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GRASSLANDS AND FORAGE CROPS IN EUROPE:
CONTEXT AND STAKES. CONSEQUENCES FOR
BREEDING

C. Huyghe

INRA, Centre de recherche Poitou-Charentes, 86600 Lusignan, France
Corresponding author: christian.huyghe@lusignan.inra.fr
Invited review paper

Abstract: In a first part, the paper will present the socio-economic context
of grasslands and forage crops in Europe over the last decades. The grasslands and
annual forage crops contribute a significant part of the total agricultural land, with
a major share to permanent grasslands. The variation in the size of herbivore herds
will be described, and especially the number of dairy cows. The structure of milk
production in the various EU countries will be documented through the mean herd
size and the share of milk production. The second part will present the main stakes
for the future of grasslands. They are related to i) balance between income and
workload for the farmers, taking into account the common agricultural policy, ii)
quality of animal products in response to end-users’ expectations and iii)
combination of economic performance and environment preservation, with a
special interest to reduction of soil and nutrient losses, reduction of fossil energy
consumption and greenhouse gas emission, preservation of hosted biodiversity.
Meeting these stakes assigns new goals to breeding. It first requires an increased
persistence of grasslands stands which may be achieved through either more
persistent plants or through exploitation of the population dynamics of swards. It
also offers good prospects for mixtures of species as sources of over-yielding and
more yield persistency. Finally, these stakes offer new prospects for forage
legumes, source of nitrogen fertility in cropping systems and protein in animal
diets with a positive effect on the grassland biodiversity.

Key words: grasslands, farming, breeding, Europe
Introduction

Breeding perennial species, such as forage grasses and legumes is a long
term enterprise. Indeed, the process of plant breeding is long with more than 10
years between the initial crosses and the registration of a variety. Moreover, the
turn-over of varieties is much slower than in annual crops even if the duration of
the commercial life of varieties tend to decrease (Tabel and Allerit, 2005). It is thus
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necessary to analyse the present and future stakes of the supply chain where the
future varieties have to be used. These stakes must include the economic aspects of
the supply chain. In the case study of the perennial forage species, the economics
must include the animal production as well as the expectations of the farmers.
Environment preservation has to be taken into account by all production systems,
and it is especially important for the grasslands and herbivore production systems
as they valorise a very large part of the arable land in Europe. Among these
environmental stakes, reducing nitrogen losses, improving energy efficiency and
preserving biodiversity are essential. It is also necessary to anticipate the possible
long term changes. Among them, the consequences of climate change are likely to
be very important for grasslands and for plant species.

The present paper will first present the economic importance and
associated stakes of grasslands and related animal production in Europe, with a
description of acreage, animal herds and performance. Challenges for combining
economic performance and environment preservation will be presented. It will be
proposed that multi-species swards combining grasses and legumes offer a high
potential to meet these objectives. The adequate breeding objectives will be
discussed.

Grasslands and related animal production in Europe:
economic importance and stakes

Acreage of grasslands and forage crops. Grasslands and forage crops contribute
a major part of agricultural and arable land in Europe (EU27). In 2007, for the
EU27, permanent grasslands covered a total of 60 Mha (Eurostat) while annual
forage crops and temporary grasslands covered a total of 18 Mha (Eurostat). Thus,
permanent grasslands contribute more than 75% of total acreage in grasslands and
forage crops in Europe. Over the last three decades, the acreage in permanent
grasslands showed a strong decrease. Acreage change was different among
countries, with a 25% reduction in France (Figure 1). Over the last ten years, the
mean decline was not so severe. Although permanent grasslands declined by 24%
in Spain between 1998 and 2008, the decline reached only 3% in France and 9% in
Germany, while they remained stable in Bulgaria and Czech Republic. Over the
last three decades, part of this loss led to an increase of the acreage of annual crops
while another part turned into forests and bushes. In the North-Western and Nordic
countries with a high annual rainfall, permanent grasslands are scattered all over
the countries. In the rest of Europe, most permanent grasslands are located in
mountainous areas (Massif Central, the Alps, the Pyrenees, Jura and Vosges) where
nothing else could be produced, except forestry. They are a major component of
the preservation of these fragile environments.
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Figure 1. Changes in acreage of permanent grasslands over the last decades in several
European countries. Source: Eurostat

The acreage of temporary grasslands and annual forage crops showed
important variation of the last decades (Figure 2). It tended to decrease in Italy and
UK, while it stayed fairly stable in France and Germany. On the opposite, it
steadily increased in the Netherlands. The acreage in silage maize increases in all
European regions specialised in milk production and this explains the trend in the
Netherlands.

The acreage and its variation over decades in pure perennial legumes show
very contrasting features among countries. Due to historical reasons, perennial
forage swards with pure legumes, named artificial grasslands, were abundant in
France and Tchecoslavakia in 1960 (‘t Hart and Van der Molen, 1966). In France,
acreage in pure legumes crops, mainly alfalfa, is still decreasing after a peak of 3.5
Mha including 1.2 Mha of alfalfa in 1961. The acreage of temporary grasslands
slowly increases in France (Huyghe, 2008) as well as in the rest of Europe.
Interestingly, a high percentage of the temporary grasslands are sown with
mixtures of species, mainly grasses and legumes. The use of mixtures was boosted
by the European regulation on the commercialisation of seed mixtures for forage
production in 2000. In France, this percentage was estimated to reach 70% in 2007.
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Figure 2. Changes in acreage of annual forage and temporary grasslands over the last decades
in several European countries. Source: Eurostat

Animal production. Considering the same time period, the herbivore herds
significantly varied. The herd of dairy goats was constant with a sharp increase in
milk production per head. The number of sheep steadily decreased, this being due
to a strong reduction in the number of sheep devoted to meat production. The main
variations were due to the number of dairy and suckling cows. As a consequence of
the milk quota established in 1984 and of the sharp increase of the milk production
per head, the number of dairy cows was dramatically declined. Their number was
divided by 2 in most countries (Figure 4). Dairy cows are more and more located in
a limited number of lowland regions with a high animal density. West of France,
Ireland and Western England, Denmark and the Netherlands, Northern Germany,
Northern Italy, Poland are the main regions for milk production. Europewide, a
small proportion of dairy cows are still present in the mountainous regions where
the milk is mainly processed into cheeses with PDO or IGP value. The number of
suckling cows showed a very contrasting situation among countries. In countries
where the bovine meat consumption did not drop much during the same period of
time, the reduction in the number of dairy cows opened a possibility for the
development of a large herd of suckling cows. For instance in France and Ireland,
the number of suckling cows slightly exceeds the number of dairy cows with 4
Millions of heads in France. On the opposite, in countries where the beef meat
consumption declined, such as Germany, no significant herd of suckling cows was
developed. These changes have strong consequences for grasslands. Because of the
increase in milk production per dairy cow, the diets have been modified for a
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higher concentration in digestible energy and protein. This explains why silage
maize is popular for these animals, when soil and climate are suitable. However,
high milk production may also be achieved with diets based upon grazing, where it
requires large biomass availability per grazing animal and adequate species
composition. Suckling cows are more located in mountainous and hilly areas and
efficiently valorised permanent grasslands through grazing.
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Figure 3. Changes in the number of dairy cows in some European countries over the last
decades. Source: Eurostat
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Figure 4. Changes in the number of suckling cows in some European countries over the last two
decades. Source: Eurostat
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It is also very important to consider the production per animal, as this has a
major influence on the composition of the diet and especially the proportion of
forage. There is a wide range of variation among countries with up to 7000 kg of
milk per cow in Netherlands (Figure 5). It is must also be underlined that this milk
production quickly increase over the last decades. In France, it was multiplied by
two between 1980, while it increased by 64% in Serbia.

8000+
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4000
3000+
2000+
1000+

0

<

Milk/cow

AN

AN

Poland
Germany
France
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Netherlands
UK

Ireland
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Figure 5. Annual milk production per cow in various European countries.

Forage and turf seed production in Europe. The seed production for forage and
turf species is very active in Europe. The main species are Italian and perennial
ryegrass and red fescue among the grass species, while alfalfa is the main legume
species (Figure 6a). This is due to a large number of very active breeding
companies and specialised seed producers, especially in North-West of Europe. It
is also due to a wide range of climatic conditions which offers possibilities for
production of a wide range of species. This economic activity shows variations
among years, with a strong decline in 2007 and 2008 due to constraints on the
market and competition with cereals (Figure 6b).
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Figure 6. Forage and turf seed production in Europe: a) share of production among the various
species and b) changes in seed production of some forage species in Europe.

Farms and farmers. The number of dairy farms showed a strong reduction over
the last three decades in most countries. In France, this reduction reached 80%.
Reducing the number of farmers was a main tool in the public policy to reduce
milk production and reach the national quota. This mainly targeted the small farms.
The reduction has become less pronounced since 1993. Over the last ten years, the
number of farms involved in milk and beef cattle production declined at a similar
rate of 5000 farms a year. Due to the variation in number of farms, the production
per farm increased, even if more moderately when compared to the large average
herd size observed in Denmark or in the UK. Figure 7 shows the large variation
among European countries in terms of mean herd size. For most Eastern countries
which joined the EU in 2004, a major increase in herd size and the subsequent
reduction in number of farms is anticipated in the next decade, this change being
accompanied by strong European policies and significant budgets. The increased
production per farm generated a new stake for the farmers, where reducing work
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load and above all work uncertainty became a major objective, alongside with
economic performance. This raises new challenges for grasslands whose
production and quality depend more on the unpredictable weather than the forage
crops which are stored as silage.
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Figure 7. Relationship between milk production (in % of the whole European production) and
mean dairy herd size among European countries in 2004.

Increasing environmental performance

Alongside with the economic stakes which include the main concerns for
the farmers, for the industry but also for the end-users, it is necessary to consider
the aspects related to preservation of environment, or the environmental
performance.

Three aspects are especially relevant to grasslands and herbivore production
(Huyghe, 2009).

Losses of nutrients and water pollution. The first aspect is related to the losses of
nutrients and especially nitrate leaching, with the possible consequences on the
quality of water and the subsequent pollution. Mineral nitrogen fertilisation plays
an important role, as it must meet the requirement of the grassland growth.
However, the species composition and especially the use of mixtures may provide
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an adequate answer as it may limit the use of nitrogen fertilisers and nitrate
leakages. Grassland management is also a tool to monitor and limit nutrient losses.
The exploitation regime (cutting and grazing) and the animal stocking rate are
important. Sward persistency and renovation also have to be considered, as a
significant part of the losses are likely to occur during ploughing and renovation.

Improving energy efficiency and reducing greenhouse gas emission. Fossil
energy consumption and greenhouse gas emission must decrease to reduce global
warming. In ruminant production, the energy efficiency is low. In cow milk
production, the mean efficiency measured on numerous French farms by Bochu
(2006) close to 1. A similar value was found by Haas et al. (2001) in intensive
farming system in Northern Germany. Interestingly, there is a wide range of
variation among dairy farms, Bochu (2006) reporting a variation between 0.5 and
2.5, while in Haas et al. (2001), extensive and organic farming systems had
efficiencies close to 2. Investigating the main energy consumptions showed that
mineral nitrogen fertilisation and concentrate supplementation contribute a large
part of the consumption of fossil energy in grassland production and herbivore
production. Indeed, 1.8 kg equivalent oil is needed to produce 1 kg of N under
ammonitrate form. The relationship between concentrate supplementation and
energy efficiency was documented by Fuchs (2009), unpublished data from
Parmeeli project, pers. comm.) on a set of French farm (Figure 8). Species
composition of grasslands, with presence of legumes thus offers an opportunity to
reduce consumption of fossil energy both through reduction of nitrogen fertilisation
and less need for protein supplementation.
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Figure 8. Relationship between the quantity of concentrate and the energy efficiency in various
French dairy farms (from F. Fuchs, 2009, Parmeeli project)
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This points out the importance to achieve and maintain a high proportion of
legumes in swards and to preserve proteins during harvest. Moreover, legumes also
limit the emission of nitrous oxide, as the emission coefficient was estimated to be
null for symbiosis while its estimation is 0.7% of the applied nitrogen either
through mineral or organic fertilisation. This topic is still very much under debate
and requires to be extensively documented.

The drawback of grasslands regarding GHG is the methane produced by
ruminants, as a consequence of the rumen functioning. Lassey (2007) estimated
that 6% of the carbon in the diet was lost as methane. It was suggested by Martin et
al. (2006) that the presence of tanniferous legumes species in the diet was likely to
modify the bacterial population in the rumen and may reduce methane emission. It
is also suggested that the presence of saponins could also influence the composition
of the ruminal flora and significantly reduce methane emission (Holtshausen et al.,
2009; Wang et al., 2009). Although these preliminary research works were
performed with saponins extracted from yucca species, saponins are also produced
by some forage species. Even though this has still to be documented, it would
support the idea to promote temporary grasslands with a large number of species.

Preserving biodiversity. The last possible contribution of grasslands to
environmental performance is the preservation of biodiversity. It was shown on the
basis of many studies that the hosted diversity increases with the number of plant
species, of functional groups and with the functional diversity in the grasslands
(Lavorel and Garnier, 2002). This is true for instance for the number of fungi
(Fischer et al., 2008), but we will get back to this item later in the paper. It is also
true for the number of pollinating species, and especially wild bees. The abundance
of pollinators also increases in grasslands because of the presence of hedges. The
management is obviously critical for preserving a rich hosted biodiversity.

Adequate sward composition and varieties to meet the stakes

Multi-species swards offer promising options. All these elements lead to the
definition of a sward ideotype and support the hypothesis that temporary grasslands
must be increasingly sown with mixtures of species, and especially with mixtures
of grasses and legumes. A sward ideotype must have a high persistency as
ploughing temporary grassland is a major perturbation generating possible nitrogen
leakages and deeply modifying the ecosystem. It must also have a high feed
quality, through a high quality of each component of the sward.

Mixtures of species may lead to over-yielding (the mixtures on average
produce more aerial biomass than the individual species in pure swards) as
documented by several authors, a major study being published by Hector et al.,
(1999), following the seminal work of Sinclair (1826) (Hector and Hooper, 2002).
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Similarly, over-yielding was also observed when the functional diversity (number
of functional groups) increased (Kirwan et al., 2007).

Over-yielding mechanisms in multi-species swards. Three physiological
processes mainly explained the over-yielding features. It may first be explained by
either competition where the most competitive species or functional groups are also
the most productive ones (Tilman, 1997). The importance of competition was
clearly shown by Korner et al. (2008) as being a key element during the
establishment phase. The second process is complementarity. Complementarity
among species means that these species are able to uptake and use different
resources or to use the same resources but at different times or locations in order to
avoid competition. This is clearly the case when grasses uptake mineral nitrogen
when legumes symbiotically fix nitrogen. This process was described by Gross et
al. (2007) as a key mechanism of co-existence of various functional groups in a
grassland sward. It could be the basis of positive effects on biomass production,
especially in environment with intermediate fertility levels. The relative abundance
is crucial to achieve complementarity. The last process is facilitation which is a
fairly recent hypothesis. It was described by Bruno et al. (2003). According to this
hypothesis, facilitation makes it possible for a given species to expand the
ecological niche actually explored beyond the fundamental niche. This is due to the
action of the other species present in the sward and may be due to an increased
access to resources, a limitation of defoliation or predation, an improvement of the
environment and improved conditions for seedling recruitment (Figure 9).
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Figure 9 . Effects of competition (A) and facilitation (B) on the size of the actual niche
comparted to the fundamental niche. Adapted from Bruno et al (2003)
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A recent synthesis by Brooker et al. (2008) underlines the need to further
investigate the various aspects of facilitation and mentions a possible importance of
indirect facilitation between two partner species through the action of a third one.

In grasslands, two examples of facilitation may be documented. The first
one is related to the foliar diseases.

This was documented on a large ecological experimental design set at Jena
(Germany). It was shown by Fischer et al. (2008) that when increasing the number
of species or of functional groups in a sward, the number of fungi species
increased. But, the damages on each individual plant decreased (Figure 10). This
feature may partly explain the over-yielding.

Disease score (1—9 scale)

o

Q
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Figure 10. Relationship between the number of plant species sown in a grassland sward and the
disease score (adapted from Fischer et al., 2008)

A second example is the process of nitrogen transfer from legume species
to grass species in a grassland sward. Nitrogen may be transferred through
senescence of leaves and roots. But the major mechanism of transfer could well be
rhizodeposition. This mechanism is the secretion of organic compounds into the
rhizosphere, making their uptake possible for the other species of the sward. This
was documented by Hogh-Jensen and Schloerring in 2001 in pure swards and
mixtures of red clover, white clover and perennial ryegrass. Hogh-Jensen and
Schloerring (2001) showed that rhizodeposition contributed 80% of the nitrogen
transferred from legumes to grasses over the two years of their study, most of this
nitrogen originating from symbiotic fixation. During their two years study, the total
rhizodeposition was up to 890 and 320 kg N ha™ for red clover and white clover
respectively. This process is very little documented for the various legumes
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species. But it is likely that large differences exist among species both for the
intensity and the timing of rhizodeposition.

Management practices must be adapted either to preserve plant species
diversity or to facilitate the species replacement over time in the swards. If
mixtures of grasses and legumes offer an adequate answer, it is however necessary
to define the optimum species composition. Indeed, over-yielding also depends on
species identity (Sanderson et al., 2004; Kirwan et al., 2007).

Adequate breeding to exploit potential of multi-species
swards

Even though temporary grasslands with a large species diversity offers
promising prospects, it opens several questions to breeding and breeders.

Breeding the right species. An important question is the share of research
between the various forage species. In Europe, more breeding efforts are devoted to
forage grasses than to forage legumes. In view of the environmental stakes as well
as the economic aspects, this feature is not fully relevant and more emphasis should
be given to legumes.

Varieties with the adequate morphology and competitiveness. One key difficult
of multi-species swards is to stabilize, monitor and predict the dynamics of swards
over time. This point is important, as the unpredictable species composition is not
relevant with the farmers’ expectation of less uncertainty. This was already pointed
out by Blaser et al. (1952) who declared that complex mixtures of grasses and
legumes would be unsuccessful because of the unpredictable and uncontrolled
competition among seedlings during the establishment phase or later among
plants!! It is necessary to understand and model the mechanisms underlying the
dynamics of these swards and it is very unlikely that it will be possible to prevent
any change. However, it would be very important to be able to predict to some
extent the future of a sward sown with many species, and especially the installation
period, as it was shown by Korner et al. (2008) that this stage was critical. Reduce
sowing density and implement adequate seed technology would offer possibilities
for a more predictable species composition.

This is a key challenge, especially for most legumes which show a slow
establishment with a long period of severe competition by companion forage
grasses or by weeds.

Maximising rhizodeposition from legumes to grasses. It is also necessary to
investigate whether there is a range of variation among legume species and within
species for their ability to transfer nitrogen to companion grasses. If there is a
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within-species variation, it is likely to exist among genotypes within- population.
This within genetic variance will be difficult to identify as adequate technologies
have to be implemented. Moreover, if breeding is to be undertaken, the objective
will not be to maximise the transfer, as it would be detrimental to the legumes
species but to finely tune it and adapt it. The optimum level of nitrogen transfer
will have first to be defined through modelling and simulation, using 3D explicit
modelling as performed by Verdenal et al. (2008) on aerial morphogenesis of
grassland swards but implemented to plant nitrogen status.

Disease resistance. It is also necessary to revise the main traits of the varieties to
be sown in mixtures. The hierarchy of traits and thus the prevalence in selection
index (or registration index) may be different.

This situation may be illustrated by the importance of disease resistance. In
variety selection and registration for use in pure swards, a heavy weight was given
to disease resistance. This was very relevant because of the losses in biomass
production and quality that may be due to fungal symptoms. However, when
growing species in mixtures, the pattern of damages due to leaf pathogens may
become very different as shown above, based upon the results from Fischer et al.
(2007). This means that the level of disease resistance of varieties may be lower.
And, with a constant research investment, this may offer possibilities to have more
genetic gains on other traits.

Improving feed value and exploiting feed interactions. Improving the feed value
is also a major issue. Improving feeding value requires improving the quality of
each component. No positive diversity effect was observed for the main
components of feed value such as protein content and dry matter digestibility
(Huyghe et al., 2008). So, it is important to improve quality of each component.
For the grass to be used in grass — legume mixtures, it seems important to target
high content in water soluble carbohydrates (WSC). Indeed, high WSC content will
improve animal use of the high protein content of such mixtures. It will also
improve their ensilability when relevant. This would be very important for some
grass species with low WSC content, such as cocksfoot or tall fescue.

For legumes, especially alfalfa and to a lesser extent red clover, it is
necessary to improve the digestibility. Even if the high fibre content of these
legumes is useful to avoid acidosis in diet with a high energy content, their low
digestibility per se is a diluting factor of diet. As a consequence, farmers may
decide to discard them from their diet. Significant differences among varieties have
been identified and may be exploit, while preserving their beneficial effect in
controlling acidosis.

The context of multispecies swards offers the possibility to exploit the feed
interactions, i.e. where a component of one species interacts with a component of
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another species to improve its valorisation. This could be the case for tannins and
polyphenol oxydase (PPO) (Lee et al., 2004), both produced by legumes species
which may reduce the protein degradability of the whole diet. These interactions
have been mainly documented for tannins (Julier et al., 2002). These possible
interactions would suggest that it would make sense to increase the tannins content
and the PPO activity to a level which would not make sense for a pure crop.

