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FOREWORD

The volume which lies before you has been arranged around the two main themes of the conference,
i.,, the achievements so far, and the use of a wide array of new breeding techniques including
biotechnology. The thematical treatment is preceded by an introduction, and finally attention is
focussed on the perspectives of these techniques for reaching future goals of breeders of forage
crops.

The themes were addresssed by invited specialists in main papers, and many participants provided
detailed extra information on posters. The two-page summaries of the posters follow directly the
main papers. The first theme was also the subject of rather lively discussions in four parallel
workshops, of which short reports are included. We have strived to keep publication time of these
proceedings as short as possible and we like to thank all involved in their help with this effort. We
do hope this volume will prove to be a useful account of the state of the art in our fast-moving and

challenging area of work.

AP.M. den Nijs and A. Elgersma
Editors
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PREFACE

Following the invitation to the section to hold its 16th meeting in the Netherlands
in 1990 some 120 participants from 20 countries assembled at the International
Agricultural Centre at Wageningen from the 18th to the 22nd of November to
consider the theme "Fodder Crop Breeding; Achievements, Novel Strategies and
Biotechnology".

The venue for our meeting was a very appropriate setting for our deliberations, for
the Netherlands, and more specifically the various research centres located in
Wageningen, have a long history of involvement with fodder crop breeding and
research. This has evolved in conjunction with the Agricultural University which has
played such an important role in education and research in the Netherlands. Indeed
its role has spread very far afield and the International Agricultural Centre, which
provided us with such excellent facilities for our conference, is testimony to the most
creditable reputation that it has achieved.

Plant breeding is now at a cross roads in many countries. In several member states
of the European Community for example there have been major changes in the way
that plant breeding is organized and funded. This has arisen because of increasing
commercial pressures and the need to exploit the rapid technological advances that
are now being made. In so doing we have to consider the problems of surpluses in
some countries and deficits of agricultural production in others, In addition there is
the need for us to give greater consideration to the environmental implications of our
breeding activities. Against this scene it is thus very appropriate that we met to assess
what fodder crop breeders have achieved and where the new technologies may assist
us in improving the efficiency of our breeding methods and the products which we
produce.

The programme of the meeting was arranged into four main sessions. The first
reviewed the progress that had been made in fodder crop breeding in the various
geographic regions of Europe, Inevitably the complexity of the crop dictated as to
how one assessed progress; whether it be in terms of total annual yield, persistency,
winter-hardiness or quality for example, it was most pleasing to note that progress
had indeed been achieved. In relation to the problems of actually getting varieties
into the market considerable discussion cenired uvpon the difficulties often
encountered with registration procedures. There is clearly a need for dialogue
between breeders and the respective authorities to ameliorate these problems. In
relation to the theme the workshop and first poster session highlighted the
requirement for more research into selection criteria and methods of variety
evaluation.

The second and third sessions were interrelated in that they considered novel
strategies and biotechnology in fodder crop breeding. Topics presented ranged in
diversity from the utilization of selfing in breeding programmes through to the use
of RFLP’s for the mapping of genomes as aids to the selection of superior genotypes.
It was apparent that some of these new approaches are closer to practical application
than others, Overall a sense of realism prevailed on the time scales necessary before
some of the techniques may be routinely applied. This was further emphasised in the
poster session devoted to these technologies.

xiii



The final session consisted of invited papers considering perspectives in fodder crop
breeding. Here the integration of some of the new technologies with the more
intractable problems of deciding on breeding objectives for the next century provided
a thought provoking close to the conference.

As well as a most comprehensive programme of papers, poster and workshop
sessions the organizing committee arranged for visits to the Centre for Plant
Breeding Research, the Centre for Variety Research and to the Research Station of
Barenburg BV. In addition some most enjoyable entertainment filled the few
remaining hours of the programme. We most gratefully acknowledgg the support
from the many official bodies and companies that contributed to the meeting and to
the local committee for their efficient organization of a most successful conference.

M.D. Hayward
President, Eucarpia Fodder Crops Section,

Aberystwyth,
Wales. December 1990
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INTRODUCTION

PLANT BREEDING AND SEED PRODUCTION OF FORAGE CROPS IN THE NETHERLANDS

M. Kamps

President Dutch Agricultural Breeders and Seed Trade Associationl

Summary

A survey is given of the development of plant breeding in agricultu-
ral crops since the rediscovery of the Mendelian Jaws.

Until about 1950 the breeding of forage crops was hampered by the
difficult seed production of new varieties and the severe price
competition of seeds, that were harvested on natural pure stands.
The present good position of Dutch grass varieties on the markets in
many other countries can be attributed to:

- the activities of some pioneer Dutch grass breeders, who started
their breeding work already in the early twenties;

- the activities of Dutch research-institutes for breeding research,
variety- and seedtesting;

- the Dutch government, that introduced already in 1942 a legal
protection for new varieties, thus enabling the private breeding
companies to increase their investments in hreeding;

- the activities of the seed industry, that was - and still is =
prepared to invest the necessary amounts of money in breeding new
varieties.

The merging of seed companies into financially strong entities has
created a situation, where breeders, seedhouses and farmers can and
will take over a part of the responsabilities for routine-testing,
thus allowing the governmental institutes to concentrate on the more
fundamental aspects of breeding research.

Introduction

Long before the rediscovery of the Mendelean Laws attempts have been
made to improve the quality of agricultural crops by selecting the
better plants for producing seed for next years' sowing.

In the beginning of the twentieth century several new genetic features
were discovered, but their application in practical plant breeding was
still Vimited. It lasted until about 1920 befere private persons and
companies started practical breeding in agricultural crops. Soon it
became clear, that plant breeding was an expensive activity. Often
breeders did not get an reasonable renumeration for their work,
because other companies could multiply and sell seed of a new variety
as soon as it appeared on the market. Already in 1942 the Dutch
government took a very wise decision and issued the Plant Breeders
Decree; this decree protected the breeders of a new variety against
unauthorized propagation of their varieties.



