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ABSTRACT

Sward characteristics have a major effect on intake and performance of dairy cows at
pastare. Milk production from grazing cows however can be restricted by herbage
intake, and concentrate supplementation can allow them to perform closer to their
production potential. This study investigates effects of sward characteristics and

concentrate supplementation on intake and performance of grazing dairy cows.

Grazing cows yiclding on average 36.8 kg milk day (d)"' were offcred high levels of
concentrates in late summer. Milk yield response was 1.01 kg milk kg™ concentrate
dry matter (DM) d”' when concentrale was increased from 5.2 to 7.7 kg DM d™.
Milk yield response declined to 0.83 kg milk kg’ DM when concentrate was
increased from 7.7 to 10.2 kg DM d'. Grazing time and herbage intake were
reduced at higher levels of supplementation. Increasing concentrate level by 1.7 kg
DM d"! when cows were houscd overnight had no effect on animal performance. In
another expertment, there was no significant difference in animal performance
between cows offered either a high starch or high fibre concentrate at a rate of 5.3 kg
concentrate DM d. Supplementation with an additive formulated to reduce dietary
protein degradability howcver had a positive effect on milk yield, which was on
average 34.4 and 32.9 kg d' for additive and control treatments respectively.

Inclusion of the additive also increased milk protein yield and herbage intake.

Interactions between sward characteristics and intake werc cxamined. Bite mass was
predicted from estimates of bite dimensions and measurements of vertical
distribution of herbage mass in cut swards. A general relationship observed between
sward height and vertical distribution of mass could be used to predict bite mass
from sward height and total herbage mass. Methods to make detailed measurements
of intake and grazing activity within patches of a sward using grazing cows were
developed and demonstrated an effect of time of day on bite mass. Research to
quantify interactions between sward structure, supplementation and grazing activity,
focusing on bite mass, should enable development of strategies to exploit the
potential of grazed grass and provide appropriate supplementation, which will

ultimately contribute to improved profitability of milk production,
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CHAPTER 1.0 INTRODUCTION

In recent vears, the United Kingdom (UK) dairy industry has focused on intensive
systcms of production, maximising milk output per cow and breeding animals for
high yiclds of milk, fat and protcin (Agnew ef al., 1998; Coftey, 1992). The rate of
genetic improvement for milk production traits in the UK dairy herd has
correspondingly increased rapidly since the mid-1980s. UK production evaluations
in 1997 for the 10 years between 1985 and 1994, have demonsiraled an average rate
of genetic progress in milk yield for Flolstem Friesian cows of proportionately 0.012
per year, and in the last 5 years of 0.022 per year (Lindberg et al., 1998). Coffey
(1992) reports rates of gain of proportionately 0.013 per year in milk fat plus protein
yield in the UK and Republic of Ireland. The more recent improvements in genetic
meril can be aftributed to genetics imported from BEurope and North America,
advances in progeny tcsting schemes, and introduction of advanced statistical
techniques to evaluate progeny test data from different countries (Agnew et ol.,
1998).

Pressure on milk price and subsequent profitability of dairy farming in the UK, is
now increasing the emphasis on efficiency of production per litre, and in particular
on lowering costs of production (Mayne et al., 2000a; Peyrand and Delaby, 2001).
The trend for low milk price is likely to continue in the future, particularly as a
conseqﬁence of Common Agricultural Policy reform, expansion of the European

Union, globalisation and the need to compete with world prices.

Grazed grass can coniribute to the competitiveness of milk production and has
potential to reduce costs of production (Leaver, 1985; Peyraud and Delaby, 2001).
In the UK, the relative economic cost on a metabolisable energy (ME) basis of
grazed herbage, conserved forage and compound concentrates has been estimated to
be in the ratio of 1:2:4.5 (I.eaver, 1983). More recently, Keady and Anderson (2000)
estimate the relative costs of grazed grass and good quality grass silage to be closer
to 1:1.3. Graved grass however is still generally recogniscd to provide the cheapest

source of nutrients for dairy cows (Mayne, 2001; Peyraud and Delaby, 2001).




Chapter 1 Intraduction

Milk production [rom grazed pasture is dependent upon herbage intake, nutritional
value of herbage consumed and the production potential of the cow (McGilloway
and Maync, 1996; Peyraud and Gonzalcz-Rodrigez, 2000). Increases in milk yield
potential of grazing dairy cows can have major implications for energy requirements
(Mayne er al., 2000b), and herbage intake is the major constraint on milk production
from grazed pasture, especially in relation to management of higher yiclding animals

(Peyrand and Gonzalez-Rodrigez, 2000}).

Herbage intakes of up to 20.7 kg dry matter (DM) d! (Buckley and Dillon, 1998)
have been reported, and it is suggested that grazed grass theoretically has potential to
support 27 to 33 kg milk d”' under ideal spring grazing conditions (Mayne, 2001;
Peyraud and Gonzalez-Rodrigez, 2000). These levels of milk production from

grazed pasture however are rarely achieved in practice.

Herbage inlake depends upon interactions between sward, animal, management and
cnvironmental factors (Figure 1.1) (McGilloway and Mayne, 1996; Peyraud and
Gonzalez-Rodrigez, 2000; Roock, 2000), which makes prediction of intake and
development of a system with a predictable outcome difficult. Progress in
development of efficient grazing systems has also been limited by difficulty in

making detailed measurements of herbage intake.

Daily herbage intake is & product of grazing time, bite rate and bite mass (Spedding
et al., 1966). Bite mass however is the most variable, and therefore the most critical,
factor determining intake rate and makes an important contribution to total daily DM
intake (McGilloway and Mayne, 1996). Bite mass and hence total daily herbage
intake, s highly dependent upon sward characteristics and in particular sward height,

density, and leafiness (McGilloway ef of., 1999, Orr et al., 2001; Parga et al., 2000).

There is a conflict between maintaining sward conditions that allow high individual
levels of herbage intake and production per cow, and efficient herbage uvtilisation. A
high herbage allowance required to achieve maximum intake can reduce efficiency
of utilisation of herbage, increase the cost of grazed herbage (Mayne, 2001), and
contribute to deterioration in sward quality (Stakelum and Dillon, 1991).
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Figure 1.1 Interactions between major factors determining milk production from

grazing dairy cows, and areas of investigation by experiments in this study

Supplementation to complement potential intake from pasture allows grazing animals
to support higher levels of milk production than are possible from grazed herbage
alone (Gibb et al., 2002b; Reis and Combs, 2000). Responses to supplementation
however are highly dependent upon their effect on herbage intake and substitution of
herbage for supplements (Peyraud and Delaby, 2001). This substitution rate tends to
be lower for concentrate supplements compared to forages, especially when herbage
availability is high (Mayne er al., 2000b). Supplementation with concentrates to
complement grazing conditions can therefore be an appropriate method to achieve

the high DM intakes required to manage high yielding dairy cows at pasture.
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Responses to supplementation arc greater for cows with a higher milk production
potential (Dillon et al, 1999). Recent cxperiments have demonstrated high
responses of close to or greater than 1.0 kg milk kg’l concentrate DM from cows
yvielding between 25 and 30 kg milk d”' (Delaby ef al., 2001; Reis and Combs, 2000).
There is a strong interaction between supplementation and grazing conditions, and m
particular the proportion of an animals energy requirements met from grazed herbage
atone (Peyraud and Delaby, 2001). Milk production responses (o supplementation
and substitution rate can also be affected by the level and composition of concentrate
supplementation (Delaby et al., 2001; Gibb ef al., 2002ab; Hongerholt and Muller,
1998; Sayers et al., 2000). It is important therefore to be able to predict potential
herbage intake from a sward and interactions with supplementation, and to define

conditions where supplementary feeds will minimise the reduction in herbage intake.

The necessity to improve cfficiency of milk production, and in particular reduce
costs of production, presents a major challenge for research and the dairy industry.
The aim of this study is to coniribute to the development of grazing systems,
especially for high genetic potential cows, that maintain full exploilation of the

potential of grazed grass and make optimum use of supplementary feeds.

Expertmental work was conducted at SAC Crichton Royal Farm and the main areas
of study by 4 separate expcriments are highlighted in Figure 1.1. Effects of
supplementing grazing cows with high levels of concentrate supplements in late
summer; and effects ol concentrate energy sowrce and an additive formulated to
reduce degradability of dictary protein, on herbage intake, grazing behaviour and
animal performance are examined. Interactions between sward characteristics,
grazing behaviour and herbage intake are investigated. Measurements of sward
siructure, and in particular the vertical distribution of herbage mass, are utilised to
predict potential bite mass from swards for specified bite dimensions. Methods to
abtain estimates of bite mass from grazing cows within patches of a sward, and at
diffcrent stages of herbage depletion are examined and developed. Quantification of
interactions between sward characteristics and grazing behaviour, in particular at the
individual bite level, should enable development of appropriate grazing and
supplementation strategies for high genetic merit cows and so contribute to the future

profitability of dairy farming.

. “‘é‘_’;




CHAPTER 2.0 BACKGROUND INFORMATION

2.1 THE GRAZED SWARD

2.1.1 Herbage species and varieties

Perennial ryegrass (Lolium perenne) 1s the most widely sown grassland species in the
United Kingdom (UK) (Hopkins, 2000b). It establishes rapidly from seed and shows
strong tillering to produce a dense sward that withslands grazing and responds well
to fertile conditions and inputs of nitrogen (N) (Frame, 1991; Hopkins ef af., 1990).
Advances in plant breeding have more recently developed tetraploid varicties that
tend to be slightly higher yielding, with higher sugar levels and higher digestibility
than diploids (Camlin, 1997). Perennial rvegrass however does not thrive under very
dry conditions or on infertile soils when it becomes stemmy and poorly tillered
(Sheldrick, 2000). The second most sown grassland species in the UK is Halian
ryegrass (Lolium multiflorum) (Hopkins, 2000b). It establishes vigorously in the
sward but only has a two-year lifespan. Highest levels of praduction are achieved in
the first year after sowing, and spring growth is earlier than for perennial ryegrass
(Sheldrick, 2000). Lowland swards can also include a smaller proportion of other
grass species and in particular Cocksfoot (Dactylis glomerasa) and Timothy (Phleum
pratense), as well as some sown legumes, principally white clover (7rifolium repens)
(Hopkins, 2000b).

As the sward ages, its composition becomes dependent upon climatic, environmental
and management factors (Hopkins, 2000b). There may be a succession of sown to
unsown and less desirablc grasses such as meadow grass (Poa species), bent
(Agrostisj, Yorkshire fog (Holcus lanatus), and meadow fescue (Festuca pratensis),

together with an increase in the range of dicotyledonous, or broad-leaved specics
{Sheldrick, 2000).

2.1.2 Herbage growth and morphology
The characteristic of most grass species and some legumes that makes them suitable
for grazing is the closeness of their growing points to the soil surface, which ensures

that they are rarely damaged by defoliation (Jewiss, 1993).
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Chapter 2 Background Information

The vegetative grass plant consists of a collection of shoots or tillers (Figure 2.1).
When a grass seed germinates, root and shoot systems develop from the embryo.
Tiller growth occurs from the stem apex which consists of a meristematic apical
dome (Parsons and Chapman, 2000). Primordia appear on alternate sides below the
apical dome and develop into leaves, which grow up around the apex. Each leaf is
attached to the shoot apex at a node and stem tissues separating nodes are known as
internodes. New leaves grow up within an encircling base of older leaves; and this
collection of leaf sheaths forms a pseudo stem. The true stem, which comprises an
apical meristem and accumulating nodes and internodes, is concealed at the base of

this pseudo-stem (Jewiss, 1993).