Conclusion

There are numerous new stakes for the grasslands and herbivores supply
chain, especially due to the need to combine economic and environmental
performance. Because it is possible to use a wide range of species and to combine
species in multi-species swards, forage species offer a wide range of answers.
Breeding new varieties as well as registration of these varieties have to take into
account this context, exploiting all available tools and concepts from a wide range
of disciplines including ecology and population genetics. This must include new
tools from molecular genetics and possibly transgenesis when relevant and when
this does not induce risks of dissemination towards environment and local plant
populations.

Travnjaci i krmni usevi u Evropi: kontekst i ulozi. Uticaj na
oplemenjivanje

C. Huyghe

Rezime

U prvom delu rada je prikazan socio-ekonomski kontekst travnjaka i
krmnih useva u Evropi u poslednjoj deceniji. Pasnjaci i jednogodisnji krmni usevi
pokrivaju znacajan deo ukupnog poljoprivrednog zemljiSta, sa najve¢im udelom
stalnih pasnjaka. Veli¢ina krda prezivara, a posebno broj mle¢nih krava su
diskutovani. Struktura mle¢ne proizvodnje u razli¢itim zemljama EU je pokazana
kroz srednju veli¢inu krda i udeo u ukupnoj proizvodnji mleka. U drugom delu
rada su prikazani glavni pravci u iskoriS¢avanju travnjaka u buduénosti. Oni su
povezani sa i) ravnotezom izmedu prihoda i rashoda farmera, uzimajué¢i u obzir
uobicajenu poljoprivednu praksu, ii) kvalitetom animalnih proizvoda u odnosu na
ocekivanja krajnjih potrosaca i iii) kombinacijom ekonomicnosti i o¢uvanja zivotne
sredine, sa posebnim osvrtom na redukciju gubitaka nutrijenata u zemljiStu,
smanjenje potroSnje energije iz fosilnih goriva i efekta staklene baSte i ocuvanje
biodiverziteta. Usvajanje ovih pravaca odreduje nove ciljeve oplemenjivanja. Prvi
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cilj zahteva povecanu otpornost travnjaka, koja se moze posti¢i kroz koris¢enje
otpornijih biljaka ili iskori§¢avanja dinamike populacije samih travnjaka. Takode,
koriS§¢enje smeSa krmnih biljaka predstavlja izvor povecanja i stabilnosti prinosa.
Kona¢no, ove smernice nude nove perspektive za krmne leguminoze kao izvor
azota u sistemima za gajenje i proteina u ishrani Zivotinja, sa pozitivnim efektom
na biodiverzitet travnjaka.
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Abstract: Livestock production is important branch of agriculture in
Republic of Serbia. Over 700.000 households are engaged in this production,
which is over 55% of total number of households. Livestock production provides
necessary products (milk, meat, eggs) for nutrition of domestic population. Also,
livestock production provides raw materials for food industry (dairy plants,
slaughterhouses, meat industry, conditory industry and leather industry). Livestock
production is expected to provide high quality products for export, primarily beef
and lamb meat. Chance/opportunity for export exists also for cheeses of high
quality (especially sheep and goat cheeses) of defined origin and quality.

Based on available data, current situation in livestock production is
assessed as inviolable. Number of heads of all species of domestic animals and
poultry has been constantly decreasing over the period of last 10 years (2000 to
2009). During this period, number of cattle decreased by 21%, of pigs by 11%,
sheep by 17%, number of goats by 22%, horses by 62% and number of poultry
increased by 12%. So, by the end of 2009, number of cattle was 1.000.200, pigs
3.631.000, sheep 1.504.000, goats 143.000, horses 14.000 and poultry 22.821.000.

Republic of Serbia will in its near future become member of European
Union (EU) and World Trade Organization (WTO), which means that livestock
production should prepare for competition on unique developed market, without
any state trade barriers. Serbia has been preparing for this since 2006 when it
signed bilateral agreement on free trade with neighbouring countries - Central
European Free Trade Agreement (CEFTA) and in this way became part of the
market and accepted the competition rules on the free market. Accession to EU and
WTO includes liberalization of trade in livestock products, low possibility for
import protection, implementation of quality standards (HACCP; ISO, Global
GAP), reduction of the level of domestic support, discontinuing of export
subsidies, increase of profitability and ability to be competitive on the international
market.

Key words: livestock production, number of livestock and poultry, breeds,
production of livestock products, international market
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Introduction

Animal husbandry, together with crop farming, is the major branch of
agriculture. Harmonious relationship and coordinated development of these two
branches is a prerequisite for developing agriculture and successful accomplishing
of tasks relating to human nutrition, development of processing industry and export
of agricultural products. Serbia has considerable nature resources (agricultural
land, climate, water and vegetable etc.) and very significant capacities and
potentials (farmers, livestock fund, production and processing structures and
techniques, etc.).

The Republic of Serbia has 5.1 million ha of agricultural land, 4.2 million
ha of arable land and fields and 0.83 million ha grassland, approx. 0.6 ha of
agricultural and 0.5 ha of arable land per capita. The quality of soil is best in low
lands and moderately good in hilly and mountain regions.

Over 700.000 households are engaged in livestock production, which is
over 55% of total number of households, and it is important branch of economy
which participates in the gross domestic product with 42%. Livestock production
provides necessary products (milk, meat, eggs) for nutrition of domestic
population. Also, livestock production provides raw materials for food industry
(dairy plants, slaughterhouses, meat industry, conditory industry and leather
industry). Livestock production is expected to provide high quality products for
export, primarily beef and lamb meat. Chance/opportunity for export exists also for
cheeses of high quality (especially sheep and goat cheeses) of defined origin and
quality.

Present situation in livestock production in Serbia

In Table 1 data are presented relating to number of heads of domestic
animals according to species in the period of last 12 years (Republic Bureau of

statistics, 2000-2009).
Table 1. Number of livestock and poultry in Serbia in last 12 years in 000

Year | Cattle | Index | Pigs | Index |Sheep | Index | Goats | Index |Horses | Index | Poultry | Index

2000 | 1272 100 4066 | 100 | 1611 | 100 | 183 | 100 37 100 | 20372 | 100

2001 | 1162 91 3615 89 | 1490 | 92 180 98 30 81 19290 95

2002 | 1128 89 3587 88 | 1448 | %4 164 90 29 81 18804 92

2003 | 1102 87 3439 85 1586 | 98 156 85 27 73 16062 79

2004 | 1079 85 3165 78 [ 1576 | 98 152 83 24 65 16631 82

2005 | 1096 86 3212 79 1609 | 100 | 138 75 19 51 17905 88

2006 | 1106 87 3999 98 | 1556 | 97 162 90 22 59 16595 81

2007 | 1087 85 3832 94 [ 1606 | 100 | 149 81 18 49 16422 81

2008 | 1057 83 3594 88 | 1605 | 100 | 154 85 17 48 17188 84

2009 | 1002 79 3631 89 | 1504 | 93 143 78 14 38 22821 112
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Based on available data, current situation in livestock production is
assessed as inviolable. Number of heads of all species of domestic animals and
poultry has been constantly decreasing over the period of last 12 years. The
greatest decrease of number of heads of livestock was recorded in year 2004 and it
continued to 2009, in all species of domestic animals. During this period, number
of cattle decreased by 21%, of pigs by 11%, sheep by 17%, number of goats by
22%, horses by 62%, whereas the number of poultry increased by 12%. So, by the
end of 2009, number of cattle was 1.000.200, pigs 3.631.000, sheep 1.504.000,
goats 143.000, horses 14.000 and poultry 22.821.000.

Production of milk in Serbia is one of the major livestock production in
regard to number of agricultural households engaged in this production as well as
in value of this production which is additionally increased (added value) by
processing of milk into dairy products. Production of milk, in spite of decrease of
number of heads, is constant and at the same level since year 2000 (table 2). This
can be explained by increased production of milk per cow. Genetic progress in
milk traits was achieved by use of progeny tested bulls and increase of use of
artificial insemination of cows and heifers and through import of high quality
pregnant heifers (Aleksi¢ et al., 2007).

Table 2. Production of milk, eggs and wool in Serbia

Y Milk in million litres Hen eggs - _ -
| cow milk | Index SIED | Ingex | i mill o

2000 1566 100 19 100 1374 100 2264 100
2003 1576 13 1421 2322

2005 1602 14 1476 2527

2006 1587 15 1456 2493

2007 1549 14 1364 2499

2009 1478 94 13 68 1026 75 2403 106

Data in table 2 indicate slight decrease in production of cow milk whereas
production of sheep milk decreased by 32%. Production of eggs in observed period
was relatively stable. Because of the import of genetic material, protein feeds,
additives and medicines, this production is to great extent import dependant.

Drastic decrease of number of livestock in the period from 2000 of all
species of domestic animals has reflected on decrease in production of meat of all
types, and especially in 2009 significant decline was recorded. As orientation for
production results year 2003 was taken when number of domestic animals had
stabilized. Since 2003, total meat production increased (10%), but insufficiently
from the aspect of existing capacities and potential export opportunities. Export of
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beef was in expansion until Italy (1974) and Greece (1980) became members of the
European Economical Community. For instance, in 1974, 50.500t/year was
exported to Italy, and in 1980 51.310 t (Aleksic et al., 2005, Aleksi¢ et al, 2007).

Table 3. Production of meat in Serbia in 000 tons

Year Total | Index EIZ?; Index E,]%;I; Index Smhzzi) Index Pgluel;:y Index
2000 518 104 283 19 67

2003 430 100 95 100 258 100 18 100 59 100
2005 431 100,2 90 94,7 253 98,1 21 116,7 67 113,5
2006 433 | 100,7 83 87,4 255 98,8 20 111,1 75 127,1
2007 474 110,2 95 100,0 289 112,0 20 111,1 70 118,6
2009 314 73 74 78 139 54 21 116 80 136

Production of pork increased in the period from 2003 to 2009. Problem
was that the structure of slaughtered pigs was not good. In total number of
slaughtered pigs one third were piglets. Serbia has tradition in production and
consumption of pork. Existing production of pork is sufficient to satisfy domestic
needs and one part can be exported in form of durable products and cans.

Similar situation is in the production of mutton. Of total production of
mutton approx. 70% is meat of young lambs at the age of 90 days. Considering that
lamb meat represents strategic product, this production should be restored on
private farms owned by individual agricultural producers.

Production of poultry meat is relatively stable. In Serbia, annually 80.000
tons of poultry meat is produced and mainly used for nutrition of domestic
population. Because of short production cycle this production is easier for
restoration and is less of a problem compared to other branches of livestock
production (Cmiljanié et al., 2006).

Breed composition

Cattle breeding. Dominant breeds are Domestic Spotted and Simmental
cattle, participating by about 70% in total number, then crossbreds of Domestic
Spotted and Simmental and Busha cattle participating with about 25%, and about
5% are Black and Red-White cattle of European White-Black and Holstein breeds.

Sheep breeding. Sheep breed composition is unfavourable since 80% of
animals belong to Pramenka, with most represented Pirot, Svrljig and Sjenica
strains. Tsigai sheep participates with about 5%, and 15% are crossbreds of
Pramenka and imported foreign breeds, among which the most often is
Wiirttemberg sheep.
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Goat breeding. Balkan goat living in low land regions is represented by
about 40%, and goat living in higher regions 15%. The crossbreds between Balkan
and other breeds make about 35%, domestic Saanen goat 5% and the Alpine and
Saanen goat about 5%.

Pig breeding. Among swine meat species the most often is Swedish
Landrace and Great Yorkshire, while Dutch, German and Belgian Landrace,
Domestic meaty pig, Hampshire, Duroc and Pietrain are present in a small number
(less than 1% individually). Crossbreds from various combinations of cross-
breeding are frequent, being in sows on larger farms about 60%, where most
frequent is the F1 generation between Great Yorkshire and Swedish Landrace.
Private producers with small number of pigs most often grow crossbreds obtained
by unplanned cross-breeding.

Poultry breeding. Market production of eggs and broilers is based on the
hybrids of light and heavy types.

Future directions of development of livestock production in
Serbia

Republic of Serbia will in its near future become member of European
Union (EU) and World Trade Organization (WTO), which means that livestock
production should prepare for competition on unique developed market, without
any state trade barriers. Serbia has been preparing for this since 2006 when it
signed bilateral agreement on free trade with neighbouring countries - Central
European Free Trade Agreement (CEFTA) and in this way became part of the
market and accepted the competition rules on the free market. Accession to EU and
WTO includes liberalization of trade in livestock products, low possibility for
import protection, implementation of quality standards (HACCP; ISO, Global
GAP), reduction of the level of domestic support, discontinuing of export
subsidies, increase of profitability and ability to be competitive on the international
market.

Developed countries are already facing the trend of increased production of
food, and at the same time population of consumers is decreasing which is reflected
on the market by permanent decrease of prices. Based on existing situation in
livestock production, as well as previous domestic and international practice, a
quick and efficient transformation of livestock production is necessary in order to
be competitive on the international market (Aleksi¢ et al., 2005, Aleksi¢ et al.,
2007, 2009). Therefore, it is necessary first of all to stop further decrease of
number of certain species of domestic animals.

It is necessary to improve the production potential of certain species and
breeds of domestic animals using genetic-selection measures. Beside standard
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selection methods, today methods of molecular genetic are used more and more.
All this knowledge should be used when developing breeding programs.

By application of new technologies in livestock production and processing
a higher level of production and improved quality of livestock products will be
ensured. By introduction of new technologies the efficiency and competitiveness of
this production will be improved on the global market (Petrovi¢ et al., 2005).
Future livestock production will be based on private farm production with market
orientation. By specializing production higher profitability will be ensured, and in
this way competitiveness on foreign market. It is necessary to associate market
oriented producers into associations which would contribute to more rational
utilization of available assets. Specialized farms for production of milk have
objective to produce high quality milk which is in compliance with standards in
regard to % of milk fat, % of milk proteins and especially bacteriological safety of
milk. On specialized farms a system of certification and registration should be
introduced since in this way the value of product is increased (Petrovic et al., 2002,
2003). Milk produced in this way can be validated on the market through special
dairy products, promotion of brands and commercial — trade marks (hard cheeses,
semi-hard cheeses, white cheeses, milk beverages, etc.). Also, specialized farms for
production of meat have objective which is production for domestic needs and
export. Future of Serbian export of meat is in production of young beef and lamb
meat of such quality which is in compliance with demands of the adequate market.
One of the ways for efficient improvement of production of high quality meat is
crossing for the purpose of realization of better gain, carcass quality and meat
quality (4 Cobié et al., 1990; Aleksié et al., 1995,1998; Petrovié et al., 2004).

In livestock production it is necessary to provide certain quality of
products. This quality has to be monitored constantly using modern control
methods (HACCP and GAP, etc.). It is necessary to provide the principle of
traceability, which means that certain product can be traced to the primary
production, through processing to ultimate consumer. Adjustment/harmonization of
regulations and practice to those which are implemented in EU, so called Acquis
Communautaire is necessary, and if these standards are accepted export
opportunities for livestock products will be greater

For improvement of livestock production in Serbia it is necessary to
provide indispensable quantities of high quality livestock food (forage and
concentrated). Food is one of the most important para-genetic factors in modern
livestock production. By providing high quality feed we provide not only higher
level of livestock production but also better quality of product (Cmiljani¢ et al.,
2006).

Promotions and marketing are also important in realization of greater
export of livestock products. For realization of greater export, besides incentives
provided by government, it is necessary to have products which comply with
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standards of the global market. Greater export will have stimulation effect on
improvement of livestock production in Serbia.

Measures of the agricultural policy should provide incentives to market
oriented producers to produce more efficiently and to produce products of better
quality. Credits for livestock producers under more favourable conditions (lower
interest rates and longer grace period) also contribute to faster development of
livestock production in Serbia.

All afore mentioned measures should be long term because of the long
production cycle in livestock breeding, since this is the only way to provide
progress in livestock production.

Conclusion

Condition in livestock production was assessed as inviolable. Number of
heads of all species of domestic animals is decreasing constantly. Decrease is
especially noticeable and negative in production of certain types of meat where
significant decline in production has been recorded. Contrary to production of
meat, production of milk and eggs was relatively stable.

Long term implementation of recommended measures for restoring and
development of livestock production should stop further decrease of number of
livestock, provide increase of profitability and competitiveness of livestock
production and especially improve the quality of livestock products.
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Stanje stocarske proizvodnje u Republici Srbiji

S. Aleksi¢, M. M. Petrovi¢. M. Zujovic’

Stocarska proizvodnja je zna¢ajna grana poljoprivrede u Republici Srbiji.
Ovom proizvodnjom se bavi preko 700.000 domacinstava $to ¢ini 55% od ukupnog
broja domacdinstava. Stocarskom proizvodnjom se obezbedjuju neophodni
proizvodi (mleko, meso, jaja) za ishranu domaceg stanovniStva. Pored toga
stocarstvo obezbeduje sirovine za prehrambenu industriju (mlekare, klanice,
konditorske industrije i industrija prerade koze). Od stocarske proizvodnje se
ocekuje da obezbedi kvalitetne proizvode za izvoz, pre svega junece i jagnjece
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meso. Sansu za izvoz imaju i kvalitetni sirevi (posebno ové&iji i koziji) sa
definisanim poreklom i kvalitetom.

Na osnovu raspolozivih podataka stanje stocarstva u Srbiji se ocenjuje kao
nepovoljno. Broj grla kod svih vrsta domacih zivotinja i zivine u poslednjih deset
godina (2000.-2009. godine) konstantno opada. U ovom periodu broj goveda je
smanjen za 21%, broj svinja za 11%, broj ovaca za 17%, broj koza za 22% broj
konja za 62% dok broj zivine raste za 12,0%. Tako da je na kraju 2009. godine
broj grla goveda 1.000.200, 3.631.000 grla svinja, 1.504.600 grla ovaca, koza
143.000, 14.000 grla konja i 22.821.000 zivine.

Republika Srbija u blizoj buduénosti postace ¢lan Evropske unije (EU) i
Svetske trgovinske organizacije (STO), §to znaci da se stoCarska proizvodnja mora
pripremiti za konkurenciju na jedinstvenom razvijenom trziStu, na kome nece
postojati drzavne trgovinske barijere. Srbija na tom putu se priprema ve¢ od 2006.
godine potpisivanjem bilateralnog sporazuma o slobodnoj trgovini sa susednim
zemljama (Central European Free Trade Agreement-CEFTA) i samim tim postala
deo trzista i prihvatila pravila konkurencije na slobodnom trzistu. Pristupanje u EU
i STO podrazumeva vecu liberalizaciju trgovine stoCarskim proizvodima, mala
mogucénost zastite od uvoza, implementaciju standarda kvaliteta (HACCP, ISO,
Global GAP), smanjenje nivoa domace podrske, ukidanje izvoznih subvencija,
povecanje profitabilnosti 1 sposobnost da se izdrzi konkurencija na medunarodnom
trzistu.
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Invited review paper

Abstract: The climate and soil characteristics as the main prerequisite for
forage crops production will be presented in this paper. Although Serbia is small
country, climate conditions are significantly different due to various relief
characteristics. The average level of precipitation varies between 540mm on the
northern and eastern regions to over 1000mm in some mountain regions.
Vegetation seasons in mountain regions of Serbia are much shorter than in other
areas, because of large differences between average year temperatures. Also, this
article contains basic characteristics of forage crops production in different
geographic regions. The largest part of arable forage crops is grown in valleys,
which have both favourable climate and edaphic conditions for high production
potential. Two thirds of total arable land (446.000 ha) are under alfalfa and red
clover, while the rest in under bird’s foot trefoil and annual legumes (forage pea,
vetch), sorghum, Sudan grass and other crops. Sown (artificial) grasslands (grown
on 155.000 ha) are very important source of livestock feed in Serbia. The
production of arable forage crops decreases in higher regions, so in some mountain
regions the only source of livestock feed are natural grasslands (1.454.000 ha). The
research activities and the main results of scientific work on forage crops are, also,
presented in this paper. During several decades, a lot of cultivars are created
characterized by high DMY and a number of other important traits. There are many
new production technologies which provide high DMY in different agro ecological
conditions. Despite of these facts, average yields achieved in practice are
unacceptably low.

Key words: forage crops, forage production



30 Z. Lugi¢ et al.

Introduction

The animal husbandry is the most important and most complex agricultural
branch since it provides crude material for human food production. Beside that,
its influence on the other segments of agriculture is very high. Livestock feed
makes the main costs in ruminant production. Therefore, it’s very important to
produce enough of cheap and quality fodder and make it available during the year
(Dordevi¢ and Dinié, 2007).