This - in gobal sight - very early possibility for plant breeders
protection has heen an extremely impertant instrument to induce Dutch
hbreeders to increase their efforts in plant breeding. As a consequence
shortly after the end of World War II the plant breeding activities of
Dutch breeders increased tremendously, which gave them a leading
position compared with many other countries, where plant breeders
rights were enacted only after the conclusion of the Convention of
Paris in 1961.

However, since other countries got also a legal protection of new
varieties, and also partly due to the compulsery variety testing and
seeds certification in the whole EEC, in most crop this initial
advantage of our country diminished or disappeared, but it continued
to exist for some crops, i.a. for grasses.

By now we are approaching the end of the twentieth c¢entury and we are
facing the introduction of new technologies in plant breeding.

Whether or not genetic engineering will be the panacea that will solve
most of the problems in practical agricultural plant breeding, will
become clear in the next few decades.

The role of the institutes

We are happy that in a very early stage our government recognised
the importance of plant breeding. As a result already in 1912 the
Institute for Plant Breeding {IVP) was founded as a part of the
Agricultural University in Wageningen. This institute assumed the
combined responsability not only for breeding research and teaching
but also for testing of varieties and issuing the annual Descriptive
List of Varieties.

In the late forties it was decided that the IVP as a part of the
University should concentrate on teaching and scientific research,
whereas the Foundation for Plant Breeding of Agricultural Crops (SVP)
would concentrate on more practically orientated breeding research and
the IVRO, tater RIVRO on variety testing.

Very recently, the SYP merged with some sister institutes to CPO,
whereas the research acitivities of the RIVRO and of the Seed Testing
Station were combined in CRZ. These three institutes IVP, SVP and
RIVRO have done extremely important work to support the Dutch breeders
and to encourage them to breed improved varieties.

Role of the Seeds Industry

In former times the seed houses were predominately seeds merchants
often owned by one, or only a few families. With the increasing
importance of improved, bred varieties, the market share of the
breeders/merchants increased at the cost of the pure merchants. The
sharply rising investments in breeding, in seed preducing, in
sophisticated equipment and in marketing, required a capital structure
that was beyond the Tevels that most family companies could, or were
willing to, provide. Consequently an enormous concentration took place
and is stil1l continuing. It has to be expected that in the next one or
two decades again several companies will disappear or merge and that
for each species the market will be dominated by only a few companies.



Forage crops

Coming now to forage plant breeding and forage seed production 1
have to mention first that grass is the natural ground cover in many
parts of the Netherlands. Early plant breeding attempts were conducted
since about 1920 by selecting healthy and leafiy plants in natural
populations. :

Until about 1950 the impossibility to produce seed on these selections
at prices that could compete with seed that could be harvested abroad
on natural {almost) pure stands did not favour further investments in
grass breeding. Nevertheless the Dutch forage seeds industry owes many
thanks to a few hobby-breeders, who continued their selection work,
notwithstanding the poor commercial results and perspectives. They
have induced, that already before World War II some official research
on varieties of forage and amenity grasses was conducted in our
country and that some varjeties were recommended in the "Rassenlijst".

They also created a genepool that was very important for the later
rapid increase of forage crop breeding. In the fifties it became
possible to grow grass seed as an agricultural crop, but still it had
to compete with the Tower price of foreign origins, that was much less
adapted to Wester European growing conditions.

It has been a great help for the breeders and for the farmers in our
country that an unique co-operation between the government, grass
breeders, grass seed merchants, grass variety research at RIVRO,
Certifying Agency NAK, Agricultural Advisory Service and farmers
organisations, has created the BG-certification system for forage
seeds mixtures. In this system the BG identification may only be given
for certain mixtures, provided that they were composed only of
officially recommended varieties. The national turnover of these
mixtures rose from about 500 tons in the mid-fifties to about 2500
tons in the earlty seventies and to an average of about 6.000 tons in
the late eighties. For the time being it is very difficult to sell
other forage mixtures than BG&. It is clear, that this result could
onty be obtained by the full support of all parties involved.

This early support for the use of good mixtures of good grass
varieties, strenghtened by the high quality of research on grass
varieties at RIVRO, has been an important factor to induce Dutch
grass breeders to do their utmost for breeding ever better grass
varieties.

Many Dutch good varieties showed also good results in other countries
with a moderate climate. Official Lists of Recommended Varieties and
reports on variety performance from almest all countries in the worid
prove that many Dutch grass varieties perform well, even far from
home. But buyers of top varieties also want high seed qualities. i.e.
& high purity, freedom of noxious weeds and weedgrasses and a high
germination. In order to obtain such high quality seed, each of the
Dutch seed producing companies has its own growers advisory service
that supervises the production from the choice of the fields for grass
seed production by the farmer, until the delivery of the harvested
seed to the company.

The combination of intensive breeding for better gquality, skilled




grass seed producing farmers, ample experience and know-how of grass
seed production and -processing in the Dutch seed companies has been
and still is the backbone for the quality of Dutch grass seed.

Future

It is always difficult to predict what will happen in the future.
At this very moment it is wmoere difficult than ever before, because in
a rapidly changing world, a decreasing number plant breeding companies
of increasing size, is confronted with changing technologies that
require increasing budgets for research, whereas public budgets for

» breeding research are tending to decline and society is demanding

varieties that enable a production of agricultural crops with reduced
negative effects on our environment.

One point is clear. Grass seed will ever be needed. Consequently at
least some companies will survive to satisfy the needs of the world
market for grass seed. Which companies this will be, will depend on
your decisions in the near future. I whish that this congress will
help you to find the right answers for your survival.

1. Present address: N.Z.P., P.0. Box 516, 33800 AM Amersfoort
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WHAT HAS BEEN ACHIEVED IN FODDER CROPS
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ACHIEVMENTS IN FODDER CROPS BREEDING IN NORDIC EUROPE

Jan Sjddin

SvalSf AB, 268 00 Svalsv, Sweden

The forage crop breeding is often unjustly accused of being less
effective than e.g. cereal breeding. Indeed it is true that forage
crops cultivars are legs frequently released than cereal- or rapeseed-
cultivars, where a new one 1 released nearly every year. There are,
however, several good reasons for thls. Forage crops are mostly per-
ennial implying a longer breeding process. Most species are crossfer-
tilizers often acting at high ploidy levels, both factors complicating
the breeding scheme. The seed production is also from the time point of
view a tedious process. The seed yield level is often strongly in-
fluenced by environmental conditions and it is not unusual that the seed
production takes part in another regicn than the dry matter preoduction.

