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SUMMARY
The background, methodology and objectives of the current ryegrass breeding
programme are outlined.

Six varieties have been released and are currently on Recommended Lists in
Ireland and elsewhere.  The varieties have shown improvement in yield and yield
distribution: these traits are important in the context of improving the productive
potential of Irish grasslands.

In parallel with the breeding programme, research on projects which is related to
future selection strategy was undertaken.  The results of this research on hybrid
breeding system and quality objectives are summarised.

INTRODUCTION
Approximately 90% of the farmed land area in the country is devoted to grassland
and is the primary resource for almost all of our agricultural output.  While sward
composition, especially for old pastures, is often complex, ryegrass (Lolium
perenne) is the most desirable species and is the key component of the most
productive pastures (Weddell, 1997).  Genetic improvement is this species by
breeding varieties with superior yields and quality would be a valuable
contribution to increasing the potential productivity of our grasslands.

Ryegrass is a cross-pollinating perennial species with multiple harvests per year.
This makes measurement and identification of superior genotypes/families
difficult.  Despite these difficulties substantial improvement in both yield and
persistency has been achieved (Camlin, 1997).  From large-scale animal
production trials, highly significant differences between varieties were
demonstrated under both grazing and conservation managements (Connolly et al.,
1977; Connolly, 1979).  The latter trials also demonstrated the importance of total
yield, seasonal growth and quality in determining seasonal and total annual animal
production.
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MATERIALS AND METHODS
Genetic variation

In any breeding programme it is very important to ensure that response to
selection is not restricted by lack of genetic variation.  Germplasm from three
sources has been used in the programme.

(a) Existing bred varieties (both diploid and tetraploid) which are widely grown
in Europe and New Zealand.

(b) Introductions from gene banks.  These represent collections made in various
climatic regions and contain desirable variation for specific traits such as out
of season growth, disease resistance etc.

(c) Collections of germplasm in Ireland from old pastures which had no prior
history of reseeding.

An extensive collection from old pastures was made in the period 1979 � �83.
This was supported by an EC grant; some seed from each collection site was
distributed to each EC Country.  Residue seed is maintained in long-term storage
at Oak Park.  Details of this collection, multiplication and storage were published
(Connolly et al., 1989:  Connolly, 2000).

Ploidy

Lolium perenne is a diploid (2n = 14); there are no naturally occurring polyploid
types in nature.  During the 1960�s induced tetraploids (autotetraploid, 2n = 28)
varieties were first developed in Holland and later by other plant breeding centres.
Breeding at the tetraploid level represented a new development in this species.
Tetraploids are quite different from diploids especially in terms of tiller density,
water soluble carbohydrate and preferential grazing by animals.  Large-scale
animal production trials also showed an advantage for tetraploid varieties
(Connolly et al., 1977; Castle and Watson, 1971).

Data from the Irish and UK Recommended Lists show that tetraploids have, on
average, a higher yield but slightly lower persistency than diploids.  In Ireland the
usage of tetraploids is the highest in Europe (35 � 40 % of seed sold is tetraploid).
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It is also worth noting that in sugar beet the rate of replacement of diploid varieties
by polyploids was much more rapid in Ireland than elsewhere in Europe (Crombie
and O�Connor, 1962).

In the ryegrass breeding programme selection and development of diploids and
tetraploids is done in alternate years.

Breeding system and methodology

Ryegrass is a cross-pollinating, perennial species and this determines, to a large
extent, the selection strategy used.  In addition, individual genotype performance
(measured on spaced plants) for many characteristics such as yield and persistency
does not predict field results under competitive sward conditions.  Consequently
the selection procedure is based largely on full�sib or half�sib progeny tests under
sward conditions.  The system is designed to bring the families under selection to
field plot stage as early as possible in the selection programme.

Half-sib progeny test procedure is summarised in Fig. 1.  Half-sib seed is derived
from polycrosses in which the parent geneotypes have been clonally propagated so
that adequate seed is obtained from each genotype for field trials.  Preliminary
spaced plant selection is necessary to ensure that the parents included in each
polycross have similar dates of flowering.   Randomisation of clonal propagations
plus similarity in heading date is required to ensure random pollination of the
polycross group.  In this procedure the parent plants are maintained vegetatively
until the progeny test data is available.  The superior parent genotypes are then
combined to produce new varieties.  Where possible the parent genotypes are
maintained as clonal swards.  This procedure is labour intensive, and is now
superseded by the full-sib family test procedure.