Predominant climate in Serbia is temperate-continental and continental.
Many factors, especially altitude, can affect weather conditions. There are also
different types of soil with different production possibilities. Regardless of this
variety, we can, certainly, conclude that the climate and edaphic conditions are
favourable for forage crops growing. In lowlands, the nutrition of ruminant, cattle
especially, is based on arable forage crops production. The perennial legumes
(alfalfa, red clover, bird’s foot trefoil and white clover), perennial grasses (orchard
grass, timothy, Italian ryegrass, meadow fescue, tall fescue, red fescue, tall oat
grass and perennial ryegrass), annual legumes (vetch and forage pea), sorghum and
Sudan grass are the economically most important forage crops in Serbia. The total
arable forage crops area in 2008 was 466.000 ha, i.e. 14.11% of arable land. Alfalfa
and red clover are grown in monoculture on 312.000ha that represent nearly 70%
total forage crops area. The other forage crops such as bird’s foot trefoil, sorghum,
Sudan grass and annual forage legumes are grown on 154.000 ha. Perennial
legumes, especially red clover, bird’s foot trefoil and white clover and perennial
grasses are used as components of grass legume mixtures, grown on 150.000ha.

The natural grasslands that are very important source of fodder, especially in
highland regions, spread on 1.454.000 ha. They are not only important as an
economic objective, but also from the ecological and biodiversity point for
environment preservation and protection of the soil from erosion. Investigation and
classification of natural plant association as well as consumption of mineral
fertilizers were the topics of many scientific studies in the last 40 years (Mijatovic,
1973, Stosic, 1974, Lazarevic, 1991; Mrfat-Vukelic 1987; Vuckovic et al., 2002;
Vuckovic et al., 2005).

It should be mentioned that natural grasslands in lowlands on unfavourable
soil, have important role in animal husbandry. Their performances mainly depend
on soil characteristics, precipitations and management (Eri¢, 2005).

Climatic conditions for forage crops production

Serbia is situated between 32°15” and 46°11° N and 18°49” and 23°01° E and
80% of its territory is in South Europe region, while 20% (Pannonian lowlands) is
in Middle Europe region. The central part of territory have temperate continental
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climate, while Panonian lowlands (Vojvodina) has continental climate with strong
influence of humid and cold winds from north and north-west during winter. The
south part of Serbia (Kosovo and Metohija) is influenced by Mediterranean climate
with long and warm summers. Winters are cold and with high snowfalls, especially
in mountain regions. Big rivers (Danube, Sava, Morava, Drina) and mountains
areas (Stara Planina, Suva Planina, Sar Planina, Prokletije, Kopaonik) have strong
impact on climate characteristic.

Considering the most important climatic factors (temperature, precipitation,
and number of sunny days and vegetation period), it can be concluded that there
are favourable conditions for forage crops production, but their utilization is not
satisfactory, (Lazarevié, 2006). Average annual temperatures mostly depend on
altitude. In Vojvodina and central parts of Serbia up to 300 m altitude, they range
from 10,5°C at Pali¢ to over 11°C in Ni§ and Belgrade. Average annual
temperatures decrease with altitude, so at the mountains (over 1000m a.s.l.) they
range from 6 °C at PeSter plateau to 2.7°C at Kopaonik. The coldest months are
December, January and February (in lowlands from -1°C to 1.8°C, and -1.5°C to -
5.6°C in mountain regions). Long-term average values show that in lowlands and
hilly regions the temperatures are over 5°C in March, while they are over 11°C in
April. In higher mountain regions at altitude about 1000m the average monthly
temperatures above 10°C are in May, while above 1.500m such temperatures occur
in June and July. The highest average temperatures on the whole territory of Serbia
are in July an August and they range from 20°C to 22°C (up to 400 m), while at the
higher altitude they range from 11°C to 16°C. Spring temperatures in March and
April are similar to average monthly temperatures in November and October.

Precipitations are mostly influenced relief, altitude and geographic position.
The average annual precipitations, over a few decades in Serbia are between
540mm and 970mm.
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The lowest long-term average precipitations occur on the North (539.2 mm),
North-East and South-East (610.5 mm). In these regions precipitations are the most
frequent in May, June and November. In central parts of Serbia (Sumadija and
Pomoravlje) with temperate continental climate, precipitations are higher and they
range from 630 mm-700 mm. The western parts of Serbia are characterized with
higher average annual precipitations and they range from 700 mm to above 800
mm, while the average precipitations in mountain regions, at altitude higher than
1000 m range from 800 mm to 1000 mm. Obtained results show that the total
precipitations in our country isn’t low, but their distribution during the year is
irregular. So it is very often that during summer months (July and August) dry
periods may occur, which are unfavourable for forage crops production (Figurel).

It’s very important to say that extremely dry years aren’t rare in Serbia, such
was the case in 2000 and 2007 when the annual precipitations ranged from 400 mm
to 500mm, with distinct dry periods and extremely high temperatures (over 40 °C),
(Figure2). Agro ecological conditions like these can sometimes cause significant
oscillations in forage crops production, which is unfavourable for animal
husbandry. Considering the fact that, only 2% of arable land is irrigated, and that
the forage crops are irrigated even less, it is necessary to contribute to stabilise
production of forage crops with a good choice of crops and an adequate
management.

Soil fitness for forage crop production

In regard to relief, i.e. altitude, several geo-morphological entities can be
distinguished. The lowest terrains are mainly present on the territory of Panonian
lowland (Vojvodina) and in the valleys of large rivers. Beside river valleys there
are vast lowlands of Vojvodina, Mac¢va and Stig. Above them there are hilly
terrains of Central, East and South Serbia. In these regions, soil is favourable for
forage crops production. Above altitude 500 m, the share of arable land and
productive capacity of soil decreases. On altitudes greater than 1000 m shallow
soils are predominant. Decrease of production capacity of these soils is also
influenced by shortening of vegetation period and limiting climatic conditions.

In regard to physical and chemical properties, Serbia, and especially central
part, is considered as real mosaic of types of soils (Maksimovi¢ et al. 2009).
Appropriately, the soil fertility also varieties, so for field crop production the best
soils are located in lowland regions of Serbia (Vojvodina, Macva, Stig ravine and
valleys of the South, West and Great Morava rivers). With the increase of altitude,
in hilly regions soils of poorer quality are predominant (brown forest soil,
pseudogley, luvisol...) with distinct limitations in regard to field crop production.
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Significant trait of these soils, as well as soils in mountainous regions and
highlands, is distinct process of superficial erosion. It is estimated that 75% of
Central Serbia is susceptible to water erosion and this is huge problem on light and
loose soils on greater slopes.

Problems to be solved

One of important traits of soils in Serbia is the lack of the available form of
phosphorus (P) in soil. (Figure 3). According to results obtained by Cakmak et al.
(2009) as much as 56% of agricultural land area has very low P content, and only
20% of soils have satisfying content of this element. Situation with potassium
content (K) is significantly better. Over 70% of agricultural land has high or very
high content, whereas only 12% has low content of this element.

Application of mineral fertilizers in Serbia is in correlation with their price
and economic position of agricultural production. The greatest consumption of
mineral fertilizers was during eighties of the last century (Figure 4), when total of
283.000 t N, 144.000 t P,Os and 124.00 t K,0 (SGS, 2002) were applied.
Calculated per hectare, approximately 60 kg ha™ N and close to 30 kg ha™ of P and
K were applied. With the economic crisis and economic sanctions imposed on our
country in the last decade of previous century, consumption of mineral fertilizers
declined drastically to only 18 kg ha-' N and 5 kg ha™ P and K in 2000. In the last
10 years application of mineral fertilizers has been increasing and according to
estimation in 2009 it was about 40 kg ha"'N and approx. 20-25 kg ha™ P and K.

Numerous authors pointed out that specific problem in Serbia are presence of
large area of acid soils. This problem is especially expressed in Central Serbia
where 60% of soils are very acidic or medium acidic, whereas 22% is low acidic
(pH 5.5-6.5) and only 18% is neutral and alkali (Cakmak et al. 2009). Acid soils
are present not only on acidic substrates, but also in agro-ecological conditions
with distinct degradation processes. Such soils are of poorer mechanical and
physical composition, as well as water-air regime and decreased microbial activity.
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Therefore, for the purpose of improvement of characteristics and production
capacities of these soils, it is necessary to apply melioration measures (Dugalic,
1994, Jarak et al. 2003; Stevovic¢ et al. 2007). In solving of the soil fertility and
acidity problems also the government is included through Agricultural extension
services (Official journal of RS 33/04, 2004).

Investigation of large number of samples of Central Serbia has shown that in
addition to geological substrate, also the anthropogenic factor, (industrial zones,
mines, melting plants, fossil fuel consumption, etc.) have great impact on content
of heavy metals (As, Cd, Hg, Ni, Pb, Cu and Zn) in soils (Mrvi¢ et al., 2009). In
spite of higher concentrations of certain heavy metals close to great industrial
plants, it can be concluded that the greatest part of arable land in Serbia is not
endangered by presence of heavy metals. However, Stevanovic et al. (2009) states
that great danger for soil and water courses are pollution by heavy metals (Cr, Cd
and Sr) and radioactive uranium due to increased import of some mineral
fertilizers.

One of the greatest problems facing the domestic agriculture is small area per
farm, which results in low economical production efficiency and small number of
livestock heads per farm. About 77% of total agricultural holdings dispose with up
to 5 ha of land, 17% with 5 to 8ha, 8% with up to 15 ha, and only 2% of farms own
land property over 15 ha (Figure 5). This situation represents significant limiting
factor for agricultural production improvement, expending of the land property and
incentive to market producers.
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The fact that in the last 20 years the number of agricultural holdings with
land property of over 15 hectares has increased is encouraging, as well as interest
of farmers to lease land owned by the state.
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Forage production in lowland

Altitude has a large impact on the forage yield and quality also (Vuckovid,
1999). Lowland regions of Serbia, up to 300 m a.s.l., are characterized with soils of
great production capacity, better climatic conditions and longer growing season for
intensive forage production. Most of arable forage crops are produced in this
region with minor production in mountainous areas.

Total agricultural land in Serbia extends on 5.093.000 hectares, of which area
arable land takes about 3.302.000 ha. In the last 40 years, there is significant
decline of arable land, caused by construction of infrastructures, expansion of
industrial zones and housing settlements. Also, area under pastures is decreased,
whereas area under meadows has increased (Table 1.). In this period, as significant
resources for livestock food production are sown meadows spread on approx.
150.000 ha. On the other hand, due to distinct migration flows of population from
rural regions to cities, abandoned and uncultivated fields are also increased and
today they spread to over 200.000 ha, as well as abandoned areas on higher
altitudes which are subject to spontaneous forestation.

Table 1. Agricultural land structure in Serbia 1970-2008 (000 ha)

Total
Year agricultural Arable Pastures | Meadows Alfalfa Red
land land clover
1970 5849 3838 1015 607 190 122
1980 5786 3735 999 650 192 122
1990 5715 3666 1000 668 188 121
2004 5075 3344 823 598 186 119
2008 5093 3302 833 621 192 120

Dominant characteristic livestock feed production in lowland region is great
presence of corn on over 1.200.000 ha and corn grain production of approximately
4.500.000 tons annually. Most of the corn grain produced (80%) as well as
significant part of products and semi-products of soybean and sunflower are used
for livestock nutrition. In addition, most of produced barley and even of some
wheat grain and triticale are used as livestock feed (Denci¢ and Kobiljski, 2004).

Production of forage livestock feed is carried out on 466.000 ha, which
makes 9% of total or approx. 15% of arable agricultural areas (Figure 6).
According to assessments, in order to provide adequate quantities of forage feed,
are under arable forage crops should take 20% of arable land. However, this
unfavourable situation is mitigated by the fact that two of the most important and
most productive perennial forage legumes, alfalfa and red clover, take 67% of total
area under arable forage crops (Stosi¢ and Lazarevi¢, 2007). Beside these crops,
economically important perennial legumes in Serbia are bird’s foot trefoil and
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white clover in grass-legume mixtures, as well as annual forage crops (fodder peas,
vetches, fodder sorghum, Sudan grass and fodder beat).

Alfalfa (Medicago sativa L.) is the most important perennial forage legume
and is grown on 192.000 ha. Depending on the soil type and climate, alfalfa,
without irrigation, in establishment year, can provide 6 t ha to 9 t ha™, and in the
second year 14-19 t ha™ of hay. The average content of crude protein from four
cuts of alfalfa is 217 g kg and annual yield of crude proteins is 3.12 t ha
(Radovic et al. 2007). The same author stated that in the second year, most of the
annual yield is realized in the first cut (38%) and that it decreases with subsequent
cuts to 16% in the fourth cut. Main limiting factor in growing of this crop is the soil
acidity, and this is why for growing of this crop it is very important to adequately
select the terrain (Mijatovi¢ et al 1988). Melioration measures application gives
very good results in reducing the effect of soil acidity (Kati¢ et al. 2007; Stevovié
et al. 2004).

Alfalfa is mainly grown as monoculture, although it can also be component
of grass-legume mixtures for hay production (Lazarevi¢ et al., 1999). It is used for
livestock nutrition in various forms, most often as hay. Results show that by
ensiling of alfalfa, with addition of carbohydrates, it is possible to produce silage of
good quality with minimum loss of nutritive (Dini¢ et al. 1999). In this way
problems occurring in conservation of the fist and the last cut of alfalfa in time of
greater precipitations, can be avoided. Alfalfa forage is rich in proteins of
favourable amino-acid composition, high digestibility if it was cut in adequate
stage (Ignjatovic et al 1998).

Red clover (Trifolium pratense L.) is grown in Serbia in monoculture on
120.000 ha and it can successfully substitute alfalfa on soils of increased acidity in
lowland and hilly regions. Thank to developed root and intensive biological
nitrogen fixation and favourable effect on soil, it is very important in crop rotation
(Lugi¢ et al. 1998). Due to low tolerance to dry conditions, period of the utilization
of this plant is short, only 2 to 3 years and it is mostly grown in more humid hilly
regions of West Serbia. In conditions without irrigation in the second year it gives
high yields of hay (14-18 t ha™), with high crude protein (18-22%) and mineral
content (Lugic et al., 2002, Lugi¢ et al., 2006). Alfalfa and red clover in lowland
and hilly regions of Serbia annually provide approx. 1.500.000 tons of high quality
hay without which the breeding of ruminants would be unconceivable (AJS, 2009).
In recent years, high quality silage of balanced quality in regard to protein and
carbohydrate content is produced by combining biomass of this crop with perennial
grasses and ground corn (Dinic¢ et al. 2000; Jatkauskas and Vrotniakiene, 2005).

On lower quality soils, bird’s foot trefoil (Lotus corniculatus L.) is very
important in ensuring protein component for livestock feed. Even though there is
no economical justification, in some regions on soils of increased acidity this crop
is traditionally grown in monoculture. Due to its good adaptability, it is grown in
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different agro-ecological conditions, even on higher altitudes (Steiner, 1999). Hay
made from bird’s foot trefoil is of excellent quality with high content of crude
protein (Radovié et al., 2003) and enough carotene and vitamins.

White clover (Trifolium repens L.) represents very important perennial
forage legume in production of livestock feed, worldwide, and especially in some
West European countries, (Frame et al. 1997). It can realize high yields of
excellent quality, but due to low tolerance to drought, this crop is not extensively
grown in Serbia and is mainly used in clover-grass mixtures for grazing (Krsti¢ et
al., 1995; Lazarevic et al. 1999, Lugi¢ et al., 2004).

Annual forage crops have long tradition of production in Serbia and they
represent important source of forage and concentrated livestock food. The most
important annual leguminous crops are fodder pea (Pisum sativum L.) and common
vetch (Vicia sativa L.) grown on 30.000 to 35.000 hectares and used in different
ways (Mihailovi¢ et al. 2007). In agro-ecological conditions of our country these
crops provide high yields of biomass of excellent quality (Mihailovi¢ et al. 2004a,
Mihailovi¢ et al. 2005a, and Mihailovi¢ et al. 2006¢). Target created cultivars of
fodder peas with changed stem architecture, in broad production, can give grain
yield of 3-5 t ha' (Mihailovi¢ et al. 2004). Peas for production of grain are
becoming increasingly important source of protein, because it is not necessary to
heat treat the grain and it can be directly ground and used for feeds. They are sown
early in spring and they utilize the winter moisture reserves and spring precipitation
well, and therefore average yields are very stable and with less oscillating
compared to soybean. In addition to high yields and forage quality, these forage
crops are very important for improvement of the structure and fertility of soil and
its more efficient utilization and exploitation. Sowing in intercropping, farmers
continuously provide livestock feed from smaller land areas which is main goal
(Ostojic et al. 1996, Terzic¢ et al. 2007). Also, fast development and high yields of
green forage are recommended as good green manure (Eri¢ et al. 2000; Cupina et
al. 2004). On small and medium farms, which are dominant in Serbia, during the
eighties of the last century, systems of livestock feed production were created in
which these forage crops had very important place (Mijatovic, 1975, Eri¢ et al.
1998).

However, domination of corn in lowland region, simplifying of the
production process, reduction to less cultures and increase of the energy cost
caused decline in presence of these crops. But, in recent years, with introduction of
adequate agricultural mechanization and adoption of conservation technologies,
these crops are grown more with grain crops and are used for production of hay,
haulage and silage (Dini¢ et al., 1998).
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Production of livestock feed in hilly-mountainous regions

Dominant sources of livestock feed in hilly-mountainous regions are
grasslands, primarily natural ones, whose share in structure of agricultural land
increases with increase of altitude. Grasslands (natural and sown) take almost one
third of agricultural land (Tab. 1). Depending on the degree of climatic and
anthropogenic influences numerous dynamic associations are formed, except
primary associations (climax associations). Their production potentials are
different and under the influence of numerous factors. Dominant influences are the
soil, precipitation level and management (Lazarevi¢ et al., 2003; Cupina et al.
2005).

However, hilly-mountainous region 1is characterized by intensive
depopulation process over the last 40 years, so many areas are abandoned or
holdings only with old family members. Consequence of this situation is decline in
the intensity of anthropogenic influence, primarily in exploitation of grasslands.
Considering that the most of the meadow associations are located in forest zones,
the absence of utilization or reduced intensity of grazing lead to their
transformation towards primary forest associations. This is one of the reasons why
land area under grasslands has decreased in hilly-mountainous region. Main
characteristic of livestock feed production in these regions is extensive production
and dominant way of conservation is preparation of hay.

Process of property extension and differentiation of market producers is more
distinct in lowland regions, so far, whereas in the mountainous regions it is almost
negligible.

Average productivity of grasslands is very low (meadows 1,8 t ha™', pastures
0,6 t ha'), although in years with sufficient precipitation, more productive
grasslands without fertilization can give over 4 t ha™ of hay (Vuckovié et al. 2005).
However, numerous researches indicate that by application of mineral fertilizers,
especially nitrogen, yields can be increased several times in very short time.

It can be concluded that only the application of NPK fertilizer is the most
rational one where nutrient ratio is 2-3:1:1. Which quantities of fertilizer will be
applied depends on many factors but the most important are grassland production
potential and weather conditions. If production potential and precipitation amount
are higher, quantities of mineral fertilizer should be higher (Stosi¢ and Lazarevic,
2007). Norms for basic fertilizing for our natural grasslands, depending on the said
factors, are following: N 40-100 kg ha”, and P and K each 30-50 kg ha™. In regard
to period of the application of mineral fertilizers, research results show that all
quantities should be applied before the start of vegetation (Lazarevi¢, 1994, Stosic
etal.,1996).

Application of only P and K will result in moderate increase of yield after
several years of application. Therefore, it is neccesary to use initial higher doses of
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these nutrients (P and K fertilizers), due to poor content of these nutrients in soils
and partial immobilization which may occur after several years of utilization
(Stosi¢, 1972). Combination of P and K can have larger influence on the share of
legumes than increase of yield if there are over 10% of legumes in the grassland
(Stosi¢, 1974). Since grasslands of Serbia have low share of legumes, nitrogen
fertilizers have decisive importance, but they need to be applied always in
combination with P and K fertilizers (Stosi¢ et al. 2004).

Mineral fertilizers, beside productive, also have impact on floristic changes.
Nitrogen fertilizers induce development of species from the family Poaceae,
whereas PK fertilizers induce development of legumes. This leads to dynamic
changes in plant associations and their transformation towrds more productive,
such as: Agrostietum vulgaris, Festucetum rubreae or their transitional forms
(Lazarevié et al. 2003).

Significant role in production of livestock feed in hilly-mountainous region
have sown grasslands, where production of 7-10 t ha™ of hay can be realized
(Lazarevié¢ et al., 2005), even though production of 11,7-13,0 t ha’ was also
recorded (Lazarevi¢ et al., 2004). Sown grasslands have faster growth in spring
period, and with specific crop choice with various maturation periods, it is possible
to project the period of their utilization (Tomi¢ et al., 1989).

Contrary to natrual grasslands where it is very difficult to maintain and
increase the share of legumes, in case of sown grasslands this is possible. It is not
easy to accomplish this in hilly-mountainous region due to the reduced choice of
legumes which are used in mixtures, because of poor soil conditions, but it is
feasible. Increased aciditiy narrows the choice of legumes for composing of
mixtures (Lazarevic et al., 2005).

Considering the importance of legumes, primarily due to their quality, it is
necessary to adapt and adjust the fertilization system during exploitation. In the
first 2 to 3 years, NPK ratio should be equal, and later, with the decrease of
legumes, it is necessary to increase the quantity of N fertilizer. In this way the
exploitation period of grasslands is prolonged and better economic results are
achieved.

