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Grass dtill occupies about 65% of the agricultural land of
the idands that make up the United Kingdom. The re-
search effort devoted to al aspects of its growth and
utilization is considerable and is carried out by many officia
organizations, by large commercial firms, and by a few
farmers. A review of the progress during the last decade,
if confined to the limits of a single paper, is in consequence
likely to be biased- in the direction of the writer's own
interests. | confess at the start that this review is based
largely on my experiences at the Grassland Research In-
stitute at Hurley during the last five years and draws freely
on the thoughts and recollections of severa of my senior
colleagues.

In order to set the review in its proper context, it is
perhaps advisable to remind this audience of the range of
environments in which these grasslands exist and the major
changes that have taken place in the last decade in manage-
ment and utilization.

CLIMATE

Variations in climate are quite large despite the small
area and limited dtitudes. In general, rainfal increases
from east to west and ranges from about 20 in. to 80 in.
per year, with a countrywide average of 30 in. p.a. Vaia
tions in temperature associated with changes in latitude
and dtitude also have a marked effect on the nature and
duration of the growth of grass. The length of the grazing
season in sown pastures varies from about 39 weeks In the
southwest to 27 weeks or less in the north.

LAND USE

The records of agricultura satistics in England are ex-
tensive and date back to the great Domesday Survey of
1085. Annua records were, however, not started until
1866 and the rise and fall in the acreages of “permanent”
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and “temporary” grass during the last hundred years are
an interesting reflection of the political and economic
changes that have taken place since the “Golden Age” of
British farming, when the total arable acreage was about
the same as it is at the present time. Since the rngor up-.
heavals brought about by the Second World War, when
37.5% of the permanent grass was ploughed, changes in
land use have been less spectacular but significant. The
reduction in the acreage of permanent grass, rough grazing
and rotational grass and clover since 1955 has been gradua
and accompanied by a corresponding increase in the acre-
age of cereds, particularly barley. This change from grass
to barley has taken place throughout the country but has
been most spectacular in the eastern drier areas, in many
parts of which the acreage of sown grass has been haved
during the last 10 years.

SEEDS MIXTURES

Associated with the decrease in the acreage of tem-
Borary rass there has also been an awakening of interest
y the farmer in the differences between species and varie-
ties and in the advantages of single species swards. This
has been brought about largely by the detailed assessment
of yiedd and digestibility of the many varieties that are
evaluated by the Nationa Ingitute of Agricultural Botany.
This organization now publishes recommended varieties
of grasses and herbage legumes. The bhiggest change has
been the drop in the acreage of cocksfoot, owing to its
low digedtibility, and the increase in popularity of ryegrass
(Table 1).

TABLE 1. GRASS SEED SOLD ‘IN U.K.

(1,000 cwt)
1960-| 1964-5 1966-7
Per_ennial ryegrass 242 273 241
Italian ryegrass 142 155 136
Cocksfoot 55 39 27
Timothy 57 44 45
Meadow fescue 24 20 15
FERTILIZERS

The increase in the average amounts of fertilizers applied
to temporary and permanent grassland has shown a steady
rise (Table 2).
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TABLE 22 AVERAGE AMOUNTS OF FERTILIZER USED IN
ENGLAND AND WALES

(units/acre)

Temporary  Grass Permanent  Grass
N P.0; K0 N Py0; K0
1950 13 28 12 5 19 3
1957 21 27 17 9 16 - 7
1962 43 34 26 18 22 12
1966 53 40 24 23 23 13
1969 74 36 25 38 22 14
% land receiving
fertilizer 82 68 63 57 46 42
(G. W. Cooke, JI R. agric. Soc., 1966.)
* Provisondl.

However, the extent Of the increase is smdl in compari-
son with the doses recommended. National statistics are
not available for the years subsequent to 1966, but it is
known, from more limited surveys, that many intensive
grassland farmers are using amounts of nitrogen in excess
of 300 units per acre. Surveys also show that the profit-
ability of anima enterprises generally increase with the
uantity of nitrogen applied up to very high levels. Data
?Table 3) from the Milk Marketing Board's survey of farms
in their Low Cost Production Scheme (England and Wales)
(1970) for the years from 1964 to 1968, show how the
average use of nitrogen has been increasing, together with
stocking rate and gross margin per acre.