Tillers <4— Leaf lamina

<«4— Leaf sheath

Emerging tiller

Developing leaf

Adventitious
roots

Seminal roots

Figure 2.1 Vegetative grass plant with five leaves on main stem and three secondary
tillers; and half-section of plant showing position of stem apex and

development of leaves and tillers from leaf primordia and buds

In grasses such as perennial ryegrass, the true stem remains short (less than 1 cm),
and at ground level, for as long as the shoot remains vegetative (Parsons and
Chapman, 2000). Each time the apical meristem produces a new leaf, it also
produces an axillary meristem, which is a potential site for a new tiller. When an
axillary bud becomes active, its apex develops its own leaves and a secondary tiller is
formed. The first tiller normally emerges from the axil of the first formed leaf on the

main shoot as soon as this leaf and its successor are fully expanded (Jewiss, 1993).
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The development of new tillers from buds depends upon environmental conditions
and physiological changes in the plant associated with flowering (Parsons and
Chapman, 2000). In a plant growing free from competition, virtually all sites for
new tillers are filled (Robson ez af., 1988), However, as a plant grows larger and
denset, adjacent tillers and plants compete for limiting resources, and many sites

remain unfilled (Simon and Lemaire, 1987).

Tillers root from the nodes of the tiller stem (Parsons and Chapman, 2000). These
roots are known as adventitious or secondary roots, in comparison to the seminal

roots that arise from the embryo of the germinating seed (Figure 2.1).

Flowering can have major effects on many aspects of the physiology, growth and
utilisation of grass (Parsons and Chapman, 2000). The flirst sign of reproduciive
development is an acceleration of development of feaf primordia and lengthening of
the shoot apex. Changes in the stemn apex limit its potential to produce further sites
for leaf production and therefore for tillering (Parsons and Chapman, 2000). The
internodes start to elongate and their leaves are carried above ground, and so this
reduces the likelihood that their buds will produce viable tillers. Stem extension and
reproductive development in {emperate grasses is dependent upon day length and 1o a
lesser extent upen temperature (Cooper, 1951; Ryle and Langer, 1963). In the UK,
reproductive development usually begins between March and May, depending upon
species and variety (Jewiss, 1993). Varietics of perennial ryegrass arc classified
according to heading date, which can be defined as ear emergence in at least half of
the reprocuctive tillers in the crop (Parsons and Chapman, 2000). Ear emergence of
perennial ryegrass varieties in central England occurs between 7 May and 15 June;
and betwcen 17 May and 28 June in Scotland, aithough after a particularly cold
spring it can be delayed by between 5 and 7 days (Sheldrick, 2000).

White clover is a leguminous, perennial plant. Following emergence from its seed, it
develops a tap root and a short vertical primary stem with trifoliate leaves {Parsons
and Chapman, 2000). Stolons, or branches, arise from axils of the leaves on the
primary stem, which grows out horizontally close to the soil surface (Figure 2.2). As
in grasses, leaves develop from primordia, which are laid down by a meristematic

apcx on each stolon. Each leaf is attached to its node by a pctiole, The petiole
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extends rapidly from a meristem just below the leaf, and the final length of this
petiole is dependent upon the light environment in the sward (Dennis and Woledge,
1985). Each node has two root primordia, the lower one of which may root if it
makes contact with soil. When the primary stem of the tap root eventually dies, the

clover plant becomes fragmented and daughter stolons become independent plants.

TFully expanded leaves
l sy +— Flower

Petiole :
Axillary bud

Daughter stolons

Figure 2.2 Undefoliated parent stolon of white clover plant

White clover requires a critical day length of between 13.5 and 15 hours before some
axillary buds on the plant become reproductive (Parsons and Chapman, 2000).
Unlike grass species however, the main shoot apex continues to produce lcaves and

survives after flowering.

2.1.3 Herbage production and yield

Annual herbage yields of over 25 tonnes dry matter hectare” (t DM ha™) are
theoretically possible from a perennial ryegrass sward in the best grass growing
regions, although the high inputs of N required would be both uneconomic and
environmentally damaging (Cooper, 1970; Leafe, 1988). In practice, maximum
yields from newly sown perennial ryegrass swards receiving around 250 kg fertiliser
N ha’! have been shown to vary between 10 and 18 DM ha”' (Frame, 1991;
Hopkins, 2000b; Hopkins et «f., 1990). These mcasurements have been obtained
from swards under cutting rogimes and in seasuns with good grass growing

conditions. The higher values are associated with exceptionally good grass growing
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sites. In mixed grass and legume swards, legumes contribute to crop yield and,
through N fixation, they also provide N which can be utiliscd by other plants
(Parsons and Chapman, 2000). Annual levels of production from mixed grass and
white clover swards without N fertiliser are similar to yields achieved from grass

swards which receive up to 200 kg N ha™! (Davies and Hopkins, 1996).

Herbage growth and production is dependent upon photosynthesis. During the
process of photosynthesis, solar radiation is intercepted by green leaves o provide
energy l'equired to convert CO, and water into simple sugars. Green leaves also
respire and CO; and water are released when substrates are oxidised to produce
energy required for metabolism (Parsons and Chapman, 2000). Plant growth
involves cell division, cell cxpansion, and deposition of materials such as cellulose,
which accounts for most of the accumulation of DM in the sward (Lemaire and
Chapman, 1996).

The proporiton of light energy received that is converted into plant material is
described as photosynthetic efficiency (Williams, 1980). Photosynthetic efficiency is
affected by leaf area index (LAI) which cun be defined as the ratio of leaf area to
ground area (Hopkins, 2000b). On temperate grasslands, the sward covers the
ground almost completely so that the LAIT typically ranges from 2 to 6 (Hopkins,
20000b).

The rate of net herbage accumulation in a sward depends upon the relationship
between gross photosynthesis, respiration, gross tissue production, net herbage

accumulation and death (Figure 2.3).

When leaf arca and shading of leaves in a sward are low, for example after
defoliation, photosynthesis per unit arca of leaf is high (Lemaire and Chapman,
1996). Not all light energy however is intercepted and gross photosynthesis and
tissue production in the canopy is low (Figure 2.3). Leaf area increases with growth
and although photosynthesis per unit leaf area declines, overall efficiency of
utilisation of light energy is increased and herbage growth rate and net herbage

accumulation increases.
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Maximum yield

l Gross photlosynthesis

Respiration

Gross tissue production

Rate of process

Death

Nel herbage acounuilalion

Time after defoliation or LA

»
L4

Figure 2.3 Herbage growth, accumulation, respiration and senescence (adapted from

Lemaire and Chapman, 1996)

With continued growth green leaves eventually intercept all incident light energy.
Herbage growth rate becomes maximal and remains so until respiration of the lower
parts of the sward, which receive no light energy, becomes a contributing factor
(Williams, 1980). Senescence in the sward incresses and a greater proportion of
energy is utilised for respiration, so that therc is eventually a decline in net herbage

accumulation (Lemaire and Chapman, 1996).

2.1.4 Factors affecting herbage growth and production

Plant growth, and cspccially cell division, cell cxpansion, and the rate of appearance
of new leaves, is affected by temperature, light, water, and nutrient supply (Hopkins,
2000a). Environmental variables therefore affect the growth and characteristics of
individual plants, and in particular they determine the rate and extent of leaf
appearance, elongation and lifespan (Lemaire and Chapman, 199G6). These
components then establish the main structural characteristics of the sward which
have been described as leaf size, tiller density, and green leaves per tiller (Lemaire
and Chapman, 1996) (Figwe 2.4). The product of these three sward characteristics
determines the LAI, which in turn affects the rate of further herbage growth and
production. Sward management and the defoliation regime interacts with hetbage

growlh and sward structure particularly through its effect on LAI. The interaction
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between individual plant structure, sward characteristics, LAl and management 1s

demonstrated in Figure 2.4,

Environmental variables
(e.g. temperature, light, water, nutricnts)

/ hd \
‘ Morphogenetic
"| Lcaf clongation Leaf appearance Leaf lifespan characteristics
Lcaf size Tiller density Leaves per tiller Sward SQLECtE'Ial
E characteristics
L . \ ] /
o Light quality ] Leaf area index
i
1
3
]
1]
:
Management

Figurc 2.4 Relationship between environmental variables, characteristics of
individual plants, sward structure, LAl and interaction with sward

management (Lemaire and Chapman, 1996)

2.1.4.1 Temperature

Temperature affects enzyme-controlled processes such as photosynthesis and
respiration; and rates of growth and senescence are affected by temperature pattcrn,
including the diurnal range in temperature (Hopkins, 2000a). The threshold soil
temperature for grass growth is between approximately 5 and 6 °C {Cooper and
Tainton, 1968; Hopkins, 2000a; Parsons and Chapman, 2000). Temperature is
therefore an important factor affecting the length of the growing season in temperate
grasstands (Hopkins, 2000a). In the UK, the grass growing season ranges from 200
to 250 days in upland areas and summer drought-prone areas of eastern England, to
over 300 days in some lowland, western regions (Lazenby, 1981). Rate of
appearance and extension of leaves incrcascs as temperature vises (Parsons and
Chapman, 2000; Robson ef al., 1988), and the optimum range of temperatures for
leat growth of temperatc grasses is within the region of 20 to 25 °C (Cooper und

Tainton, 1968; Robson, 1972; Robson et al, 1988). Temperature also aflfects
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duration of cxtension and the final size of leaves (Robson et al., 1988). In general, at
higher temperatures leaves extend more rapidly but for a shorter period, although
they tend to be longer and thinner with a higher proportion of lamina to sheath
{Robson ¢f al., 1988).

2.1.4.2 Soil moisture confent

Soil moisture content is a critical factor affecting herbage production and it is
dependant upon the amount and distribution of precipitation, as well as temperature
and soil conditions (Hopkins, 2000a). When adequate water is available to the plant,
stomata remain open during daylight and transpiration of water oceurs (Hopkins,
2000a). If a plant comes under water stress, stomata close to prevent further water
loss through transpiration, however this also prevents uptake of CO; and so the rate
of photosynthesis is reduced (Hopkins, 2000a). Water shortage limits leaf extension
and scverely reduces leaf appearance, and so tiller site production and {iller numbers
per unit of ground area are reduced (Parsons and Chapman, 2000). Cell expansion is
more sensitive to water stress than cell division and so when water is supplied afler a
dry period, accumulated cells expand rapidly and this can offset some of the effects
of drought (Clark ez al., 1999).