The most common reason to release a new cultivar is a higher yield
capacity than its preceder. Improvements of gquality is unusual, at
least in Scandinavia. The yield increase can be a direct effecf of the
selection work but more common in our countries is that the persistence
is improved and an indirect increase of yield is obtained. Other imp-
rovements are not always easy to prove in figures but can still be
essential for tMe circulation and success of a new cultivar.

One good example of a direct increase of yield capacity is the tetra-
ploid redclover. The 4z varleties grown today in Sweden yields, during
the two yeare after sowing, about 5-10 % more than the dipleoid standard
(Tab 1.) The disadvaniage has been the well known fact with the lower
seed setting capacity. Today is, however, the level of seed setting
acceptable in cultivars for south,Sweden and the. forage mixtures con-
taining 4x redclovers are the most Attractive to the farmers.

Table 1. DM yields of 2x and 4x varieties of redclover in scuth

Sweden.
Year of variety Yield (rel figures)
approval I:1 1:2 EI II:1 IT:2 XI1
1968 8V liermes IT 2x 100 100 100 100 100 100
1970 WW Britta 2x a7 107 100G 98 131 101
1982 8v Fanny 4x 103 117 108 106 126 112
1977 WW Sara 4R 103 115 107 100 129 108

Part of the superibrity of Lhe Letraploids during later harvesling
years probably also can be ascribed to a better persistence.-An imp-
rovement of this character is the most common for new varieties of wosk
species in northern Scandinavia. 1t can deal wilh improvements of



disease resistance, winterhardiness or a better adaptation in general
to environmental conditions present. Mostly it is a combinaticn of all
three factors. Some examples of such progress in Scandinavian plant
breeding are given below {Tables 2-6 and Fig 1).

The norwegian meadow fescue variety Salten, released in 1974, (Tab 2)
is the result of mass-selection mainly in local populations but also in
foreign material. These selections ended up in a synthetic variety
based on 14 clones. The practical growing value of Salten is much
greater than can be shown in the figures of the table. Today Salten has
taken over completely and Ltken is taken out of the variety list. Under
worse winter conditions Salten is stronger than Léken against both
physical and biotic factors.

Table 2. DM yield of two norwegian meadow fescue varieties.

Varieties Coastal region Remaining parts
of sourthern Norway of Morway

Ltken, t/ha ) 10.3 8.2

Salten, rel 104 102

In Finland nearly all improvements are connected with changes of
winterhardiness. One example of this (Tab 3) is the cooksfoot cultivar
Haka {1982). Haka showed a higher DM yield than all the other cultivars
grown in Finland. The increase was mainly obtained through a better
winterhardiness. The intreduction of this cultivar gave rise toc a more
widely spread growing area of cooksfoot in Finland.

Table 3. DM yield of the finnish cooksfoot variety Haka compared to
other grown varieties in Finland.

Variety Year Winter injury
I I1 III %
1982 Haka, t/ha 8.6 a.7 8.6 8
1976 Fala, rel a0 24 92 + 4%
1976 Hera, rel 93 94 a0 + BExk
1976 Tammisto, rel 94 94 92 + 2%%
1982 Frode, rel 97 a7 92 + Gxx

The importance of persistence is well demonstrated in redclover cul-
tivars developed for south Sweden (Tab 4}. The three cultivars Merkur,
Hermes and Hermes II are closely related to each other and Pallas
contains a great amount of genes from Hermes II. The repeated sel-
ections for persistence gave rise to new cultivars with the same vield

8



level in the first year ley, and considerable improvements of the
vield level in the second year ley.

Table 4. DM yields of redclover varieties with different persistence

in Sweden.
Year of Variety Yield {rel figures)
approval I:1 I:2 £1 IT:1 1II:2 £II
1937 Merkur 97 a9 97 91 98 94
1855 Hermes 100 100 100 100 100 100
1968 Hermes IT1 101 98 100 116 104 112
1950 Pallas 99 a7 99 118 108 114

Selections for disease resistance in laboratory tests often show
provable results. One example is the redclover cultivar Britta obtained
through repeated selections in large number of plants infected with
cloverrot (Sclerotinia trifoliorum). The effect of the resistance was
demonstrated (Tab 5) in an experiment where frequency of surviving
plants in a second year ley was determined, 20-30 % more planté/sur—
vived in Britta than in the other two varieties. Under practical con-
ditions Britta showed the better resistance through a higher DM yield
in second and later year leys.

Table 5. Resistance to Sclercotinia trifelium, cloverrot in redclover
varieties tested at Weibullsholm 1972-1977. % surviving
plants in second year ley.

% rel,
WW Britta 81 100
3v Hermes [312) 81
WW Resistenta 56 &9

Another example of successful resistance breeding is the development of
Verticillium resistent cultivars in the beginning of the seventies. In
the sixties this desease (Verticilium albo atrum) nearly stopped
growing of lucerne in south Sweden. Fig 1 shows the rapid progress in
laboratory selection for resistance. Such work resulted in the two
varieties Sverre and Vertus which in later year leys outyielded the
non-resistent cultivar Alfa IT (Tab 6).



F1el, PLE RECURRENT RES| STANCE
-, ICILLIUM ALB: I ERNE

100 4

[::] 0 WITHOUT SYMPTOMS
75 4

HMHH 2 DISTINCT SYMPTOMS
50 4 :

25 4

4 COMPLETELY WILTED

CRGINAL 1 GEM 4 SGEN 7 GeN
FOPUL

Table 6. DM yields of alfa-alfa. Official trials from south
Sweden 1972-1981.

Year of Variety Yield (rel figures)
approval I II IIT
1987 WW Alfa II 100 100 1C00
1969 WW Vertus 100 101 105
1974 Sv Sverre 102 101 108

Redclover is a very day-length sensitive species implying that many
cultivars are needed tc cover such a long country as Sweden. It would
therefore be economically important, if possible, to reduce the number
of cultivars by extending the cultivation area of a new cultivar. This
has been one of the aims of the redclover breeding. The recenily re-
leased Pallas redclover, is a good example of progress for such a
widely adapted type. In table 7 Pallas ls compared with the standard in
each of the three regions of interest. Pallas is at least as good as
and sometimes better than the standards in each region.