Scientific potential for forage crops investigation

The serious scientific forage crops investigations in Serbia started in the 50s
and the 60s of the 20™ century and the first cultivars of forage crops are created in
1964. By now it is created a great number of economically important cultivars of
forage crops (Pukic et al. 1996). Active breeding programs on forage crops have
been developing in State’s scientific institutions:
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- Institute of field and vegetable crops Novi Sad, Department of forage
crops: alfalfa, red clover, annual forage legumes, sorghum and Sudan
grass.

- Institute for forage crops Krusevac: alfalfa, red clover, bird’s foot trefoil,
white clover and a number of perennial grasses.

- Centre for agricultural and technological researches, Zajecar: alfalfa, bird’s
foot trefoil, red clover and sainfoin.

Only two institutes are researching forage crops at the moment: Institute of
field and vegetable crops Novi Sad and Institute for forage crops Krusevac. There
are 27 researchers working in them on seed and plant improvement programme and
technologies of production and preservation of Ilivestock feed. Besides
aforementioned, about ten researches are now active. They are from:

Faculty of Agriculture Zemun, University of Belgrade.

Faculty of Agriculture, University of Novi Sad.

Faculty of Agronomy Ca&ak, University of Kragujevac.

Faculty of Agriculture Kosovska Mitrovica, University of PriStina.

There are 25 regional Agricultural extension services working with practical
application of scientific results and education of farmers. In 2009, 15 Centres of
rural development are also founded in order to support the development of local
communities and rural areas.

Attained results of forage crops investigations

The total number of created cultivars up to recently is: 25 cultivars of alfalfa,
10 cultivars of red clover, and 5 cultivars of bird’s foot trefoil, 1 cultivars of
sainfoin and 1 cultivar of white clover. These cultivars have a lot of positive
agronomical traits which give high contribution to livestock feed production and
animal husbandry development (Pukic et al.2007).

In addition to there are 18 created cultivars of perennial grasses: orchard
grass (4), timothy (2), Italian ryegrass (1), meadow fescue (1), tall fescue (3), red
fescue (2), tall oat grass (2), and perennial ryegrass (1) which is appropriate for
growing in grass-legumes mixtures (Tomi¢ and Sokolovié, 2009).

Refer to the annual crops breeding, at University Department of Agriculture
Novi Sad, are created 5 cultivars of winter (feeding) pea and 10 cultivars of spring
sorts for different (ways of ) production (grain and feed), 11 cultivars of different
species and varieties of legumes, 8 cultivars and hybrids of sainfoin and 3 cultivars
of Sudan grass (Mihailovi¢ et al., 2007).

Beside these domestic cultivars, there are a great number of foreign cultivars
of almost all important plant species. The domestic cultivars, however, dominate in
the large-scale production, and are proved to be better or equal to foreign cultivars.
General opinion, confirmed by the results, is that the breeding program and germ-
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plasma of forage crops available at Scientific Institutes in Serbia are on high level
and are not behind programmes and investigations in developed countries. There
are more problems in a sufficient grain production due to either ecological
condition for some cultivars or bad organization and lower level of availability of
mechanization to farmers. In this paper, it is pointed out that all the domestic
cultivars are characterized by high potential for quality biomass yield and good
adaptability to climatic condition, that enable stability of yield during the period of
their exploitation.

However, lower average annual yield is obtained, which is not over 40% of
real genetic potential. Despite of good soil and climatic condition for forage crops
growing, unfavourable economic position of agriculture and insufficient
application of agricultural measures affect very low average annual yield (Figure7).

Lucerne Red clover Vetch Cow peas

Lucerka-Lucerne C. Detelina-Red clover
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Figure 7. Realised DM yield (2004-2008) Figure 8. Total hey production (000t) of
in compare to possible DM yield (t ha™) alfalfa and red clover (2004-2008).

The most frequent causes of unsatisfactory results are: choice of inadequate
terrain or crops, period and sowing methods, insufficient protection against weed
and pests, insufficient and inadequate fertilizing and wrong time of harvest and
high losses during preservation and conservation (Eri¢ et al.1996). Extreme dry
years are not rare. In those years, there are much lower quantities of livestock feed
in comparison with average yield (Figure8).

There are great disparities between the science achievements and their
practical application in this area of crop production.

Conclusion

Natural conditions (soil and climate) in Serbia are favourable for forage
crops production and high quality, safe livestock food. Different edaphic and
climatic conditions indicate the need for choice of areas for forage crop production,
appropriate choice of crops and consistent application of modern technologies.
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Scientific results, which reflect in numerous cultivars and hybrids of
important forage crops and production and conservation technologies, provide
great potentials for development of livestock production. However, the economic
position of agriculture, especially animal husbandry and farming, and insufficient
implementation of scientific results leads to unsatisfactory results in practice.

It is necessary to overcome this great gap between scientific achievements
and their implementation in practice as soon as possible. This includes institutional
transfer of knowledge, improvement of economic situation in the country, increase
of government support of agricultural production and enlargement of land
properties.

Also, it is necessary to introduce European standards and Halal standards as
soon as possible, which will enable marketing of livestock products on markets of
Western Europe and Middle East.
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Stanje u proizvodnji krmnog bilja u Srbiji
Z. Lugi¢, D. Lazarevi¢, P. Eric, V. Mihajlovié, S. Vuckovic¢
Rezime

U radu su prikazane karakteristike klime i zemljista kao osnovnih preduslova
za proizvodnju krmnog bilja. lako se radi o maloj teritoriji, zbog reljefnih
karakteristika, klimatski uslovi u Srbiji znacajno variraju. Prose¢an godiSnji nivo
padavina se krece od 540 mm na severu zemlje, do oko 1000 mm u nekim
planinskim predelima. Zbog velikih razlika u prose¢nim temperaturama izazvanih
nadmorskom visinom, planinske rejone karakteriSe znacajno skracenje
vegetacionog perioda. U nizijama u kojima su, pored povoljnijih klimatskih uslova
rasprostranjena zemljiSta vefeg proizvodnog potencijala, gaji se najveéi deo
orani¢nog krmnog bilja. Od ukupno 466.000 ha na kojima se gaji orani¢no krmno
bilje, dve treine zauzimaju lucerka i crvena detelina, dok se na ostalim povrSinama
gaje zuti zvezdan, jednogodiSnje leguminoze (sto¢ni graSak i sto¢na grahorica),
krmni sirak, sudanska trava i ostale vrste. Znacajan izvor stocne hrane predstavljaju
1 sejani travnjaci koji se gaje na 155.000 ha. Sa povecanjem nadmorske visine
ucesce orani¢nog krmnog bilja u obezbedenju sto¢ne hrane se smanjuje, da bi u
planinskim rejonima skoro jedini izvor predstavljali prirodni travnjaci koji se
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prostiru na 1.454.000 ha. U radu su prikazani istrazivacki potencijali i osnovni
rezultati nauénog rada na krmnim biljkama. Tokom viSedecenijskog rada stvoren je
veliki broj visokoprinosnih sorti ekonomski znacajnih krmnih vrsta. Takode,
kreiran je niz tehnologija proizvodnje koje omoguéavaju dobijanje visokih prinosa
krme u razli¢itim agroekoloskim uslovima. Uprkos tome, zbog nepovoljnog stanja
u poljoprivredi i nemoguénosti primene savremenih agrotehnickih mera, prose¢ni
prinosi i ekonomski efekti koji se u praksi ostvaruju su nedopustivo niski.
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Abstract: The exploitation of heterosis in hybrids or hybrid like varieties
is being discussed since long time. In many forage crop species heterosis for
biomass yield could be detected. However, under sward conditions heterosis is
much less pronounced than under spaced plant conditions and can be expected in a
range of 10 to 20%. Due to the heterozygous state of the parents only heterotic
increase (i.e. panmictic mid-parent heterosis PMPH) can be estimated. This review
presents alternative breeding strategies with respect to the creation of variation,
selection and variety construction in diploid selfincompatible species. Additionally,
special cases like self-fertile inbred lines and doubled haploids (DH) will be
considered. The concept of heterosis, the identification of heterotic patterns and the
development of divergent gene pools are outlined. Heterosis can be exploited to
different degrees in several types of varieties like CMS-hybrids, SI-hybrids, semi-
hybrids or synthetics. The different approaches will be presented and discussed on
theoretical grounds and practical application based on experimental data from
perennial ryegrass.

Key words: gene pools, heterosis, hybrids, breeding strategies
Introduction

Forage crop breeders in Europe are located in the centre of diversity of
their crops. For many decades they took profit from this diversity and collected
ecotypes which after simple phenotyic selection were directly used as new
varieties. Since the 70", forage crop breeding was intensified and breeders
intermated whatever materials they had at their disposition. This lead to a large
number of new varieties listed, mostly synthetics. On the other hand, many newer
varieties are somehow interrelated and are part of a mixed gene pool (Bolaric et al.
2005).

With artificial hybridization the breeder creates genetic variation by
allowing recombination to occur between chromosomes from different genotypes.
(Baenziger et al 2006) stated, 'A key issue in using hybridization to create new
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variation is selection of the parents. Despite the obvious importance of this issue
much more research has been done on methods of selection in breeding
populations than on selection of parents to create these populations’. This is
specially true in forage crops where mostly whole populations were mated,
knowing nothing about the origin or the ancestry of these parents.

Although genetic variation is collected, created and identified, the dilemma
faced by the plant breeders is to separate the desirable variation from the
undesirable (Baenziger et al. 2006). Simply, genetic variation must exist to achieve
genetic improvement. Regardless of the breeding objective, a critical step is
identifying sufficient genetic variation to meet that objective. In forage crops, a
long list of objectives could be compiled. However, many objectives are only
poorly defined. This is partly due to the complexity of the traits and the fact that
forage is not an end product. There are numerous publications describing variation
in forage crops, however, mostly on the phenotypic level. In the last decade
diversity has also been analysed on the molecular level (Bolaric et al., 2005;
Kolliker et al., 2005; Posselt, 2005).

Creating the base populations

When choosing the sources of germplasm the breeder should have already
clearly defined his breeding objectives. Instead of directly intermating unknown
materials, it is worthwhile to evaluate the source materials according to the traits of
interest. Furthermore, a preliminary grouping of the materials according to time of
flowering and relatedness facilitates the establishment of the base population.
Referring to maize breeding Hallauer and Miranda (1981) stated:’Choice of
germplasm is a critical decision that requires considerable thought. Hasty
decisions either to eliminate or to decrease number of growing seasons required
may in the long run increase the number of growing seasons required to develop
usable materials. In many instances the selected germplasm will be the basis of the
breeding program for the lifetime of the breeder. Choice of germplasm will
determine maximum potential improvement that can be attained via breeding; the
breeding system used will determine how much of that maximum potential can be
realized’.

The number of genotypes selected for the creation of the base population,
and the mode of intermating varies according to the objectives and technical
facilities available (Table 1).
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Table 1. Examples of base population construction (Posselt 2010)

Origin Single-source Multi-source

genetic base broad narrow very broad
genetic material regional ecotypes distinct genotypes | 25 varieties
no. of parents 100 8 100
population size 1,440 3,500 13,000

Furthermore, the breeder has to decide whether to establish one or several
base populations, and if these will be used in short-term or long-term selection
programs. Especially in research studies, mostly ‘closed’ populations are used for
the purpose of comparing response to selection. In practical breeding programs, the
option of “open” populations is more promising. The upgrading of the breeding
population can be done for the following reasons: i) increase of the already reduced
genetic variance, ii) avoidance of inbreeding through the introduction of unrelated
material, and iii) introgression of new genes affecting newly defined traits of
interest. Depending on the purpose of upgrading, a back-up of the original base
population which underwent some type of relaxed selection could already fulfil
most of the requirements made. Otherwise, narrow breeding or backcross
populations, superior families or other so called elite breeding material could be
useful in broadening the genetic base of the respective base population. After
creation of the base population it may be worthwhile estimating the overall
performance of the population. In general, populations with a large phenotypic
variation have lower means than those with a narrow base.

Knowledge of performance per se enables a comparison with the best
current varieties. If one assumes that a base population yields only 10% less than
the best variety, and that the gain from selection (per year) is 1.5% in the base
population compared to a general gain in advanced breeding populations of 0.5%,
then it will take at least ten years until the new population becomes agronomically
competitive.

Besides mean performance per se, breeders have also to consider the
genetic variability created by hybridization of the selected parents. Schnell (1983)
combined genetic variance and mean performance in a single criterion called the

usefulness criterion U., which can be predicted as: Uy = Cj; + i3 h;; oy, where ¢

denotes the mean of population when crossed with tester j. The parameters i, hj

and o, refer to selection intensity, square root of the heritability and genotypic
standard deviation of the population; when crossed with tester j. (Fischer et al.
2010). To my best knowledge this formula has not yet been applied in forage crops.
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Developing gene pools

Unrelated materials are considered to be more diverse judged from gene
frequencies than related ones. The magnitude of heterosis in the hybrid from a
cross between two populations is a direct indication of the level of divergence
among populations, and is used for the establishment of divergent gene pools in
hybrid breeding programs. With respect to open-pollinated varieties (OPVs) and
synthetics, quantitative genetic theory indicates that in the population cross
obtained by random mating of the two parent populations we can exploit one half
of AH( PMPH). With large values of AH, performance of the population cross
often out-yields the higher performing parent population. Thus, in the case of
OPVs or synthetics too, it can be rewarding to have separate heterotic groups that
are inter-crossed to establish composites released to the farmer, (Melchinger,
1999). This approach is especially attractive in combination with hybrid breeding
and/or breeding of synthetics (Gallais 1991).

During the last decade molecular markers were applied in several crop
species to investigate diversity patterns of the respective gene pool (Bolaric et al.,
2005, Posselt, 2005). The geographic origin of ecotypes is mostly known to the
breeder. For released varieties, the situation is rather complex, since breeders have
intermated whatever materials they had at their disposition, no simple grouping of
varieties is anymore possible and complicates the establishment of divergent gene
pools. In a molecular marker study with German ecotypes and varieties of
perennial ryegrass it was shown that only 2% of the total genetic variation could be
attributed to variation between these two groups of material (Bolaric et al. 2005).
Similar results were reported by Peter-Schmid et al. (2008) for Italian ryegrass, but
somewhat greater proportions for meadow fescue.

In cocksfoot, crosses among European and American varieties showed
hybrid effects directly proportional to the putative genetic distance between the
parents (Christie 1970; Christie and Krakar 1980). In perennial ryegrass a close
relationship between geographic distance and hybrid performance (r = 0.64) was
found (Figure 1). In maize, Moll et al. (1965) demonstrated the relationship
between geographic distance and genetic diversity. However, these authors
emphasized the importance of adaptation of geographic distant materials.
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Figure 1. Geographic distance and hybrid performance of diallel crosses among perennial
ryegrass populations (Posselt 2010b)

The concept of heterosis

The terms hybrids and heterosis are sometimes used synonymously. This is
misleading since there are hybrids that do not exhibit heterosis, but there cannot be
heterosis without hybrids (Lamkey and Edwards 1999). Following Falconer and
Mackay (1996), we will define heterosis or hybrid vigor as the difference in
performance between the hybrid and the mean of the two parents and call it
midparent heterosis.

P +P

2

This general form can be specified according to the genetic state of the
parents (Lamkey and Edwards 1999). IMPH: inbred midparent heterosis if the
parents are homozygous inbred lines. PMPH: panmictic-midparent heterosis if two
random mating populations are crossed to form an F-hybrid, i.e. the difference
between the F; and the mean of the parent populations. F,-heterosis is defined as
the difference between the mean of the F,-generation and the midparent value.
Random mating in F; reduces the F,-heterosis to 50 % of the MPH. The amount of
heterosis in a hybrid requires two conditions: (i) directional partial, complete or
overdominance at loci controlling the trait of interest and (ii) differing allele
frequencies at those loci in the populations or lines to be crossed (Falconer and
Mackay 1996). A detailed review of "Quantitative Genetics of Heterosis" was
given by Lamkey and Edwards (1999).

Midparent-Heterosis (MPH) = F; — P with P =
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In many species (Dactylis glomerata, Festuca arundinacea and F.
pratensis, Lolium perenne and L. multiflorum as well as Alfalfa) heterosis for yield
could be detected (Kobabe 1983; Brummer 1999, Posselt 2003). All earlier studies
were made under spaced plant conditions. Under these non-competitive
circumstances both heterosis and inbreeding depression are much more pronounced
(in the order of 50 %) than under sward conditions (Forster 1971, 1973; Posselt
1984b, 1989a,b). Breese (1969), who crossed very divergent populations of
cocksfoot, stressed the point of adaptation to different environments and showed
that the relative amount of heterosis (in this case PMPH) was higher in poorer
environments than in high yielding locations. Gaue et al. (2003) also found higher
PMPH under low-N as compared to high-N conditions in perennial ryegrass.
Compared to other outbreeders, heterosis under sward conditions is rather small (5
— 20%). This was observed in population hybrids, SI-hybrids as well as CMS-
hybrids. However, it should be kept in mind that in all three cases non-inbred or
partial inbred parents were crossed and thus not the full amount of heterosis could
be observed.

Identifying heterotic patterns

The importance of heterotic groups and patterns has been discussed in
detail by Melchinger and Gumber (1998) as well as the interrelationship between
genetic diversity and heterosis (Melchinger 1999). If heterotic patterns are not yet
known, it is suggested to preselect parents for genetic distance based on molecular
or geographic data, and to produce and test diallel crosses among them. The
highest performing cross combinations are used to define heterotic patterns. There
is evidence suggesting that adapted populations isolated by time and space are the
most promising candidates for heterotic patterns (Melchinger and Gumber1998).

In a study based on molecular genetic distance (GD) among German
ecotypes of perennial ryegrass distinct gene pools (Northern vs. Southern) were
identified (Bolaric et al. 2005), although the association between GD and hybrid
performance was rather low (1=0.3). In a further study at Hohenheim, pre-grouping
of the genetic materials by geographic distances (Figure 1), lead to a rather high
association (r=0.64) between GD and performance of the diallel crosses (Table 2).

Average ADMY of the crosses (14.1 Mg ha' ) was only slightly higher
than the mean of the parents (13.6 Mg ha™ ). The highest performing cross with
15.5 Mg ha' was P1 x P2. This combination also shows the highest PMPH
(12.9%). These parents originate from Wales and Austria and the geographic
distance is therefore rather high. P1 shows positive heterotic effects in all crosses
and could be the nucleus of a heterotic group.
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Table 2. Annual dry matter yield (ADMY) in Mg ha of 28 population crosses (above diagonal),
their 8 parent populations (diagonal, in bold); and panmictic midparent heterosis (PMPH) in %
(below diagonal, in italics) of perennial ryegrass averaged across 2 years and 2 locations
(Posselt 2010b)

*

1 2 3 4 5 6 7 8 Mean | GCA
13.5 15.5 146 | 144 | 146 | 146 | 142 | 150 14.8 7.2
129 | 140 | 150 | 138 142 | 147 | 143 | 14.0 14.6 4.6
105 | 117 | 129 | 144 | 13.7 | 132 | 139 | 14.6 14.2 1.1
4.2 -1.8 6.2 14.1 139 | 134 | 136 | 138 13.9 -2.4
8.5 3.5 3.2 0.6 13.5 | 13.0 | 13.7 | 13.6 13.8 -3.2
114 9.7 2.2 0.0 -1.2 12.8 13.6 | 13.6 13.7 -43
2.5 0.9 2.0 -3.8 -1.5 0.4 143 | 138 13.9 -2.4
9.9 0.7 8.9 -1.3 -0.3 2.2 -14 | 138 14.0 -0.6
P*: 1-*Aberavon’, 2-‘Fennema’, 3-ecotype PL, 4-‘Weigra’, 5 to 7-ecotypes D, 8-ecotype F

(RN [ | B W[~

A second heterotic group, i.e. the “opposite” pool to P1 would be P2. P3
shows high PMPH with both P1 and P2, and the question will be whether a third
separate group should be selected. If this is not desirable, then P3 should be
combined with P1 because of lower heterotic effects than with P2. P 8 has a high
yield and shows PMPH in crosses with P1 and P3, but not with P2. Therefore PS is
well suited to be merged with P2. The 4 parents (1, 2, 3 and 8) showing highest
PMPH are the also the most distant ones among the whole set of parents tested. All
other parents show negative GCA and should not be further considered.

After having identified the two heterotic groups (pool A with P1&3 and
pool B with P2&8) the breeder could either start a hybrid breeding program as
outlined in Table 3, or broaden the respective gene pools. To assign materials to
one of the heterotic groups, two series of testcrosses with the two pools (A and B)
as testers need to be carried out. Populations displaying high PMPH with tester A
are assigned to pool B and vice versa. All materials assigned to a particular pool
have to be intermated thoroughly to establish the respective base populations.

Using gene pools in practical breeding

After having identified the two heterotic groups the breeder could either
start a hybrid breeding program or create a diverse base population for synthetic
breeding. In the procedures outlined in Table 3 it is suggested to create and test
full-sib families (FSF). The main reasons are: They are easy to produce in seed
islands of a field of rye or triticale and depending on the number of clonal parts
enough seed for replicated multilocation trials can be obtained, FSFs can be
multiplied individually, remnant seed can easily be maintained in cold storage
systems, effective selection can be practiced among FSFs, and FSFs can be used
for genetic improvement by recurrent selection within the respective gene pools
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(for details of FSF selection see Posselt 2010a). In hybrid breeding the two
divergent pools are maintained seperately. A series of testcross hybrids (interpool
hybrids) are produced and tested for their yield performance. In population
breeding the heterotic groups are intermated to create a base population with large
genetic diversity. Several cycles of random mating are needed to reach Hardy-
Weinberg equilibrium. From this population high performing varietal parents are to
be selected. The parents could be FSFs since this type of selection unit is easy to
handle. To exploit more heterosis in synthetics, genepools could be kept separate
until final synthesis. This is also preferential if ploidization is intended to create a
new tetraploid variety.