2.1.4.3 Lightenergy

Light energy is essential for photosynthesis and hence for plant growth (Parsons and
Chapman, 2000). Absorbed photosynthetically active solar radiation enables
transformation of CQO; into biomass and so dctermines the level of herbage
production (Hopkins, 2000a). Increasing light intensity increases the ratc of both
appearance of green leaves and of tillering (Parsons and Chapman, 2000). The
seasonal pattern of light energy, and in particular day length and light intensity, can
therefore account for much of the observed seasonal differences in herbage growth
and production (Parsons and Chapman, 2000). Within plant communities, shade
from other plants particularly affects the amount of light and light quality received by
the leaves. Leaves developed in the shade or under low light intensilies have poorer
photosynthetic capacity to funclion at high light intensities, although they also have

lower rates of respiration (Woledge, 1971).
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2.1.4.4 Soil nutrient status and fertiliser application

The major nutrients affecting herbage growth are N, phosphorous (P) and potassium
(X) (Hopkins, 2000a). Nitrogen is required for cell division and is a primary
component of enzymes for all living systems and processes (Parsons and Chapman,
2000). Nitrogen directly increases the rate of leaf extension and so increases light
capture for photosynthesis and plant growth (Parsons and Chapman, 2000). It has
little effect on the rate of new leaf appearance however it does stimulate development
of cxisting axillary tiller buds (Lemaire and Chapman, 1996). Nitrogen will
therefore increase the number of tillers in a sward but it also accelerates the reduction
in tiller numbers if faster growth is allowed to lead to high LAI (Parsons and
Chapman, 2000). In grass-clover swards, grass growth is stimulated by fertiliser N
more than clover growth, and so clover can become disadvantaged relative to grass

as fertiliser N supply increases (Parsons and Chapman, 2000).

Supply of N to grass and other plants must be in the form of ammonium or nitrate
(MTopkins, 2000a). The main sources of N are mincral fertilisers, N fixation by
rthizobial bacteria associated with legumes in the sward, and animal manure and
cxcreta, Nitrogen concentration in herbage is typically in the range of 10 to 50 g kg™
DM and large quantities of N can therefore be removed when herbage is harvested
(Hopkins, 2000a).

Herbage production can respond markedly to N application, particularly when
growth is not limited by other environmentat factors or essential nutrients (Hopkins,
2000a). Response of a sward to fertiliser N depends upon its application rate, site
conditions, and sward characteristics such as legume content, grass tiller density and
root development; as well as season, environmental factors and availability of other
essential nutrients (Hopkins, 2000a). In general however, herbage production
response follows an initial lincar phase of 15 to 30 kg DM kg N ha™, usually up to
an application rate within the range 250 to 400 kg N ha (Frame, 1991; Hopkins,
2000a; Hopkins er af, 1990). With further increases in application, response
diminishes until a maximum is reached. Temperature is an important factor affecting
production response and N losses through leaching, and so spring temperature has
been used as a basis for recommending fertiliser N application dates (Baker, 1986).

In the UK, application is appropriate from mid-February onwards when an
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accumulated mean air temperature of 180 to 200 °C from 1 January has been reachcd
(T-sum 180-200) and if ground conditions permit (Baker, 1986). Poor responses and
loss of N through leaching can also occur when N is applied late in the growing
season (Hopkins, 2000a).

2.1.4.5 Sward management and defoliation

Hcerbage production is affected by frequency and severity of defoliations, which are
in turn dependant upon sward management and stocking rate. Grass species, for
example, respond to frequent and severe defoliations by reducing the size of
individual tillers and increasing tiller density (Johnson and Parsons, 1985; Lemaire
and Chapman, 1996). When an established sward is cut or grazed, increased light
can penctratc the basc of the sward and so limitations to tillering duc (o shading are
removed and new tillers are produced rapidly. Tillering continues uniil light
interception is almost complete. Production of new tillers then ceases and herbage
mass increases however, as a result, smallcr tillers become shaded and die and the
tiller population declines (Lemaire and Chapman, 1996). If defoliation removes
virtually all leaf tissue, photosynthesis is significantly reduced and respiration rate
can exceed uptake of carbon by photosynthesis (Parsons and Chapman, 2000).
Subsequent accumulation of DM depends upon capacity of the crop to re-cstablish
leaf area, and so restore inputs {rom photosynthesis. For a limited period, growth can
be supported from stored nutrients such as sugars, which are often found in sheath

bases; or from mobilised structural material and proteins (Pursons and Chapman,
2000).

Parsons et al. (1988} used a model to compare the effect of 6 defoliation severities,
over a range of defoliation intervals, on aspects of herbage growth and production
(Figure 2.5 and Tigure 2.6). They summarise how residual sward statc affccts
growth rate. Swards defoliated to a specific level can show a wide range of growth
rates depending upon how long they are allowed to regrow. Afler severe defoliation,
there is a cousiderable delay before maximum LAIT and rate of photosynthesis per
unit area are regained. Maximum instantaneous growth rate, ceiling DM vyield, and
leal’ death rate also occur later. Average growth rate over the season and hence
annual herbage production are therefore reduced. Residual sward state alonc

therefore provides a poor indication of average growth rate or yield. They show that
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the yields achieved under continuous and intermittent defoliation are similar for any
given average LA (Figure 2.6). Annual harvested yield per unit area is generally
maximised at the same low average LAI in both continuous and rotational grazing

systems.

Grazing or cutting management therefore affects the extent of tillering, tiller density
and weight, and overall herbage production from a sward. Grass varieties can
demonstrate a range of combinations of number and size of tillers and this can
account for similar levels of herbage production from contrasting grazing
management systems, which generate very different sward structures (Parsons and

Chapman, 2000).
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Figure 2.5 Effects of severity of defoliation on (a} rate of gross tissue production
(Prer); (b) rate of tissue death {ds), (c) instantaneous growth rate (dW/dt); (d)
and average growth rate ((JW-Wo)/); as duration of regrowth is extended
over time (£). LAI to which swards had been cut and were regrowing were
0.5, 0.8, 1.1, 3.4, 5.3, and 6.8 (numbecred 1-6 respectively) (Parsons et al.,
1988)
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Figure 2.6 Relationship between average growth rate and average LAI according to
severity of defoliation, and after every duration of regrowth (?), as described
in Figure 2.5. Dashed line is averagc growth rate in swards maintained

same average LAI by continuous grazing (Parsons ef al., 1988)

Grazing management can also affect sward structure through its influence on
reproductive development of the plants (Lemaire and Chapman, 1996). Removal of
the stem apex of a reproductive tiller by cutting or grazing destroys its potential for
regrowth from the main uxis, and so regrowth must come from new tillers arising
from axillary sites on the remaining part of the reproductive tiller. The ability of the
sward to regencrate consequently depends upon availability and position of the sites
for further tillering, and condition of the buds at those sites (Lemaire and Chapman,
1996). If a perennial grass sward is not harvested after flowering, basal axillary buds
do eventually regenerate the sward, however cutting or grazing generally reduces this

time period (Parsons and Chapman, 2000).

Intensity of grazing during the spring has considerable effect on the number of new
vegetative tillers produced and hence on the total number of tillers and proportion of
reproductive fillers in the swurd later in the season (Table 2.1) (Johnson and Parsons,
1985).

In swards maintained at a low LAI of between 2 and 3 at sward heights of 3 10 6 ¢,
only between 14 and 31 percent of tillcrs showed stem elongation by June (Table 2.1)
{Johnson and Parsons, 1985). Reproductive apices were removed from the majority
of these tillers so that their growth ceased and the amount of stem tissue in the sward

was small. Repreductive stem elongation and ear emergence only became more
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apparent under more lenient continuous grazing at higher mean sward heights, and
on the cut swards. Reduced frequency and severity of defoliation is therefore
associaled with reduced tiller density, a higher proportion of reproductive tillers and

increased stem in the sward.

Table 2.1 Effect of some cutting and grazing managements on the expression of
reproductive development in a perennial ryegtass sward in June (Johnson
and Parsons, 1985)

Treatment Number  Percentage  Weightof  Stem LAI
tillers  reproductive  elongated  length  during
m™ tillers stem (em)  spring
......... (2. DM o) .
Cut swards
Uncut until 7 Junc 8330 74 548.0 - -
4-weekly cuts over season 12097 69 388.2 - -

Continuous grazing
Sward surface height (cm)

3 43464 14 44.2 1.3 1.6
6 33765 31 103.5 3.6 2.3
9 20132 47 201.7 7.1 3.8
12 14311 39 333.0 9.2 4.6

2.1.5 Sward structural heterogeneity

In grazed swards, herbage defoliation and plant regrowth contribute to create spatial
variability in terms of height, quality and plant morphology (Garcia et al., 2002).
Swards grazed by dairy cattle become a mosaic of tall infrequently grazed patches
and short frequently grazed patches (McBride er af., 2000). Frequently grazed
patches tend to be characterised by vegetative, high quality sward, while lack of
defoliation of the infrequently grazed patches allows reproductive growth of tillers
by mid-season {Ginane and Petit, 2002). Less frequently grazed patches therefore
have high biomass but their quality declines as the season progresses (Ginane and
Petit, 2002). Grazing pressure contributes to the proportion of infrequently grazed
arcas in the sward. High grazing pressurc resulls in reduced selection by grazing
animals and hence less rejected areas (Connell and Baker, 2002; McBride et al.,
2000). Increasing grazing pressure reduces the height ol [requently grazed patches
(Connell and Baker, 2002; McBride et al., 2000) and the differcuce between mean
height of frequently and infrequently grazed patches becomes more marked at high
than low mean sward heights (Gibb et af., 1997; Gibb and Ridout, 1988).
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2.1.6 Seasonal effects on herbage growth and production

Herbage growth rate varies considerably over the course of the year. This can arise
as a consequence of a combination of factors, and in particular, seasonal changes in
temperalure, rainfall, and day length; as well as stage of plant maturity and progress
towards reproductive development (Parsons and Chapman, 2000). Sward and
grazing management has a substantial effect on herbage production, and so it is not
possible to describe a single seasonal pattern of production. Seasonal patterns of
herbage growth however have heen observed under somie standard management
regimes, and from systems of overlapping cutting on teplicate paddocks (Alberda
and Sibma, 1968; Corrall and Fenlon, 1978). In general, these studies have shown
measurable growih in the UK begins in March and accelerates rapidly through April
to reach a peak daily growth rate at some time in May, depending upon species and
variely. Growth rate declines after this peak is reached at approximately the same
rate for between 4 and 5 weeks to a rate of around half that of peak production.
Growth rate then recovers slightly to reach a second but much lower peak In early
August, and declines to non-measurable proportions in November (Alberda and
Sibma, 1968; Corrall and Fenlon, 1978).

Herbage production under infrequent cutting however can be biased if plants are
allowed to cnter rcproductive development, resulting in higher measurements of
production in spring and early summer, compared to production from a continuously
grazed sward (Orr et al., 1988). Removal of the apical meristem of repreductive
tillers during harvest of these cut swards in late spring also causes poor regrowth and
depression of net production in mid summer (Corrall and Fenlon, 1978). A
comparison of the pattern of seasonal herbage production measured by infrequent
cutting and by estimation of herbage intake on a continuously grazed sward is

demonstrated in Figure 2.7.