In Sweden mest leys are composed of one clover species and one or
most cften more grass species. It is then important that each species
in the mixture produce as much as possible when grown together with the
other species. That is not always the same ag that the cultivar in
question is the most high yielding in pure stands. Lorry, a hybrid
ryegrass cultivar has a way of less competive growing allowing the
other species to grow better during the first year ley. In second and
later year leys this results in a higher total yield (Tab 8) for the
mixture when Lorry is the ryegrass component.

10



Table 7. DM yields of Pallas redclover compared with other varieties
of current interest in three growing areas in Sweden.

Yield {rel figures)

I:1 I:2 EIl IT:1 II:2 il
South G&taland
Sv Bombi 100 100 100 100 100 100
Sv Pallas 102 51 98 108 104 106
Nortihern Gbtaland
Sv Hermes II1 100 100 100 100 100 100
Sv Pallas 98 99 99 102 104 102
Svealand .
Sv Kora 100 100 100 100 100 100
8v Pallas 104 103 104 99 103 100

rd
Table 8. DM yield of ryegrass and hybridryegrass in pure stands
and in mixtures with clover, timothy and meadow fescue.

Year of Variety Pure stand Mixture

approval I 11 I 13 11T
1956 Viris, t/ha 10.5 7.8 16.3 8.5 7.6
1984 Tove, rel 108 119 106 109 104
1990 Lorry, rel 110 106 109 110 105

¥When looking at the development of cultivars of perennial ryegrass
{Fig 2) officially tested in Denmark during the last 40 years it can be
cbserved that the increase of yield was cconsiderable during the first
30 years. During some years in the beginning of the eighties the curves
levelled out but the yield is increasing again, specifically the second
year. These observations are more differentiated in Fig 3 where the
relative changes of new cultivars compared to the standards of each
testing period are presented for the three types of perennial ryegrass.
The figqure shows about the same as what was said about the Swedish
redclovers. The changes are small in the first year and the main imp-
rovements of the new cultivar are obtained the gsecond year. A better
Dreschlera resistance is one explanation of these improvements.

During the last 50 years 62 cultivers have been released in Sweden,
18 in Pinland and 18 in Norway. In I’ amark 83 danish cultivars are
included in the present official daaish iist of cultivars. Altogether
it is a considerable number of cultivars even though not all of them
have

11
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been a success. The sign of progress of forage cultivars is not always
nice relative figures but rather that the farmers like them and bay
them.
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ACHIEVEMENTS IN FODDER CROPS BREEDING IN MARITIME EUROPE

AJ.P. van Wijk and D. Reheul

D.J. van der Have B.V,, Vlijmen, the Netherlands
Rijksstation voor Plantenveredeling, Merelbeke, Belgie

Summary

Resulis of the government variety testing institutes of Belgium (NDALTP and CLO), the
Netherlands (CRZ) and the United Kingdom (NIAB) have been studied for perennial and Italian
ryegrass.

For perennial ryegrass it is concluded that newly bred varieties have improved in dry matter
yield and persistence compared to old varieties. On average yield increases of 0.5% per year have
been achieved over a 25-year period. Winter hardiness, disease resistance and digestibility of new
varieties showed varying responses to breeding. The seed yielding ability of new varieties showed
no improvement over older varieties.

Improvements in dry matter yield of Italian ryegrass were of the same magnitude as those of
perennial ryegrass in the Netherlands and the United Kingdom, while in Belgium no clear
improvements were measured.

The major increases in agronomical performance in perennial ryegrass have been obtamed with
varieties admitted to the official variety lists in the mid-eighties.

Keywords: perennial ryegrass, Italian ryegrass, selection response
Introduction

The Eucarpia Fodder Crops Section held its first meeting in 1987 in Kéin- Vogelsang in FR
Germany. This first meeting was followed hy many more in the various European countries, at
which all aspects of fodder ecrops breeding were discussed: creation and exploitation of genetic
variability, breeding objectives and breeding methods., Ideas and research results, exchanged
between scientists from universities, governmental institutes and private industry during those
meetings, have undoubtedly been incorporated in the research and breeding programmes of the
participants, aiming at-further progress. The paper presented here attempts to determine what
progress has been made over the past 25 years in two fodder erop species: perennial ryegrass
(Lolium perenne L.) and Ttalian ryegrass (L. multiflorum Lam.).

The perennial characteristic and the repeated harvesting of the cross pollinating forage grasses
make the determination of possible achievements in breeding difficult. If grass varieties are not
properly evaluated, possible progress cannot be expressed. In anmual crops with one single
harvesting, and even in turf grasses where subjective characteristics play a role, possible steps
forward are much easier to measure. Moreover, animal performance will ultimately determine
if a new grass variety is an improvement or not.

Next to the question of how to measure progress in breeding forage grasses, comes the question
which characteristics might be used to define progress: should dry matter yield be the ultimate
characteristic or are characteristics like winter hardiness and disease resistance more important?

In the following paper trial results of government variety testing institutes of Belgium, the
Netherlands and United Kindom will be used to determine possible progress.

Belgium
In Figure 1 and 2 data from the national list trials are presented for late perennial ryegrass
and Ttalian ryegrass respectively. These data are collected from the varieties submitted for

inclusion in the national variety list from 1963 to 1888. Each mark in the figures reflects the
mean value of a variety that completed the total trial cycle.
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Figure 1

Figure 2 : ftalian rysgrass

Assessment of late varieties of perennial ryegrass in Belgium

x = listed varieties, o = value occurs more than once

Assessment of varieties of [talian ryegrass in Belgium

x = listed varieties, 0 = value oeccurs more than once

1 = tetraploids
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In late perennial ryegrass data are expressed relative to the variety Vigor, which is Belgian bred
and is used as main standard in the trials.