Table 3 Generalized scheme for alternative breeding strategies using divergent gene pools

Pool A | Pool B Pool A Pool B
create POP (AB) make pair crosses make pair crosses
Random mating (2 — 3 times) test performance per se of the FSFs
make pair crosses factorial crosses FSF(A) x FSF(B)
test the full sib families (FSF) test all interpool hybrids
select the best FSFs for synthesis select the best as
synthetic hybrid | synthetic

Dimensioning of a breeding program

Population improvement by inta pool recurrent selection enables the
breeder to repeatedly capture heterosis.

With closed gene pools, the degree of inbreeding (expressed as F) which is
allowed should be taken into account. Assuming inbreeding depression of 1% per
cycle (i.e. F=0.01), then the population size should be 50 non-inbred plants or 25
FSFs. If a selection intensity of 10% shall be applied, then 250 pair-crosses are to
be made and the best 25 of them will be recombined to produce the improved
population (Posselt 2010a). The 10 best from each pool are intermated in a
factorial manner and the best inter-pool hybrid will be a potential new variety. So
far, no experimental data is available. Compared to other crops, the number of
testcrosses is rather small.

Pre-selected parents are available

Demarly (1977) presented breeding schemes (Figure 2) to exploit heterosis
on the bases of four non-inbred parents. The first example refers to the classical
scheme of synthetic construction. In the second case pair-crosses are carried out to
produce full-sib families. If two FSFs are mated and further multiplied after
synthesis, this will be also a synthetic. In the first hybrid scheme, the two FSFs are



Alternative breeding strategies ... 57

multiplied inter se (this results in a partly inbred family coded FSF?) before
synthesis or hybridization. In those crops where inbreeding is possible, partly or
fully inbred lines are mated to create FS-families before hybridization of the new
hybrid.

Synthetic Hybrid Hybrid Synthetic

POOOO O O 0 o O o0 o o o O o o

certified seed

P=parents, S=synthesis, X=crossing, M=multiplication
Figure 2. Exploiting heterosis in 4-parent cultivars (Demarly, 1977)

This scheme is applied in the breeding of self-incompatible hybrids (SI
hybrids) since the FSF is a single cross hybrid and depending on the relatedness of
the parents will show heterosis. The hybridization of two FSFs will result a double
cross hybrid. However, in most cases hybridization in the sense of controlled
crosses cannot be achieved. In the last case it is assumed that fully inbred lines or
doubled haploids (DH) can be produced before synthesis.

Self fertility: In many fodders crops and amenity grasses the production of
inbred lines is hampered by self-incompatibility. However, as was shown by
Posselt (1982) genes for self fertility exist in many populations and self fertile
inbred lines were developed at Hohenheim in perennial ryegrass (Utz and Oettler
1978). In spring rye it was observed that synthetics from self fertile materials
yielded 10 to 15% less than comparable synthetics of self-incompatible material
(Singh et al. 1984). The average amount of self-pollination in open-pollinated self
fertile rye populations was estimated to range between 35 and 40%. For the
progenies of crosses among the above mentioned self fertile inbred lines of
perennial ryegrass, self-pollination rates of 0 to 63% were observed (Posselt,
unpublished data). In conclusion, the use of self fertile material should strictly be
avoided in breeding synthetics because complete out-crossing cannot be
guarantied. However, such self-fertile inbred lines could be useful in cms-based
hybrid breeding.
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Doubled haploids (DH): In several grass species it was possible to develop
DH lines via antherculture at Hohenheim (Posselt, unpublished data). However,
the rate of success was highly genotype dependent. Moreover in a large number of
perennial ryegrass DHs no seed set after selfing could be obtained. These DH
plants were therefore strictly self-incompatible. However, DHs can be easily
maintained vegetatively. From a set of five unrelated donor plants two DH-lines
were obtained from each of them. Two types of synthetics were synthesized, i) a 5-
clone synthetic and ii) a 10 DH-line synthetic. In comparative field experiments of
the Syn-2 over two years at two locations, a slight but not significant superiority of
the DH-synthetic was observed at a yield level of about 12 Mg ha™' of annual dry
matter yield (ADMY). A possible explanation for this (Rober et al. 2005) is that
DH-lines carry hardly any genetic load due to a strong selection pressure against
deleterious recessive genes in the haplophase. Further research on the use of DHs
in forage plant breeding is needed.

Hybrid breeding

Hybrids derive from controlled matings of two parent components i and j
and allow the breeder 1) to fully exploit the panmictic-midparent heterosis (PMPH;
Lamkey and Edwards 1999) of crosses between genetically distant populations
(heterotic groups) and ii) to capitalize not only on GCA but also on SCA effects
(Geiger and Miedaner 2009). The genotypic value of a hybrid can be described as
Yixj=m+ GCA; + GCA; + SCA;;, were Yijis the hybrid performance, m is the
mean of all crosses, GCA; and GCA; are the GCA effects of the parents i and j,
and SCAj; is the specific combining ability of the two respective parents.

Hybrid breeding demands i) identical reproduction and multiplication of
the parental components on a large scale, ii) controlled crossing of parents on a
large scale and iii) fertility of hybrids if seeds are to be harvested. Biological
prerequisites are i) a sufficiently high degree of heterosis for economically
important traits and ii) a suitable hybridization mechanism. Because of the
flowering biology of forage crops, at present only CMS (cytoplasmic genic male
sterility) or SI (self-incompatibility) are suitable hybridization systems.

In self incompatible species like fodder crops and amenity grasses, a single
cross from two non-inbred parents [(AB) x (CD)] corresponds with a DC based on
four inbred lines and is sometimes referred to as ‘cryptic double’. Due to its genetic
constitution it is a segregating F; .



Alternative breeding strategies ... 59

POP A, Ts Ta POP B,
Pop. Ay x Tg Pop. By x Ty

Figure 3. Generalized scheme of reciprocal recurrent selection for improving two parent
populations in hybrid breeding (Posselt 2010a)

The hybrid breeding scheme in Figure 3 implies that reciprocal testcrosses
are made to identify the best genotypes of the candidate hybrids. The best
genotypes from each pool are recombined for intra-populational improvement. In
perennial crops the selection units for recombination could be clones or families as
previously described. After several cycles of reciprocal recurrent selection when a
sufficient yield performance in the testcrosses is reached the best selection units
from each pool are the potential hybrid parents. In crops where inbreeding or the
production of DH-lines is easy, such as maize, intra-population improvement of the
respective pools is accompanied by inbred or DH-line development. The final SC
is identified by factorial crosses among inbred or DH-lines of the two heterotic
groups

CMS-Hybrids

As an example of cms-hybrid breeding, hybrid production in rye (Secale
cereale L.) will be briefly described. Current hybrid varieties are crosses between a
cms-SC as seed parent and a restorer synthetic as pollinator: (Acms X B) X SYNge.
The SC.,s and the SYN derive from different heterotic groups. The hybrid can be
classified as a DC, since the pollinator synthetic is based on two inbred lines.
Parent B is a self fertile non-restorer inbred line. In practice, rye hybrids are
produced as a mixture of 90% SC.ys and 10% of SYNg¢ as pollinator. Thus, the
final hybrid consists of about 90% hybrid plants (Geiger and Miedaner 2009).

In grasses with a similar flowering biology hybrid breeding can follow the
rye breeding procedure, if inbred lines can be developed. This was done in the
former Hohenheim hybrid program with perennial ryegrass (Posselt 1984b): The
cms-source was maintained by crossing to one of the inbred lines available. The
BC, was used as cms-tester and the candidates were non inbred plants from the
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opposite pool (Posselt 1989b). The forementioned BC, was crossed to a non-
related inbred line to produce the SC.s as seed parent, while a two-parent synthetic
was developed as pollen parent. Hybrid production was like in hybrid rye. The
program had to be abandoned, because the cms materials were not stable in pollen
sterility.

Ruge et al. (2002) reported about a new and stable cms source (named
MSL-cms) in perennial ryegrass. A practical hybrid breeding program was initiated
and the first hybrids are in VCU trials in Germany (Luesink, NPZ Hohenlieth,
Germany; pers. communication).

SI-Hybrids

The production of SI-hybrids in grasses based on the gametophytic two-
locus incompatibility system was proposed by England (1974). The procedure
depends on the ability to self an individual genotype to produce the expected
portion of genotypes which are homozygous at zero (hom 0), one (hom 1) or both
(hom 2) of the loci. Two further generations of intermating the S1-line by open
pollination (R) in isolation are necessary to obtain equilibrium (0.5 hom 0 and 0.5
hom 1) in the S1R2. If two different lines with appropriate SI-genotypes are mixed
together, a seed crop is produced which consists maximal (83%) of F1-hybrids.
The remaining 17% are inbreds from intermating within the parental SIR2- lines.
Under the intense competitive conditions of a sward it is assumed that only the
more vigorous hybrid plants will survive (Posselt 1993).

Table 3. Heterosis in SI-hybrids of L. perenne (Posselt 1993)

Set S, *-lines (n=10) SI-hybrids (n=25)
midparent value mean max.

1 100 104 120

2 100 108 114

3 100 109 115

In an experiment 30 S1R2 lines were grouped arbitrarily into three sets
with 10 lines each. The 10 lines were crossed in a 5 x 5 factorial manner. The 25
SI-hybrids and the 10 parental lines of each set were field plot tested in comparison
to a standard variety at two locations for three successive years. On average,
hybrids out-yielded the partial inbreds only slightly (7%). The best SI-hybrid
yielded 10.3 Mg ha' ADMY and out-yielded the standard variety by about 5%.
Highest PMPH was 20%. It has to be mentioned though that in this study all inbred
lines had been derived from a single gene pool. Additional heterotic effects and
thus higher hybrid performance can be expected if the parental lines originate from
different heterotic groups.
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From the original clones which were used for line development, synthetics
were constructed. Twelve SI-hybrids were tested in comparison with their
respective Syn-2(2) synthetics. On average the SI-hybrids out-yielded the
synthetics by 10%.

Eickmeyer (1994) investigated the SI-hybrid system in Italian ryegrass
under spaced plant conditions. He found much higher MPH (up to 80%). By means
of electrophoreses he was able to estimate hybridisation rates, which often were
less than the theoretical expected 83%. Critical points are: the SIR2-lines have to
be different in their S and Z-alleles, time of flowering has to match and equal
amounts of pollen should be released by the two lines. A further critical point is the
maintenance of the S and Z composition during S1 multiplication. Migrating S or
Z-alleles are assumed to have selective advantage.

If SI-hybrid production were to be carried out on 100 ha, 2,000 kg of seed
would be needed. The 1,000 kg of each line would be produced on 2 ha being
isolated as best as possible. The 40 kg for sowing the 2 ha should be produced
under pollen proof conditions in isolation cabinets.

Semi-hybrids

The general idea of creating population hybrids in grasses has been
described by Burton (1948), who suggested the term ‘chance hybrids’. Other
authors (Kobabe 1983, Brummer 1999) favour the expression ‘semi-hybrids’. Inter-
populational hybridization results in 50% inter-populational and 50%
intrapopulational crosses. Theoretically, one half of the potential heterosis can be
exploited in such ‘semi-hybrids’. If the populations derive from distinct heterotic
groups, the ‘semi-hybrid’ can display a large proportion of PMPH and also out-
yield the better parent (Melchinger 1999). An example of the variation in
population hybrid performance in perennial ryegrass is given in Table 2.

In Italian ryegrass, Bertling (1993) analysed parent populations and their
offspring populations by means of electrophoresis. In several crosses, the rate of
hybridization was much less (35%) than the expected 50%. Flowering
synchronization between the two populations is one bottle neck of this system.
Occasionally, in diallel population crosses of unrelated materials, significant SCA
variance is observed, which is often an indication of non-matching pollination. In
many cases, divergent populations will also be different in their phenotypic
appearance which may lead to great heterogeneity in the resultant ‘semi-hybrid’
and it is doubtful that DUS requirements can be fulfilled. However, phenotypic
similarity can be controlled much easier in narrow populations like full-sib
families. Thus, referring to Figure 3, FSF selection is suggested, and the ‘semi-
hybrid’ derives from crossing phenotypically similar FSFs.
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Combining hybrid and synthetic breeding

In terms of synthetic breeding, a FSF equals a synthetic of two parents
[Syn-1(2)] and, reaches equilibrium after further multiplication [Syn-e(2)]. The
crossing product of two pre-selected synthetics [Syn-e(2)A x Syn-e(2)B] is a Syn-
1(4)AB. or could be called a hybrid. This Syn-1(4)AB should be superior to a four-
parent equilibrium synthetic [Syn-e(4)], because in the latter only part of the
PMPH is retained.

GCA vs. SCA

Theoretical results (Reif et al. 2007) demonstrated that a decrease in
genetic distance will lead to a predominance of variance due to specific (SCA)
versus general combining ability (SCA) effects, and thus to a larger 6%scA GG
ratio. Larger variation due to SCA reduces accuracy in predicting hybrid
performance on the basis of GCA effects. Therefore, success of hybrid breeding
programs depends on the genetic distance among heterotic pools (Melchinger and
Gumber, 1998).

The ratio of 6%sca : 6° Gea is a criterion of the importance of SCA for a
particular trait. In maize (Melchinger 1999) it was shown that SCA was much more
important for grain yield than for forage yield (12.9 vs. 3.9). No such comparisons
are known in the forages. However, it has been assumed that in vegetative traits
like biomass production additive gene action is much more important than non-
additive effects (Breese and Hayward 1972), while in generative traits like seed
yield non-additive effects are more pronounced.

Application of molecular markers

DNA markers have been widely used to describe genetic variation in the
species of interest, however, so far only few attempts have been made to use the
diversity information in practical breeding. The relationship between genetic
distance (GD) and yield of diallel crosses was investigated in perennial ryegrass
(Posselt 2005). Since so far mostly anonymous markers were applied, the
association between genetic distance and yield performance of population hybrids
was not very high. However, because only a limited number of populations could
be tested as diallel crosses, pre-selection of promising populations by marker
application could be worthwhile. The assumption that genetically diverse parents
out-yield populations from genetically similar parents was confirmed in perennial
ryegrass (Kolliker et al. 2005). The latter group selected individual genotypes from
a set of elite clones according to their genetic diversity based on AFLP marker data
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and developed synthetics with contrasting levels of diversity (narrow vs. wide).
The more diverse synthetics out-yielded the narrow ones. In the context of the
breeding procedures outlined above, marker application could be useful in 1) pre-
selection of populations, ii) selection of diverse individuals before establishing the
respective gene pools, and iii) selection of promising parents to reduce the number
of testcrosses. Marker assisted selection is beyond the scope of this review,
however, the interested reader is referred to a recent review (Roldan-Ruiz and
Kolliker 2010).

Further considerations

In general, hybrids of arable crops are cultivated under monoculture
conditions. With the exception of alfalfa, this is not the case in forage crops. They
are sown in mixtures of several species The greater uniformity of hybrids might be
of a disadvantage to explore niches in the mixed swards, or they might dominate
the sward in an unwanted fashion. More probably even, there will be a dilution
effect, since only part of the heterosis can be exploited due to the reduced amount
of hybrid plants in the mixture. Thus, it is an open question, how perennial ryegrass
hybrid varieties will perform in association with white clover as a companion crop.
In the amenity grasses, no advantages can be seen for hybrid varieties, since yield
performance is not a breeding objective and uniformity is not superior than in
synthetics. Moreover, most amenity species are used in mixtures anyway.

IskoriSéavanje heterozisa kod krmnih biljaka koriSéenjem
alternativnih strategija oplemenjivanja

U. K. Posselt
Rezime

Dobijanje heterozisa prilikom kreiranja hibrida 1 sorti nastalih
hibridizacijom predmet je diskusija duze vreme. Kod mnogih vrsta krmnih biljaka
pojava heterozis za prinos biomase je detektovana. Ipak, u proizvodnim uslovima
travnjaka, heterozis je mnogo manje izrazen u odnosu na oplemenjivacke uslove u
mati¢njacima pojedinacnih biljaka i moZe iznositi od 10 do 20%. Na osnovu
heterozigotnog stanja samih roditelja moze se proceniti doprinos heterozisa PMPA
(tj. panmikticki heterozis u odnosu na prosek oba roditelja). Ovaj rad opisuje neke
alternativne strategije oplemenjivanja, moguc¢nost dobijanja nove varijabilnosti,
selekciju genotipova 1 kreiranje sorti kod diploidnih stranooplodnih biljaka.
Dodatno ¢e biti razmatrane self-fertile inbred linije i dvostruki haploidi (DH).
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Istaknuti su koncept heterozisa, identifikacije heteroticnih obrazaca i formiranje
divergentnih genskih pulova. Heterozis se moze dobiti u nekoliko tipova sorti kao
S§to su CMS-hibridi, SI-hibridi, poluhibridi ili sintetici. Bi¢e prikazani i diskutovani
razli¢iti pristupi sa teorijskog aspekta i praktiCne primene, na osnovu
eksperimentalnih podataka dobijenih na engleskom ljulju.
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Abstract: Perennial forage legumes have important role in providing
efficient, viable and sustainable systems of animal production. Alfalfa and red
clover is base of forages in arable land, while on low quality soil and hilly
mountain region, beside red clover, birds foot trefoil, white clover and in same
causes sainfoin have important role. Due to their importance, breeding of alfalfa
and red clover started in Serbia in the middle of twenty century, while other forage
legume breeding started later. The aim of this paper is present achievement of
forage legumes breeding in Serbia and their plan for further period. Divergent
selection materials (local and wild populations, introduced material) and different
breeding methods were used to create high productive domestic cultivars with
acceptable persistence, which is important factor for high and stable yield during
entire exploitation period. Until now, breeders in Serbia, were created over 30
varieties of perennial forage legumes. Domestic varieties are well adapted on local
environment and provides high and stable forage yield during all period of
exploitation.

Key words: perennial forage legumes, breeding, variability, breeding
methods

Introduction

Perennial forage legumes play an important part in grassland farming in
many regions of the world. The well documented advantages of forage legumes are
their high forage production and superior feeding value, as their contributions to
the nitrogen economy of sward through nitrogen fixation (Tomic¢ et al., 2007). Due
to rich and variable genetic base they have good adaptability on different
environmental conditions and wide area of growing. They are cultivated in dry
regions with 200 mm annual precipitation without irrigation as well as in humid
regions with 2500 mm precipitation. Grown on the arable land, alfalfa and red
clover can provide cheap forage of high nutritive value and digestibility. Also,
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some perennial legume species could provide the protein component in forage
when grown on the low quality soils not suitable for alfalfa.

White clover and birds foot trefoil, are especially highly capable of
extracting soil nutrition and have minimal demands in relation to growing
conditions. They are also adapted to shallow and poor soil where no other plant
would be able to grow and achieve the same forage yield.

Suitable choice of forage species, which depend on soil quality, climatic
condition, altitude and farmer requirements, could provide protein rich fodder feed,
which is usually insufficient in animal husbandry. Depending on the environment
condition, perennial forage legume species have a different importance in various
regions.

The most important forage legumes in Serbia are alfalfa (200 000 ha) and
red clover (120 000 ha). In mountainous and hilly areas, red and white clover and
bird’s foot trefoil have important place in animal husbandry development as a
components of legume-grasses mixtures, Breeding of forage legumes in Serbia
started in the middle of the twentieth century in the Institute for forage crops
(alfalfa, bird’s foot trefoil, red and white clover), Institute for field and vegetable
crops (alfalfa and red clover) and Center in Zajecar (alfalfa, bird’s foot trefoil, red
clover and sainfoin). Until now breeders in Serbia created near 40 forage perennial
legumes cultivars (Table 1).

Table 1. Perennial forage legumes cultivars breeding in Serbia

Species Alfalfa Red White Birds Sainfoin
Organization clover clover foot
trefoil

Institute for forage crops, 5 (2n) 1 2 )
KruSevac 6 2 (4n)
Institute for field and vegetable crops,

. 11 3 - - -
Novi Sad
Center, ZajeCar 4 1 - 2 1
Total 21 11 1 4 1

Numerous results confirm that domestic cultivars provide high and stable
forage yield during the entire utilization period and they are proved to be much
better than the introduced alfalfa cultivars (Radovi¢ et al., 2004a; Kati¢ et al.,
2005). Similar results were obtained in comparative testing of foreign and domestic
cultivars and populations of red clover (Vasiljevic et al., 2005a; Lugi¢ et al., 2002;
Vasiljevic et al., 2010) and birds foot trefoil (Radovic¢ et al., 2003). 1t is confirmed
that the domestic cultivars in relation to production, quality, morphological and
biological characteristics were superior to introduced varieties. All of this affect
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that domestic cultivars are widely spread in agricultural production, and introduced
cultivars could find place in the market just in years which are not favourable for
seed production that have affect the lack of seeds.

This paper will present approach of forage legumes breeding in Serbia,
focus on results and further work.

