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lant Breeding activities at the Welsh Plant

Breeding Station / Institute of Grassland and

Environmental Research (WPBS/IGER) have made

a significant contribution to the productivity and

profitability of UK agriculture from the time the

Institute was founded in 1919 to the present day.

Although concentrating on breeding varieties for the

UK, the Institute has also had significant

international successes building on the reputation of

the original Aberystwyth 'S' varieties of grasses,

clovers and oats (Table 1.1) to the present 'Aber'

varieties (the ‘Aber’ pre-fix identifies the grass and

clovers varieties as IGER bred). The long term

nature of the plant breeding programmes has

necessitated a forward looking approach by the

Institute when setting breeding objectives, and the

success of these programmes owes a considerable

debt to the depth of underpinning research which has

enabled innovative breeding objectives to be set and

achieved.  However, setting breeding targets is also

made difficult because the needs of the agriculture

sector are also dictated by political and economic

pressures. The early breeding programmes were

therefore influenced by the need to increase

production per hectare following two World Wars.

Over-production within the EU in the 70's dictated

improved agricultural efficiency without increased

production. In the new millennium, pressures from a

number of directions are dictating a return to

sustainable agricultural production systems, giving

due recognition to environmental issues in the

countryside and the demands of the consumer for

healthy, traceable food.  Indeed, it can be concluded

that we should once again re-visit the philosophies of

Sir George Stapledon, whose vision led to the

founding of the WPBS in Aberystwyth.  Plant

breeding in the Institute can therefore be considered

in three distinct phases which relate to 1. Production,

2. Efficiency and 3. Sustainability.

Breeding in an era of increasing production

When founded in 1919 the WPBS was very much a

product of the First World War, where there was

emphasis on food production as a weapon of war.

The WPBS built up an international reputation

particularly for the improvement and development of

grassland and associated agriculture.  A considerable

part of this reputation was built upon a whole series

of new 'S' varieties that were released from the

Institute from the 30's to the early 60's.  As with

today's breeding programmes, innovative plant

breeders worked together within a broad-based

research programme utilising expertise from

agronomists, pathologists, cytologists and

physiologists to develop breeding targets necessary

for increasing the outputs of UK agriculture.

Breeding concentrated on the development of

varieties with improved yields and persistency to

maximise output per hectare. However, grass
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P Table 1.1:  The Welsh Plant breeding Station 'S' Varieties 

available in 1956  (‘S’ was an abbreviation for ‘Strain’)

Perennial ryegrass S23, S24, S101 Spring oats S84

Italian ryegrass S22 S225 (Milford)

Timothy S84, S50, S51 S221 (Maldwyn)

Cocksfoot S26, S37, S143 S220 (Ceirch du bach)

Meadow fescue S53, S215 S79 (Ceirch llwyd cwta)

Red fescue S59 S171

Tall fescue S170 S75

White clover S184 Winter oats S81

S147

Red clover S123, S151 S172 

S226 (Powys)
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uniform and inbred. Because most temperate grasses

and forage legumes are perennial out-breeders, some

form of recurrent selection is usually employed prior

to creating a synthetic variety based on a variable

number of parents. A typical breeding scheme for the

improvement of synthetic forage cultivars is shown

in Figure 1.3. This is an effective way of
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breeders, even at that time, were conscious of the

need to maximise herbage quality, and made

significant strides by selecting 'leafy' parents for

their varieties. Material for these breeding

programmes was collected initially throughout Great

Britain, but later from many parts of the world.

Varieties were produced using classical breeding

methodology and selection. This involves producing

breeding populations, which contain useful genetic

variation, by natural hybridisation (Figure 1.1).

Selection is imposed over generations to create

varieties expressing improved characteristics.

Assessments of value are based on measurements

and observations made on single plants (Figure 1.2)

and plots. With annual in-breeding cereals such as

oats, self-pollination is used over generations,

following the initial hybridisation, to concentrate

valuable genes in lines which are increasingly
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Figure 1.1 Hand-crossing in the early days of WPBS 

Figure 1.2 Spaced plants in the field
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concentrating desirable genes in an out-breeding

gene pool to give sufficiently uniform cultivars

based on diverse genetic resources. As the range of

selection criteria facing plant breeders increases,

forms of multitrait selection have to be employed to

maintain an optimum balance between measured

traits. 

It can be seen from Table 1.1 that a large number of

grass, clover and oat varieties were released by 1956.

In the grasses, the large number of species being

developed epitomised the approach to grassland

farming at the time, with the use of broad-based seed

mixtures.  As far as legumes are concerned, it is of

interest to note that, as well as white clover,

significant effort was put into red clover and lucerne.