The seasonal pattern of production from grazed swards, and especially those under
continuous grazing, Is therefore more uniform when plants are harvested at earlier

stages of maturity (Orr ef al., 1988).
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Figure 2.7 Seasonal pattern herbage production under 4-weekly overlapping

sequence of cuts (x), and herbage intake by continuously grazed ewes ()

(Orr et al., 1988)

2.1.7 Herbage utilisation under grazing

The efficicncy of herbage utilisation in a grazed sward can be defined as the

proportion of total herbage produced which is removed by grazing animals before

hecoming senescent (Lemaire and Chapman, 1990). Efficiency of herbage utilisation

is dependent upon sward management and stocking rate, which determines the

relationship between herbage growth and defoliation (Figure 2.8).
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Figure 2.8 Herbage growth and efficiency of herbage utilisation on a continuously

grazed sward (adapted from Lemaire and Chapman, 1996)
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The effect of grazing intensity, described as the average LAI at which the sward 1s

sustained, on the balance of the major physiological components of growth and

utilisation, and potential intake that can be achieved from the sward, is demonstrated
in Figure 2.9. This relationship between herbage production and intake highlights a
major limitation to production under continuous grazing. High gross photosynthetic
uptake and a high production of shoot can not be achieved together with high

efficiency of harvest and maximum harvested vicld (Parsons ef al., 1983a).
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Figure 2.9 Effcct of grazing intensity and average I.Al at which the sward is
sustained; on herbage production, intake and death (adapted from Parsons er
al., 1983a) :;}
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When the sward is maintained at a high average LAI gross photosynthesis is high
however losses due Lo respiration are also close 1o a maximum and to maintain the
sward at a high LA only a small proportion of the leaves produced can be harvested
(Figure 2.9). To increase efficicncy of utilisation, the intensity of defoliation must be
increased. When LAT is reduced, a greater proportion of lcaf is harvested however
less light is intercepted and photosynthesis and shoot growths are reduced. At very
high intensities of defoliation, all components of production and utilisation are
reduced. Maximum intake per hectare is achicved in a sward maintained at a LAT
which is substantially below the optimum for photosynthesis {Parsons ef al., 1983a).
To achieve maximum vyield therefore, a balance must be struck between
photosynthesis, gross tissue production, yield or intake, and scnescence of plant

material.

2.2 THE NUTRITIONAL VALUE OF HERBAGE AND INTAKE FROM PASTURE

Animal production from grazed pasture is highly dependent upon herbage intake and
the nutritional value of the herbage ingested {Beever et al., 2000; McGilloway and
Mayne, 1996). Nutritional value depends upon nutrient content and nutrient
availability, which can be defincd as the ability of the animal to absorb and utilise
these nutrients (Beever er /., 2000). The nufrient content of herbage is discusscd in
the following section. Animal factors affecting intake and principals of ruminant
digestion are reviewed later, followed by discussion of the interaction between sward

and animal factors that affect inlake and animal performance at pasture.

2.21 Nutrient and energy content of herbage

From a nutritional perspective, horbage can be separated into two major fractions, the
cell walls and cell contents. Cell walls include pectic substances, the structural
polysaccharides; hemicellulose and ccllulose, and lignin. Cell contents cansist of the
ccll nucleus and cytoplasm, and account for the major proportion of herbage

proteins, peptides, nucleic acids, lipids, sugars and starches (Beever et al., 2000),

Concentrations of cellulose, hemicellulose and lignin are variable and their
concentration has a significant effect on hcrbage digestibility. There is usually an
inverse relationship between neutral detergent fibre (NDF) content and organic
matter (OM) digestibility (Delagarde ef @/, 2000b; Marshall ef al, 1998), and
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between lignin content and OM digestibility (Beever et al., 2000; Delagarde et al.,
2000b; Givens et al., 1993). Equalions describing these relationships however rarely
apply across different forages as forages differ in their structure of cell wail material.
The nature and development of linkages between lignin and the polysaccharides are
particularly important and have a significant effect on the rate and extent of digestion
of the forage (Delagarde er al., 20(0013). The sugar fraction (glucose, fructose,
sucrose, fructans) of grasses and other forages is also highly labile, and amounts
present in the plant are dependent upon environmental conditions, and in particular

light and temperature (Beever ef al., 2000).

Herbage protein content is largely determined by the distribution of protein betwecn
cell contents and cell walls, and between 80 and 90 percent of forage protein is
usualily present in the cell contents (Tamminga and Sudekum, 2000). Truc proteins,
which are high moelecular weight polypeptides, generally account for over 80 percent
of herbage crude protein (CP) (Beever et g/, 2000). The remainder is present as
non-protein nitrogen (NPN) and includes nitrates, amines and amides (peptides,
amino acids, amines, and inorganic nitrate). A large proportion of herbage protein is
therefore rapidly and extensively degradable in the rumen and Beever et af. (1986)

suggest less than 30 percent of ingested grass protein reaches the duodenum.

2.2.2 Factors affecting nutrient content

2.2.2.1 Maturity

Much of the variability in the nutrient content of grazed herbage is related to stage of
plant maturity (Beever et al, 2000) (Figure 2.10). As herbage matures, the
proportion of DM that comprises cell contents declines, while that of cell walls
increases (Givens et afl, 1989). With increasing maturity, conccntrations of
cellulose, hemicellulose and lignin (herefore increase, and digestibility decreases
{Givens ef al., 1989; Givens ef af., 1993, Marshall et al., 1998). The proportion of
protein, lipid and minerals declines with increasing maturity, while the concentration
of readﬂy fermentable, non-struclural carbohydrates; mainly fructans in the stem,
stem base and inflorescence, tends to increase (Beever et al., 2000; Givens et al.,
1993). The proporttion of CP which is true protein plus amino acids can also decline

from around 90 to 70 percent (Beever ef al., 2000).
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Figure 2.10 Changes in chemical composition of grasses with maturity (Beever et
al., 2000)

2.2.2.2 Season

Many of the changes in chemical and physical characteristics of herbage over the
season can be attributed to increasing plant maturity (Givens ef al., 1989; Marshall et
al., 1998). Herbage digestibility and metabolisable energy (ME) content declines
after the spring grazing period (Leaver, 1985; Weisbjerg and Soegaard, 2000) and
this rate of decling is greater in the spring than autumn (Givens ef al., 1993). Periods
of high light intensity and temperature increase synthesis of water soluble
carbohydrate (WSC) and cell walls, however this often leads to increased cell wall

lignification and reduced digestibility (Beever et af., 2000).

Crude profein concentrution rises over the season, while there is a tendency for
protein degradability to decrease from spring until early August, and then incrcase
until the end of the grazing season in early October (Weishjerg and Soegaard, 2000).
Weisbjerg and Soegaard (2000) found variation in CP degradability was correlated

24




Chapter 2 Background Information

with OM digestibility over the season, and so suggest it may be possible to predict
some of variation in CP dcgradability from OM digestibility. NPN countent may be
significantly increased during periods of impaired growth. In particular, autumn
herbage growth can contain significant amounts of nitrate N and true protein may
only account for 50 percent of total CP (Beever ef «l, 2000). Weisbjorg and
Soegaard (2000) found total protein digestibility followed the same trend as that of
rumen degradable protein (RDP) and a decline in protein degradability over the
season was due to a decrease in the reudily degradable fraction and a slight reduction
in rate of degradation. Wales et al (1999) similarly found effective rumen
degradable protein (eRDP) levels tended to be lowest in summer and higher in

autumn than spring, and they observed a positive relationship between CP content
and eRDP.

2.2,2.3 Plant sfructure

The ratic of ccll walls fo cell contents diffcrs between stems and leaves. Leaf
material is generally more digestible with higher crude protein, and lower levels of
cell wall constituents (Leaver, 1985). Vascular tissue and sclerenchyma, which are
both more abundant in the stem than leaf, are more sensitive to lignification as the
plant matures. This makes cell walls of these tissues less accessible to microbes and
can reduce accessibility of the cell contents (Tamminga and Sudekum, 2000).
Proportions of leaf and stem in the plant are dependant upon its developmental stage
and whether it is in its vegetative or reproductive phase of growth (Parsons and
Chapman, 2000). Increasing plant maturity and progression of the season is
generally associated with an increasing proportion of stem (Beever ef al., 2000).
Stage of development is affected by herbage species and variety, the environment,
and previous sward management (Chilibroste ef a/., 2000; Givens ef al., 1989). Re-
growths for example usually have a higher proportion of leaf although this is affected
by stage of growth when the plant was harvested and whether the inflorescence
primordia were removed (Chilibroste e/ al., 2000). Decline in digestibility (D-value)
is also greater for reproductive growth, at between 3 and 5 units week ™!, compared to
1.5 and 2 units week™ for vegelative growth (Beever ez al., 2000). Management of
grazing can thereforc be adjusted to remove stem primordia at early stage to prevent

production of stem and inflorescence, and to encourage tillering of the plants
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(Johnson and Parsons, 1985). This will therefore lead to a leafier sward of high
digestibility.

2.2.2.4 Herbage species and variety

Nutrient content of herbage differs between species and variely (Givens et a¢l., 1989).
Within grasses, ryegrass (Lolium) varieties have higher digestibility than cocksfoot
(Dactylis glomerata) or tall fescue (Festuca arundinacea) at the same stage of
growth (Beever ef al., 2000). Legumes are generally more digestible than grasses
having a lower cell wall content, higher pectin content, lower ratio hemicelluloscs to
ccllulose and a higher lignin content than grasses at comparable growth stages
(Leaver, 1985, Steg et al., 1994). Crude protein content of legumes is generally
higher than grasses (Leaver, 1985), and white clover has a much slower rate of
deeline in D-value conpared to grasses, of approximately 0.8 units week™ (Beever et
al,, 2000). Tamminga and Sudekum (2000) also suggest the rate of protein
degradation is higher for legumes compared o grasses however Steg er ol (1994)
found similar CP degradation rates for intensively fertilised grass and clover

although seasonal effects on degradation differed between species.

2.2.2.5 Nitrogen fertiliser

Increasing the level of N fertiliser increases grass CP content (Valk e al., 1996). CP
content in grass reaches a maximum soon after fertiliser application as a resulf of the
rapid uptake of N by the plants, and then declines rapidly as growth progresses
(Peyraud and Astigarraga, 1998). Nitrogen fertiliser can therefore have a substantial
effect on the amount of NPN in herbage and generally increases the rate of herbage
protein degradability (Valk et al., 1996). As aresult of higher CP content of legumes
compared to grasses (Leaver, 1985), an increase in N fertilisation of a mixed sward
can have less of an cffcet on overall sward CP content (Peyraud and Astigarraga,
1998) if the clover population is reduced by N fertiliser application (Parsons and
Chapman, 2000). Nitrogen fertiliser can reduce WSC concentration of herbage
(Valk et al., 1996; Valk er al., 2000} alihough effects on the structural carbohydrates
are minimal (Peyraud and Astigarraga, 1998).

2.2.2.6 Vertical distribution of nutritional quality in the sward

A sward is composcd of an upper leaf canopy of highly digestible material above a

lower layer of relatively low digestibility (McGilloway and Mayne, 1996). Variation
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in chemical composition tended to reflect the proportion of leaf, sheath, stem and
dead material in each of the laycrs (Delagarde er ., 2000b). Grass species show an
increase in shcath, stem and senescent material with increasing depth in the sward.

Nutritional value therefore tends to decrease with increasing depth of sward.