From Figure 1 it is clear that the persistence, dry matter yield and regrowing ability of the
submitted varieties have steadily increased compared to the variety Vigor. But only from 1980
onwards have new varieties outperformed the standard variety Vigor. Before that time the
submitted varieties, which can be assumed to have already passed a pre-screening by the
breeders, did not reach the Vigor-levels. As for the health data, no or only minor progress was
meastred under Belgian conditions.

From Figure 1 it can be deduced that over a 25-year period dry matter yield was increased by
0.5% per year for varieties that were considered good encugh to be submitted for national list
trials.

For early and intermediate perennial ryegrass similar trends exist. The early heading variety
Melino was used as the standard for both the early and intermediate maturity group, resulting
in a wider spread of performance data in comparison to the late varieties. Similar to the late
varieties, varieties with a higher yiclding ability and a better persistence were submitted from
1980 onwards. Health and regrowth were not improved.

The control varieties used in Italian ryegrass are the diploid variety Lemtal and the tetraploid
variety Meritra. Both varieties originate from Belgium. As is evident from Figure 2 only one
diploid variety and one tetraploid variety were accepted on the national variety list with only
marginal yield differences compared to the standard varieties. One of these two showed excellent
persistence. No disease improvements were recorded under Belgian conditions.

The Netherlands )

In Table 1 the relative dry matter yields of old varieties under grazing and under cutting are
presented in relation to the mean yield (= 100) of the varieties admitted on the Dutch variety list
of 1890. These data have been obtained from trials conducted by the former RIVRO (Rijks
Instituut voor Rassenonderzoek), now called CRZ (Centrum voor Rassenonderzoek), since 1978
and were calculated according to the advancing mean (Visacher, pers. comm.).

Table 1, Relative dry matter yields of varieties of perenninl ryegrass under grazing (=G} and
cutting (=C). Year = First year of admission in Dutch variety list. 100 = Mean yield of varieties
inseribed in the Variety List 1990.

Relative dry matter yield

Late Year G € Interme- Year G C Early Year C
diate
Perma 1030 96 93 Barlenna 1949 94 93 Premo 1955 91

Lamora 1945 97 96 Barstella 1955 93 03 Melino 1960 96
Caprice 1946 89 B9 Combi 1958 91 88 Reveille 1965 92
Semperweide 1946 91 89 Spirit 1958 52 B3 Cropper 1966 94
Barenza 1949 95 96 Parlatra 1965 90 88
Compas 1958 98 93 Taptoe 1965 87 90

Pelo 1962 94 92 Agresso 1969 91 90
Vigor 1963 96 95 Hubal 1969 94 92
Mean 04 93 81 90 03

Based on these figures it can be be concluded, that yiclds of the varieties included in the
Dutch variety list have increased by 8 - 10% over yields of varieties admitted since 1839.
Comparable to the Belgian situation, a whole range of new varieties have been accepted for the
Dutch variety list since the mid-eighties. The last late variety previously admitted was in 1979
and this was the first one after the admittance of Vigor in 1963.
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The relative yield of the variety at the time of inclusion in the variety list should be taken into
account. When comparing these first figures with later figures some varieties remain constant
in relation to the varieties inscribed, while others decline (Table 2). These relative figures are
influenced by a change ih the varieties inscribed and by a variety times year interaction.

Table 2. Relative dry matter yields of late varieties of perennial ryegrass under grazing and
cutting.

Variety Year of first admission  Weighted mean

(4 x grazing + 1 x cutting)

1967 1890
Perma 1939 102 95
Lamora 1945 100 97
Caprice 1046 99 89
Semperweide 1946 102 91
Barenza 1949 101 95
Compas 1958 100 93
Pelo 1962 100 94
Vigor 1968 100 26
Listed varieties 100 100

The increase in dry matter yield of the new varieties was mainly caused by an improvement
in persistence. Compared to the older varieties persistence of new varieties is rated 1 - 2 points
higher on 1 - 9 scale (9 = best).

In Jtalian ryegrazs yield increases from 1944 onwards vavied from 7% - 12 % compared to the
varieties listed in 1990. Persistence increased by 1 - 2 points.

United Kingdom

Jordan (1988 and pers. comm.) expressed improvements in ryegrass varieties as the best variety
relative to the indigenous landrace varieties (Table 3), based on trials conducted by the NIAB
(National Institute of Agricultural Botany) since the 1960’s.

The hest perennial ryegrass varieties recommended in 1990 produce 20% more yield in the
second harvest year than the indigenous varieties. Recent Italian ryegrass varieties show an
increase in yield of 26% and 31% in the second harvest year. When caleulated over a 25 year
period the annual yield increase for both species under UK conditions is 0.5% per year.

In Italian ryegrass a large part of the yield increase was reached in 1968 with the introduction
of the variety Lemtal: compared to the local strain Lemtal yielded 120%. Increases thereafter have
been slower.

Jordan (1988) also compared persistence, mid-season digestibility values and early spring
growth. In perennial ryegrass persistence increased, especially in the early varieties, while in
Italian ryegrass sward density of the best present-day variety is double that of § 22. Early spring
growth can be found in late heading varieties, indicating the possibility that the two traits can
be combined. Mid-season digestibility values are up to 2 units higher in many new perennials
and over 1 unit higher in Iialian ryegrass compared to that of § 22.
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Table 3. Comparison of early, intermediate and late perennial ryegrass and Italian ryegrass. Mean
of conservation and simulated grazing yields. 1st line: first harvest year; 2nd line: second harvest
year (according to Jordan, 1988 and pers. comm.}

Perennial Old local strain  Farly bred variety Top variety 1990

ryegrass Diploid Tetraploid Diploid Tetraploid
Eariy Irish commercial 8 24 Barvestra

100 105 104 100 100

100 110 112 119 121
Inter- Kent indigenous 8 321  Barlatra
mediate 100 106 103 110 116

100 102 104 115 120
Late Kent indigenous S 23 Petra

100 103 102 108 110

100 103 104 128 120
Mean 100 104 103 109 112

100 1056 107 119 120
Italian Northern Irish 522 Tetila
ryegrass 100 108 112 197 194

100 103 110 131 125 e
Seed yield

How good the vegetative properties of a variety are, the economics of seed production ultimately
determines if a variety will be a commercial success. The yield data of commercial seed
production fields of perennial ryegrass in the Netherlands (as published by the Agricultural Seeds
Produce Board) and in the United Kingdom (as published by the NIAB) do not indicate that the
improvement in the vepetative characteristics had a positive correlation with the generative
properties. Obviously ryegrass varieties are primarily bred for their vegetative performance; their
seed yielding potential is only assessed when the variety comes into comumercial seed production.