The forward looking skills of the breeders at that

time enabled perennial ryegrass varieties like S23 to

be market leaders for over fifty years, and the white

clover variety, S184, released in the late 30's, is

being used today and is still among the best small-

leaved varieties available. The large number of

winter and spring oats produced by the Institute

reflected the importance of this species in the mixed

farming that was being practised at the time. In oats,

the breeding of the first European winter varieties

was a major achievement and the semi-dwarf S172

winter oat and Milford spring oat were widely used.

During the late 50’s, the Institute also began

breeding brassicae(kale and swedes), beans, barley

and rye. A number of successful varieties are still

widely grown today even though the breeding

programmes were terminated during a major phase

of research restructuring in the late 70's. Pipkin

winter barley was awarded the Institute of Brewing's

Perpetual Cup for the best malting variety and

Marian swede, bred for resistance to club root,

became widely used for agricultural and culinary

purposes.

During the 60's and 70's, while plant breeding

research continued at the WPBS, variety production

was seen as the domain of the private sector.

Research at this time demonstrated the benefits of

the ryegrass species in terms of their high nutritional

value and response to nitrogen, and therefore all the

breeding research was targeted towards these

species. Pioneering work at this time, which led to a

Queen’s Award for Technology, enabled Italian and

perennial ryegrasses to be successfully hybridised

with sufficient genetic stability for their use in

variety development as tetraploids (containing four

sets of chromosomes, compared with of diploids,

which contain two). Hybrid ryegrasses combine

good establishment and early growth characteristics

from Italian ryegrass, with greater persistence and

tillering capacity from perennial ryegrass. Early

varieties from this programme included Sabrina,

Sabel and Augusta.  The success of these varieties

led to private sector breeders, particularly in the

Netherlands and Denmark, using these new
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Figure 1.3 A typical forage breeding programme based on population
improvement takes approximately 10 years before the new varieties proceed to
Statutory Trials. Overall, from initiation of the programme to commercial
release may take 15 years. 

Evaluate ‘test’ cross families Pool best families

Selection cycle Carry out recurrent family
selection (3-year cycle)

Plant/family Selection unit Basis of selection at each stage
number

12,000 Seedlings Crown rust
6,000 Spaced plants Early spring growth
2,000 Spaced plants Other diseases, heading date

500 Potted plants Seed yield
100 HS Families DM yield, %WSC, ground cover
2-3 HS Families

Synthetic variety construction
4-10 parents

Statutory trials (3 years)
Seed production

Commercial release
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of the grass seed sown in N.W. Europe comprises

Italian, perennial and hybrid ryegrasses. Therefore,

forage grass breeding at IGER concentrated on these

species (Figure 1.4). 

The 'Aber' prefix was introduced in naming new

varieties to highlight the fact that they were bred in

the UK for UK farmers. The first grass variety of the

new era was an Italian ryegrass, AberComo, showing

improved digestibility and water-soluble

carbohydrate (WSC) content, traits which were later

shown to have considerable benefit in the efficiency

of ruminant production.  A number of perennial

ryegrass varieties were also produced including

AberElan, with improved nitrogen use efficiency

especially with clover, AberSilo, AberGold and most

recently AberDart, which has the high leafiness trait

originally targeted by the early breeders, giving the

variety high digestibility, combined with a high

WSC content. 

Although the first tetraploid hybrid ryegrass varieties

tended to be more similar to Italian than perennial

ryegrass, subsequently a more intermediate range of

varieties was developed. This included AberOscar,

AberLinnet and AberExcel which span a range of

flowering times to allow greater flexibility in cutting
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technologies to develop their own material. The

clover breeding research programme also produced a

range of varieties including Donna, Menna, Nesta,

Siwan and Alice. These appeared at a time when

farmers were using high levels of inorganic nitrogen

and white clover was deemed to be too unreliable in

grassland agriculture. It is of interest to note that

these varieties are still used today in an agricultural

environment in which organic nitrogen (from

symbiotic nitrogen fixation) and the high protein and

mineral content of legumes are seen as beneficial.

During this era of restructuring when many breeding

programmes were terminated, the oat breeders laid

the foundation for exciting new developments.

Cereal breeding research concentrated on husked

and naked winter and spring oats. Varieties such as

Peniarth and Mostyn dominated the winter and

spring oat markets in the 60's and 70's. This provided

a very sound basis for the subsequent development

of other successful varieties.