Problems in breeding

Regarding their importance as forage crops, great attention in breeding
program was paid on this species all over the world. Considering that, scientific
efforts have been and are being devoted annually to improvement of both yield and
quality of alfalfa. As a result, numerous forage legumes cultivars, especially
alfalfa, have been created in last fifty years.

In spite of that, genetic increases in alfalfa yield have been small,
compared with those realized in most grain crops. However, increasing the forage,
despite the well-developed breeding programs of its kind, was slightly. According
to research Holland and Bingham (1994) dry matter yield of alfalfa was increased
for about 20% for the last 100 years. It is believed that about 10% increase in yield,
is a result of improved technology in agricultural production, which is only 10%
contribution to the breeding of this species. This yield increase was a result of a
large number of populations of different geographic and genetic backgrounds as
well as work with a variety of plants in the population. Compared with other
agricultural species, the results achieved in increasing the yield of alfalfa biomass
are very small. Similar results are achieved in other forage legumes breeding.

One of the most obvious is the perennial growth habit, so one experimental
strain must be evaluated for several years before decisions can be made in selection
program. Large portion of the yield increase in many crops had been achieved by
altering regulatory processes and increased the proportion of plant assimilates
going into the desired plant organs without increasing total plant growth. But, it
isn’t possible in forage legumes, because the total plant is used for forage.

Another reason is the genetic and reproductive characteristic of those
species. Perennial forage legumes are mostly cross pollinated species, tolerates
comparatively little inbreeding. Therefore, the getting a homogenous material is
very difficult (Osborn et al., 1998). Natural autotetraploidy is common occurrence
in alfalfa, white clover, bird’s foot trefoil, while sainfoin population could be
diploid and tetraploid. For that reason inheritance of most agronomical important
traits in perennial forage species is therefore quite complex and could make
difficulties in breeding.
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Source of variability

Results of breeding primarily depend on the extent and type of variability
in breeding materials, and choosing of the appropriate selection methods. As
previously stated, perennial legumes are mostly autotetraploid and cross pollinated
species, which causes a high variability among and within populations. High
variability for numerous morphological and productive traits has been obtained for
alfalfa (Radovi¢ et al., 1996, Katic et al., 2004), red clover (Lugi¢. 1999, Vasiljevi¢
et al., 2001a), white clover (Lugic et al., 1998, Lugi¢ et al., 2001) and birds foot
trefoil (Radovi¢ et al, 2004b). Variability for forage yield and forage yield
components are frequently used in breeding program for developing cultivars with
high forage production and quality. Although the populations of forage legumes
had a wide genetic base, for most important traits, increase the existing variability
by introducing new material is always desirable. Various sources of variability
were used in forage legume breeding in Serbia.

Local populations - One of the particularly important sources of
variability for perennial species is local populations, which are highly adapted to
the agro-ecological condition in which are grown (Miladinovi¢, 1972). The
selection of breeding material which is generally adapted to the ecological
condition of the region is a major requirement for achieving high and stable yield
in perennial species. This is one of the reasons why many local varieties showed
better results than introduced species (Rumbaugh et al., 1988). First domestic
cultivars of alfalfa (K-1, M-2, Banat, Backa) and red clover (K-3, K-9, Kolubara
and Avala) are created from local population. Collecting and evaluating a huge
number of populations from different part of Serbia are still good source for yield
stability and field persistence. Results obtained by many researches proved the
value of local population as a starting selection material for breeding cultivars with
broad genetic base.

Wild flora - Serbia is due to high variability of geographical, climatic,
pedological and land configuration condition, in floristic way, on of the most
complex area of East Europe. Strong migration and influence from other of the
other European regions, particularly from East Europe, were very important for
great wild population variability of forage crops in flora of Serbia. Natural
meadows and pastures are rich sources of variability for many traits. There is a
need to determine the diversity of forage crops and their wild relatives grown in
Serbia and use them in breeding program.

Wild populations of birds foot trefoil, red and white clover are common
component of natural grasses in all part of Serbia. They are differing in yield,
quality, but their tolerance to stress condition, tolerance to growing and persistence
in mixtures with other species is most important. Wild population of birds foot
trefoil, collected from different part of Serbia, besides local population, was initial
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material for obtaining high productive and persistent genotypes (Mijatovi¢ et al.,
1986, Radovié et al., 2003). Initial selection material for creating new varieties of
bird’s foot trefoil (Zora, Bokor, Sumadija and K-37) and white clover cultivar K-33
(Lugié et al., 1996) were wild population.

Wild relatives. The introduction of wild relatives of alfalfa, Medicago
sativa, primarily in alfalfa breeding process, an attempt was made further increase
genetic variability and adaptability of breeding material (Rumbaughet al, 1988).
The need for diversifying and broadening the existing genetic base of alfalfa led to
their introduction of related species into breeding program. First interspecies
crossing (M. sativa X M. falcata) were made in Institute for field and vegetable
crops in Novi Sad. As a result of this inter species crossing, two alfalfa cultivars
were created, NS Mediana and Novosadjanka H-11. Those cultivars were
characterized by increased winter hardiness, tolerance to lodging and major
disease, and they are suitable for the cultivation of the soil slightly lower quality.
Wild flora is rich source of other relatives from genus Trifolium, which is
characterized by high genetic variability of species, with different level of ploidy
(Mrfat-Vukelic et al., 2003). Wild species from Trifolium genus could be used as
forage crops, especially in hilly mountain regions of Serbia where the providing of
protein components in animal food still are problem. Wild populations of Trifolium
pannoicum collected from different part of Serbia showed high location effect on
morphological traits as on quality of dry matter (Lugic et al., 2005).

In the last few years Institute for forage crops in KruSevac organized few
expeditions every year for collecting new variability from wild flora of Serbia. As a
result, rich collections of 7. repens, T. pretense, T. montanum, T. medium, T.
alpestre, T. campestre, T. pannonicum, Lotus corniculatus and Medicago falcata
were collected and a part of collection are in the nursery at experimental field of
Institute for forage crops in Krusevac.

Introduced selection material. Rich collection of autochthonous breeding
material isn’t enough for successful breeding. Increasing variability in selection
material could be achieved by introducing divergent genetic material, which could
be new source of diversity. Considered that, yield increase in alfalfa was a result of
a large number of populations of different geographic and genetic backgrounds.
Nowadays, intensive international cooperation of scientific workers has allowed
the exchange of selection materials, therefore research institutes have a rich
collection and cultivars usually have, more or less, genes from divergent
germplasm. Introduced cultivars usually showed lower forage yield and field
persistence, especially in longer period of investigation, mainly as a response of
poor suitability on new environment. Anyway, they could be new source of
variability, especially for same traits which is missing to domestic cultivars
(Radovic et al., 2009b).
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Breeding criteria

Main goal of forage legumes breeding is forage yield increasing, with
maintenance of good forage quality.

Previous efforts to obtain the plant breeding material with high content of
raw protein, while maintaining high yields, did not give adequate results.
Therefore, more attention was paid to forage digestibility parameters (NDF, ADF,
lignin) for which greater variability was find in the alfalfa cultivars (Markovic et
al., 2008; Vasiljevi¢ et al., 2009). One of the indirect ways of improving the
quality is breeding of genotypes tolerant to the frequent cutting, and tolerance to
lodging (Kati¢ et al., 2008).

Beside that, special attention was paid on field persistency and stable
forage yield, which are complex traits, especially important for perennial forage
species. Field persistence depends mostly of resistance to abioticu (soil, drought,
low temperature...) and biotic factors (various pathogenic organisms) under field
conditions, which affect duration of exploitation period. As a result of long term
breeding on field persistence in Institute for forage crops were created two red
clover cultivars K-38 and K-39, which achieved better forage yield in third year of
utilization, which was main complain for previos cultivars (Lugic et al., 2006).

Special attention, particularly in North America, is dedicated to alfalfa
resistance to diseases and pests, which greatly affects the yield and quality obtained
from biomass. As a result of the large number of researchers today, most alfalfa
cultivars are characterized by medium or high resistance to important diseases and
pests, but have not reached full strength and still not enough to protect alfalfa from
the strong attack of pathogens. Forage crops disease wasn’t object of investigation
in Serbia a long time. In the last twenty years more detailed examination of the
crown and alfalfa root diseases caused by Fusarium sp. and Colletotrichum sp.
were started. For now rich collection of pathogen isolates was formed, as a good
base for further investigation. Variability among and within alfalfa cultivars for
tolerance to Fusarium sp. (Krnjaja et al., 2004) and Coletotrichum sp. (Vasic et al.,
2009) was found.

For species which usually grow in mixture with high competitive grasses,
as birds foot trefoil, red and white clover, the most important traits, besides yield
and forage quality, is improving compatibility and slow re-growth after cutting
which is crucial for long term persistence legume component in mixtures.

The problem of increasing soil acidity is, recently, more and more
pronounced in Serbia. Alfalfa is one of the sensitive plant species to increased soil
acidity and, thereby, its growing area is reducing. These problems put another task
to alfalfa breeding - creating alfalfa genotypes with increased tolerance to slightly
acidic soil.
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Breeding methods

The success of a long-term breeding program, as any perennial species
breeding, largely depends on the choice of appropriate selection methods and the
initial values of properties that we want to improve. Choosing the most appropriate
breeding methods and its application are conditioned by the extent and type of
genetic variability, genetic correlation between traits and heritability for most
important agronomic traits.

Mass selection method takes important place in the forage legumes
breeding, primarily because of its simplicity and efficiency. It is especially suitable
for breeding of wild and local populations and for those features to that already
made natural selection. The first alfalfa and red clover cultivars, created in the
middle of 20 century in Serbia, were created by mass selection from local
populations (Djukic et al., 1996). Today this method is used mainly in pre-selection
and maintenance of cultivars.

Recurrent phenotypic selection is often used in alfalfa breeding. It
consists of several cycles and one cycle of selection involves evaluating a number
of plants, selecting individuals with desirable traits and to obtain progenies under
conditions of controlled pollination. The advantage of this method is that the father
was also selected, while the mass selections of plants fathers are not controlled.
Recurrent phenotypic selection gives good results for properties with a medium or
high heritability. The application of recurrent phenotypic selection to achieve
significantly better results than using mass selection. It is used to choose parental
line for breeding.

Polycross is most widely used forage legume breeding method (Progeny
Test Selection), which arises from a wide variety of synthetic gene basis, obtained
by varying the number of parents. In order to achieve heterosis in synthetic
cultivar, it is necessary that parents have good combining ability. For low
heritability traits, such as yield, for the selection of parents, methods which include
the use of progeny tests are recommended.

Synthetic cultivars are developed in order to increase yield stability and
cultivar adaptability, as well as to avoid inbreeding depression in the generations of
maintenance (Holland and Bingham 1994). In order to avoid inbreed depression it
is necessary to use at least 5 parents. Therefore, it is suggested for the development
of synthetic cultivars to use more than 4 and up to 100 parents (components)
(Rumbaugh et al., 1988). In practice, much larger number of parents are used,
usually 20 to 100, although there are examples that the number of parents moving
up to 1000 (Chloupek, 1994). Synthetics with the broader genetic base (greater
number of parents) have a higher level heterozygote and they are less sensitive to
the interaction of genotype x environment which enables them to better
adaptability and high and stable yields trough the whole exploitation period (Hill et
al., 1988).
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The most forage crops cultivars created in Serbia are synthetics. Numbers
of parental line in cultivar is different and depend of breeder, but don’t excise 30
parental lines.

Induced polyploidy Unlike alfalfa, white clover and bird’s foot trefoil,
which are natural tetraploids, red clover populations are diploid. This fact opens the
possibility for using induced polyploidy for getting tetraploid red clover forms. By
duplication of chromosomes, induced by colhicine (Krstic et al., 1983), in Institute
for forage crops in Krusevac two tetraploid cultivars of red clover, K-27 and K-32
were created. Tetraploid red clover cultivars are characterized by larger leaves,
higher yield and better forage quality (Lugic et al., 2002). Unfortunately, domestic
tetraploid cultivars showed low tolerance to drought, which can be overcome with
irrigation. In Serbia red clover is growing mostly without irrigation and sensitivity
to drought could affect significant decreasing of forage yield. That fact and high
coast of seed were the reason why tetraploid red clover cultivars, besides their good
performance, didn’t find their place in market in Serbia.

Hybrids Perennial forage legumes are cross pollinated species that allow
self fertilization in a small percentage and they have more or less severe inbreeding
depression, which is affected on decreasing forage yield, especially in alfalfa.
Negative self-fertilization effect is manifested by a drastic reduction in yield (up to
30%) and vigour of alfalfa, but after the first cycle of self fertilization. Inbreeding
depression is more strongly expressed than it shows inbreeding coefficient
(Gallais, 2003), therefore it is difficult to obtain inbreed lines, and the creation of
hybrid is rather difficult and very expensive.

Inheritance and investigation of heterosis of forage legumes was object of
investigation at the same beginning of breeding in Serbia (Krsti¢, 1972). Using
inbreed line as parental line for synthetic cultivars, as getting single and double
hybrids of perennial legume was on of the common investigation (Radovi¢ et al.,
2001; Vasiljevic et al., 2005a; Mili¢ et al., 2009).

Hybridization method or creation of simple and double hybrid increases
the genetic gain, due to the possibility of exploiting both additive and dominant
genetic variance components.

New tools

Development of classical quantitative genetics to solve this problem is very
important, as well as using new methods such as the application of molecular
markers (Gallais, 2003). The use of methods of molecular markers in breeding
alfalfa may help in determining the genetic diversity between and within the
studied population, selection of potential parents of remote populations and in the
synthetic study of inbreeding and heterosis in this species. The first attempt of
applying molecular marker procedures in forage crop breeding has been done.
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There were same attempts to use new methods for solving breeding
problems in forage legumes. One of them was tissue and cell culture. In vitro
regeneration of alfalfa, red clover (Radovi¢, 1998) and birds foot trefoil were
obtained, as genetic transformation of L. corniculatus by A. tumefaciens. Also
screening of red clover regenerant in vitro on fusaric acid was done. There was
same positive correlation between tolerance to fusaric acid in vitro and tolerance of
plant regenerated from culture on Fusarium sp. (Radovi¢ et al., 2003) However,
that research didn’t get application in breeding program.

Conclusion

Despite a variety of research in alfalfa, problems remain to be solved, such
as increasing the productivity, improve the quality of dry matter while maintaining
high yields, improving the persistence, and to develop germplasm for special
purposes. Those are the new challenges for the forage crops breeders.

It is necessary to continue to search for the optimal selection methods,
which enable the achievement of maximum heterosis. Development of classical
quantitative genetics to solve this problem is very important, as well as using new
methods such as the application of molecular markers.
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Oplemenjivanje viSegodiSnjih krmnih leguminoza u Srbiji,
rezultati i bududi pravci

J. Radovic, S. Kati¢, Z. Lugié, S. Vasiljevic
Rezime

Visegodisnje krmne leguminoze imaju vaznu ulogu u organizovanju
efikasnog i odrzivog sistema stoCarske proizvodnje. Lucerka i crvena detelina su
najvaznije krmne vrste na orani¢nim povrS§inama, dok na zemljiStima loSijeg
kvaliteta 1 u brdsko-planinskim reonima, pored crvene deteline, Zuti zvezdan, bela
detelina i u nekim slucajevima esparzeta imaju veoma vaznu ulogu u obezbedenju
krme. Shodno njihovom znacaju, oplemenjivanje lucerke i crvene deteline je u
Srbiji zapocelo sredinom dvadesetog veka, dok je oplemenjivanje ostalih
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viSegodi$njih krmnih leguminoza pocelo kasnije. Cilj rada je da predstavi rezultate
u oplemenjivanju krmnih leguminoza, kao i da ukaze na dalje pravce
oplemenjivanja ovih vrsta. KoriS¢enjem divergentnog selekcionog materijala
(lokalne i divlje populacije, introdukovani materijal) i primenom razli¢itih
selekcionih metoda stvorene su visoko produktivne domace sorte lucerke, Zutog
zvezdana, esparzete, kao i crvene i bele deteline koje se odlikuju odli¢nom
poljskom perzistencijom, Sto je jedan od uslova za postizanje visokih i stabilnih
prinosa u toku celog perioda eksploatacije. Do sada su selekcioneri krmnih
viSegodiSnjih leguminoza u Srbiji kreirali 38 sorti. Domace sorte se odlikuju
Sirokom genetskom osnovom, koja im omogucava odlicnu prilagodenost
agroekoloskim uslovima.
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Abstract: The total of 36 cultivars of annual feed legumes has been
developed in Serbia. One of the main directions of breeding annual feed legumes is
further improvement of the most widespread crops such as feed pea and common
vetch cultivated for traditional purposes. Another goal of the annual feed legume
breeding is to find novel uses of the most widely distributed crops. One of the best
winter protein pea, L-574, has a potential for grain yields of more than 5 t ha’. One
of the strategic goals of the breeding programme of annual feed legumes in the
Institute of Field and Vegetable Crops is to restore the neglected and underutilized
crops into the Serbian agriculture. The selection of the best progenies resulted in
the development and registration of the first Serbian feed faba bean cultivars,
Gema and Sarac. The introduction of novel annual legume crops in the Serbian
agriculture comprises both those that are already regarded as crops and are widely
cultivated in other countries and those that are still regarded as a part of the wild
flora. The first Serbian white lupin cultivars, Vesna and Panorama, are highly
tolerant to the presence of calcium in soil. The most promising of the wild annual
legume species is large-flowered vetch that is characterized by rather prominent
tolerance to low temperatures, enhanced earliness in comparison to the other vetch
species and a potential for more than 30 t ha” of green forage and 8 t ha™ of forage
dry matter.

Key words: annual feed legumes, breeding, quality, stress, yield.

Introduction

Breeding annual legumes in Serbia has its beginnings in the early decades
of the last century and has always progressed together with the development of
agronomy and other related fields. The most important annual legume crop in
Serbia today is soybean (Glycine max (L.) Merr.), while the most important food
legume is Phaseolus beans (Mihailovi¢ et al., 2009b). Apart from them, among the
most widely cultivated annual legumes are pea (Pisum sativum L.) and vetches
(Vicia spp.). In Serbia today, breeding soybean in carried out in the Institute of
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Field and Vegetable Crops in Novi Sad and the Maize Research Institute Zemun
Polje in Belgrade, while the breeding Phaseolus beans and other vegetable legumes
is active in both Institute of Field and Vegetable Crops and the Institute of
Vegetable Crops in Smederevska Palanka. The Novi Sad institute is also the only
one in Serbia that has breeding programmes on various annual feed legumes, with
an exception of the Institute for Forage Crops in KruSevac with hairy vetch (Vicia

villosa Roth) breeding programme.

Table 1. Annual feed legume cultivars developed and registered in Serbia

Species, season and cultivation purpose Name re;(i:?rraf[)if)n
NS-Dunav 1977
NS-Pionir 1977
Winter forage pea Pionir 2006
Kosmaj 2006
Pester 2007
Winter dual-purpose pea Cer 2006
Spring forage pea NS-Lim 1992
Trezor 2008
Spring dial-purpose pea NS-Junior 1992
Jantar 2009
Moravac 1994
Jezero 1995
Spring protein pea Javor 2002
Partner 2007
Kristal 2007
Dukat 2007
Novosadska 624 1967
NS Sirmium 1979
Winter common vetch Neoplanta 2005
Tara 2006
Morava 2006
Novosadska 5590 1967
Spring common vetch Beograd 1970
Novi Beograd 1997
Perla 2009

Krusevacka 10 1979 (2007)
Winter hairy vetch NS Violeta 1979
NS-Viloza 2007
. . NS Panonika 1979
Winter Hungarian vetch Panonka 2007
Winter bitter vetch Perper 2008
. Gema 2007
Spring feed faba bean Sarac 2007
Spring grass pea Stqdeplca 2009
Sitnica 2009
Spring white lupin Vesna 2008
Panorama 2008
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So far, 36 cultivars of annual feed legumes in Serbia have been developed in total
(Table 1), namely 17 cultivars of feed pea, 9 of common vetch (V. sativa L.), 3
cultivars of hairy vetch, two cultivars of Hungarian vetch (V. pannonica Crantz),
one of bitter vetch (V. ervilia (L.) Willd.), two cultivars of faba bean (V. faba L.),
two cultivars of grass pea (Lathyrus sativus L.) and two cultivars of white lupin
(Lupinus albus L.).

Breeding annual feed legumes in Serbia is aimed at further increase of
forage, grain and biomass yields and enhancement of forage, grain and biomass
quality, as well as to the improvement of the tolerance to various biotic and abiotic
stresses (Mihailovi¢ et al., 2008c). The usual methods used are mass selection from
wild populations and local landraces, as well as pedigree and bulk methods of
selection from hybrid populations. The application of maker-assisted selection
(MAS) is in its beginnings.

Improvement of the most widespread annual feed legumes

One of the main directions of breeding annual feed legumes in Serbia is
further improvement of the most widespread crops such as feed pea and common
vetch cultivated for traditional purposes.

The emphasis in breeding winter forage pea is upon the development of the
lines with satisfying tolerance to low temperatures and more prominent earliness,
with non-decreased forage yields and quality. Such line would be able to be cut
earlier and leave more room for sowing the succeeding crops.