TABLE 3: NITROGEN USE AND PROFITABILITY
1964 1965 19%6 1967 1968

Units N/acre 77 80 95 115 131
Stocking rate, acres/cow 168 158 1.46 140 1.30
Gross marginacre £ 41 53 61 64 69

(Figures from the Milk Maketing Board's survey of fams in the'r
Low Cogt Production Scheme)

YIELD AND QUALITY

The yield of grass in the country as a whole is probably
very closaly correlated with the amount of nitrogen applied.
Average yields are impossible to obtain with any degree of
accuracy, but quoted figures (Ashton, 1963) for USE/acre
‘show that they rose from 15.2 to 16.0 between 1957-8 and
1962-3, and that at present they are only 17.0, athough
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the best farmers must be attainigg 30 cwt/acre. In recent
years much stress has been placed on quality, as measured
by digestib_ilit?/, and farmers are well aware of its import-
ance, particulartly when grass is being conserved

CONSERVATION

Hay is ill the most popular method of conserving grass.
It is estimated that more than 809, of al the herbage that
is cut is still made into hay despite that, on average, 30%
of the dry matter is lost in the process. Improvements in
machinery for cutting, tedding and crimping have helped
considerabI%/ in field drying and these, together with new
machines for chopping and loading, as well as new tech-
niqgues for making silage using plastic and additives
(McDonald et al., 1966) have increased the amount of
slage made by about 80% in the last ten years. Even
so, the ensiled grass still accounts for only about 15% of
the total dry matter conserved.

Despite the dependence of hay- and silage-making on
weather, use of barn-hay drying methods and of high tem-
perature dehydration is dtill relatively insignificant. There
has been much interest in high temperature tumbler-driers
during the last two years, but as there is as yet no assured
market for “dried grass’ as a feed for ruminant animals,
the quantities produced annually are, on a dry-matter basis,
less than 1/10. of the slage

THE FUTURE

Changes in the acreage of grassand and in the way in
which the grass is used in a controlled agricultural economy
such as exists in the U.K. are brought about mainly by
politica decisons implemented a the -annual Review and
Determination of Guarantees (Anon., 1969). Agricultura
research and development provide some of the basic in-
formation on which it is assumed that government fpolicy
is based. In the U.K., however, the separation of the
A?ricultural Research Service from the Ministry of Agri-
culture, Fisheries and Food, by placing it in a separate
department of government (Department of Education and
Science), effectively makes the channels of communication
long and devious, and sometimes amost non-existent.

The present Government has been much more concerned
with forward planning than its predecessors, but unfor-
tunately its “National Economic Development Plan,” pre-
pared in rather a hurry in 1965, lasted little more than a
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ear and is now having to be rewritten. More redlistic
orward estimates of the part that agriculture can play in
helping the country’s balance of trade by saving imports
are being made by the National Economic Development
Committee.  The first report of the National Economic De-
velopment Committee for the Agricultura Industry (1968)
has been accepted by the Government as the basis for their
selective expansion programme. It cals for the ploughin
up and sowing to ceredls of 1.6 million acres of grass an
for an increased stocking density, on the reduced grass-
land, of 319 per annum. This increase in stocking is not
much greater than the 2 to 24% increase that has taken
place over the last five years, and could easily be accom-
lished by farmers if they were given the incentive. Un-
ortunately, such encouragement has not been forthcoming
and practice is not matching prediction. If, however, the
U.K. does eventually join the European Economic Com-
munity, it is generally agreed that the increased price of
ceredls which is bound to follow (EEC price for barley is
now E36 a ton, as compared with U.K. price of E25) will
increase the relative value of grass and grass products.