Discussion

From the data presented for Belgium and the United Kingdom it can be concluded, that the
annual increase in dry matter yield of perennial ryegrass through breeding is 0.5% over a 25-year
period; the Dutch data indicate a slightly lower increase. For Italian ryegrass in the Netherlands
and the United Xingdom comparable advances can be reported. This is not the case for Belgium
due to the choice of the control varieties.

However, the data obtained from the official vatiety testing institutes clearly demonstrate the
diffieulty in determining the progress made ir ryegrass breeding. The results of the various
countries can differ to a great extent, These differences might have heen partly caused by the
evaluation system and the duration of the trialing period {i.e. repeated testing).

In Belgium all submitted varieties were included in the assessment of progress, in the
Netherlands old varieties were expressed relative to the mean yield of listed varieties, while in
the United Kingdom old varieties were compared to the best current variety. Old varieties have
been improved constantly prior to the intreduction of Plant Breeders Rights in the mid-sixties,
causing a genetic shift and making the comparison bhetween cld and new varieties more
confounding. Barker and Kalton (1988) used the number of varieties that have been produced
8s a measure of advancement. However, the quantity of released varieties is not necessarily
proportional to the achieved progress.
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Dry matier yield is the most obvious tool to assess the level of progress, comprising
characteristics that have an influence on variety performance such as persistence, winter
hardiness and digsease resistance. However, special traits having nothing to do with yield, may
be available in a variety making it very suitable for special siress conditions or for improved
animal production. The favourable growing conditions for ryegrass in maritime Europe make the
expression of such breeding efforts for stress tolerance seldomly visible, while the effect on animal
performance is difficult to measure.

It is evident, that & big step forward in variety performance of perennial ryegrass was made
in the mid-eighties. These varieties were submitted for variety listing around 1980 and their
ereation probably started between 1965 and 1970. From then on, breeding apparently intensified,
which was caused, according to Lackamp (1988}, by the fact that breeders could spend less time
on variety maintenance. Around that time variety maintenance through the storing of remnant
seed under controlled conditions was introduced and the laborious maintenance of clones and the
constant re-creation of the varieties were then abolished. The introduction of Plant Breeders
Rights made this necessary as it was no longer permitted to change an existing variety. As a
consequence the breeders were left with more time for innovative breeding.

Another reason for the intensification of breeding has been the mechanisation of field trials.
Plot drilling machines and specially designed forage harvesters caused an increase in the scale
of operations, resulting in the testing of more material and higher selection intensity.

The seed productivity of new varieties has not been increased. During the process of
multiplication of breeding material, families may be rejected on the ground of their low seed
yielding ability, but apart from this, selection on seed yield as such is hardly made. The reason
for this is the complexity of the problem as is very evident from the results of Elgersma (1990).

What are the prospects for further advances in breeding? In diploid perennial ryegrass a high
level of performance has been reached and it seems wise to stay in that gene pool, only
supplemented with special traits such as disease resisiance and winterhardiness. In tetraploid
perennial ryegrass the genetic basis is still very narrow and by widening it much progress can
be expected. The same holds true for tetraploid Italian ryegrass, but the question can be asked
if the diploid basis is wide enough? Big increases in variety performance for this species through
breeding cannot be expected.

A worrying development, which could hamper the progress made by breeding, are the rising
costs of the official variety testing. Besides this, some countries require pre-trial results from two
locations within their countries, before the variety is accepted for another period of 3 - § year
testing. This delays the release of new varieties and weighs on research budgets enormously,
driving out the innovative part of breeding. It is admitted, that the published results of official
trial results are a strong marketing tool, but at a certain point it can be queried if it is still
worthwile to justify these rising costs. The present system might come to an end and hreeders
could decide to bypass the present system of government recommendation.

The present system of variety registration iz generally accepted and breeders have to live with
it. It should be realised, that it is impossible to breed for distinetness with the present evaluation
system, but this might change with the development of new techniques. Agronomical good
varieties might be stopped from registration by the inadaquacy of the present evaluation system
to distinguish different varieties.
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"WHAT HAS BEEN ACHIEVED IN FODDER CROPS BREEDING?"
CONTINENTAL EURCPE

I. Béesa
GATE Agricultural Research Institute, Kompolt, Hungary
Summar

The paper gives account about data of 4 East-European countries: Hungary,
Czechoslovakia, Rumania and Poland.

The alfalfa is the most important perennial fodder crop in these
countries growing on the cultivated arca of more than 1 million hectares.
15 varieties were registered in last 10 years, however no one of these
exceeded slgnificantly the level of the dry matter production of standard
cultivars, At the same time the resistance to Fusarium, Verticillium,
Corynebacterium and nematodes showed high breeding progress, which
affected the persistence and indirectly the productivity of the
varieties, Important results were realized in the breeding of the low
content of saponin and seed productivity.

The production of grass species is remarkable in this 4 countries.

In last 10 years there were registered 60 varieties among 10 main species
in these 4 countries. Breeding progress was seen only in the caée of
tetraploid Lolium (about 10 %) concerning the dry matter improvement,
however the productivity of other species resp. varieties were equal with
standard varieties. Some progress were demonstrated in the persistence
and winter hardness.

In Hungary were produced an interspecific fertile and productive hybrid
between, Bromus inermis and Agropyron repens and in Czechoslovakia were
registered a productive hybrid between Lolium multiflorum and Festuca
arundinacea which gave dry matter production for 9 % higher than the best
standard varlety of F. arundinacea.

Keywords: alfalfa, Corynebacterium, Fusarjum, persistence, red clover,
saponin, telerance to frequent cutting, Verticillium.