Answering to the demands of one part of the market for one cultivar that
could produce both forage and grain yields, making is suitable in both ruminant
and non-ruminant feeding, new lines belonging to the type of the cultivar NS-
Junior are developed.

Breeding spring protein pea is aimed mainly at the selection of the lines
with increased earliness and with afila leaf type, since it proved to be at least equal
in grain yields in comparison to the cultivars with normal leaf type, while with
significantly increased standing ability (Mihailovi¢ and Miki¢, 2004). Apart from
this morphological feature, there are others changes in plant architecture, such
short internodes and determinate stem growth that are also incorporated in new
lines (Mikic et al., 2006).

Regarding quality, apart from retaining or increasing the crude protein
content in grain dry matter in pea, a goal of all modern protein pea breeding
programmes is to decrease the content of various anti-nutritional factors, most
notably trypsin inhibitors (Miki¢ et al., 2009d).

Breeding common vetch is aimed at increasing tolerance to low
temperatures in winter genotypes and drought in spring genotypes, with enhanced
earliness and improved forage yield and quality in both. At the same time, one of
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the constant goals remains a significant increase in seed yield, as one of the
strategic issues for a reliable cultivation of this crop (Mihailovi¢ et al., 2007¢).

New purposes for the “old” annual feed legumes

Another goal of the annual feed legume breeding is to find novel uses of
the most widely distributed crops. Following this strategy, pre-breeding of the
winter dual-purpose pea has begun, resulting in the development of the lines with
great potential for both forage and grain yields, such as the cultivar Cer, with about
30 t ha” of green forage, 7 t ha™ of forage dry matter and more than 3100 kg ha™ of
grain (Mihailovi¢ et al., 2007a).

The cultivation of winter cultivars may significantly increase the area
under a crop, especially in the regions with temperate climates. By this reason, a
programme of the development of the winter protein pea was established in 2004.
The first results of the evaluation of the tolerance to low temperatures in several
genotypes of diverse geographic origin were encouraging (Miki¢ et al., 2007). One
of the best lines selected from hybrid populations, L-574, has a potential for grain
yields of more than 5 t ha™ (Mihailovié et al., 2008a) and is currently in the process
of registration in Serbia.

In southern Europe and the Mediterranean, as well as in Australia, common
vetch is cultivated not only for forage, but for grain as well (Mati¢ et al., 2005).
The modern common vetch dual-purpose cultivars, such as the Australian cultivar
Morava, have potential for grain yields of up to 3100 kg ha™ (Mihailovié et al.,
2007b).

Re-introduction of neglected annual feed legumes

In a similar way to the other Balkan and South East European countries,
Serbia has begun to lose many of its traditional annual legume crops in favour of
the most profitable ones. One of the strategic goals of breeding programme of
annual feed legumes in the Institute of Field and Vegetable Crops is to restore the
neglected and underutilized crops into the Serbian agriculture.

Widely present in the wild flora throughout Serbia, hairy vetch has gain
more interest recently, as a both forage and green manure crop. During several past
years, the expeditions carried out in various regions of Serbia resulted in the
collecting and ex sifu conservation of a considerable number of hairy vetch
accessions. Certain hairy vetch genotypes may produce up to 50 t ha™ of green
forage and nearly 11 t ha of forage dry matter (Mihailovi¢ et al., 2008d).

Hungarian vetch plays much more regional role in comparison to the other
vetch crops. However, its wild populations may represent a valuable source of new
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genetic variability and the desirable traits such as the tolerance to low
temperatures, earliness and satisfactory forage and seed yields (Mihailovi¢ et al.,
2009a).

Faba bean is one of the most important crops on its way back in the feed
production in the agriculture of Serbia. Collected local landraces have served as the
quality basis for the establishment of the first Serbian feed faba bean programme
(Mihailovic et al., 2006¢). The accessions that proved best in the evaluation of their
potential for both grain, forage and biomass production were included in the
hybridization. The selection of the best progenies resulted in the development and
registration of the first Serbian feed faba bean cultivars, Gema and Sarac, with
average yields of more than 4500 kg ha™ of grain and more than 45 t ha™ of green
forage (Mihailovic et al., 2010).

Once well-known in central and southern parts of Serbia, bitter vetch today
is completely forgotten. The evaluation of both forage and grain yields in this crop
confirmed its great potential for dual-purpose cultivation, with a good tolerance to
low temperatures and a prominent earliness in comparison to the other vetch
species, as well as with yields of about 31 t ha” of green forage and 7 t ha™ of
forage dry matter (Mihailovi¢ et al., 2006b).

The youngest among the re-introduced annual legume crops is grass pea,
once also widely grown for both human consumption and animal feeding. Today,
grass pea may be found extremely sporadically in certain regions of Serbia and
Srpska, especially lower Herzegovina, where it serves as a complementary pulse in
human diets (Miki¢ et al., 2009b). A small breeding programme on grass pea in
Novi Sad is based upon the evaluation of mainly introduced material, such as
Polish cultivars and French landraces, resulting in the development and the
registration of the first Serbian grass pea cultivars, Studenica and Sitnica, suitable
for both forage and grain production.

Introduction of novel annual feed legumes

The introduction of novel annual legume crops in the Serbian agriculture
comprises both those that are already regarded as crops and are widely cultivated in
other countries and those that are still regarded as a part of the wild flora.

Despite the fact that it originated in the southern regions of the Balkans,
white lupin is still completely unknown in Serbia. The main obstacle to its
cultivation on rich soils such as chernozem dominating northern parts of Serbia is
its susceptibility to high content of calcium in soil. The preliminary trials with
white lupin were aimed at selecting the tolerant genotypes to high alkaline soil
reaction (Mihailovi¢ et al., 2006a). Further steps led to the development of the first
Serbian white lupin cultivars, Vesna and Panorama, highly tolerant to the presence
of calcium in soil (Miki¢ et al., 2009a) and with a potential for grain yields of more
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than 5000 kg ha™ and more than 350 g kg of crude protein content in grain dry
matter (Miki¢ et al., 2010).

A preliminary testing of narrow-leafed lupin (L. angustifolius L.)
accessions on chernozem soil confirmed their inability to tolerate its alkaline
reaction, resulting in a necrosis at early stages of plant development. However, its
cultivation on an acid pseudogley soil was successful and showed that this crop
may produce more than 2000 kg ha™ (Mihailovi¢ et al., 2008b).

The evaluation of certain sub-tropical species, such as cowpea (Vigna
unguiculata (L.) Walp.), pigeon pea (Cajanus cajan (L.) Millsp.) and hyacinth
bean (Lablab purpureus (L.) Sweet) proved successful. Forage yields in some
genotypes of pigeon pea are higher tha 50 t ha™ of green forage and 14 t ha™ of
forage dry matter (Mihailovi¢ et al., 2006d), while grain yields in certain cowpea
accessions may surpass 3000 kg ha™ (Mihailovi¢ et al., 2005). The selection of the
lines with satisfactory forage and grain yields and an appropriate photoperiodic
reaction is carried out and may result in the cultivars suitable for dual-purpose
cultivation in the agro-ecological conditions of Serbia.

In order to conserve the wealth of the wild legume flora of Serbia, many
expeditions have been carried out in various regions of Serbia, resulting in
hundreds of new accessions of mainly wild species of vetches and vetchlings
(Lathyrus spp.) maintained in the Institute of Field and Vegetable Crops. Many of
these have been included in the evaluation of the potential for primarily forage
production (Cupina et al., 2007). The most promising species is large-flowered
vetch (V. grandiflora Scop.) that is characterized by rather prominent tolerance to
low temperatures, enhanced earliness in comparison to the other vetch species and
a potential for more than 30 t ha™ of green forage and 8 t ha™ of forage dry matter
(Mikié et al., 2009c). At the same time, narrow-leafed vetch () may also represent a
potential forage crop, with up to 20 t ha™ of green forage and 5 t ha™ of forage dry
matter (Miki¢ et al., 2008).

Conclusion

Breeding annual feed legumes in Serbia is aimed at both improving the
existing and widely cultivated crops and introducing novel ones. A wide variability
of morphological traits and agronomic characteristics in all these crops represents a
mighty tool in their further enhancement and the development of cultivars suitable
for growing in diverse agro-ecological conditions.
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Nova usmerenja oplemenjivanja jednogodiSnjih sto¢nih
mahunarki u Srbiji

V. Mihailovié¢, A. Miki¢
Rezime

U Srbiji, ukupno, stvoreno je i priznato 36 sorti jednogodisnjih sto¢nih
mahunarki. Jedno od osnovnih usmerenja oplemenjivanja jednogodis$njih sto¢nih
mahunarki je dalje unapredenje najviSe gajenih useva, poput stocnog graska i
obi¢ne grahorice. Drugi cilj oplemenjivanja jednogodi$njih sto¢nih mahunarki jeste
iznalaZzenje novih namena najvise gajenih useva. Jedna od najboljih linija ozimog
proteinskog graska, L-574, poseduje potencijal za prinose zrna veée od 5 t ha™.
Jedan od strateskih ciljeva oplemenjivanja jednogodisnjih stoénih mahunarki u
Institutu za ratarstvo i povrtarstvo je i1 vracanje zanemarenih i neiskori$¢enih useva
u poljoprivredu Srbije. Izdvajanje najboljih potomstava proishodilo je stvaranjem
prvih srpskih stoénog boba, Geme i Sarca. Uvodenje novih useva u poljoprivredu
Srbije obuhvata one koji se ve¢ gaje u drugim oblastima i zemljama i one koji se
jos uvek smatraju delom samonikle flore. Prve srpske sorte bele lupine, Vesna i
Panorama, poseduju visoku tolerantnost na prisustvo zemljiSnog kalcijuma.
Najperspektivnija medu  samoniklim jednogodi$njim mahunarkama je
krupnocvetna grahorica, sa veoma izrazenom tolerantnos¢u na dejstvo niskih
temperatura, pobolj$anom ranostasno$¢u i potencijalom za prinose veée od 30 t ha™
zelene krme i 8 t ha! suve materije krme.
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Abstract: Perennial grasses are basic components of natural and sown
pastures and meadows and therefore represent important ingredient of voluminous
ruminant feed. Most of perennial grasses can be used for livestock feed, but most
important species for forage production are cocksfoot, perennial ryegrass, meadow
fescue, tall fescue, Italian ryegrass, tall oat grass, red fescue and smooth brome.

Grass genotype (cultivar) has great effect on total yield and successful
utilization of grasslands; therefore, their improvement is very important issue.
Grass breeding has strong, 50 year long tradition in Serbia. As a result, in domestic
scientific institutions, 19 forage cultivars of perennial grasses have been created
and included into cultivar list. The most important prerequisite for successful
breeding is large breeding germplasm with enough genetic variability.
Incorporation of local autochthonous Serbian population is approach to breeding
for adaptability and persistency. Main breeding criteria are yield and quality of dry
matter, maturation, persistency and tolerance to drought. The most successful
method of breeding of perennial grasses is modified phenotypic recurrent selection,
followed with synthetic breeding. In future, breeding of grasses in Serbia should be
directed to introduction of new modern breeding methods, hybrid breeding,
detection and improvement of traits associated with drought resistance and
involving of new species of perennial grasses into breeding programs.

Key words: perennial grasses, breeding, cultivars, methods, criteria, prospects

Introduction

Perennial grasses represent very complex and heterogeneous group of
cosmopolitan plants. On Balkan peninsula and Serbia live cool season perennial
grasses which are acclimatized to change of seasons and different habitats, from
lowlands, with fertile and deep soil, to hilly-mountainous habitats over 1200 m
a.s.l., with shallow soils with lack of minerals and humus.

Exactly this broad adaptability to different agro-ecological and climatic
conditions considerably increases agronomical importance of perennial grasses on


mailto:dejan.sokolovic@ikbks.com

92 D. Sokolovi¢ et al.

the multiple bases. First, most of them are cenobionts and edificators of whole
series of plant associations on natural meadows which covers large acreage in
Serbia, over 1 455 000 hectare or almost 29% of total agriculture land in Serbia
(Stosi¢ and Lazarevié, 2009).

Presence of grasses in agriculture is dating from period of nomadic animal
husbandry. First written traces about this group of plants (Italian ryegrass) in
agriculture originated from 12" century (Beddows, 1953) and from 17" century
(perennial ryegrass). Today, representing base of the sustainable animal husbandry
and animal feed production, they are essential components of ruminant diet as
components of natural and sown pastures and meadows (Stosi¢ et al.,
2005),utilized by hay making or as haylage and silage (Dini¢ et al., 2003).

Only small number of perennial grass species is adapted to intensive forage
production and they are most important for this purpose in Serbia: cocksfoot
(Dactylis glomerata L.), perennial ryegrass (Lolium perenne L.), meadow fescue
(Festuca pratensis Huds.), tall fescue (Festuca arundinacea Schreb.), timothy
(Phleum pratense L.), Italian ryegrass (Lolium multiflorum Lam.), tall oat grass
(Arrhenatherum elatius (L., P. Beauv. ex J. Presl&C.Presl.), red fescue (Festuca
rubra L.) and smooth brome (Bromus inermis Leyss).

Nevertheless, perennial grasses have extremely important function in soil,
fresh water and natural habitats conservation. In addition, some of them (perennial
ryegrass, red fescue, tall fescue, Kentucky bluegrass and bent grasses) are main
components of amenity grasslands in northern and temperate climate.

Grass genotype (cultivar) has great effect on total yield and successful
utilization of grasslands and therefore, their improvement has been very important
issue. However, all distinct forage grasses characteristics (especially pereniality
and anemophily) make breeding of this group of plants extraordinary complex and
species specific. Therefore, there is no universal breeding method and criterion for
all grass species. Also, breeding process of perennial grasses per se is very long,
resulting in releasing of cultivar after more than 10 years of demanding scientific
work.

If we look on history scale, in addition to natural selection, which was
dominant very long, first selection and breeding of grasses was carried out totally
unconsciously, by cropping. Using of new technologies, farmers were
unconsciously improving and adapting of grown grass genotypes to new
contemporary management systems and use. Formal and methodical breeding of
perennial grasses, established on scientific knowledge, started almost
simultaneously last decade of 19" Century in Great Britain and USA. From that
time grass breeding has been developed constantly and rapidly. Especially
important event for development of grass breeding was establishment Welsh Plant
Breeding Station in Aberystwyth in 1919, where first long-time breeding programs
of perennial ryegrass and other grasses were designed.
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First steps in this field of research in Serbia happened considerable later than
abroad, but still long time ago. In the middle of last Century, precisely 1961.
Institute for forage crops was established in Krusevac. It is aimed as specialized
scientific institution for breeding and research of production technologies and
utilization of forage crops. In this research field breeding of perennial forage
grasses are important topic. Cultivars bred in Krusevac are main components of
mixtures and animal feed, especially in hilly-mountainous regions of Serbia.

Current achievements in perennial grass breeding in Serbia

Perennial grasses breeding has strong, 50 years long tradition in Serbia
especially in Institute for forage crops in KruSevac. Because of scientific and
breeding work, 19 cultivars were created and released on Serbian market (Tomi¢
and Sokolovi¢, 2007) where they found large acceptance in local agro-ecological
conditions. Those are forage cultivars of cocksfoot, Italian ryegrass, perennial
ryegrass, timothy, meadow fescue, tall fescue, red fescue and tall oat grass (tab.1).

All domestic registered forage cultivars, according demanding testing and
releasing process in network of micro field trials, have high genetic potential for
production traits. They are characterized with high biomass production with good
chemical composition in Serbian agro-ecological conditions (Sokolovi¢ et al.,
2004a; Tomi¢ et al., 2007), and improved filed persistency, different maturity and
drought tolerance.

Table 1. Created forage cultivars and DMY of perennial grasses bred in Serbia (adapted from
Tomié and Sokolovié, 2007)

. . Year of releasin Dry matter yield
Grass species Cultivar (re—registration)g y (t ha’l)y
K-6 1976 7.67—-11.6
K-7 1976 6.46 —10.1
Cocksfoot K-rana 1992 9.12-10.44
K-40 2001 10.59
. K-15 1979 7.5-15.01
Timothy K41 2002 6.56
Ttalian ryegrass K-13 1979 (2006) 10.36 -14.07
K-29t 1994 15.5
Meadow fescue K-21 1986 11-11.5
K-19 1982 13.3-17.72
Tall fescue K-20 1982 13.15-15.66
NS-10 1979 12.11
Red fescue K-14 1979 (2006) 7.44-10.56
Tall oat grass K-12 1979 (2006) 8.23-12.46
K-16 2007 8.5-12.3
Perennial ryegrass K-11 2006 6.45
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Creating the base breeding germplasm is first prerequisite for successful
breeding. This germplasm and its variability will determine maximum potential
achievements through breeding. First steps in grass breeding in Serbia were made
on introduced plant material mainly of Eastern European origin and subsequent
incorporation of local autochthonous populations in germplasm for increasing
genetic variability and introgression of genes for drought tolerance.

Because of this pioneer work using mass selection cultivars of cocksfoot (K-6
and K-7), timoty cv. K-15, red fescue cv. K-14, Italian ryegrass cv. K-13 and tall
oat grass cv. K-12 were created. Some of those firstly bred cultivars are
reregistered in 2006. and still are components of sown meadows in Serbia. First
perennial grass cultivars, in general, are created by population breeding and
improvement. Therefore they have large phenotypic and especially genetic
variability (Hayward, 1970) and represent very important source for further
breeding.

Further breeding efforts were made on tall fescue landraces introduced from
USA and acclimatized on local climate conditions over 30 years (Krsti¢ et al.,
1982) Goal was to create cultivars with improved forage quality. Final steps of
breeding were consisted of poly-cross hybridization of vegetatively propagated
clones of chosen genotypes in repeat mass selection. Result was registration of two
intermediate cultivars K-19 and K-20 with DMY over 13 tha-1 and improved DM
quality. They are still in agricultural practice.

First cultivar breed using Serbian autochthonous germplasm is meadow
fescue K-21, released 1986. After that time all cultivars created have local wild
populations as main part of breeding germplasm. Also some cultivars with special
characteristics were created, such as early maturing cocksfoot K-early (Tomic et
al., 1995) and tetraploid cultivar of Italian ryegrass K-29t (Tomi¢ and Popovic,
1996) made by seedlings colchicine treatment.

Novel breeding programs and strategies included local wild populations
improved with multiple recurrent selections (Sokolovi¢, 2006, Tomié and
Sokolovi¢, 2007). First step in breeding is determination of germplasm and base
population variability and characteristics. Many breeding efforts were made on this
field by introducing and characterizing of autochthonous populations (Sokolovic,
2001, Sokolovi¢ et al., 2002; Sokolovi¢ et al., 2004c) or introduced cultivars
(Sokolovic et al., 2010). Large pool of genetic variability and desirable traits has
been discovered.

More the two decades long breeding has resulted in creating of some new
cultivars of most important grass species. Among them first realized was cocksfoot
K-40, early-intermediate cultivar, morphologically similar to K-6, which riches
annually 10.5 tha™' (Sokolovié et al., 2004a). Also, timothy cultivar K-41 was
tested and included in state approved cultivar list in 2002. Two latest cultivars are
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perennial ryegrass K-11(Sokolovi¢ et al., 2007) and tall oat grass K-16 (Sokolovi¢
et al., 2008) released in 2006 and 2007, respectively.

Nowadays two potential cultivars of cocksfoot are in trail system of
Commission for cultivar registration. Medium and late maturity cultivars are in
third and first investigation year, respectively, and both were completely created
using autochthonous collected populations. Some efforts have been done in
breeding of cocksfoot genotypes with special traits for orchards landscaping (Babi¢
et al., 2009). Covering the soil during winter periods or during rain spells is the
only guaranty against soil erosion and perennial grass covers is in fact optimal to
protect vineyards and orchards soils on slopes against erosion. Parent components
for potential new cultivar for orchard land planting, was characterized and poly-
cross is formed.

During last decade, large efforts was performed in broadening of genetic base
for breeding of perennial grasses in Serbia, either with introduced cultivars from
abroad or collecting promising populations from different hilly mountainous
habitats across Serbia (Tomi¢, 1997; Sokolovi¢ et al., 2003b; Tomi¢ et al., 2009).
Serbian meadow flora is very rich with populations of all cool-season perennial
grasses, due to fact that Serbia is part of the area (Mediterranean and Near east)
which represent centre of their origin. Those populations are acclimatized on local
agro-ecological and climate conditions and therefore have comparative advantage
with introduced genotypes (Sokolovi¢ et al., 2003b, Sokolovic et al, 2004a). Local
ecotypes have natural variation and very often have satisfactory yielding
performance in comparison with selected cultivars, which referred them for direct
phenotypic selection for cultivars release (Posselt and Willner, 2007).

Many collecting projects have been carried out locally, but also on
international level (SEEDnet). Most of the accessions are already included in pre-
breeding process (Sokolovi¢ et al., 2004c; Sokolovié et al., 2006; Babié¢ et al.,
2010). Therefore, breeding germplasm of majority species which are included in
Serbian breeding programs is almost totally composed of those population.

Used some methods and criteria and their limitations

Due to large diversity of perennial grass species and their distinct
characteristics (perenniality and anemophily), there is no universal breeding
method or criterion. This makes breeding of this group of plants extraordinary
complex and species specific, or it can de said that genetic architecture of species
determine used breeding method.