RESEARCH AND DEVELOPMENT

The UK. is well provided with officid and industrial re-
search organizations concerned with grassland science and
over the past decade these have expanded considerably.
Figures are not available for the industrial sector, but the
increase on the officia side for al agricultura research
has been about 10 to 15%. Work on some aspects of
grass growth and utilization is undertaken at the Grass
land Research Indttute; the Hill Farming Research Or-
ganization; the Welsh Plant Breeding Station; the Plant
Breeding Institute, Cambridge; the Scottish Plant Breeding
Institute; the Weed Research Organization; the Hannah
Dairy Research Ingtitute; the National Ingitute for Re-
search in Dairying; the ‘Roweit Research Institute; the
National Institute of Agricultura Engineering; the Nationa
Ingtitute of Agricultural Botany; in many university de
Partments of agriculture and at the experimental husbandry
ams of the Nationa Agricultural Advisory Service. At
al of these the amount of work done on grass has in-
creased, but only at a few (G.R.I., W.P.B.S, N.I.LAEE) has
it increased a the national average rate for al agricultural
research.

During the last decade there has been a move from
studies designed to answer the practical problems posed
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by the farmers to the more basic investigations directed
to an understanding ‘of how grass and forage crops grow
and interact with the environment and how they can be
preserved and utilized by ruminant animals. This change
in the emphasis of research is characteristic of progress
in any technology and is illustrated in the reports that
follow on the changing pattern of grassland research.

BOTANY

Looking back a the botanica research carried out in
the late fifties and earlier sixties in England, the work
of Langer (1956, 1957) still stands out as some of the
most important. His penetrating analysis of the growth
of single plants of timothy emphasized the importance of
the tiller as the basic plant unit and led on to an under-
standing of perenniaity in terms of tiller succession.

At the crop level, Watson (1952, 1968) and others ex-
tended the classical concepts of growth anaysis. This in
turn focused attention on light interception and crop
geometry and led to the ideas of celling and optimum leaf
area, and ceiling vyield. British grassand botanists were
much involved in these developments, and at both Abery-
stwyth (Patel and Cooper, 1961) and Hurley (Ryle, 1967;
Robson, 1967, 1968) workers were using growth analysis
extensively to study the effects of the major factors of the
environment such as light, temperature and nutrition.

By the middle sixties, however, the limitations of growth
analysis were apparent (Anslow, 1966) and new physio-
logical concepts and tools, Iargelﬁ derived from more aca
demic and basic research in other fields, were becoming
available. An important discovery, for %rass physiologists
no less than others, was the finding that some tropica
plants used a radicaly different metabolic pathway for in-
corporating carbon into sugar from that already well known
for temperate plants and algae (Hatch and Slack, 1966;
Hatch et a., 1967). This, and associated findings concern-
ing photo-respiration (or photo-decarboxylation as many
would have it) have revitalized thinking about photo-
synthesis and respiration, and a both Hurley and Abery-
stwyth emphasis has turned from growth anaysis to the
direct measurement of the flux of carbon in leaves, plants
and swards grown in both controlled environments and
in the field.

Emphasis has aso shifted from descriptive morphology
to physiological and biochemical studies aimed a an under-
standing of the primary component processes which sus-
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tain growth. Thus the effect of environmental and genetical
factors are now being thought of in terms of their influence
on photosynthesis and respiration and the partitioning of
carbon within the plant (Ryle, 1970). At the same time,
the descriptive information accumulated over the years on
the morphology of the plant and the sward (tiller numbers,
rate of tillering, leaf numbers and area, etc.) is proving
inveluable for the more sophisticated mathematical treat-
ment of the crop canopy so necessary for an understand-
ing of its response to the environment (de Wit, 1965;
Monteith, 1965). Physiologists are also at last beginning
to tackle some of the important problems connected with
the perenniality of the grass plant and how a tillering
species maintains a dynamic. equilibrium with respect to
its tiller numbers, by partitioning metabolites within tillers,
between new tillers, and between terminal leaf expansion
and roots (Ryle, loc. cit.).