Introduction

In this report I would like te give a general picture about the breeding
tasks and results in some countries of previous East-European block,
except Bulgaria and Soviet Union. Theses latter two countries, did not
give unfortunately account about their work,

Hungaxy

There are altogether 15 varieties of alfalfa, 7 ones of the red clover
and 27 cultivars of 15 grass species on the list of variety catalogue.

Alfalfa breeding

The mest important fodder crop is the alfalfa (300,000 ha) among 15
registered varieties, 7 of them were bred in the last decade, The aim of
the breeding was accented on the following: resistance to Fusarium and
Verticillium, persistence, tolerance to frequent cutting, acknowledge of
the irrigation, breeding for the low saponin content, seed production
capacity and ability to pasture.
The methods of improvement taken into consideration are: phenotypical
recurrent selection and production of synthetic varieties with polycross
19



tests.

The dry matter production capacity of new varieties does not exceed the
standard cultivars but the resistance to wilt-diseases, therefore the
persistence, became particularly better (Szarvasi-4, Anna, Alfarez, OKI-
5). The bearing to frequent cutting of these varieties seemed to be
better too at these cultivars.

The varlety "Sapko" satisfies special demands, which was reglstered in
1987. Its saponin content is probably 1/10 part of the standard
cultivars, This quality makes it possible to substitute a 40 % of soy
bean protein at monogastric animals in form of meal and pellet. At the
same time the absence of bitter flavour increases the voluntary intake.
There is another variety with special object: "Réna", which is grown as a
pasturetype cultivar with creeping rhizomes. In the mixture with drought
resistant grasses (Bromus, Agropyron etc.) it tolerates well the
pasturage and it gives alsc good pastures on dry steppes.

It has to be mentioned that the breeding of the threeway cross alfalfa
hybrid cytoplasmic male sterility in Hungary was the first in Europe and
second all over the world. However, it was put into circulation only for
few years, becaus the heterosis effect did not equalize the cost of
complicated seed production,

Red clover breeding

The 7 red clover varieties in Hungary are too many on a small cultivation
area which has decreased from 120.000 ha te 25.000 ha in the last decade,
Although among the 7 varlieties there are 5 tetraploid ones which are
produced only for seed export. The cultivation area of red clover is
replaced gradually with alfalfa which has more drought resistance and
larger ecologlc scale.

Grass breeding

In 900.000 ha grassland only 250.000 ha are planted and the rest is
extensive permanent grassland (non fertilized, non weed controlled and
non irrigated). Grasslands consist of 4-5 grass species and 2-3 legumes.
27 varieties of 15 specles are registered and only 6 cultivars were
accepted in the last decade. There has been no claim yet to different
varieties, only to species. The mostly produced grasses are: Festuca
pratensis and F, rubra, Poa pratensis, Bromus inermis and the Agropyron
cristatum. The production of intensive grass species as Lolium and Phleum
is very insignificant.

The new varieties are different from the old ones in homogenity and they
are also more uniform in the distribution of the yield and in the seed
productlon capacity and they have also higher salt tolerance. Objects of
breeding are: equal distribution of yield, better drought-, salt-, and
cold-resistance, persistence and resistance te leaf-diseases. In these
properties, Hungarilan germplasms are very valuable and because of their
earliness they can avoid the rust infection and they can tolerate drought
and the NA,CO; content of the soil and they resist more to late cold than
the West-European maritim varieties.

Recently, in Szarvas, a new intergenetic fertile hybrid "Bromag" (between
Bromus inermls and Agropyren repens) has been produced, with sultable

agronomical values.

Czechoslovakla

Czechoslovakian fodder crop stock consist of 7 alfalfa, 11 red clover (5
diploids and & tetraploids) and 33 grass varieties related to 16 species.
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Alfalfa breeding

Alfalfa is more important than red clover. Objects of breeding are
accented on the resistance to Corynebacteria, Verticillium, Nematode,
good persistence and fast regrowth capacity, to high nitrogenase
activity, on the tolerance to low PH of the soil and on the large seed

i production ability as well., The newest alfalfa variety is "Magda®™ (1986),
which was produced with recurrent phenotypical selection. It has a good
resistance to wilt-diseases and has significant regrowth ability, higher
protein content and very good persistence as well. Therefore, after 3
years of cultivation its yield Ls wmore productive than the Palava
standard, and it is especlally high after the 4™ and 5" years of the

! sowing.
There 1s also a new cultivar "Zuzana", registered in 19%0. It's resistant
to leaf-diseases and to wilt and Nematode and 1t has a higher nitrogenase
activity than the standard and it bears the low pH of the soil. Better
production ability and resistance, longer persistence than the standard
is typical for both varieties, but only 13-4 years after the sowing. The
seed production ability is probably 20% higher than in the standard. In
1990 two other cultivars were registered "Lucia" and "Regia", which ones
seemed to be better than the standard in seed productiom.

Red clover

In the breeding of red clover it’s very important to take into
consideration the resistance to powder-mildew and root-diseases,
especially to sclerotinia, and the improvement of seed production
capacity. The red clover has also a small cultivation area in
Czechoslovakia and has already lost of its importance. The bigger part of
11 varieties was bred a long ago, and the new ones as "Rozal", "Toboz"
and "Javorina" are more resistant to above mentioned disecases. The
tetrapleid Tempus Is better in the seed production ability than the
standard. There is no significant difference between old and new
cultivars concerning the dry matter production.

Grass breeding

In the last 10 years 10 new grass varieties were improved from 6 species.

The breeding objects were: dry matter production, persistence, resistance

to powder mildew and rust infection, better digestibility of protein,

! higher content of water soluble hydrocarbons and better palatability. The
breeding progress was to be higher in the tetraploid Lolium perenne and
Lolium wultiflorum ("Odra", "Lolita™, "Jivot" and "Tarpan"}. The variety
"0dra” has more significant digestibility for protein and dry matter. The
dry matter preduction is 10 % higher than in the older diploid varieties.
Breeding progresses were found in "Slezanka", Poa pratensis (108 %) in
"Lekora" and "Kora", Fegtuca arundinacea (107 %). There have been no
breeding progress in Phleum pratense, Festuca pratensis and Dactylis
glomerata for 10 - 15 years.