Breeding in an era of increased efficiency 

The over-production of agriculture products from the

early 70's onwards led to a major re-evaluation of

plant breeding objectives within the Institute.  These

were now targeted towards increasing the efficiency

of agricultural production in order to maintain farm

profitability without increasing output. Benefiting

again from the broad-based research within the

Institute, the breeders were able to target novel

breeding objectives. In the grasses, while it was

recognised that a high dry matter yield with good

persistency and disease resistance was still a

necessity, breeding was able to make significant

strides in improving the nutritional value, nitrogen

use efficiency and extended growth of forage

grasses. Also, from the mid 60's onwards, there was

a rapid decline in the use of species other than

ryegrass, and the situation at present is that over 90%
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Figure 1.4 The ability to assess the performance of large
numbers of plots quickly using a Holdrup forage harvester as
been of considerable benefit to grass breeders since the 1970’s
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and grazing managements. During the growing

season, hybrids generally behave in a similar way to

Italian ryegrass up to ear emergence, after which

there is a tendency to switch towards perennial

ryegrass traits and a high tillering leafy regrowth is

produced. This confers advantages both in terms of

persistency and mid-to-late season nutritive quality,

and hybrids also provide potential to extend grazing

seasons in spring and autumn. 

The white clover breeders concentrated on

improving perceived weaknesses in the species. New

varieties were produced with improved spring

growth and winter hardiness (AberHerald,

AberCrest), tolerance to a wide range of grazing

management and livestock types (AberDai), and the

ability to fix nitrogen when grown at high levels of

applied nitrogen (AberConcord). Recent research

shows that the improved compatibility of these

clovers with the IGER-bred grass varieties gives

improved dry matter production.  

The oat breeding programmes benefited from earlier

research, and landmark varieties, such as the short-

strawed Gerald winter oat, have become the

cornerstone of oat production in the UK.  In a recent

NIAB poll of cereal varieties which have done most

to improve the profitability of UK farming, Gerald

was the top-placed oat variety and was the third

overall cereal variety. Another important

development has been the breeding of a range of

novel naked oats.  Naked, or huskless, oats thresh

free from non-lignified husks and have much higher

levels of energy-rich oil and essential amino acids

than other cereals. This makes them a desirable

product for a wide range of livestock from ruminants

to turkeys and race horses. Around 70% of the oats

now being consumed by humans and livestock in the

UK were bred at WPBS/IGER.

The development of a new generation of varieties in

the late 80's and 90's coincided with the introduction

of private sector funding into the breeding

programmes. Following government policies

relating to the funding of near market research in

1988, the companies Germinal Holdings and

Semundo began providing financial support in return

for world marketing rights for the varieties. This

development has been of considerable importance to

the Institute and it has provided a link between the

research, the breeding programmes and the farm gate

which ensures that the agricultural sector in the UK

benefits directly from research funding. The

involvement of Germinal Holdings also enabled the

Institute to capitalise on opportunities in the

expanding amenity grass market. Since 1987 the

company has funded an amenity breeding

programme to develop novel material. This

programme has already had significant success with

the release of AberElf and AberImp, two extremely

promising perennial ryegrasses, while novel stay-

green varieties will be available in the next few years

(Figure 1.5).

Breeding in an Era of Sustainability

As we start the new Millennium, there is increasing

emphasis on sustainability in farming systems with

on-farm produced feed assuming greater importance.
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Figure 1.5 Stay-green plots, showing the checker-board effect
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and this multi-disciplinary, integrated approach

serves as a model for future research. 

There is a need to produce more on-farm plant

protein, and increasing use of legumes will help in

this respect. However, the development of

sustainable ruminant production systems is impeded

by low utilisation of forage protein. Up to 40% of the

protein in fresh forage may be lost as ammonia

because of the inability of rumen microbes to capture

the nitrogen released during the breakdown of plant

proteins, due to limitations in the supply of readily

available energy. High-sugar grasses, which

accumulate 10-15% more sugars in leaves and

stems, provide additional energy to improve the

efficiency of plant protein conversion. Feeding high-

sugar grasses to dairy cows improves milk

production and milk protein content and reduces the

loss of N into excreted dung and urine. Forage
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A key element in the efficiency of these systems is to

optimise the protein/energy balance in both

ruminants and non-ruminants and reduce associated

input costs (Figure 1.6). The survival of livestock

producers will be linked to the production of fewer,

better quality animals giving a better quality product.

Environmental considerations will also have an

increasing impact on livestock agriculture.

Breeding work at IGER has benefited considerably

from bringing together expertise in plant genetics

and breeding with expertise in rumen microbiology

and animal nutrition. This was a desirable

consequence of the amalgamation, in the late 1980’s,

of the Welsh Plant Breeding Station with the

Grassland Research Institute and part of the National

Institute for Research in Dairying. The benefits of

this are now emerging in work demonstrating the

value of high-sugar grasses to animal performance,
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Figure 1.6 Grazing on white clover
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protein utilisation may also be increased by a

reduction in the rate of protein breakdown. The

importance of plant enzymes in rumen protein

degradation has been demonstrated at IGER, and

breeding grasses to modify plant enzyme activity

could have far reaching consequences in terms of

efficient N use. 