Delagarde et al. (2000c) found large variations in the chemical composition from the
top to base of a rotationally grazed perennial ryegrass sward. Mean variations from
the upper to lower layer of the sward in 5 ¢m layers were; + 80 g DM kg‘l fresh
grass, -100 g CP kg' OM, -30 g total soluble carbohydrates kg OM, +250 g NDK
kg OM, +22 g acid detergent lignin kg! OM and -25 units pepsin-cellulase OM
digestibility. Variations in chemical composition linked to height in the sward were
often found to be greater than variations measured for the whole plant between
months. regrowth ages, or time of day in the vegetative stage. Vertical distribution
of chemical composition was also generally more affected by ageing than season
suggesting the elfect of season is largely mediated through the effects of plant

maturity.

2.3 THE GRAZING ANIMAL

2.3.1 Ruminant digestion

Ruminants have evolved a system of digestion that involves microbial fermentation
of food, mainly in the reticulo-rumen, prior Lo its exposure to the animals® own
digestive enzymes (McDonald ef al., 1995). This enables ruminants to utilise -
linked polysaccharides, such as cellulose and hemicellulose, which can not be broken
down by normal mamimalian digestive enzymes, as their main source of energy from

forages.

The reticulo-rumen provides a continuous culture system for anaerobic bacteria,
protozoa and fungi (Orskov, 1982). Food entering the rumen is partially fermented
and this supplics microbes with energy in the forin of adenosine triphosphate (ATP)
for their maintenance and growth. The main end products of this anaerobic rumen
fermentation of carbohydrates however are volatile fatty acids (VFAs), methane and
carbon dioxide (Orskov, 1982). The principal VFAs produced are acetic, butyric and

propioric acids and these arc utilised by the animal as a source of energy. VFAs are
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mainly absorbed dircetly from the rumen, reticulum and omasum, although some
may pass through the abomasum and be absorbed from the small intestine
(McDonald ef al., 1995).

WSCs are comprised of simple carbohydrates and are rapidly digested by rumen
microbes (McDonald et al, 1995). Starch is a more structuraily complex
carbohydrate and under most circumstances is reduced to glucosc in the rumen. The
form of starch, for example maize or wheat, and the degree of processing, can
however have a significant effect on the ratc and cxtent of its degradation (Beever et
al., 2000; Knowlton et «l, 1998; Orskov, 1982). Fibre is the most complex
carbohydrate fraction in forages and comprises cellulose, hemicellulose and lignin.
Lignin can be considered as indigestible and while cellulose and hemicellulosc are
themselves highly digestible, their spatial distribution in the feed relative to lignin
can affect the rate and extent of their degradation in the rumen (Beever ef al., 2000;
Delagarde et «d., 2000b; Givens ef al., 1993).

The end products of carbohydrate fermentation are determined by the microflora
present in the rumen, which is dependent upon the animal’s diet (Beever ef al., 2000;
McDonald ef al., 1995). On a high fibre diet for example, bacteria that promote
acetate production predominate, while a high starch diet is generally associated with
increased propionate levels. Butyrate is produced in smaller quantities but is found
in its highest levels on diets containing high proportions of rapidly fermentable
carbohydrates (Clulibroste er al., 2000; Knowlton et al., 1998; van Vuuren ef af.,
1986).

A further function of rumen microbes is the breakdown of dietary protein and
associated nitrogenous fractions (Figure 2.11). This provides a supply of N
containing intermediaries, some of which are used in microbial protein synthesis
(Orskov, 1982). True proteins are likely to form the major part of the protein
fraction in most ruminant feeds (Beever et al., 2000). The rate and exient of true
protein degradation however is dependent upon its chemical characteristics (Orskov,
1982). In fresh forages, the major protein is ribulose dicarboxylase, which as a
fraction 1 protein, is rapidly degraded in the rumen (Beever et al., 2000). Some

feeds however, and especially fresh herbage, can contain significant quantities of
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NPN, and up to 30 percent of the N in ruminant diets can consist of simple organic
compounds, such as amine acids, amides and amines (McDonald ef af., 1995). Most
of these compounds arc rapidly degradable in the rumen and so can provide a N
supply for microbial growth, with the most common substrate being ammonia
(Beever et al., 2000; Orskov, 1982).
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Figure 2.11 Digestion and metabolism of nitrogenous fractions in the rumen
(McDonald et ol., 1995)

Protein synthesis is an energy consuming process and ATP generated from microbial
fermentation of dietary carbohydrate is used in synthesis of amino acids and
formation of peptide bonds between adjoining amino acids (Orskov, 1982). The
level of microbial protein synthesis, and hence the rate of rumen fermentation and
digestion of food, depends upon nutrients available from the diet and synchronisation
of their releasc (Orskov, 1982). Lack of synchrony may occur because the ratio of

nutrients, and m particular energy and N, does not match; or because ruminally
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available carbohydrate and protein are degraded at different rates and the supply of
nutrients does not match in time (Tamminga and Sudekum, 2000). If rumen
ammonia concentration becomes too low, for example, microbial growth will be
slow resulting in a reduction in breakdown of carbohydrates. However, if protein
degradation and ammonia supply exceeds microbial protcin synthesis, excess
ammonia will be absorbed into the blood stream and carried to the liver where it is

converted to urea, the majority of which is excreted in urine (Beever et ¢/., 2000).

Contents of the runmien are continuously mixed by contraction of the rumen walls, and
during this process of rumination, material is drawn back info the oesophagus and
returncd by a wave of contraction to the mouth. Any liquid is immediately
swallowed again, but coarser material is thoroughly chewed before being retuimed to
the rumen for further microbial attack (Beever ef al., 2000). Ruminants can spend up
to 4 third of the day ruminating, although this is affected by the nature of the foad
being consumed, and tends to be positively associated with herbage fibre content
(Phillips and Leaver, 1986).

Following the period in the reticulo-rumen, microbial cells together with undegraded
food components pass into the abomasum and small intestine., Herc they are digested
by enzymes secreted by the animal, and the products of digestion are absorbed.
Protein supply for digestion by the animal is therefore particularly dependent upon
the vield of microbial protein and extent of degradation of dietary protein in the
rumen. A second phase of microbial digestion occurs in the large intestine (Orskov,
1982). "VFAs produced are absorbed but microbial cells are excreted in the facces

along with undigested food components (McDonald et al., 1995).

2.3.2 Metabolisable energy value

Feed energy values for ruminants are described in terms of ME which is defined as
digestible energy content less losses of energy in methane and urine (AFRC, 1993)
(Figure 2.12). A full description of the UK ME system as currently used is given by
AFRC (1993).
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Figure 2.12 Partition of energy during digestion and metabolism according to the
ME system (AFRC, 1993; McDonald ef al., 1995)

ME values provide useful information regarding total energy yielding nutrients
supplied by the feed. Not all ME however can be used for maintenance or
production. The efficiency by which ME utilised by the tissues ig dependent upon
the process for which the energy is used, and can be affected by the nature of the diet
(AFRC, 1993). Equations are used to predict efficiency values (NE/ME) from the
metabolisability of the diet (qm = ME/GE), and are provided for maintenance (kq,),
growth and falleming (kp), and lactation (k) (AFRC, 1993). An animal’s energy
requirements can therefore be attributed to specific components, as detailed in Figure
2.13.

Metabolisable energy intake
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Maintenance Production
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I I |
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Figure 2.13 Dictary ME utilisation in dairy cows (Agnew ef al., 1998)
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Evaluation of the ME system has shown that it accurately predicts overall energy
balance (Beever ef al., 2000). However a limitation to the system is that it does not
predict either partition of energy to competing processes in the animal, or the
composition of animal products, in particular milk and meat. It is not possible
therefore to predict partition of energy between liveweight gain and lactation from a

given ME intake.

Efficiency of energy utilisation for maintenance varies with diet composition and is
lower for a forage compared to mixed diet (Agnew et al, 1998). Energy use
efficiency for growth is more sensitive to diet than efficiency of energy use for
maintenance, and it is lower for both a forage and mixed diel compared to pelieted
feeds (AFRC, 1993; Beever et al, 2000). Over the course of a lactation, a cow
attempts to overcome dictary deficiencies by utilising body reserves. Variability in
the efficiency of ME utilisation for lactation however is limited and it appears that k;

is relatively independent of dict (Beever et al., 2000).

The key components that determine ME demand are therefore the maintenance
requirement (MEn), and efficiencies with which the remaining energy is converted to
milk energy (ki) or liveweight gain (k;). Equations and valucs to predict efficiency
of utilisation of ME and calculate ME requirements for given levels of production are
provided by AFRC (1993).

2.3.3 Protein supply

Prediction of protein supply to an animai depends upon knowledge of both the
supply of N and energy to rumen microbes for microbial growth, and supply of
amino acids to the animal’s tissues. The UK metabolisable protein (MP) system
(Figure 2.14) provides a set of relationships that allows prediction of protein supply

{rom a detailed characierisation of dietary CP (AFRC, 1993).

The MP system 1s summarised by Beever ef al. (2000) and in AFRC (1993). In
general, a lrigh proportion of feed CP entcring the rumen is potentially degradable
and described as rumen degradable protein (RDP). ‘The principal end product of
degradation of RDP is ammoma, however some amino acids and peptides are also

produced. The actual amount of RDP that is available for microbial protein synthesis
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is described as effective rumen degradable protein (¢RDP). Awvailability of eRDP in
relation to supply of fermentable ME influences the net synthesis of microbial
protein (MCP) which passes into the intestine to be digested. Digestible microbial
protein (DMTP) is absorbed and usually constitutes the main source of metabolisable
protein {MP) to the animal. Dielary CP which escapes ruminal degradation (UDP)
can also be digested in the intestine (DUP) and so contribute to the supply of MP.
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Figure 2.14 UK metabolisable protein system (from Beever et al., 2000)

Microbial protein makes a significant contribution to the amino acid supply to
ruminants and so the efficiency of microbial protein synthesis is of great importance,
With fresh forages, up to between 30 and 40 percent of dietary N can be lost as
rumen ammonia due to the microbial population’s poor ability to capture NPN
released from degradation of plant proteins (Beever et al., 2000; Lee ef al., 2000).
This is a consequence of a high proportion of ruminally available N compared to
energy supply, and asynchronous release of N and energy for microbial protein
synthesis (Tamminga and Sudekum, 2000). Large quantitics of ammonia are
thereforc absorbed from the rumen before this N can be assimilated into microbial
protein. Energy supply to the microbes is therefore usually the limiting factor for

microbial protein synthesis in the rumen (Tamminga and Sudekum, 2000).
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Protein valuc of a feed is generally expressed as the total amount of protein or amino
acids absorbed from the small intestine (Tamminga and Sudekum, 2000). Protein
value is dependent upon degradability of protein in the rumen, the extent to which N
containing compounds from rumen degradation ave captured and incorporated into
microbial protein, and the extent o which rumen undegraded protein is digested and
absorbed by the small intestine. Incorporation of N containing compounds into
microbial protein is in turn highly dependent upon availability of an energy supply
for microbial growth. Theretfore to optimisc the value of a feed protein, N losses
need to be minimised and the amount of animal protein form a given amount of plant

protein maximised {Tamminga and Sudekwn, 2000).