As an example of this general pattern of progress from
developmental morphology and growth analysis to the
more detailed physiological and metabolic studies, | can
quote the maor changes that took place during the first
half of the last decade at the Grassland Research Ingtitute.
At the beginning of this period, the main interest was in
grazed grass, and botanists, following the lead given by the
agronomists, were studying:

(1) The comparative growth and development of the four
important crop grasses, ryegrass, cocksfoot, timothy
and fescue.

(2) Factors affecting the yield of seed from these species.

(3) The importance of legumes (particularly white clover)
when grown in association with grass.

(4) The extension of the growing season to provide early
spring and late autumn grazing.

By the mid-sixties, however, the apparent importance of
al four topics had changed. Ryegrass had emerged as the
most important species; the problems of seed production
had been referred back to the plant breeder; cheap nitro-
gen and fertilizer subsidies had reduced the need for clover,
and the severe winter of 1963 had killed off the Mediter-
ranean fescues and other winter-grown swards on which
so much hope had been placed, and demonstrated the in-
superable ditficulty of trying to make grasses grow in the
cold and relative darkness of late autumn. Thus the em-
phasis changed from grazing to cutting and the use of
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single varieties that could make the maximum use of the
environment when conditions were most favourable for
plant growth. Botanists became more interested in basic
studies aimed a an understanding of how forage plants
function, how defoliation affects this, and how genotypes
compare in the efficiency with which they utilize the en-
vironment.

PLANT BREEDING

British plant breeders have reaively little to show in
terms of new grass varieties for al their hard work during
the sixties (see Table 4). Much information has, never-
theless, been acquired about the magor attributes of plant
growth that determine yield and that can be used as selec-
tion criteria

TABLE 4: GRASS AND CLOVER VARIETIES RELEASED IN THE
U.K. BETWEEN 1960 AND 1970

Breeder Species Basic
Variety Seed
G Gartons Ltd., Warrington Cocksfoot Delamere 1963
S Welsh Plant Breeding Station Cocksfoot S.345 1963
Sp Wesh Plant Breeding Station Perennial
ryegrass S.321 1963
Sp Scottish Plant Breeding Station Ryegrass Scotia 1965
N. Irdand Plant Breeding Stn. Ryegrass Zephyr 1966
N. Ireland Plant Breeding Stn. lItaian
ryegrass Ibex 1966
G Welsh Plant Breeding Station  Timothy S.352 1964
Plant Breeding Inst., Cambridge Tetraploid
broad red Leda 1970
clover

Key: G recommended for general use; Sp recommended for specia
use;
S recommended for special use but due to be withdrawn.

Large differences have been demonstrated in the response
of different genotypes to fertilizer application (particularly
nitrogen). But, even so, the yields of the new varieties are
little different from those introduced twenty years ago and
it would appear that natural variation does not offer much
scope for further improvement. Perhaps the most im-
portant change has been the acceptance by the breeder
that grasses need to be bred for specific farming require-
ments (e.g.,, grazing or cutting) and increased nutritive
value and not primarily for adaptability and tolerance to
indifferent  management.
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With legumes the emphasis has been on breeding for re-
sistance to disecase. New tetraploid forms of broad red
clover look particularly promising with regard to resistance
against clover rot and need to be treated virtuadly as a
new crop. The Pant Breeding Institute, Cambridge, have
also produced a variety resistant to stem eelworm. Efforts
to breed white clover that will grow in association with
grass receiving heavy dressings of nitrogen and that is cut
frequently, have not proved very successful.

AGRONOMY AND SOIL SCIENCE

Agronomists have been occupied mainly in research
amed at answering practica farming problems. The intro-
duction of a routine in vitro method for the determination
of digedtibility (Tilley and Terry, 1963) has enabled them
to study in much greater detail the changes in digestibility
that occur as the crop ages and increases in yield. Thus
they have been able to assess more precisely the energy
available to the anima and the value of different species
and varieties under different regimes of harvesting and
for different animal production systems.