Nowadays an intergeneric hybrid "Felina" (between Lolium multiflorum and
Festuca arundinacea) gave good results in dry matter productivity (109%)

compared to "Lekora" Festuca arundinacea, however its protein content was
smaller. This one is a festucoid type, "Becva" is a loloid one.
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Rumania

In Rumania there have been a lot of activities about the breeding of 24
species of fodder-crop, centalning 14 perennials and 10 one-year-old
ones.

0f the late ten years 4 varietles of alfalfa, 2 of white-clover and 11
species of grass were registered.

Alfalfa breeding

The main objects of breeding are: production stability, resistance to
disecases and abiotic stresses, persistence, higher protein content and
ability to seed production.

The breeding progress in the last 10 years was quite modest from the
point of view of the increase of dry matter production, so this object
was given up. First of all the quality of fedder crop has to be impraved
in Rumania with the breeding of shorter internodium varieties and which
has more leaf mass and somehow differs from the impossible realization of
the improvement of leaf/stem ratios. This sort of plants has more
resistance to lodging. The best results were reached with the increase of
seed production ability, which was carried out with the selection of
larger pollen amount. This property was investigated on the field with
the help of tripped flowers on a black film. The variability is rather
high respect. The selection is based on the relationship between large
quantity and the transport of pollen. The main properties of registered
alfalfa varieties are the following: "Lutetia": the protein content is

18 ¢ higher than the standard and there is a 4 % increase in the
digestibility. "Gloria": Resistant te Fusariupm, therefore it has a very
good persistence and ability to association with grasses, especially with

Dactylis.

The newest cultivar is "Adonis" which is resistant to Fusarjum and has an
excellent seed productivity as well. In 1984 it reached a record yield,
and gave 1224 kg/ha.

Red clover and grass breeding

Since 1977 there has been ne new result in the red clover improvement (In
1977 the "Napoca-Tatra" was registered). This plant species is decreasing
gradually in the production, because its production area is replaced with
alfalfa, which has wider ecologic scale.

In last 10 years 11 varieties of 5 perennial grass species were bred and
registered (Festuca pratensis: "Paltar", "Marta", "Mara", Lolium
muleiflorum: "Tetralar", "Arina™, Dactylis glomerata "Poiana", "Olimp",
"Intensiv®).

These varieties do not differ significantly from standards in the dry
matter production, but their resistance and perennity are on a higher
level, '

In Rumania permanent grasslands are more characteristlc, especially In
suitable areas for them as in Carpathians and Subcarpathians area.
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Poland

The area of fodder crops includes over 1 million ha of clover and alfalfa
and over 3 million ha of peremnial grasses, The red clover is more
important in Poland than the alfalfa. Red clover share about 60 % of
total forage area.

Red clover breeding

Tetraploid red clovers are grown in Poland but diploids are still
predominant. Three tetraploid varieties and four diploids have been
registered now, and two new populations are in the state trials since,
1986. Varieties NIKE (reg. 1982) and PARKA (1982) are, diploids semi
early, and RABA is of late flowering one cut type. ULKA is tetraploid
varety. The level of productivity of Polish varieties is as high as
European standards. Te reach this standard following breeding works have
carried on: reslstance to Sclerotinia trifoliorum Erikss and Erisiphe
martii Lev., improvement of seed productivity, selectiom high yielding,
resistant plants. Due to luck of basis research the progress is slow
coming up.

White clover breeding
s

There are 7 varieties of white clover registered in Poland. RADI (1989)
is Ladino type, REMA (1076) and ALDA (1983) are typical Dutch clover, the
others: ASTRA (1980), ANDA (1984), ARMENA (1986) and SANTA (1986) are of
intermidiate type. The varieties produces good dry matter and protein
yield, are winterhardy and petrsistent. RADI performed very well in
clover-grass mixtures. Because of luck of proper machinery seed
production 1s limited.

Alfalfa breeding

Alfalfa is used generally for silage and some part for dehydratation and
green fodder. Four Polish varieties and 27 of foreign origin were
included on the import list in 1989 in Poland. Import from France,
Canada, USA, Hungary covers usually over 80 % of seed demands in Poland.
Polish varieties BOJA (1982) TULA (1983) and RADIUS (1988) possessed good
winterhardiness and seed setting. The research and breeding programs are
directed to improve of: resistance to Verticillium, Pseudopeziza, good
seed setting, dry matter and protein yleld potentials. Remarkable
progress has been achieved increasing seed yield and cold tolerance {(cv.
RADIUS) .

Grass breeding

The main grasses used in Poland are: Festuca arundinacea Schreb, Festuca
pratensls Huds, Dactylis glomerata 1., Phleum pratense L,, Poa

Poa pratensis L. , Lolium perenne L. ( 2n, 4n), Lolium myltiflorum Lam
{(4n), Lolium x boucheanum Kunth. (4n) (R. Cldenburgicum), Lolium
multiflorum Lam ssp. gaudini (4n) (R. Westerwoldicum), Arrhepaterum
elatius (L), Bromus inermis Leyss, Bromus unjoloides H.B.K.

There are valuable new varieties registered in last five years period as:
more persistent peremnial rye grass, alternative Westerwold rye grass
KOGA, ownless french rye grass WIWENA, winterhardy Bromus unioloides
BROMA and others. Many of Polish varieties are registered all over
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Europe.

The main research on pgrass improvement is focussed on: resistance
(Rhynchosporium orthosporum on orchard grass, Helminthosporium dictoides
on meadow fescue, Puccinia coronata on peremnial rye grass and meadow
fescue), persistancy of perennial rye grass and meadow fescue, diversity
in maturity types (early-medium-late), selection of grasses for a yield
potentials and improved quality, genetical study {male sterility and
heterosls, interspecific crosses),

From this report we can condude, that in last decade the efforts for dry
matter breeding especially at alfalfa were unsuccesfull in the above
mentioned 4 countries, However a serious progress can be observed in the
improvement of special breeding task as the disease resistance,
persistance, tolerance to frequent cutting, low saponin content and seed
production ability.

It seems that theses breeding objects have to be realised in the future
too to serve an indirect increase of the yield.
(s
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