2.3.4 Voluntary food intake

Voluntary food intake is a major factor influencing animal performance (Allen,
2000; Dlius and Jessop, 1996; Yearsley ef af., 2001). It is determined by animal and
dietary factors affectling hunger and satiety (Allen, 2000), and regulated by physical
and metabolic control mechanisms (Allen, 1996; Illins and Jessop, 1996). Voluntary
DM intake is thought to be controlled by the integration of multiple stimulatory and
inhibttory inputs to the brain (Forbes, 1996).

Physical control of intake involves capacity of the digestive tract and rate of passage
of digesta (Allen, 1996; Allen, 2000). A good relationship between DM in the rumen
and body weight (:* = 0.98) has been observed for different ruminant species ranging
from 3.7 to 720 kg body weight (Illius and Gordon, 1991). Whilst there may aiso be
a relationship between maximum volume or weight of reticulo-rumen contents and
live weight within a species or breed, this is expected to be lowoer since the range in
live weight is much less than between species (Allen, 1996). An animal’s
physiological state also affects its capacity for fill in the reticulo-rumen. Maximum
volume of the reticulo-rumen declines for example, as pregnancy progresses (Allen,
1996). Weight of reticulo-rumen contents increases during early lactation however
there is some uncertainty as to whether this is an effect of increased capacity of the

reticulo-rumen (Allen, 1996).

Voluntary DM intake can be limited for ruminants consuming forages by restricted

flow of digesta through the gastrointestinal tract (Allen, 1996). Restricted flow can
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result in distension of one or more segments of the gastrointestinal tract, resulling in
reduced intake. The reticulo-rumen is gencrally regarded as the site at which
distension mosl often regulates DM intake (Allen, 1996). Distension stimulates
stretch receptors in the muscle layer of the wall of the reticulo-rumen and this
information is relayed to the central nervous system where it 1s integrated with other
stimuli to signal the end of a meal (Allen, 2000). The cxtent to which distension
regulates DM intake of lactating cows has been shown to be negatively associated
with the animal’s energy requirement and the filling effect of the diet offered (Allen,
1996). Effects of added fill on DM intake could thorefore be lower when cows have

greater energy requirements and are in poorer energy balance.

Low hcrbage DM content is known to adversely affect herbage intake and it is
suggested that this could be due to a bulk effect on rumen fill (Leaver, 1985; Peyraud
and Gonzalez-Rodrigez, 2000). Water content of herbage includes both internal and
cxternal moisture. It can vary from approximately 85 percent in early spring to
around 75 percent in mid summer, and is predominantly intracellular (McGilloway
and Mayne, 1996). High rainfall and the corresponding high surface water, however
can also resirict intake (Burtis and Phillips, 1987). Studies with housed cows have
shown that herbage intake is reduced by 1 kg DM per 40 g kg™ fall in DM content
below a critical level of 180 g kg™ (Verite and Journet, 1970 as cited in Peyraud and
Gonzalez-Rodrigez, 2000).

Voluntary DM intake increases with increasing digestibility of the diet (Allen, 1996).
NDF has been found to be the best single chemical predictor of voluntary intake
because it generally ferments and passes through the reticulo-rumen more slowly
than other feeds and so has a greater filling effect over time (Waldo, 1986). Other
factors however aiso affect fill and these include particle size, chewing frequency
and effectiveness, particle fragility, indigestible NDF fraction, ratc of fermentation of
the potentially digestible NDF, and characteristics of reticular contractions (Allen,
1996). Decreasing particle size of forages by grinding and pelleting for example,
generally increases voluntary DM intake as a result of reduction of initial volume and
retention time in the reticulo-rumen (Minson, 1963; Moore, 1964). Low ruminal pH
from highly fermentable feeds, such as high grain diets, can reduce the rate of fibre

digestion and increase the filling effect of the diet, which could increase distension of
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the reticulo-rumen (Allen, 2000). Fat can also inhibit fibre digestion in the reticujo-

runicn and so also have a negative effect on intake (Palmquist and Jenkins, 1980).

Dietary CP content is often positively related to DM intakc of luctating cows and this
is partly related to increased RDP effects on fermentation and digestibility of fceds
{Orskov, 1982). Asynchrony of N and energy supply to rumen microbes limits
microbial growth and activity and so can lead to a reduction in the rate of forage

digestion (I.eng and Nolan, 1984).

Low quality, low digestibility forages are therefore thought to place constraints on
intake due to their slow rate ol passage through the gastrointestinal tract. As
digestibility incrcascs, greater quantities of the food can be eaten before these
physical constraints apply. With increasing digestibility, voluntary intake is
therefore more likely to be determined by metabolic constraints related to the
animal’s ability to utilise absorbed nutrients (Xllius and Jessop, 1996, Yearsiey ef al.,
2001). ‘There is substantial evidence that absorbed propionate affcets saticty, and
infusions of propionate into the reticulo-rumen have been demonstrated to reduce
DM intake to a greater extent than acetate infusions (Allen, 2000). Nutrient
imbalances can also constrain intake due fo the build up of excess metabolites, such
as blood acetate (Illius and Jessop, 1996). Metabolic constraints on intake have
therefore been related to an animals physiological state and productive capacity, it’s
allocation of nuirients io maintenance and production, and its corresponding optimal
diet and tolerance to deviations from this nuirient ratio supplied by the diet (Illius
and Jessop, 1996).

2.3.5 Genetic potential for milk production

Factors contributing to greater levels of milk production from cows of higher genetic
merit for production include increased nuirient intake, a change in nutrient
partitioning towards milk output at the expense of body tissue gain, and increased
body tissue mobilisation (Agnew er al., 1998; Buckley et al, 2000b; Veerkamp et
al., 1994).

With increasing cow genetic metit, studies demonstrate consistent increases in

overall efficiency of conversion of ML from feed to milk energy (Fetris ef al., 1999a;
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Ferris ef al., 1999b; Gordon et a¢f., 1995). These studies however have shown that
genetic metrit has no effect on digestibility or metabolisability of energy, or on the
efficiency with which ME potentially available for milk production was converted to
milk energy output (k). Therefore while genetic merit improves overall efficiency of
use of ME for milk production, it does not alter the individual components of energy
digestion and utilisation. Cows of higher genetic merit can therefore be seen as morc
efficient converters of food into milk, and experiments have shown animals of higher
merit can produce significantly more milk and fat plus protein without significantly
higher energy intakes. Grazing studies in New Zealand for examplc, have reported
that high merit cows can produce 20 to 40 percent more milk, while consuming only

5 to 20 percent more herbage (Holmes, 1988).

An interaction between stage of lactation and genetic merit for production is also
evident. Higher genetic merit cows have increased livewcight loss during early
lactation, lower liveweight gain over the lactation as a whole, and greater liveweight
gain during the dry period (Buckley et al., 2000a; Dillon et af., 1999). Condition
score is generally lower at all stages of lactation for higher genetic merit cows
(Bucklcy and Dillon, 1998; Buckley et al, 2000a; Buckley et al., 2000b; Dillon et
al., 1999).

Nutrient partitioning towards milk production and the subsequent efficicncy of
conversion of ME into milk production is under hormonal control (Agnew ef al.,
1998). Insulin stimulates incorporation of glucose, amino acids, and [atty acids into
body tissue while other hormones, and in particular growth hormone, glucagon and
glucocorticoids, inhibit lissue deposition. Plasma insulin levels have been reporied
to be higher for lower yielding cows that are in energy surplus, and gaining live
weight (Agnew et al., 1998). When high yielding cows are in cnergy deficit, insulin
secrelion is suppressed and so the partition of metabolites to body lissue is reduced
and rates of gluconeogenesis, lipolysis and proteolysis increase. Growih hormone
also appcars o play an important role in partitioning nutrients away [rom tissue
deposition towards milk production in higher genetic merit cows (Agnew et al.,
1998). Sorensen et al. (1998) suggest increased body tissue mobilisation in higher
genetic merit cows is related to higher levels of growth hormone, and the lower

energy status is then rceflected in reduced insulin levels. If cows are unable to

37




Chaptar 2 Background Information

achieve energy intakes to support their potential levels of production, high genetic
merit cows genetically predisposed to increased levels of body tissue maobilisation
can lose excessive live weight (Veerkamp ef al., 1994). This can lead to health and
fertility problems (Pryce ef afl., 1997, Rauw er al, 1998). A reduction in
reproduciive performance of higher genetic merit cows for example, has been
associated with greater liveweight loss; a larger energy gap, especially in early

lactation; and lower condition score (Pryce ¢f al., 2001; Pryce et al., 2002).

2.4 PRINCIPALS OF HERBAGE INTAKE

Herbage intake is a critical factor affecting animal performance at pasture. Low
herbage intake has been identificd as a major factor limiting milk production [rom
pasture, especially in relation to the management of higher yielding cows
{McGilloway and Mayne, 1996). Even when grazing management and forage
quality is optimal, high genetic merit cows are unable to reulistically consume
sufficient quantities of herbage to meet their nutrient requirements for levels of
production greater than between approximately 27 and 33 kg milk d! (Mayne, 2001;
Peyraud and Gonzalez-Rodrigez, 2000). Understanding factors controlling herbage
intake is therefore critical in determining and improving milk production from grazed

grass, and in developing a complementary supplementation strategy.

The normal pattern of a cow’s grazing behaviour consists of periods of grazing,
ruminating and resting (Leaver, 1985). Intake over a defined period of time depends
upon bite mass and mean rate of biting. Herbage intake (I} is then equal to the
product of bite mass (BM), bite rate (BR) and titue spent grazing (GT) (Allden and
Whittaker, 1970) (Equation 2.1):

HI=BM *BR * GT. 2.1)

Bite mass is a product of bite volume and bulk density of the grazed horizon (Parsons
et al., 1994; Rook, 2000; Ungar et al., 2001). Bile volume can be described most
simply as a product of bite area and bitc depth (Parsons ef al., 1994). Bite arca is
defined as the mean surface arca of sward [rom which herbage is severed when an
animal takes a bite, and bite depth equals the difference between sward height before

grazing and the average residual height of grazed tillers (Laca er al., 1992b).
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Changes in bite mass as a result of amimal or sward treatments must occur therefore
as a consequence of changes in bite dimensions which affect bite volume, or changes
in bulk density within that bite volume. Bite mass is sensitive to changes in sward
structure (Peyraud and Gonzalez-Rodrigez, 2000); and also constraints of the animals
anatomy, in particular mouth and bedy size (Rook, 2000). An understanding of the
relationship between the sward, animal characleristics, and bite dimenstons is
therefore essential to predict bite mass and determine potential herbage intake from a

sward.