Gass As A Break CRP IN THE ARMBLE  Roraman

The importance of the grass as a break -crop has been
thoroughly explored by several groups of workers in order
to ascertain the effects of the added, organic matter on soil
structure and nutrient supply (Clement, 1961). The con-
clusion seems to be that it is very difficult to measure in
the laboratory the effects on soil structure that can be
observed by eye in the field and that are accepted as being
of much importance on many soils. The quantitative effect
of the residual nitrogen on succeeding crops is much more
easily measured and accounts for about 909, of the residual
vaue of the sward when it is ploughed in (Williams et al,
1960; Cooke, 1967).

WATER

Despite the excess of rainfal in some parts of the coun-
try, water limits the growth of grass in many areas. For
example, in the South-east and Midlands of England full
irrigation will, on average, increase yield by 40 to 50%
annualy, the range being from no increase in yield in wet
years to a two-and-a-haf fold increase in dry years.

One of the most important practicad developments has
been the discovery by Garwood and Williams (1967) that
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the decrease in the growth of ryegrass during periods of
restricted rainfall is not due to shortage of water per se,
but to a local shortage in the top foot of the soil horizon
that prevents the uptake of nitrogen. Drought conditions
can therefore be overcome by applying much less water
than would be required to bring the soil back to field
capacity, as al that is required is sufficient water to en-
able the ?ra$ to take up nitrogen. In practice it has been
found sufficient to apply about one-third of the water re-
quired for field capacity immediately after the fertilizer
is added.

N TROGEN

The response of the grass crop to nitrogen has been
studied very thoroughly by both officid and commercid
agronomists, and the dose-response curves for many prac-
tical dituations seems to be well understood. Work con-
tinues in the field particularly with regard to the time and
3uantity of application in relation to harvest, and on the
ifferences between the dose-response curves for grass cut
for conservation and grass grazed by different types of
stock. Under more controlled conditions in the glasshouse
and field, attempts are being made to quantify some of the
parts of the nitrogen cycle, particularly the nature of the
losses due to denitrification and leaching (Grassand Re
search Institute, 1969; Agricultural Research Council,
1969).

OHER NUTRI ENTS

Much of the work on phosphorus and potassium during
the last decade has centred on methods for determining
the amounts of these elements that are available in different
soils, and in understanding how they are held there
(Beckett, 1964a, b; Samon, 1964; Mattingley, 1965). Little
ractical importance has emerged except perhaps the likeli-
ood that, in future, fertilizer practice in respect to potas-
‘sium will be based increasingly on crop analyses. As the
levels of yield rise with the increasing use of nitrogen, so
the importance of minor elements is likely to increase and
more work on these has been started.

FORAGE QUALITY
-DiGesniBILITY

The development of the in vitro method as a routine
technique for determining the digestibility of forages at
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the beginning of the 1960s helped workers in many fields
of grassland research. It is now widely used in the UK.
as a criterion of selection by plant breeders for the evalua
tion of herbage varieties, and for the assessment of feed.

| NTAKE

The simple relationship between digegtibility and volun-
tary intake postulated by Blaxter (1967) has been further
explored by severa workers and shown to vary with many
intrinsic and extrinsic factors (Raymond, 1969). Legumes
are known to have a higher intake, at the same digedtibility
than grasses. Osbourn (1967) has also shown differences
between grass species and varieties and has developed the
concept that this is due to differences in the composition
of the digested component of the feed and, in particular,
to the proportion of digestible “soluble” constituents to
the digested fibre. |If digestible fibre takes longer to be
digest in the rumen than the digestible soluble com-
ponents, then it will occupy more volume X time in the
rumen, and the intake of forages with a high proportion
of digestible fibre should be lower. This hypothes's has
been confirmed with severa varieties [voluntary intake of
Italian ryegrass is greater than perennial ryegrass (Grass
land Research Ingtitute, 1970a) and S.352 greater than
S51 timothy (Jones and Walters, 1969)] and su?geﬂs the
usefulness in a breeding programme of selecting for higher
pepsin-soluble  constituents.

