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Abstract

Substantial genetic gains have been achieved across
a range of temperate forage grass and legume
species in New Zealand during the past 60 years.
The genetic gains reported here compare favourably
with those achieved in cereals and with those
achieved for similar species internationally.
Substantial improvements in grain yield of cereal
crops have been achieved through changes in
harvest index; however, increases in yield of forage
grasses and legumes reflect increases in total above
ground biomass. Rates of genetic gain have been
lower in lucerne (Medicago sativa L.) than in red
clover (Trifolium pratense L.) and white clover
(Trifolium repens L.) and lower in perennial
ryegrass (Lolium perenne L.) than in annual
ryegrass (Lolium multiflorum Lam.) and tall fescue
(Festuca arundinacea Schreb.). Gains in forage
yield and quality have often exceeded 1% per year
and have led to significant (0.3 to 1.3% per year)
increases in animal performance.
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Introduction

The slow adoption of new pasture species and cultivars
in New Zealand has been well documented (Belgrave
et al. 1991; Lancashire 1985), with farmers often pre-
ferring to sow older cultivars such as Ruanui and
Grasslands Nui perennial ryegrass (Lolium perenne L.)
and Grasslands Huia white clover (Trifolium repens
L.). A common reason reported by both farmers and
farm advisors is uncertainty that the increased cost of
seed, and the more demanding management require-
ments, will be offset by improved on-farm profitability
(C. Brown pers. comm.). Plant breeders have also failed
to clearly demonstrate to farmers and advisors the
genetic gains made in pasture performance and the
management changes necessary to capitalise on the
increased genetic potential of modern cultivars.
Internationally, the rate of genetic improvement has
consistently exceeded 1% per year in the major cereal
crops (Fehr 1984; Russell 1991); however, few estimates

have been published for forage crops. In forages, genetic
gains from breeding efforts can be achieved in various
ways including improved annual or seasonal yield, better
reliability, increased persistence, improved forage
quality, improved animal performance, better animal
health, and even through enhanced symbiotic associ-
ations.

This paper reports genetic gains achieved in
temperate forage species currently being used in New
Zealand pastoral systems.

Methods

Previously published data comparing newer cultivars
with long-standing control cultivars have been used to
estimate genetic improvements achieved in a range of
temperate forage grasses and legumes. Where the same
control variety was present in a number of experiments,
data has been combined using performance relative to
the control variety (=100%).

Linear regression (SAS Proc. Reg.) of cultivar
performance on the year of release was performed to
estimate the genetic gain with time. The absolute rates
(%) of genetic gain were calculated by dividing the
regression slope (b) by the mean performance of all
cultivars in each experiment or group of experiments.
Genetic improvements calculated in this manner are
more conservative than if the performance relative to
the earliest control varieties had been used.

Results and discussion

Annual forage yield

The annual forage yields of three major forage grasses;
perennial ryegrass, annual ryegrass (Lolium multiflorum
Lam.), and tall fescue (Festuca arundinacea Schreb.),
have improved by between 0.25 and 1.18% annually
(Table 1). Genetic improvement was slower in perennial
ryegrass than annual ryegrass and tall fescue (Table 1).
When Pennell et al. (1990) used Nui as their benchmark
cultivar, more recent cultivars showed almost no
improvement in total yield. However, when Ruanui
was used as the benchmark cultivar, newer cultivars
did show significant (0.6% per year) improvement (Kerr
et al. 1987). Recent data from Thom et al. (1998) also
confirm genetic improvement for forage yield in recent



Table1  Genetic improvements in annual forage yield of temperate forage grass and legume species.
Species Benchmark No. of trials/cultivars Genetic gain Reference
cultivar (%lyr)
Annual ryegrass G. Moata 16 trials (11 cvs) 1.18 Easton 1997
Perennial ryegrass G. Nui 7 trials (8 cvs) 0.25 Pennell 1990
Ruanui 8 trials (Ellett, G. Nui,Yatsyn-1) 0.60 Kerr 1987
G. Nui 1 trial (7cvs) 0.73 Thom et al. 1998
Tall fescue G. Roa 1 trial (G. Advance) 0.98 Fraser 1994
Lucerne Wairau 3 trials (5 NZ cvs) 0.35 G. Purves unpub. data
Red clover G. Turoa 1 trial (G. Hamua, G. Pawera) 0.43 Anderson 1973
G. Hamua (2x) 1 trial (G. Colenso (2x)) 0.21 Claydon 1993
G. Pawera (4x) 1 trial (G27 (4x)) 1.39 Rumball 1997
White clover G. Huia 8 sheep grazed trials (10 NZ cvs) 1.49 Woodfield 1999
G. Huia 5 cattle grazed trials (9 NZ cvs) 1.21 Woodfield 1999

perennial ryegrass cultivars. Annual yield increased by
0.73% per year, with much of this improvement being
associated with better crown rust resistance in newer
cultivars (Table 1). These improvement rates are similar
to those reported for perennial ryegrass (0.5% per year)
in Europe (van Wijk & Reheul 1991). The discovery of
endophyte’s role in ryegrass pest resistance and
persistence in the 1980s probably accounts for some of
the reduced progress in improving perennial ryegrass
yield.