Fig. 2 illustrates one cycle of selection for the full-sib family procedure.  Full-sib
families derived from pair crosses do not give enough seed for sowing field plots.
Each family is multiplied in isolation to give enough seed for such field trials.
This seed is the result of full-sib inter-crossing and is partially in-bred (F=0.25).
Some of the original pair cross seed is retained in store for use in the development
of synthetic varieties when superior pair cross families have been identified.  Field
evaluation requires a minimum of 3 years, sowing year plus two harvest years.
One complete cycle, from initial pair crossing to final test results, requires 5 years.
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Two contrasting managements, simulated grazing and conservation, are used
during the field plot evaluation phase.  Seasonal yield distribution, total yield,
aftermath heading, disease and persistency are evaluated.  For assessment of rust
resistance seed samples are sent to DLF�Trifolium breeding centre in Les Allauds
(France).  New synthetics are evaluated at Oak Park, and at DLF�Trifolium test
centres in UK, France, Germany, Denmark, and Poland.

The best synthetics are then submitted to the national and Recommended List
evaluation systems in Ireland, UK and other countries where appropriate.  Only
varieties which are included in Recommended Listss, are multiplied and marketed.

Objectives

The main objectives at both diploid and tetraploid levels are:

•  Increased total annual yield

•  Improved seasonal yield in Spring and Autumn

•  Increased persistency

•  Improved sward density

•  Reduced stem in the aftermath regrowth

•  Improved disease resistance (mildew, drechslera leaf spot, rust,
rhyncosporium leaf spot)
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RESULTS

Table 1 summarises data for some varieties bred at Oak Park relative to control
and other Recommended List varieties.  This illustrates improvement in yield and
yield distribution.  The data is extracted from independent trials over 4 sites.

Some of these varieties have shown good adaptation and are included in the
Recommended Listss in the U.K. Table 2 summarises results from official trials in
different countries.  Data for each variety is expressed as a % of designated
control.

Table 1:  Total annual production and spring/autumn yield distribution for some
varieties relative to standard control ©. Yield of control in t/ha.

Control © yield t/ha
Other varieties as % control

Total Spring Autumn
Mid-season
Varieties

Ploidy

      Magella © Diploid 17.5 1.6 1.9

      Respect Diploid 102 120 98
      Magician Tetraploid 106 143 108
      Greengold Tetraploid 105 115 115
      Cashel Diploid 104 114 105

Late Varieties

      Parcour © Diploid 17.1 1.6 1.7

      Condesa Tetraploid 105 102 116

      Sarsfield Tetraploid 107 108 118
      Millennium Tetraploid 109 120 120

Teagasc varieties are shown in bold print.
Data extracted from: Herbage varieties, Irish Recommended List 1999/2000.
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Table 2: Total yield and yield distribution for 4 Oak Park varieties from trials in
various countries.   Data expressed as % of designated control

Country Control
Variety
(=100)

Manag-
ement

Variety Total
annual
yield

Spring
growth

Autumn
growth

Ireland Magella A Magician 106 143 108

Eng/Wales Fantoom
Fantoom

B
C

105
109

105
129

106
101

Scotland Fantoom
Fennema

B
C

106
103

112
116

105
104

Ireland Magella A Greengold 105 115 115

Eng/Wales Fantoom
Fantoom

B
C

104
109

97
106

107
115

Scotland Fantoom
Fennema

B
C

101
104

96
104

107
113

Ireland Magella A Cashel 104 114 105

Scotland Fennema
Fennema

B
C

101
101

97
93

105
102

Ireland Parcour A Millennium 109 120 120

Eng/Wales Condesa
Condesa

B
C

102
103

103
106

101
100

Management: A = Conservation plus early spring growth yield measurement
B = Conservation, 1st cut taken at silage stage
C = Simulated grazing, 8-9 harvests per year
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Varieties released

Table 3 summarises the list of varieties released, their main characteristics and the
countries where they are included in the Recommended List.