Extrinsic factors concerning the availability and method
of presentation are usualy more important than the in-
trinsic factors concerned with the chemica composition
of the feed and are considered below in relation to the
stall feeding of ensilage and dehydrated forage. They are
also important under grazing conditions where high grazing
intensity, fouling, excessive rain, etc, may limit intake
on swards of high potential voluntary intake characteristics.
Studies on selective grazing (Tayler and Deriaz, 1963)
suggest that restricted intake, rather than low feed
digestibility, may be the main factor reducing animal pro-
duction at high grazing intensity. Further critical
examination of the faecal index techniques has shown
systematic errors in translating indoor relationships to
the fiedld and these largely invaidate the method. Other
methods based on the use of oesophageal fistulated animals
and combined with chemica and digestibility measurements
on extrusa have helped, but techniques are still not ade-
quate (Langlands, 1967).
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SI LAGE

The low voluntary intake of silage, as compared with
the fresh or dried forage from which it is made, has re-
ceived much attention. The advantages of reducing the
moisture content of grass before it is ensiled is well estab-
lished (Moore et al., 1960) and the research results have
been translated into practical recommendations. In the
British climate such weather-dependent operations as field
drying are not universally acceptable and attention is being
given to techniques for overcoming the low intake charac-
teristics of silage made from wet forage (McLeod et al.,
1970).

This low intake of “wet” slages seems to be due to
(1) the concentration of organic acids and the resulting
low pH, and (2) the presence of free ammonia arising from
the greakdown of nitrogenous congtituents. The latter can
fortunately be overcome by good silage-making techniques
and the use of forages with a low protein content. A low
pH is, however, one of the requirements of a stable silage.

In practice the low voluntary intake of silage can be
overcome by partially neutralizing the slage before feeding
(McLeod et a., loc. cit.) or by feeding in mixed rations
with feeds such as cereals or dehydrated grass (Grassland
Research Ingtitute, 1969). The special problems of “wet”
silage can be mitigated by the addition of sterilants such
as formic acid before the forage is ensiled. This tech-
nique, which is used extensively in Norway, has been
virtually untested in Europe until the last year or two.
Its recent popularity in Britain has been associated with
the introduction of a simple method of spraying the acid
on to the cut crop a the time of harvesting. Results at
G.R.I. (Grassand Research Institute, 1970a) have con-
firmed that ‘silage made in this way has a higher intake
than silage made from untreated material so long as the
amount of ammonia formed during the fermentation is
also reduced.

Interesting possibilities now exist for further improve-
ments using formaldehyde as an additive. Such tech-
nigues, together with improvements to keep the fermenta
tion completely anaerobic, should enable harvesting to
proceed even when the water content of the crop is greater
than 70%, and thus be practicaly independent of weather.

DEHYDRATED FORAGE

Work on dehydrated forages has increased considerably
during the last four years. Much of it has been concerned
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with the effects of particle size and form of package (pellet,
cob or wafer) on the food conversion efficiency of the
feed by different types of animals. In general, it seems
that intake rises and digestibility decreases as the fineness
of the particle size is increased but that, on baance, the
efficiency of food conversion increases with fineness of
grinding (Lonsdale and Tayler, 1969). Such milled and
pelleted dried grass has interesting properties when fed
as a supplement to sila?e éhigh water content) as the dry
matter intake of a haf-and-haf mix of silage and dried
grass pellets can be as high as the intake of dry matter
of the dried grass aone (Grassland Research Ingtitute,
1969) . Dried forage with a digestibility of 65% (dig. of
DM) and a crude protein of 164% has been shown in
severa experiments with dairy cows to have a feeding
value ‘about four-fifths that of commercial “dairy nuts’
(Connell and Jones, 1968). It is of special interest as a
high protein feed for addition to low protein silages (e.g.,
maize) which are much easer to make than silages from
high protein crops (e.g., red clover).