The 1.18% increase in annual ryegrass annual yield
was almost double that reported for annual ryegrass
(0.5% per year) in Europe (van Wijk & Reheul 1991).
Further evidence of genetic improvement in annual
ryegrass yield can be observed from the performance of
G. Moata, the control cultivar used by Easton et al.
(1997). G. Moata was consistently amongst the poorest
performing cultivars for seasonal and annual yield
(Easton et al. 1997), however, when it was first released
it yielded 15-20% better than the next best annual
ryegrass (Rumball & Armstrong 1975).

Genetic gains in forage yield were generally higher
for legumes with simpler genetic inheritance (white
clover and red clover (Trifolium pratense L.)) than in
those with more complex genetics such as lucerne
(Medicago sativa L.) (Table 1). A rate of genetic gain
of 0.6% per year for both white clover yield and clover
content has been reported previously from an
international collection of 110 white clover cultivars
grown in New Zealand (Woodfield & Caradus 1994).
The majority of these cultivars were not adapted to New
Zealand conditions, and hence probably underestimated
the true genetic gains achieved. The performance of
New Zealand bred cultivars in eight trials under sheep
grazing and five trials under cattle systems indicate that
genetic gains have exceeded 1% per year for annual
forage yield (Table 1). Genetic improvement in white
clover yield appears to have been more rapid over the

Figure 1  Forage yield of New Zealand bred white clover cultivars
in eight trials under sheep grazing. Yield is expressed
relative to the performance of Grasslands Huia (=100%).
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Figure 2  Forage yield of New Zealand bred white clover cultivars
in five trials under cattle grazing. Yield is expressed
relative to the performance of Grasslands Huia (=100%).
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past decade (Figures 1 and 2). The genetic improvement
under sheep grazing has increased from 0.4% per year
before 1985, to more than 4% per year since 1985
(Figure 1). Similarly, the genetic improvement under



cattle grazing has increased from 0.6% per year before
1985, to 2.5% per year since 1985 (Figure 2). While
these higher rates are probably overestimated due to
newer cultivars being present in fewer trials, there is
little doubt that the rate of genetic improvement has
increased since 1985. Before 1985, the white clover
cultivars bred and released in New Zealand had to be
broadly adapted to sheep and cattle grazing from
Northland to Southland. However, since 1985, cultivars
have been released for specific environments and
management systems; for example, G. Demand was bred
for Southern New Zealand sheep grazing. Increased
rates of genetic improvement may also be due to
additional resources (funding and staffing) put into white
clover breeding since the early 1980s.

The estimates of genetic gain in red clover forage
yield varied from 0.21% to 1.39% per year (Table 1).
However, the lower estimate calculated from Claydon
(1993), is artificially low because the breeding of G.
Colenso was completed nearly 20 years before it was
actually released (Claydon pers. comm.).

The rate of genetic gain in New Zealand lucerne
cultivars was similar to results reported in North America
(Hill et al. 1988; Holland & Bingham 1994) but was
not statistically significant (P>0.6).

Substantial improvements in grain yield of cereal
crops have been achieved through changes in harvest
index; however, increases in yield of forage grasses
and legumes reflect increases in total above ground
biomass. Minimal changes in harvest index are possible
by reducing the proportion of DM which is below
ground but there are limits to the plants abilities to do
this without sacrificing agronomically important traits
such as persistence, drought tolerance and nutrient
uptake.

Seasonal forage yield

While increases in annual forage yield are important,
annual yield has frequently been sacrificed in breeding
programmes in order to improve seasonal yield and/or
reliability of that yield. Increases in seasonal yield are
aimed at meeting animal requirements at key times such
as lamb finishing and post-Christmas yield in dairying.
The majority of genetic improvement in annual ryegrass
yield was associated with increased seasonal yield.
Seasonal increases of up to 3.6% per year in summer
and in the 2" autumn were far in excess of those reported
for annual yield (Table 2). In perennial ryegrass, Pennell
et al. (1990) reported significantly higher forage yields
in summer and winter for G. Pacific, despite annual
yield not being improved compared to the controls.
Similarly, much of the improvement in performance of
Yatsyn-1 was associated with improved autumn (0.94%
per year) and winter (0.85% per year) growth (Kerr
1987).