Table 3: Perennial Ryegrass; varieties released

Mid-Season Recommended List
     Greengold •  Tetraploid

•  High total yield
•  Good yield distribution
•  Very good digestibility
•  Good persistency

Ireland,  England,
Scotland,
N. Ireland

     Magician •  Tetraploid
•  High total yield
•  Excellent early growth

Ireland,  England,
Scotland,
N. Ireland

     Cashel •  Diploid
•  High total yield
•  Good seasonal growth
•  Good persistency

Ireland,  Scotland,
N. Ireland

Late
    Sarsfield •  Tetraploid

•  High total yield
•  Good persistency
•  Good yield distribution

Ireland,  Scotland

    Millennium •  Tetraploid
•  Very high total yield
•  Excellent spring/autumn growth

Ireland,   England
N. Ireland

    Ulysses •  Tetraploid
•  High yield
•  Good seasonal distribution
•  Good sward density

Scotland,
N. Ireland
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Commercialisation

Prior to 1992 herbage varieties bred at Oak Park were marketed by various seed
companies as follows:

•  Power Seeds/IAWS, Waterford
•  Germinal Holding, Banbridge, Co. Down
•  Goldcrop Ltd. Cork

An agreement with DLF-Trifolium, Denmark regarding financial support for the
breeding programme was finalised in 1992.  This support is in three parts:

•  Annual input (indexed to inflation) toward costs of the
programme

•  Payment of all official National List trial fees
•  An agreed division of royalties

In return DLF-Trifoluim have world-wide propagation and marketing rights on all
new varieties which emerge from the programme.  This commercial alliance is
much better than earlier marketing arrangements.  DLF-Trifolium is one of the
largest seed companies in the world.  They have breeding and research
programmes based in Denmark, France, Norway and Czech Republic with trial
facilities in most EU countries and U.S.A.  This agreement gives Teagasc access
to a wide variety evaluation network and also the opportunity to link into the basic
research work in progress at the other breeding centres.

RESEARCH
In tandem with the selection and release of new varieties of ryegrass, research on
two topics, which are important for future breeding strategy, was undertaken.

Induction of cytoplasmic male sterility (CMS) in ryegrass

Hybrid breeding strategies have been applied in the breeding of many species with
great success.  Development of hybrid varieties requires control of pollination
between the parental lines on a large scale to achieve F1 hybrid seed in
commercial quantities.  CMS is one system which can provide this control of
pollination.
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CMS was induced into ryegrass (Lolium perenne) following an intergeneric cross
between Festuca pratensis (as female parent) and Lolium perenne and subsequent
back-crossing to Lolium (Connolly and Wright Turner, 1984).

The cytoplasmic component of the male sterility was verified by showing
differences in segregation ratios between reciprocal crosses which is a classical
test for maternally inheritated characters (Kiang et al., 1993).  Table 4 summarises
the results of these reciprocal crosses.

Table 4: Segregation of male-fertile (F) and male-sterile (S) progenies in
reciprocal crosses between maintainer ([F] rr) and restored-CMS
([s] rr) lines

    Cross  Reciprocal
[F] rr x [S] Rr [S] Rr x [F] rr
F S F S χ2(1:1)

PR146/43 x 7B273/30 36 0 14 13 0.04ns
PR146/43 x 7B273/17 34 0 14 13 0.04ns
PR146/43 x 6B1648/26   1 0 14   7 2.33ns
PR146/43 x 6B999/33 14 0 12   8 0.80ns
SB21/46 x 6B999/28 14 0 19 10 2.79ns
SB21/46 x 6B999/31 16 0 11 16 0.93ns
SB21/46 x 7B255/31 No seed   8 13 1.19ns
Pooled data 115 0 92 80 0.84ns
Sum χ2(7) 8.12ns
Heterogeneity χ2(6) 7.28ns

ns, not significant
A simple genetic model is assumed and symbolised as follows:
[F],[S],fertile and sterile cytoplasms; R, r, dominant and recessive alleles of a
nuclear fertility restorer gene controlling male fertility;  F, S, fertile, sterile
phenotypes, respectively.