(Grazing time and bite rate can be important compcensatory mechanisms to counter the
cfects of varialion in bite mass. Phillips and Leaver (1986) for example, measured
an increase in grazing time and bite rate to compensate for reduced bite mass as the

season progressed (Figure 2.15).
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Figure 2.15 Seasonal variation in bite mass, bite rate and grazing time (Phillips and
Leaver, 1986)

Animals however may not be able to compensate {ully for low intake rate due to
constraints on grazing time, and individual lactating cows have been shown to graze
for a maximum of around 12 hours d”! (Phillips and Leaver, 1986; Rook et al., 1994).
The need to undertake other activities, such as ruminating, places an upper limit on
grazing time, as does the amount of available daylight. Grazing time therefore
generally tends to reach a plateau at between 9 and 10 hours d” (Phillips and Leaver,
1986; Rook et al., 1994),

39




Chapfer 2 Background Information

Bite rate is affected by the time required to scarch for and process each bile (Rook,
2000). Processing time includes time required to sever, chew, and swallow the food,
while searching time includes time spent in selection and movement {(Laca ef «l.,
1992b). Animals can search for their next bite as they process a bite they have
already taken. In dense, homogenous, tomperate grass swards where the next bite is
readily available, processing time is therefore likely to be limiting since the time to
proccss a bite is usually longer than that required to find the next bite (Rook, 2000).
Time taken to sever a bite is relatively coustant as it is determined by the time taken
to open and close the jaw (Rook, 2000). Chewing time however increases linearly
with bite mass (Parsons et al., 1994), and an inverse relationship between bite rate
and bite mass is observed (Phillips and Leaver, 1986). Small bites are handled less
efficiently sincc total handling timc per unit mass scales exponentially as bite mass
declines (Parsons ef al., 1994). Bite rate is therefore generally constrained by bite
mass. While animals can increase bite ratc io compensate for lower bite mass, this is
oftcn insufficient to maintain inlake rate due to the increase in processing lime per
unit of bite mass (Rook, 2000). Bite rate can also vary independently from bite
mass, and for example, bite rate incrcases if animals have been fasted prior to

grazing (Patterson ef al., 1998).
Results {rom some recent grazing experiments (Table 2.2), demoustrate a range in
bite mass from 0.23 to 1.28 g DM; bite ratc from 33 to 68 bites minutc'; and grazing

time of 358 to 632 minutes day ™.

Table 2.2 Range of treatment means for bite mass, bite ratc and grazing time

Bite mass Bite rate Grazing time
L o (g DM bite) (g OM)  (Bites min™) (min &™)
Gibb ef al. (2002b} 0.23-0.34" 51.9.64.2 554-629
Barrett ef al. (2001) 0.55-0.86 32.9-46.2 -
Christie ef al. (2000) 0.57-0.73 45-50 429-503
Gibb ez al. (2000) 0.41-0.51 42.7-60.8 458-568
Parga ef al. (2000) 0.51-0.59 52-54 454.532
Sayers e al. (2000) 0.58-0.61 45-47 358-480
MoGilloway ef al. (1999) 0.47-1.28 51.6-68 -
Gibb et al. (1997a) 0.33-0.48 47.5-59.4 632
Gibb et al. (1997b) 0.23-0.33 03.9-67.1 581-628
Maync et al. (1997) 0.4-1.1 - -

40




Chapter 2 Background Information

Factors responsible for variability in bite mass, bite rate and grazing time, which will
ultimately determine herbage intake and animal performance; can be classified into
animal, sward, management and cnvironmental factors, many of which are

interrelated and will be discussed in the following sections.

2.5 SWARD FACTORS AFFECTING HERBAGE INTAKE AND ANIMAL PERFORMANCE

2.51 Herbags allowance

Herbage allowance is an important factor influencing herbage intake, and

consequently animal perfortnance, from grazed pasture (Table 2.3, Figure 2.16).

Table 2.3 Herbage intake and milk yield responses to herbage allowance

Herbage  Herbage kgchange  Milk Milk vield

allowance!  intake  herbage intake yield TESPONSC
(kDM (kgDMd') kgincrease (kgd’) (kgmilk kg
cow' d'} (kg OM) herbage increase herbage
(kg OM) allowance’ allowance™)
Delaby et al. (2001)
Experiment 1 12.1% 11.3 24.4
1589 13.0 0.46 25.6 0.33
Experiments 2 and 3 16.6° 12.6 24.7
19.6° 13.9 0.17 25.3 0.18
Virkajarvi et af, (2002) 19*% 15.0 21.9
23° 16.5 0.38 22.3 0.10
277 16.8 0.08 23.2 0.23
Delagarde et af. (2000c) 12° 10.7 10.1
18°% 1.8 0.18 11.5 0.23
24 % 13.8 0.33 12.6 0.18
Delagarde ef af. (2000a) 18¢ 11.4 24.7
228 12.1 0.17 256 0.22
Wales et al. (1999)
Experiment 1 20 7.1 21.8
70 16.2 0.18 27.1 0.11
Fxperiment 2 20 9.9 24.7
70 19.3 0.19 32.0 0.15
Peyraud et of. (1996)
Experiment 1 19’ 13.5° 20.6
: 26" 14.9° 0.20 22.0 0.20
Hxperiment 2 19 13.8" 20.4
29° 16.2° 0.24 21.7 0.13
46’ 16.7° 0.03 23 0.08
Stakelum (1986a) 14,3 12.4° 8.2
21.4" 16.0" 0.50 9.5 0.18

{Continued over)
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Table 2.3 Herbage intake and milk yield responscs fo herbage allowance (continued)

Herbage  Herbage kg change Milk Milk vicld

allowance’  intake  herbage intake yield response
(kgDM (kgDM d") kgincrease (kgd') (kgmilkkg
cow! d") (kg OM) herbage increase herbage
(kgOM) allowance” allowance™)
Stakelum (1986b) 133 e 178"
13.9" P 14.7%
20.0" ™ 12.6° 0.45 182° 0.06
210" @ 16.2" 0.44
Stakelum (1986¢) 16W 11.6" 13.0%
16 12.5"
24 13.6' 0.15 13.3 ¢ 0.04
24® 16.6' 0.45
Combellas and Hodgson
(1979) 14.4 11.0" 15.5
29.0 12.8' 0.12 17.0 0.10
42.9 12.8" 0 17.1 0.01
Le Du et al. (1979)
Experiment 1 12.2 10.7" 12.5
25.7 13.3 0.19 153 0.21
36.2 14.1" 0.08 16.0 0.07
Experiment 2 15.6 11.5" 11.8
24.5 12,1 0.07 14.3 0.2%
36 12.5" 0.03 15.2 0.08
Greenhalgh ¢f al. (1966) 11.3 10.8" 14.8
15.9 11.9° 0.24 14.7 -0.02
204 12.6" 0.16 15.8 0.24
24.9 12.6° 0 15.5 -0.07

f Ierbage mass measurcd above ground level unless stated otherwise; * Herbage mass above
3cem; ¥ Herbage mass above 5 cm; (L) low herbage mass, (H) high herbage mass within
studies; ® mean milk vield for both levels herbage mass.

Results from the studies presented in Table 2,3 indicate a response in herbage intake
of up to 0.5 kg OM kg increase in herbage allowance cow™ d (Stakelum, 1986a),
and in milk yield of up to 0.28 kg milk kg herbage allowance (Le Du et al., 1979).
Direct comparisons between studics however are difficult, particularly due to
differences in methodologies to measure and describe herbage allowance, animal
factors such as milk yield level, and the grazing system employed. Reporting of

results as either OM or DM values must alse be noted.

Mayne and Laidlaw (1999), as cited by Mayne (2001) summarised a number of
grazing studies and concluded the marginal responsc in herbage intake to additional

herbage allowance, could be defined as:

MI = 0.405 — 0.0089 HA (s.e. 0.00208, P < 0.001) (2.2)
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where MI represents marginal increase in herbage intake (kg) kg™ additional herbage
allowance, and HA represents herbage allowance (kg DM cow™' d') assessed above
ground lovel (Equation 2,2). This rclationship indicates no further increase in intake
when herbage allowance exceeds 45.5 kg DM cow! d"'. Also, even when herbage
allowance is relatively low at 20 kg DM cow’ d”, only 0.227 kg DM d, or 22.7
percent, extra herbage will be consumed when cows are offered an additional 1 kg

DM d.
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Figure 2.16 Effect of herbage allowance on herbage intake
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Results from individual experiments demonstrate a curvilinear response in herbage
intake to tncreasing levels of herbage allowance (Figure 2.16) (Combellas and
Hodgson, 1979; Le Du ef al., 1979; Peyraud et al., 1996; Virkajarvi er al., 2002).
Another recent study similarly reports an increase in herbage intake of 0.25 kg OM
kg increase in herbage allowance from 11 to 16 kg OM d, and a much smaller
increase of 0.05 kg OM d above 20 kg OM herbage cow™' d” (Peyraud and
Gonzalcz-Rodrigez, 2000). From their data set of 187 lactations, Delaby e al.
(1999) show an average increase in milk yield of 0.25 kg d™ per kg DM increase in

herbage allowance over the same range of herbage allowance.

Analysis of results presented in Table 2.3 as a single data sel also indicates a

curvilinear relationship between the two variables (Figure 2.17).
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Figure 2.17 Relationship between herbage allowance and herbage intake from

results of experiments presented in Table 2.3

Marginal increases in herbage intake become less as the actual level of herbage

allowance increases (Figure 2.18).
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Figurc 2.18 Herbage intake response to increasing herbage allowance from resulis of

experiments presented in Table 2.3

Responses to increasing levels of herbage allowance however are extremely variable
between studies. This can arisc as a consequence of both sward and animali factors.
At similar herbage allowances for example, herbage intake can be affected by
differences in herbage mass per unit area. Wales er al (1999) conducted an
experiment with lactaling cows on perennial ryegrass-white clover swards at herbage
masses of 3.1 or 4.9 t DM ha’, and herbage allowances of approximately 20, 35, 50,
and 70 kg DM cow d”'. At equivalent levels of herbage allowance, herbage intake
and milk praduction was higher on swards of higher herbage mass. Daily herbage
DM intake increased linearly from 7.1 to 16.2 kg at the lower herbage mass and from
9.91t0 19.3 kg DM cow™ d”' at the higher level of herbage mass. This was equivalent
to increascs in DM intake of 2.29 kg DM t* increase in herbage mass, and 0.18 kg
DM kg™ increasc in herbage DM allowance. Milk production increased linearfy with
increasing herbage allowance from 21.8 to 27.1 kg, and 24.7 to 32.0 kg cow™ d*', at
low and medium levels of herbage mass respectively. Peyraud et al. (1996) found
herbage OM intake was related to herbage allowance, milk vield and live weight (> =
0.60). However when herbage allowance was split into its components of herbage

mass and daily offered area, more of the variance in herbage intake was accounted
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for (r2 =(0.70). Stakelum (1986b) and Stakelum (1986¢} also reported higher herbage

intakes with increased levels of herbage mass.

Maximum herbage intake is probably attained later in the season at a higher herbage
allowance than in spring. Similar cxperiments conducted in autumn (Delagarde et
al., 2000a) and spring (Peyraud ef al., 1996) have shown increases in herbage intuke
with increasing herbage allowance are linear to a higher herbage allowance in
autumn comparcd to spring. This could be related to changes in sward structure and
quality, with a highcr proportion of dead maierial and more rejected arcas in autumn
resulting in reduced levels of herbage intake (Delagarde et al., 2000a). Herbage
intake is therelore affected by herbage allowance however sward structure has an

independent effect on regulation of herbage intake.

2.5.2 Sward structural characteristics

The major sward structural characteristics that affect herbage intake are sward
sutface height, sward density, and sward leafiness (Parga et al., 2000; Peyraud and
Gonzalez-Rodrigez, 2000). Sward factors interact to affect bite mass, bite rate and
grazing time, and therefore influence overall herbage intake from a sward. Ungar
(1996}, for example, summarises interactions between sward siructure, grazing

behaviour, and intake rate at the individual bite level (Figure 2.19).

