre-wear Day 8 Day 21

Live Live Live
Grass Species | grass | VM | Hardness |grass | VM | Hardness |grass | VM
Aberelf Lp 69 59 221 33 58 224 24 52
Aberimp Lp 73 6.1 188 34 6.0 |228 21 4.5
Ace Lp 64 49 222 31 50 |218 20 4.0
Advent Lp 72 40 259 32 35 1253 18 3.0
Amadeus Lp 74 3.8 1245 37 45 224 19 3.0
Aphrodite Lp 72 50 223 37 4.5 215 19 4.0
BA 11972 Lp 67 59 188 32 52 232 17 4.0
BA 13207 Lp 72 3.1 222 33 38 204 20 22
Ballet Lp 75 55 225 34 55 |221 33 5.5
BAR ER 6628 |Lp 72 45 243 40 52 226 24 3.5
BARER 6738 |Lp 75 55 226 36 55 1225 24 45
BARER 7711 |Lp 73 4.8 225 33 50 203 22 4.0

(continued)
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Table 30.7 (continued)

Pre-wear Day 8 Day 21
Live Live Live

Grass Species | grass | VM | Hardness |grass | VM | Hardness |grass | VM
BARER 7825 |Lp 75 5.6 228 29 45 233 14 32
BARER 7841 |Lp 79 6.6 222 42 6.5 |234 30 5.8
BAR USA Lp 66 3.0 |220 28 3.0 238 15 2.0
94-11

Bellevue Lp 70 52 242 35 4.8 230 22 3.2
Brightstar Lp 69 42 227 35 4.0 241 17 3.0
Dali Lp 75 45 225 37 4.5 230 25 3.5
Dancer Lp 70 44 231 33 3.5 209 22 2.8
Darius Lp 71 6.0 217 36 58 227 25 52
Disco Lp 71 49 231 33 4.8 222 23 3.5
DPL 9603 Lp 70 50 222 36 42 232 18 32
Eden Lp 60 2.1 227 27 25 1203 16 1.5
Elegana Lp 76 5.1 218 36 55 232 24 3.8
Elka Lp 65 4.1 246 28 42 204 19 3.5
Envy Lp 72 32 |231 33 42 227 19 2.8
Evita Lp 72 64 198 40 5.8 224 28 5.0
Fragment Lp 69 44 226 33 45 221 22 3.0
Garant Lp 64 5.0 240 33 42 |213 18 3.0
JPR 277/4 Lp 69 42 269 32 4.0 |237 20 35
Lex 86 Lp 73 3.0 250 33 35 228 20 32
Livonne Lp 73 54 240 31 52 224 21 4.8
Lorina Lp 74 50 223 40 6.0 |242 29 4.8
LPR 96086 Lp 71 42 209 33 50 228 20 3.5
Merci Lp 69 5.0 238 39 55 221 29 42
Mom Lp 3276 |Lp 67 44 226 34 50 216 19 4.0
Plaisir Lp 71 5.1 234 33 4.8 221 19 3.5
Rambo Lp 69 44 234 31 4.0 207 11 22
Ritmo Lp 79 59 223 37 6.2 231 25 45
Titus Lp 74 6.0 |213 34 55 235 21 4.0
Vienna Lp 70 45 252 37 50 226 24 4.5
Barcelona Pp 70 39 172 35 5.8 |16l 14 4.8
Cocktail Pp 71 3.8 | 188 34 52 |191 18 4.8
Limousine Pp 72 39 163 35 62 |174 23 4.8
Unique Pp 69 3.1 187 26 35 | 188 10 2.5
Barcrown Fr 81 4.9 179 34 50 |165 21 5.0
Mocassin Fr 70 42 180 32 52 155 15 4.0
BAR DC Dc 56 4.1 155 22 40 |157 9 2.5
710-2

BARDC 980 |Dc 69 4.1 180 25 42 |163 10 2.0
SR 6000 Dc 73 4.1 122 30 52 140 18 3.0
LSD n.s. 1.0 [29.0 7.8 1.2 1290 9.1 1.3

Visual merit scores (VM; 1 =poor to 9=good) and surface hardness (gravities) are also given
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Selecting the best cultivars of L. perenne appeared to be the principal factor
affecting the performance of different seed mixtures. The 1998 study also included
limited numbers of P. pratensis and F. rubra cultivars, most of which had been
tested previously. Three cultivars of Deschampsia cespitosa were also included.
At the time this species was being promoted as a new grass type for use in a range
of sports and general amenity situations.