Maintainer lines for this CMS phenotype were selected and tested over 3
generations of multiplication.  The results, summarised in Table 5, illustrate that
the CMS was stable.  This is very important in relation to future use in hybrid line
development.
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Table 5: Evaluation of the stability of inheritance of the CMS phenotype over
three generations.  Samples of up to 60 plants were evaluated for
fertility/sterility

Line Parents Generation Number
CMS Maintainer 1 2 3

F S F S F S

1 6B1305/5 x SB21/46 0 60 0 60  0 60
2 6B1016/19 x SB21/46 0 60 0 60 0 57
3 6B1016/19 x T119/46 1 59 5 55 5 51

F,Fertile; S,sterile phenotypes

Further molecular genetic analysis has been done on this CMS stock (Kiang and
Kavanagh, 1996)

Quality evaluation in ryegrass

Herbage nutrient value is very complex but is also of major importance in
determining animal productivity (Fahey et al., 1994). Ryegrass is a high quality
species. Selection in the past has concentrated on yield and yield distribution.
While selection for yield increase will continue as a high priority, genetic
improvement in quality parameters will be of increasing importance in future
breeding programmes.  Measurement of quality parameters by standard laboratory
methods is expensive and time consuming.  However, the development of near
infrared spectroscopy (NIR) methodology for the estimation of these traits has
been very effective.  This is a rapid, low cost system, which is very suitable for
use in a selection programme where large numbers of measurements are required.

To support the existing breeding programme, research was undertaken on the
evaluation methodology and genetic analysis of dry matter yield and three quality
parameters, viz:

•  Digestibility (DOMD)
•  Water soluble carbohydrate (WSC)
•  Crude protein (CP)

The results of this work are given in detail elsewhere (Jafari, 1998).  Only a brief
summary of the more important conclusions are referred to over.
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Figs. 3, 4 and 5 summarise the results of the calibration of laboratory (reference
values) against NIR prediction.  These calibrations show a high level of accuracy
and demonstrate that the NIR system can be used to predict quality parameters
with a high degree of precision.
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Fig. 3: Relationships between laboratory determined and NIR predicted
values for DOMD
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Fig. 4: Relationships between laboratory determined and NIR predicted
values for WSC.
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Fig. 5: Relationships between laboratory determined and NIR predicted
values for CP

Genetic correlation between characters can have an important influence in
determining response to multi-trait selection.  Table 6 gives an overall summary of
the genetic correlations between total dry matter yield and three quality characters.
The data indicate that WSC has a positive genetic correlation with DOMD and
yield, while CP is negatively correlated with WSC and yield.  The results suggest
that selection for increased quality (DOMD,WSC) should be targeted on those
periods of the growing season where protein is in excess of requirement.  This is
the case for late summer/autumn growth.
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Table 6: Estimates of genetic correlation coefficient between traits for two
maturity groups.  Data refers to total annual yield and annual average
% for each quality character

Trait Maturity
Group DOMD WSC CP

FS HS FS HS FS HS
0.62* 0.78*
0.87* 0.88*

0.08 -0.60* -0.68 -1.05*
0.43    α -0.16 α

-0.01 -0.36 0.45 0.26 -0.57* -0.43

WSC

CP

DM
yield

Mid-season
Late

Mid-season
Late

Mid-season
Late -0.59  0.22 0.06 0.74 -1.14*    α

DOMD, WSC, CP, DM yield = digestibility %, water soluble carbohydrate %, crude
protein % and annual dry matter yield, respectively.
FS,HS = analysis based on full-sib, half-sib families, respectively.
*correlation coefficient exceeded twice its standard error.
α = MS of one or both traits was not significant (P>0.10), no estimate of coefficient
calculated.

CONCLUSIONS
•  Six varieties of ryegrass bred at Oak Park have been accepted on to

Recommended Lists in Ireland, England, Scotland or Northern Ireland.

•  These varieties show improved yield and seasonal distribution of yield.

•  Research on quality indicates the direction for future development and
improvement of this species.

•  Research on breeding systems suggest that production of F1 hybrid seed may
offer a possible alternative to current breeding methodology.
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