Basically, forage grasses breeding in Serbia is aimed to increase of dry matter
yield, its quality in sense of chemical composition and digestibility, as well as to
the improvement of the field tolerance to drought and Puccinia sp (Tomic¢ et al.,
1999). Dry matter yield (DMY) is still most important traits of forage grasses in
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Serbia and represent “bottom line” of all breeding programs. This criterion is
always used in breeding scheme, bat small number of papers considered DMY
breeding per se (Burton, 1982, Ceccarellii et al., 1980). Lot of breeding programs
is aimed to improve different forage grasses traits (DMY components) shoving
height correlation coefficients with yield (Carilson, 1990, Sokolovi¢ et al., 2003a;,
Sokolovi¢, 2006).

However, improvement of DMY per se is possible by breeding (Carison,
1990), and progress in this trait breeding has been made in Serbia recent years
(Sokolovic et al., 2007, 2008). This is due to large genetic variability in breeding
germplasm mostly formed from local populations (Sokolovic et al., 2004c, 2006;
Babic et al., 2010) and dominantly used breeding methods (phenotypic mass and
recurrent selection). Phenotypic recurrent selection (PRS) method is powerful
selection tool, designed for rapid increasing of desirable genes frequencies with
protection of genetic variability and minimizing of inbreeding depression. This
method uses most of additive variance within population and provides noticeable
progress even for traits with extremely low heritability. If selection response is not
adequate (usually for traits with heritability below 10%), progeny testing should be
included or breeding cycles repeated.

For forage grasses breeding in Serbia this method has been modified after
Burton, (1982) by introducing clone replication of chosen plant, eliminating
fertilization with undesirable pollen and therefore enabling control of
hybridization. This makes concentrations of “good” genes faster, shortening
breeding cycle and recurrent selection in total. It is not knows is phenotypic
recurrent selection best for forage grasses, since there are no papers comparing the
results of different breeding methods on forages (Brummer, 2005). Same author
quoted that long-lasting PRS is basis of breeding for yield in forages and that is
possible to upgrade it with all modern breeding methods. However, PRS method on
extremely broad germplasm will lead to very slow respond and accumulation of
desirable characteristics controlled by additive genetic effect (Brummer, 1999).

Even there were continuous improvement of DMY in forage perennial grasses
in Serbia (Sokolovi¢ et al., 2007, Sokolovi¢ et al., 2008) and existing genetic gain
in breeding was proven (Sokolovic, 2006), some limitations appear in breeding
process. First of all, as long as breeding last, the effects and results of breeding
decreasing. Best solution is germplasm renewing by introducing of new
populations and variability. Also, it is possible after selection within population, to
improve germplasm variability by hybridization of chosen genotypes. This will
lead to renewing of breeding germplasm, increase of genetic variability with
reduction of unpleasant genotypes in the same time. Some steps in that direction
were made in Serbia on perennial ryegrass (Sokolovi¢, 2006) and meadow fescue
(Babi¢, unpublish data).
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Furthermore, plant selection for improved DMY is usually performed in
spaced plant nurseries (Sokolovic et al., 2002, 2004c, 2005), where this trait shows
excellent heritability (Sokolovi¢ et al, 2004b) and genetic gain or heterosis
(Sokolovic, 2006). 1t is published that spaced plant selection could be successful,
but achievement significantly differs between perennial grass populations
(Hayward, 1983). Genetic gain in breeding is decreasing with reduction of plant
distance in nursery (Hayward and Vivero, 1984). In general, DMY breeding results
on spaced plants (most used design in forage breeding in Serbia), are not totally
reliable in prediction of yield in dense stand of perennial ryegrass (Hayward and
Vivero, 1984), tall fescue (Rotilli et al., 1976), reed canarygrass (Casler and Hovin,
1985) and smooth brome (Carpenter and Casler, 1990). On the other hand, there
are published results, which confirm improvement DMY by spaced plant breeding
(Fujimoto and Suzuki, 1975, Sokolovi¢, 2006, Sokolovic et al, 2010)

Besides DMY improvement, some efforts have been made to breeding of
phenological traits. Time of maturity is extremely important trait and genotype
synchronization in this trait has multiple weight (in hybridization and adequate
applied management on time). According to Casler (1988) early genotypes of
cocksfoot showed better persistency in mixture with alfalfa. Also, late perennial
ryegrass cultivars showed better frost tolerance (Humphreys and Eagles, 1988).
However, most important is forming palette of cultivars with different maturity
time, which allows composition of mixtures for various ways, time and duration of
utilization. In Serbia, breeding of this trait complex is especially developed on
cocksfoot (Tomic¢ et al., 1995, Sokolovic, unpublish data).

Forage chemical composition also represent important breeding criterion and it
is usually included in all forage grasses breeding programs. Improvement of crude
protein content, fiber (ADF; NDF) and lignin (ADL) content (Claessens et al.,
2005, Casler, 1999), DM digestibility or palatability (Casler and Carpenter, 1989)
and WSC (Wilkins et al., 2003) by breeding is also possible and promising. In
perennial grasses breeding in Serbia those traits were investigated and improved in
all programs (Tomic¢ et al., 2002; Sokolovic et al., 2002, Ignjatovic et al., 2004).

Improvement of resistance to rust, Puccinia coronata Corda f.sp. lolii Brown
and Puccinia graminis f. sp. graminicola, common disease of Italian and perennial
ryegrass in Europe, is among major goals in ryegrass breeding programs. Certain
breeding efforts were made and some resistance was found (Tomic et al., 1999),
but new sources of resistance are still needed.

Since that forage production in Serbia have been organizing mostly without
irrigation and that recent years droughty periods during spring and summer have
been appearing, improved drought tolerance rises as most important criterion.
Natural selection has strong impact on this trait, because acclimatized populations
always have better drought tolerance. Therefore, in Serbian breeding programs
local populations and landraces are incorporated in germplasm for all perennial
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grasses. Breeding programs for drought resistance are consisted of improving of
field persistency and plant life duration. As a result, cultivar K-11 was released
2006 (Sokolovié et al., 2007).

Seed yield of forage grasses is important trait for breeding, also. This trait is
very often in negative correlation with other important traits, breeding subjects.
Breeding of seed yield is possible per se (Ceccarelli et al., 1981) or via numerous
seed yield components (Sokolovi¢ et al., 2006).

Concerning final steps in applied breeding method, almost all grass cultivates
in Serbia are synthetic or improved populations (Krsti¢ et al., 1982; Tomi¢ et al.,
1995, Sokolovi¢ et al., 2007, 2008). Synthetics (S; generation) are obtaining by
intercrossing of chosen genotypes (Sy) (parents) in all combinations (polycross). S,
seed is multiplied in few subsequent generations for production of enough amount
of certified seed (S; or Sy) for market (Brummer, 1999). According to Reheul et al.
(2003), the yield performance of synl and syn2 generations did not differ
significantly although there was a tendency of synl over yielding syn2. In addition,
for two different synthetics (based on 3 and 4 different clones respectively) synl
generation tended to yield more herbage than the syn2 but not significantly. There
are some hybrids made by clones dialel pair-crosses that yielded in F2 generation
more than syn2, or even more than synl (Ghesquiere and Baert, 2007). Parents for
synthetics have been choosing for potential high combining ability for important
agronomic traits, what can be proven by polycross or topcross test (Wilkins, 1991,
Sokolovié¢, 2006) and superior pair-crosses could be combined to synthetic cultivar.

Inbreeding of parents is possible and increases genetic variability among
individuals in a population. Greater genetic variability among inbred progeny can
increase the effectiveness of selection and the amount of genetic improvement in a
breeding program (Fehr, 1987). Nevertheless, inbreeding of open pollinated forage
grasses very often reduces many important traits through inbreeding depression.
However, crossing in breeds to produce synthetic strains can restore vigour
sufficiently to guarantee the use of that procedure in a breeding program. In most
of the breeding programs, the number of parents for the synthetic varies between 3
and 15, and in that range influence of the number of parents is limited. According
to Posselt (2000), the optimum number of parents varies from seven to nine,
depending on the inbreeding depression. The less clones are used the greater the
differences between the generations are expected (Ghesquiere and Baert, 2007).
Using fewer components also reduces the risk of heterogeneity and enhances the
selection intensity, but increase probability for inbreeding depression. In Serbia
synthetics are made from poly-cross of 4-10 parents (Sokolovi¢ et al., 2007;
Sokolovié¢ et al., 2008). After Foster et al. (2001), synthetic breeding starts with
basic population of 2000 to 5000 genotypes, continuing with 200 chosen genotypes
inter crossed in few different poly-cross according maturity, time and finishing in
poly-cross, and formed synthetic with 7 to 10 parents chosen after half sib analysis.



Perennial forage grasses breeding ... 99

Hybrid breeding is most important method in major crops, but concerning
forage grasses specificity it is impossible to perform classical hybrid breeding like
in maize. However, some hybrid breeding modification in forage grasses is
promising and valuable. All that work is aimed to rich the phenomena of heterosis,
most preferred characteristics of hybrid progeny. It represents their superiority in
F1 generation in one or more traits of interest compared with parents. In forage
grasses hybrid breeding heterosis effect for DMY is looking more than 60 years
and it is detected in many grass species (Brummer, 1999, Posselt, 2003, Sokolovic,
2006), but limitations caused by grass fertilization system and the amount of hybrid
seed obtained are crucial for insufficient progress. In addition, one cycle of hybrid
seed multiplication can reduce heterosis effect for 50% (Posselt, 2003). Those
reasons determine lack of hybrid cultivars of perennial forage grasses.

However, there are some experimental procedures, which can be potentially
useful for grass hybrid breeding. Intercrosses of partially selfed parents (multiplied
in isolation) suggested by England (1974) give 83% of hybrid progeny. These so
called SI Hybrids (Self-incompatibility) are able to show heterosis effect of 20%
(Posselt, 1993).

Brummer (1999) put forward discussion about “semi-hybrids” and their use in
forage breeding, but general idea about this type of hybrids (“chance hybrids™) was
created by Burton. Main idea is to inter-cross prosperous selected population pre-
multiply in isolation to produce enough F1 seed for commercial use. Why “chance
hybrids”? Because, theoretically by probability principle, 50% of progeny will be
inter-populational and rest of them intra-populational crosses. In practice, this
percent is rather smaller, about 35% (Posselt, 2003). Although, time of parents
flowering and its synchronization represent “bottle neck” of this method, heterosis
is achieved in several perennial grasses (Foster, 1971; Posselt, 2003).

Identification and development of heterosis groups and patterns for semi-
hybrid breeding or any other crosses with expected heterosis is essential (Posselt,
2010). If heterosis groups are not known, they should be looked for in genetically
distanced genotypes and populations or with genetic diverse origin (Christie and
Krakar, 1980). Some effort was made in genetic gain prediction in breeding
process perennial ryegrass (Sokolovi¢, 2006). This parameter is valuable for
choosing of most appropriate applied method (Casler, 1999), but genetic gain
depends of breeding material per se, its variability and traits of interest heritability.

Though, commonly used method for genetic distance determination in forage
grasses in Serbia is “phenotyping”, molecular markers methods are chipper and
less time-consuming methods, like isozyme systems markers (Humphreys, 1992;
Sokolovi¢, 2006) or DNA molekular markers (Foster et al., 2001). The application
of DNA makers in grass breeding in Serbia is in its beginnings.

One of the largely used breeding tools is production of polyploid cultivars
which differs from diploids in improved traits (DMY, its quality and persistence).
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This was achieved on Lolium multiflorum by colchicines induction on vegetative
tillers. Obtained tetraploid genotypes were selected and incorporated by polycross
in cultivar K-29T (Tomi¢ and Popovié, 1996).

What we need to do in future — forage grasses breeding
prospects

Recent years breeders have been faced with many challenges, problems to be
solved and limitations inn breeding programs. Some of those challenges, thought
almost decade old are (Stuber, 2001): identification of useful genetic parameters in
diverse populations and lines, introgression of genes of interest in breeding
germplasm, improvement of recurrent selection program based on phenotypic
respond, investigation of heterosis and hybrid combining ability prediction,
understanding and modification of interaction between genotype - environment,
genotype - genotype and genotype - pathogen.

On the other hand, well known is that prediction of heritability (Sokolovi¢ et
al., 2004b), genetic correlations (Sokolovic et al., 2005), genetic gain (Sokolovic,
2006) and interaction between genotype and environment are priceless in
formulation of efficient strategy and breeding method. Therefore, future breeding
of perennial forage grasses in Serbia should be directed to several issues and goals:
0 Breeding for which real production conditions exist. This means breeding to

competitiveness with grasses and compatibility with legumes. Therefore,

breeding should be performed in shorter plant distances or with legumes (white
clover) and grasses (short) intercropped, simulating real production condition.

0 Increasing resistance and tolerance to drought by improvement of physiological
and morphological traits (efficiency of plants to survive summer drought by
dormancy (Norton et al., 2007), water use and nutrients absorption efficiency,
size and opening of stoma, root development and dept (Crush et al., 2007,
Bonos et al., 2004).

0 Breeding for different maturity cultivars (for mixtures with different purposes
and period of utilization

0 Developing polyploid cultivars of natural diploid forage grass species

0 Studying of interspecies hybridization, (Lolium-Festuca complex), for
combining best traits of both species.

0 Developing and identification for heterosis groups, (populations), of most
important grass species, for hybrid breeding, especially semi-hybrids and
combination with synthetic breeding.

0 DNA molecular markers establishing, for determination of genetic variability
in breeding germplasm (Bolari¢ et al., 2005) or genetic distances for
production of superior hybrids (Kolliker et al., 2005).
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0 Introduction of novel species of forage perennial grasses in breeding which are
characterized by broad genetic base and adaptability to different agro-
ecological conditions

Conclusion

In Serbia perennial grasses breeding has 50 year long tradition with 19 forage
cultivars created. All cultivars are characterized by high genetic potential for yield
and quality of dry matter. Most used breeding method in grass breeding in Serbia
was phenotypic, recurrent selection, modify to make breeding process shorter and
more effective, followed with polycross and synthetic breeding. Most important
criteria are yield and quality of dry matter, maturity, drought tolerance, persistency
and seed yield. In future grass breeding special attention of breeders should be paid
to breeding in real production conditions, breeding for improved drought resistance
(especially root development and dept) and different cultivars maturity,
developing heterosis groups (populations) for hybrid breeding, polyploid cultivars,
interspecies hybridization and introducing of new methods (DNA molecular
markers) and novel species of forage perennial grasses in breeding process.

Oplemenjivanje viSegodiSnjih krmnih trava wu Srbiji:
dostignuéa, ogranicenja i perspective

D. Sokolovié¢, Z. Tomié¢, S. Babi¢

Rezime

Visegodisnje trave su vrlo bitna komponenta kabaste stocne hrane prezivara, s
obzirom da su i osnovne komponente prirodnih i sejanih pasnjaka i livada. Vecina
vrsta viSegodiS$njih trava se moze koristiti za ishranu zivotinja, dok su najbitnije za
proizvodnju krme jezevica, engleski ljulj, livadski vijuk, visoki vijuk, maciji rep,
italijanski ljulj, francuski ljulj, crveni vijuk i bezosni vlasen. Posto sorta ima veliki
uticaj za uspes$nu proizvodnju krme, oplemenjivanju se posvecuje velika paznja. U
Srbiji oplemenjivanje trava ima dugo 50-ogodiS$nju tradiciju i kao reultat u
domacim Institutima je do sada kreirano 19 krmnih sorti. Uspe$no oplemenjivanje
sorti krmih kultura je raznovrsna oplemenjivacka germplazma, visoke geneticke
varijabilnosti. Oplemenjivanje sorti adaptabilnih i perzistentnih na pojedina
svojstva podrazumeva ukljuCivanje lokalnih populacija u taj proces. Glavni
oplemenjivacki kriterijumi su prinos i kvalitet suve materije, vreme stasavanja,
poljska perzistencija i otpornost na uslove suSe. NajceSce koriS¢ena metoda, u
stvaranju novih sorti viSegodi$njih krmnih trava, je modifikovana fenotipska
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rekurentna selekcija, pra¢ena polikros ukrStanjem i stvaranjem sintetickih sorti. U
buduénosti oplemenjivanje trava u Srbiji treba i¢i u pravcu uvodenja novih
savremenih methoda oplemenjivanja, formiranje razlicitih vrsta hibrida, detekcija u
unapredenje osobina povezanih sa otpornosc¢u na susu i uklju¢ivanje novih travnih
vrsta u proces oplemenjivanja.
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Abstract: Genetic gain in forage crops is generally low for most complex
traits like yield. In this paper, I suggest that we can improve gain by using
alternative selection methods. Additionally, applying genetic markers to breeding
programs can provide further gains, particularly if genome wide markers can be
developed to inexpensively enable off-season, marker-only selection. Some
alternative methods are discussed.
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Introduction

The goal of forage breeders is to develop cultivars improved for one or
more characteristics. The ability of breeders to improve a given trait depends on the
presence of heritable genetic variation in the crop’s germplasm resources for the
trait and an ability to select for the trait in a cost-effective and timely manner
(Brummer et al., 2009). Because many traits of importance cannot be assessed
quickly (consider long-term persistence, which may require nurseries lasting five
or more years) or cheaply (chemical composition, for example), alternative
selection methods need to be used.

Conventionally, a correlated trait that is easy to assay has been used to
select indirectly for the primary trait of interest, and as long as the correlation is
reasonably strong, indirect selection can be effective. In the absence of a correlated
trait, indirect selection can be done using molecular genetic markers, provided a
linkage between marker and trait can be identified (or even better, if the exact
allele of a gene causing a phenotype is found). Marker-assisted selection would
therefore help breeders to select difficult phenotypes in a timely and cost-effective
manner.

We have two avenues forward. On the one hand, we can attempt to reduce
complex traits to their component constituents. This can be accomplished by
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mapping (and eventually cloning) quantitative trait loci (QTL) and then using
linked markers to manipulate the QTL in breeding populations. When cloned, the
gene(s) represented by a QTL can be transformed into breeding lines (in theory)
and manipulated with markers without attendant linkage drag. This approach is
certainly appealing, and success at mapping QTL for complex traits has been
successful in many species, including alfalfa yield (Robins et al., 2007a,b),
persistence (Robins et al., 2008), and selfed seed yield (Robins and Brummer,
2010). (See Brummer (2004b) for a more comprehensive review of alfalfa
mapping.) Alternatively, gene expression analyses using microarrays or high
throughput sequencing can help identify genes associated with particular
phenotypes. For example, we have recently identified a number of genes that may
be involved with heterosis for biomass yield in tetraploid alfalfa (Li et al., 2009).
These candidate genes can be used either through marker selection or
transformation to modify the trait of interest.

Unfortunately, most important agronomic traits, like yield or persistence,
are complex. The underlying genetic structure of complex traits, even in
mammalian systems, is poorly understood:

All these (recent) observations suggest that the extent of regulatory

information in the mammalian genomes is far greater than

previously thought.... This creates challenges for resolving the
complex bases for common human diseases, where gene networks

rather than master genes drive specific phenotypes....” (Mattick et

al., 2009).

Although this quotation refers to mammalian genetics, we can presume that
agronomic traits are under similarly complex control. Thus, while we can identify
QTL for these traits, full understanding of their underlying genetics is unlikely in
the near future, particularly in forage crops.

The second avenue is to ignore QTL and simply consider overall genetic
merit of individuals. In reality, despite the hype about genomics (and associated
transcriptomics, proteomics, and metabolomics), all that really matters to the plant
breeder — and to the forage farmer - is the phenome. The phenome can be defined
as all the phenotypes a plant can express across developmental time under a range
of environmental conditions. What we as forage breeders want is a cultivar that
expresses a desirable phenotype under the conditions it will experience when
grown in real-world situations. Therefore, we assess phenomes under a range of
conditions — multiple locations and years — that hopefully represent the climatic
conditions in which the resulting cultivar will be grown.

Conventionally, our field evaluations give us an assessment of genetic
merit — i.e., the breeding value — of individual plants (genotypes) if we use progeny
testing. The beauty of conventional plant breeding is that the complexity
underlying the trait is essentially immaterial; if our phenotypic evaluation is
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accurate, then we can improve the trait regardless of the number of structural genes
or regulatory factors involved in its expression. The shortcoming of the gene-by-
gene reductionist approach is that any single gene within the population will be
affected by all the others affecting the trait, and the end result may not be
predictable. (Of course, the effect may be highly predictable, in which case using
that particular gene or QTL in the breeding program would be very sensible.)

We return now to the problem of selecting indirectly using markers but
without focusing on particular genes or QTL. Recently developed high-throughput
markers systems based on single nucleotide polymorphisms (SNPs) provide
breeders the capability of assessing the entire genome — or at least significant parts
of it — at once. Genome-wide markers enable breeders to conduct genomewide
selection, in which a breeding value is computed for every individual marker
(Meuwissen et al., 2001; Bernardo and Yu, 2007). If these markers sample the
entire genome, then collectively they will explain a large portion of the additive
genetic variance for a given trait. It does not matter which genes involved in the
trait are associated with which marker; all that matters is the overall genetic merit
of an individual based on the summation of the breeding values of the marker
alleles that it contains. Selection is then made based on breeding values computed
from the markers, rather than breeding values derived from phenotypic evaluation,
for example.

Desi