In both red clover and white clover, seasonal yield
improvements have been reported. G. Colenso red clover
and G. Challenge white clover are examples, having
both been bred for improved winter and early-spring
growth (Claydon et al. 1993; Cooper et al. 1997).

Animal performance and health

Improvements of between 0.3% and 1.4% per year in
animal growth rates and stocking rate have been reported
for several forage species (Table 3). These rates were
lower than the comparable increases in forage yield and
quality for each species, with the exception of the
increased liveweight gains from newer perennial ryegrass
cultivars. The increased animal performance on recent
ryegrass cultivars was partially explained by increased
forage yield but also reflects differences in forage quality

Table 2 Genetic improvement in seasonal yield of annual ryegrass (derived from Easton et al. (1997) data; 11 cultivars with yield from
between 7 and 16 trials).
Season Annual
18t Autumn Winter Spring Summer 2n Autumn Yield
Genetic gain (%/yr) -0.17 0.06 0.36 2.67 3.61 1.18
P<0.05 NS NS NS * * *
Table 3 Genetic improvements in forage quality and animal performance of temperate forage grass and legume species.
Species Trait Benchmark Cultivars Genetic gain Reference
cultivar (%lyr)
Perennial ryegrass Lamb liveweight gain G. Nui HD Aries, Quartet 1.37 Westwood 1999
Tall fescue Lamb growth rate G.Roa G. Advance 0.87 Fraser 1994
Red clover Formonenetin G. Pawera (4x) G27 (4x) 2.83 Rumball 1997
White clover Lamb growth rate G. Huia G. Demand 0.331 Ryan 1997
Lamb growth rate G. Huia G. Tahora 0.48 Chapman 1993
Stocking rate G. Huia G. Tahora 0.32 Chapman 1993

fiGenetic gains for Demand were calculated over a 23 year period from the initiation of the breeding programme to cultivar release




and in the associated endophyte strain (Westwood &
Norriss 1999). Improvements in disease resistance, such
as improved crown rust resistance in newer perennial
ryegrass cultivars, can also contribute to improved forage
yield and forage quality, while reducing costly pesticide
inputs.

Achieving animal production responses from forage
improvement relies upon the ability to utilise the
additional feed produced. This often requires higher
stocking rates and better grazing management. Other
on-farm benefits can also be realised where reductions
in supplementary feeding requirements occur, and/or
when animal health is improved through better nutri-
tion or elimination of an anti-quality factor. Low
formononetin red clover is a prime example of breeding
successfully reducing an anti-quality trait. Selection for
lower levels of formononetin achieved genetic
improvements of 2.8% per year (Table 3) and resulted
in substantially higher ovulation rates in ewes grazing
red clover (cited by Rumball ez al. 1997).

Symbiotic associations

Nitrogen fixation and the grass-endophyte association
are two key symbiotic associations affecting forage
yield and animal performance in New Zealand. Analysis
of three trials, in which N5 techniques were used to
compare the N fixation potential of old and new white
clover cultivars, indicated N fixation had increased by
1.2% genetic gain per year (Woodfield 1999). This
increase in N fixation is an indirect response to selection
for forage yield as there has not been any direct selection
for N fixation in the white clover cultivars tested.

The improvement of perennial ryegrass and tall
fescue performance by selection of improved endophyte
strains has been reviewed by Fletcher & Easton (1997).
Liveweight gain of lambs was reduced from 102 g/day
on endophyte-free ryegrass to only 35 g/day when
grazing ryegrass infected with wild-type endophyte.
Endophyte does however contribute both drought
tolerance and resistance to invertebrate pests. Efforts
are underway to develop novel endophytes which
combine these benefits with the improved animal
performance of endophyte-free grasses (Fletcher &
Easton 1997).

Summary

The genetic gains reported here compare favourably
with those achieved in the major cereals such as maize
(Russell 1991) and with those achieved for similar
species internationally. Substantial improvements in
grain yield of cereal crops have been achieved through
changes in harvest index, however, increases in yield of
forage grasses and legumes reflect increases in total

above ground biomass. Genetic gains in annual forage
yield, seasonal forage yield, and forage quality have
been achieved for both grasses and legumes. These
improvements have resulted in increased animal
performance, although at lower rates than the comparable
increases in plant performance. Further research is
required to determine the economic benefits these
improvements provide to the New Zealand pastoral
industry.
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