Recent work at IGER has also shown that grasses,

especially Italian ryegrass, contain high levels of

poly-unsaturated fatty acids (PUFAs) which may be

incorporated into ruminant products and help to

reduce blood cholesterol levels in consumers.  This

is encouraging grass breeders to develop selection

criteria for increasing the levels of omega-3 fatty

acid in their breeding material. We believe that the

nutritive characteristics of grassland forages (energy,

protein, carbohydrates, PUPAs, vitamins, etc) should

be regarded by farmers in the same way as they are

in feed concentrates. The potential of these forages

to support sustainable livestock farming should be

fully exploited.

Equally, oats (Figure 1.7), because of their high

levels of oil and essential amino acids, are capable of

replacing bought-in protein and energy ingredients

in animal feedstuffs in a sustainable way. Winter oats

with higher oil and lower husk content, and thus a

higher metabolisable energy, are being selected at

IGER for ruminant use. The winter oat Millennium,

with exceptionally large grains and thin husks, has

premium value for milling and as home-grown feed.

For non-ruminants the nutritive value of naked oats

is being improved in a breeding programme which

will result in the grain containing more oil and

protein, and plants which are more efficient in their

use of fertilizer N.

Human consumption of oats will continue to rise as

the food industry capitalises on their nutritive and

health-related characteristics. The Food and Drug

Administration in the USA has authorised the use on

food labels of health claims relating the daily

consumption of oat products (containing at least 3g

of ß-glucan soluble fibre) with lowered blood

cholesterol levels and a reduced risk of coronary

heart disease. Oats induce a much lower rise in blood

glucose levels compared with other cereals and are

recommended in some ‘gluten-free’ diets designed to

control diabetes. Oats can also fractionated into

products for health care, cosmetics biodegradable

plastics and antioxidants. The industrial uses of oats

could grow as processing technology improves and

oat products find new niches.

Breeding in the future 

Opportunities for breeding using new genetic
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Figure 1.7 A field of oats
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The nutrition it can provide for ruminants is often

superior   to  concentrate feeds, and forage should be

regarded by farmers as the most ‘natural’ feed for

ruminants as well as being the cheapest. The

potential of grasslands to support sustainable

livestock farming should be fully exploited. In

future, cultivars will be developed which improve

the efficiency of forage use in the rumen of the

grazing animal, and improve the quality of ruminant

products.  With a move towards more sustainable

systems of production, breeders may also need to

consider the potential for increasing the biodiversity

of grasslands and the efficient use of plant nutrients,

particularly nitrogen and phosphate. A return to more

mixed farming, particularly in the organic sector,

will increase interest in home-grown oats and

legumes such as red clover (Figure 1.8) as sources of

on-farm energy and protein. Classical breeding

methodology will be combined with new molecular

techniques to provide breeders with more efficient

selection procedures to reduce breeding cycle time

and increase the range of traits selected.

Contact: mervyn.humphreys@bbsrc.ac.uk

*David Hides was Head of Plant Breeding at IGER

until his retirement in 1999
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information are considered in more detail elsewhere.

Specific gene effects are being located through

genetic mapping using molecular markers and used

in breeding programmes involving marker-assisted

selection. For example, marker selections are being

made to confirm the value of specific genes in

selecting for consistent expression of high sugar

levels in leaves. Markers are also being used to

monitor the transfer of genes for stress tolerance

(such as drought and cold) from fescues into

ryegrass. Similar techniques are also being applied

to legumes and oats. Species hybrids with white

clover are combining good vegetative growth with

good seed production potential and normal stolon

(above ground stem) production with rhizome

(underground stem) development which enhances

persistency and drought tolerance. Marker-assisted

selection and introgression in oats will help to

improve disease resistance and winter hardiness.

These approaches may also help to improve

characteristics which are difficult to select for by

other means and thus aid the development of more

innovative products and oat-based functional foods. 

Conclusions

Forage breeding is a long-term activity and breeders

have to plan well ahead when developing new

selection criteria.  This is made difficult because of

unforeseen events and changes of emphasis in

livestock production. However, breeding work at

WPBS/IGER has continued to serve the industry

well. Although forages are often regarded as low-

profit crops by the seed industry, they underpin a

high value ruminant livestock and dairy industry

which accounts for a high proportion of national

agricultural output in the UK. Farmers receive

considerable benefits from improved varieties at no

extra cost. Thus it is imperative to emphasise that

grassland, particularly grassland containing the best

forage varieties, is an extremely valuable resource.
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Figure 1.8Red clover
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