ANIMAL NUTRITION

The more fundamental studies on anima nutrition now
being undertaken in several laboratories in  Britain  may,
in the future, have a marked effect on the way in which
forages are fed.

(1) The Agricultura Research Council system of assess
ing the nutritive value of feeds relies on net energies
calculated from digestibility data (Agricultural Re-
search Council, 1965). Recent work has demonstrated
discrepancies in such a method that need to be clari-
fied. For example
(@) Grass harvested in the autumn can have a much

lower net energy value than the same grass cut
in the spring, athough of the same digestibility
(K. L. Blaxter, F. W. Wanman, P. J. S. Dewey,
unpubl. data).

(b) The reduced dig&ctibigtjy of milled dried forages
noted is not associated with a reduction in net
energy.

(2) An understanding of the reasons why forages pro-
cessed in different ways are utilized with varying
efficieng?/ ma%/ leed to more rational evaluation of the
feed value of forages in mixed diets and, their better
utilization. For example, rumen pH shows wide
diurnal variations and is reduced when cereds are fed,
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but as the rumen pH decreases both the rate and ex:
tent of fibre digestion aso decrease (Terry et al.,
1969). Thus cereals create conditions within the
rumen which are sub-optimum for the digestion of
forages. This may partly explan the rapid decrease
in hay intake when barley is fed and the poor response
to barley supplements fed to grazing livestock. The
proportion of volatile fatty acids produced in the
rumen also seems to be related to pH, propionic and
lactic increasing and acetic decreasing as pH decreases.
Thus there is the possbility of programmed feedin
to establish optimum conditions for the utilization o
forages.

(3) Processing of forages aso affects the pattern of their
digestion. The effect of milling on digedtibility has
been mentioned. This is mainly due to the decreased
digestion of fibre in the rumen. The drying process
itself also alters the solubility of the proteins in forage
and increases the quantity of amino acids entering and
being absorbed from the hind tract (Thomson, 1969).

ECOLOGY

Grassland research is essentidly a study of the inter-
relationships between the crop, the environment in which
it grows, and the animals that eat it, as well as the humans.
On the whole, therefore, it is an ecological exercise, and
some of the most important developments that are takin
place in British grassand research are those associated wit
the emergence of a new ecology concerned with the quan-
tification of the inter-related factors in the grassland eco-
system and the utilization of the information so gained to
simulate the real situation by the construction of mathe-
matical models. These simulation models aid in the colla
tion of existing data, indicate the most relevant gaps in-
our knowledge, and lead to the construction and testing
of more worthwhile anima production systems based on
grass and forage (Morley and Spedding, 1968; Jones et al.,
1968) .

At) the beginning of the decade, this holistic approach
to grassland research was only just emerging and there
was still a marked gap between, on the one hand, nutri-
tiona and physiological studies on animals indoors, and,
on the other hand, field investigations on animal produc-
tion. The indoor nutritional experiments were reasonably
well controlled, abeit in somewhat artificia conditions, but
they tended to involve a rather narrow range of animals
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that were not agriculturally the most important. The field
experiments struggled to be relevant, lacked control and
were difficult to interpret because essential data (rate of
grass growth, food intake by animals) were not collected.

Spedding (1969) was perhaps the first fully to appre-
ciate that, at all levels, the significance of a single com-
ponent cannot be adequately stated without reference to
(and thus knowledge of) the system of which it is a part.
With his detailed study of the sheep and the factors affect-
ing food conversion efficiency the year round in fat lamb
production systems, Spedding showed how the gap between
the indoor nutritional and the outdoor field studies could
be bridged. An analysis of the anima populations to de
fine the kinds of anima and their needs at different periods
of their lives led him on to an understanding of how the
tota food used in the system was distributed in time and
between animals at different phases of pregnancy, main-
tenance, growth and lactation. These studies required the
same degree of control as was needed in the nutritiond
studies. They, therefore, had to be done indoors and re-
quired a substantial development in accommodation for
keeping animals indoors, in order that ewes and lambs,
for example, could thrive and still alow measurement of
food consumption, etc. They aso required the develop-
ment of specia techniques for manipulating factors such
as reproductive rate and of artificial rearing of lambs (New-
ton and Betts, 1966, 1968; Penning, 1967).