This work again demonstrated significant variation in wear tolerance among the
grasses tested. However, we also introduced a measurement of surface hardness
which showed that choice of species could influence this important characteristic.
At the time it was desirable to find ways of increasing surface hardness and associ-
ated with this ball bounce, without compromising the durability or appearance of
the surface. These results clearly demonstrated that it was possible to get a firmer
surface from L. perenne than the other species tested without compromising on
durability or appearance if the better cultivars were selected. This was somewhat of
a “game changer” and meant that going forward the sole aim was to identify
improved cultivars of L. perenne. Practically courts at Wimbledon were also con-
verted to pure L. perenne surfaces.

A further point of value is to note the correlation between objective live grass
cover measurements and subjective visual assessments. During and at the end of
the wear period the two assessments were significantly and positively corre-
lated (r=0.60 and 0.68 respectively). It is also of value to mention that in a
statistical sense it was easier to separate the visual assessments into more dis-
tinct groups.

Bringing things up to date, data from the most recently completed grass selec-
tion trial for tennis are included in Tables 30.8 and 30.9. This study continued to
evaluate new cultivars of L. perenne alongside good cultivars identified in previ-
ous trials. Visual merit scores, chlorophyll index measurement and surface hard-
ness values are presented for measurements made just prior to, during and towards
the end of wear applied in the summer of 2010 and 2011. The chlorophyll index
is a quick method for objectively measuring surface greenness. The values
obtained were strongly correlated with the visual merit scores for measurements
made during and at the end of the wear periods. At the end of the wear periods the
correlation coefficient between these two assessments was 0.81 in 2010 and
0.70 in 2011.

In the context of surface properties and appearance it is appropriate to note that
there was a negative association between hardness and visual merit for cultivars of
L. perenne after wear had been applied. The correlation coefficient between visual
merit and surface hardness was —0.58 in 2010 and —0.70 in 2011. This should not
be confused with findings from the 1998 trial where cultivars L. perenne produced
a harder surface than other grass species prior to and during wear. What this dem-
onstrates is that soils dry out quicker and as a consequence become harder if the
grass cover is worn away.

Results from the 2009 sown trial have been used to draw up a preferred list of L.
perenne cultivars for use in lawn tennis courts in the UK. This list in alphabetical
order is Aberimp, Barsignum, Carnac, Chardin, Cleopatra, Ennyo, Malibu,
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Melbourne, Mercitwo, Pontiac and Venice. We advise that mixtures of two or three
cultivars are selected from the list to be used in practice and that characteristics such
as seed purity, germination, disease tolerance and colour are taken into account
before a final decision is made.

Work is continuing to identify new improved cultivars at Lolium perenne to
replace grasses in the current preferred list.

Acknowledgments The grass species and cultivar selection trials for tennis conducted at STRI
have been funded by the All England Lawn Tennis and Croquet Club.
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Chapter 31

Characterisation of Genetic Diversity
for Resistance and Quality Traits Using
Molecular Tools

Hilde Muylle, Susanne Barth, and Tom Ruttink

Abstract Several decades of molecular studies in forage crops like Lolium revealed
to some extent the genetic control of traits such as crown rust resistance, flowering
time, vernalisation response and water soluble carbohydrates. The first studies
focused on only a very limited genetic diversity, up to a dozen of alleles in a series
of diverse linkage mapping populations and identified major genes or QTLs with a
major effect. In more complex traits such as dry matter yield (DMY) and fodder
quality where multiple physiological processes contribute to the phenotype, a
greater number of genes are involved and the environment often has a masking
effect on the genetic component of the trait. Unravelling the genetic control of these
complex traits requires the use of populations with more genetic diversity and with
shorter linkage disequilibrium (LD). It further requires the development of high
resolution phenotyping methods and molecular tools to discover and screen a wider
range of genetic diversity. The different research strategies used in these highly
heterozygous cross-pollinating species shifted from constructing mapping popula-
tions with a very restricted number of alleles towards association mapping in a
diverse collection of germplasm, or linkage mapping in highly structured and inter-
linked populations. With recent developments in high-throughput genotyping, phe-
notyping and advanced statistical approaches, more genetic diversity can be
exploited to understand the genetic control of agronomic important complex traits
for highly heterozygous and genetically heterogeneous species such as Lolium. This
shift towards high resolution molecular studies on complex traits using wide genetic
diversity opens new strategies for innovative breeding in forage crops.
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Several studies have analysed the progress in Lolium breeding over the past decades
(Sampoux et al. 2011; Chaves et al. 2009). Improvements in total dry matter yield
(DMY) and in disease resistance were 3 and 11 % per decade, respectively, and after-
math heading has been greatly reduced. PCA analysis of the phenotypic trait variation
in 21 cultivars that have been released in the past four decades (Sampoux et al. 2011)
shows that improvements of the cultivars are positively correlated with higher water
soluble carbohydrate (WSC) content, in vitro neutral detergent fibre digestibility
(IVNDFD), and in vitro dry matter digestibility (IVDMD). Furthermore, improve-
ment in cultivars is negatively correlated with lignin and neutral detergent fibre (NDF)
content, spike emergence and aftermath heading. A positive correlation is observed
between improved spring and summer DMY, early spring vigour, leaf and lamina
length, while these are negatively correlated with tiller number (Sampoux et al. 2011).