Such studies have now put Spedding and his colleagues
in the position where reasonable mathematica models of
sheep production can be constructed and where they can
return to the field not only to test the results of their
work expressed as systems, but aso to improve scientific
experimentation in the field (Grasdand Research Ingtitute,
1969) .

The same approach is now being develo a Hurley
with beef suckler cows (Spedding, 1969) and to the
“sward” side of the grazing interaction. In the latter, the
main component parts of the grazing Situation are separated
for individua study. The current experiments dea with
the separate effects of the presence of the grazing animal—
i.e., treading, fouling with excreta and defoliation (Grass
land Research Ingtitute, 1969).

The complexity of the sward situation, however, is no
greater than that of the animal population and certainly
no greater than that of the farming systems to which the
results have to apfply. It is not surprising, therefore, that
the inevitability of this complexity has led grasdand re-
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search workers to turn to the computer and the techniques
of smulation and model building. Considerable progress
has been made in the last three years (Grassland Research
Institute, 1969, 1970a, b) .

Even so, it is ill possible to put the separate pieces
of information about the sward, the anima and the environ-
ment together to make viable anima production systems
without the aid of these more refined techniques. A good
example of such a system developed by research workers
is the “Intensive System of Beef Production from Grass-
land using Autumn-born Calves from the Dairy Herd”
(Joint Beef Production Committee, 1967).

THE FUTURE

The next ten years are not going to be as easy for agri-
cultural research as the last. The general impression at
the beginning of the sixties was that the British farmer
was feather-bedded. At the beginning of the seventies it
is the research worker who is believed to be in the feather
bed and funds for research will be much harder to come
by in the future than in the past. If Britain enters the
European Economic Community, this will increase the im-
portance of home-grown grass and forage in our agricul-
tural economy, and research in this area will become more
important if the Government pursue ‘their agricultural ex-
pansionist policy. During the past five years it has been
the single species sown swards that have received the
most attention from agronomists. However, it is the 10
million acres of “permanent” lowland pasture that have
the most to offer in the way of increased output, and that
have been neglected by the grassand agronomist. It is
now time to return to these applied problems of permanent
pasture armed with a much greater knowledge, not only
of the biology of the situation, but also of how to tackle
them. The requirement is for a research strategy based
upon a systems approach and a detailed assessment of
the whole situation, biological, economic and social, before
embarking on analytica research in any of these aress.
Grassland research, when it has to deal with natural pas-
tures and rough grazings, must, in our over-populated
isands, aso deal with the sociological problems of re-
creation. It is to be hoped that those in authority will
readlize that one of the most important problems requiring
attention is how to combine extensive agriculture based
on the grazing anima with the recreationa needs of our

people.
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DISCUSSION

Asked if there was a proportional increase in dry matter yields
per unit of nitrogen as N levels increased, Woodford replied that
the yield of grass was linear to N applications up to 300 units in
many instances. This, of course, referred to straight grass pastures.
In grass/clover swards, it was not possible to maintain the clover
when more than 200 units of N were applied. The nitrogen was
usualy applied as 100 units in spring and then 40 to 50 units after
each grazing.

To an inquiry from Heath (U.S.A.) as to whether he could identify
gaps for further study as a result of the model simulation approach,
Woodford said there were insufficient data on the respiration and
physiological aspects to build a model for ryegrass growth and so
they had to go into the field for data. It was aso difficult in aspects
of anima nutrition to build models because of the lack of data It
was absolutely necessary to know the physiologica responses of
the animal a al stages of its development.

Asked to comment on grass drying and its cost, Woodford stated
that there was improved machinery available which gave high-tem-
perature flash drying at 1,000°C, The price of an economic set-up
in Britain was £70,000 and in most cases some Government assist-
ance was required. Costs were in the vicinity of f£1§ per ton.