Heritability

Heritability accounts for the proportion of observable differences in a trait between
individuals within a population that is due to genetic differences. The bigger the
influence of the genotype and the less the influence of the environment on a trait, the
more heritable is such a trait. Studying genetic diversity of a trait and genetic selec-
tion for traits requires sufficient heritability of the traits in order to be able to iden-
tify causative underlying genetic factors, quantitative loci and genes. Phenotypes
with a high heritability, e.g. plant height (Alves de Aratijo and Coulman 2004) and
heading date (Armstead et al. 2004), have been the predominant phenotypes in more
detailed molecular genetic analysis. Usually forage species are grown in swards and
their phenotypes grown in single spaced or potted plants are not comparable to their
phenotypes as grown in sward conditions (Conaghan and Casler 2011). Only for
very few traits like heading date data derived from spaced plants and plants grown
in swards are comparable. DMY is one of the most important traits of perennial
ryegrass and is measured in nearly every cultivar evaluation trial (Conaghan and
Casler 2011). Estimates of narrow-sense heritability in sward plots for dry matter
yield are highly variable but typically low to moderate (0.20-0.50) (Frandsen 1986;
Jafari 1998). Dry matter yield is subject to substantial genotype-environment (G X E)
interaction (Conaghan et al. 2008). Traits with higher heritability are e.g. leaf width
(Barre et al. 2009).

Trait-Locus Association Studies

To aid Lolium breeding, much efforts were invested in the hunt for the genetic fac-
tors controlling agronomically important traits. Most studies that aim to identify
genetic polymorphisms leading to phenotypic variation have been based on forward
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genetics: it starts with analysing the phenotypic variation in a given population and
identifies statistically significant associations with genetic polymorphism at one or
more genetic loci by QTL or association mapping. The genetic polymorphisms used
for locus-trait associations can be anonymous markers that are genetically linked to
the causative loci due to LD, or in a more targeted approach, they can be particular
alleles identified in candidate genes.

Early trait-locus association studies focused on linkage mapping populations
with or without known parents or grandparents in a range of segregating population
structures. Parental genotypes were chosen with contrasting phenotypic expression
of agronomic traits (e.g. susceptible x resistant genotype, late x early heading). For
a given locus, a maximum of four alleles could be studied and in a two-way pseudo-
testcross design, only four allelic combinations can be studied. In outbreeding spe-
cies only a smaller proportion of alleles is informative compared to a segregating F2
population with inbred parental genotypes. Initial population sizes for mapping
studies have often been rather small. Small population sizes were used to produce
initial genetic maps and gave only a rough idea on the position and size effects of
QTL for certain traits in a given mapping population. Since recombination rates
differ in different genetic backgrounds and genomic regions, it is also difficult to
predict how large populations need to be to facilitate detailed QTL mapping and
positional cloning. A recent review of Shinozuka et al. (2012), summarized that 560
QTLs have been reported for a range of traits, with 60 % of the QTLs explaining
less than 15 % of phenotypic variance. For pathogen resistance, a metaQTL analysis
on three mapping populations revealed consistent QTLs on LG2 and LG6. These
QTLs cover regions with 5.9 % up to 15.3 % phenotypic variance explained. With
the aim to exploit genetic diversity in ryegrass breeding by means of molecular
tools, i