Sward structure: height, bulk
density, stiffiess, morphology,

strength
Bite area Bite depth Maunipulative jaw —
4 movements per hite
Bite weight ¢
\ Maslicalion jaw ——» Compound jaw
movenents per movements per bite
hite \\ i
INTAKE RATE <. Time per bite < | Ol 8% movements

per bite

Figure 2.19 Components of ingestive behaviour that mediate betwcen sward

structure and short-term intake rate

Results from recent experiments which have measured effects of sward
characteristics on aspects of herbage intake of grazing lactating dairy cows are

presented in Table 2.4. When interpreting results between studies differences in
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methodologies to measure sward structure and aspects of grazing behaviour, as well
as differences in grazing management systems, and reporting of values in terms of
either OM or DM, must be observed. Results from Table 2.4 indicate a slight decline

in bite rate with increasing bite mass (Figure 2.20).
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Figure 2,20 Relationship between bite mass and bite rate from results of experiments

presented in Table 2.4

It is generally accepted however that bitc mass is thc main determinant of daily
herbage intake (McGilloway et al., 1999; McGilloway and Mayne, 1996). Results
prescnted in Table 2.4 and summarised in Figure 2.21 support this strong refationship

between bite mass and herbage intake,
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Figure 2.21 Relationship between bite mass and rate of herbage intake from resulits

of experiments presented in Table 2.4
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Table 2.4 Effect of sward characteristics on aspects of herbage intake,

behaviour and milk production (continued)

grazing
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Table 2.4 Effect of sward characteristics on aspects of herbage intake,
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Chapter 2 Background information

2.5.2.1 Sward surface height

Sward surface height is positively associated with herbage intake (for example, Le
Du et al,, 1981; Pulido and Leaver, 2001; Rook et al., 1994b). Results from Table
2.4 show a response in herbage intake to a 1 cm increase in sward height of up to
1.74 kg OM d! (Gibb er al, 1997). This response however varies considerably
between experiments. Results from Pulido and Leaver (2001) and Le Du et al.
(1981) demonstrate a curvilinear response in daily herbage intake to increasing sward
height from approximately 4 to 9 em for continuously grazed paddocks. Laca ef al.
(1992a) found bite mass from their artificially constructed swards increased linearly
with increasing sward height from 8 to 30 cm, while McGilloway and Mayne (1996)
reports lincar increases in bite mass under normal pasture conditions with increasing
sward height from 8 to 20 cm. Some earlier work however has suggested that bitc
mass reaches a platean at lower sward heights and Hodgson (1981) advised a target

sward height of 7 to 10 cm to maximise bitc mass.

In rotationally grazed swards, bite mass declines as sward height is reduced through
grazing. McGilloway er al. (1999) for example, found the level of sward height
reduction influenced DM intake rate principally through changes in DM intake bite™.
Pooled regression analysis for their three experiments indicates a significant
asymptotic relationship between sward height on DM intake bite” and DM intake
hour’. Barrett ef al. (2001) similarly reporis a decline in bite mass at increasing

levels of sward height reduction through grazing.

Bite mass and herbage intake howcever have been shown fo decline when cows are
presented with very tall swards. For example, Christie et al (2000) measured a
decline in herbage intake and bite mass when rotationally grazed cows were offered
swards above approximately 30 cm high at the start of the grazing period. Similarly,
for continuously grazed swards, Gibb et al. (1997} demonstratcd a reduction in
herbage intake, and intake per grazing jaw movement, when target sward surface
height was 9 em compared to 5 or 7 cm. Decreasing herbage intake at increasing
sward heights could be a consequence of lower herbage quality (Christie et al.,
2000), or an effect of increasing sward structural heterogeneity (Gibb ez al., 1997),

both of which are discussed later.
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Chapter 2 Background Information

Figare 2.22 provides a summary of the relationship betwecen sward height and bite
mass from results of experiments presented in Table 2.4. A trend for increased bite
mass with increasing sward height is evident however results between studies are
extremely variable. A better relationship (i* = 0.39) is observed if results from
Christie ez al. (2000), which were recorded from animals grazing very tall swards,

are taken out of the regression analysis.

14 - y =0.0121% + 0.4655
12 4 o R® =0.1421
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S O =
SN 0 O
1 3 !
©
& o

[+
>
&
o
<
&
<&

0.4 - : ;

024 ©

0.0 l : : P
0 10 20 30 40 50

Sward surface height (cm)

Figure 2.22 Relationship between bite mass and sward surface height from resuits of

experiments presented in Table 2.4

Variability in bite mass and herbage intake responses to increasing sward height
suggests the importance of factors other than sward height per se in determining

herbage intake.

2.5.2.2 Sward density and its interaction with sward surface height

A strong negative correlation exists belween mean sward height and bulk density (Le
Du et al., 1981; Pulido and Leaver, 2001); and between sward height and bulk
density through the vertical profile of the canopy (Barrett ef al., 2001; Delagarde et
al., 2000b; McGilloway et al., 1999) (Table 2.4, Figure 2.23). This creates difficulty

in determining an independent effect of each vartable.
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y = -1.7144Ln(x} + 7.2609
o R’ = 0.7078
<
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[3%)

Sward surface height (cm)

Figure 2.23 Relationship between sward surface height and sward density from

results of experiments presented in Table 2.4

On a rotational grazing system, sward height will decline during the grazing process
as a fonction of herbage allowance (Barrett ef al, 2001; McGilloway et al., 1999).
Herbage mass and the leaf fraction arc also reduced, while the proportion of stem and
dead material will increase. As grazing reduces sward height, sward bulk density
will therefore increase and there tends to be a sirong negative correlation between
sward surface height and bulk density, Additionally, as the sward is grazed herbage
availability and the cow’s ability to prehend leaf becomes more limited (Barrett et

al., 2001; McGilloway et al., 1999).

A summary of the relationship between sward bulk density and bitc mass from
studies presented in '1'able 2.4 indicates a substantial amount of variation in rcsults

(Figure 2.24).
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Figure 2.24 Relationship between bite mass and sward density from results of

experiments presented in Table 2.4

Individual studies however have demonstrated that bitc mass is greater on a denser

sward, irrespective of sward height (Figure 2.25, McGilloway and Mayne (1996)).
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Figure 2.25 Relationship between pre-grazing sward height, bite mass and sward
bulk density: 1.2 t FW ha™ cm™ (0) or 0.6 t FW ha” em™ (x) (McGilloway
and Mayne, 1996)

A further experiment reported by Mayne ef af. (1997) found bite mass ranged from

0.4to 1.1 g DM. Rite mass had a strong positive correlation with sward height, but

there was also an interaction with sward dcnsity. On taller swards, bite mass was
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Chapter 2 Background Information

largely influenced by sward heighi, rellecting increased bite depth, whereas on
shortler swards, differences between swards were largely attributable to differences in
bulk density. There was no significant effect of sward height or density on bite rate.
Bulk density thereforc had an increasingly important influcnce on intake rate on
shorter swards. Tirespective of bulk density, a maximum DM intake rate of
approximately 3.5 to 4.0 kg DM h' was achieved with sward heights of
approximately 18 lo 20 cm (Figure 2.26).

5~

DM intake (kg h™)

0 5 10 15 20 25 30

Sward surfacc height (cm)

Figure 2,26 Effect of sward height on DM intake rate at different bulk depsities;
high (¢) medium (x) and low {A) (Maync et al., 1997)

On swards subject to similar lcvels of depletion, McGilloway et al. (1999) also found
decreasing bite depth as swards were grazed down led to reduced bite mass, despite
increases in bulk density. McGilloway et al. (1999) carried out experiments on
rotationally grazed swards of low or high initial bulk density (Experiments 1 and 2
respectively). Results demonstrate a range in bite mass from 0.66 to 1.28 g DM.
Bite mass declined as the swards were progressively grazed down however,
differences in sward height make it difficult to quantify effects of density at
equivalent levels of sward height reduction. A third experiment was therefore
designed to separate the confounding effects of sward surface height and bulk
density. Sward surface height was similar for a high and low density sward in a

grazed and ungrazed state. Bulk density had little effect on DM intake in previousty
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ungrazed tall swards but as the level of sward height reduction increased, DM intake
tended to be higher on swards of high bulk density. The evidence suggests that the
absence of a relationship between density and bite mass on the taller, ungrazed
swards could be attributed to the fact that bulk density of the sward as a whole does
not reflect differences in bulk density of the grazed horizon. Accumulation of DM in
the lower horizons (Delagarde et al., 2000b) may have determined differences in

mean sward bulk density.

Artificially hand constructed swards have been uscd to study effects of sward height
and bulk density independently. Black and Kenney (1984) found intake rate by
sheep was related to sward height only at constant bulk density, and to bulk density
only at similar sward heights. Herbage mass per unit area was therefore concluded
as a better predictor of intake rate than eilher measurement independently. Results
from Laca et al. (1992a) have shown bite mass to vary less than bitc dimensions due
to compensatory effects between bite area, bite depth and density. Animals obtained
heavier bites on tall sparse swards than on short dense swards of equal mass per area.
Bite mass was more sensitive to sward height than bulk density. However these
results from artificial swards do not test the effects of presence of barriers or
undesirable plant parts such as stem within the vertical profile of the sward. The
evidence from Laca et al. (19922) therefore suggests that even on homogenous
artificial swards, recording of herbage mass is insufficient, and both density and

height are needed to predict bite mass.

In conclusion sward surface height has a major effect on herbage intake, however
bulk density is also important and becomes increasingly significant as sward height

declines (Mayne ef al., 1997; McGilloway ef ¢l., 1999).

2.5.2.3 Green leaf mass

Sward surface height is positively correlated with green leaf mass, and leafincss
declines as a sward is grazed down (Dclagarde er al., 2000b; McGilloway et al.,
1999). The relationship between sward height and leafiness however is dependant
upon a number of factors including grazing management and season (Delagarde et
al., 2000b; Lemaire and Chapman, 1996).

56




Chapter 2 Background Information

The proportion of green leaves in the sward canopy can affect the amount of herbage
ingested. Decteasing sward height and a reduction in intake when animals are
grazing into deeper layers of a sward for example, arc correlated with a reduction in
the biomass of green leaves (McGilloway et al., 1999). Furthermote, while sward
height measurements can provide a good indication of sward state, research has
demonstrated bite mass can be more closely correlated with green leaf mass thun

sward surface height (Penning et a/., 1994).

A positive effect of a high proportion of green leaf material in the deep layers was
clearly shown by Parga ef al. (2000) (Table 2.5). They cxamined effects of sward
structure on daily herbage intake of strip grazing cows in spring. A control and leafy
sward differed in the proportion of green leaf below 15 ecm (39 and 49 percent
respectively), and swards were compared at two herbage allowances of 18 and 12 kg
DM cow™ d,

Table 2.5 Effect of sward canopy structure on herbage intake and milk yield (Parga

et al., 2000)
Control Sward Leafy Sward
Herbage Allowance Low High Low High
Herbage intake (kg OM d ) 14.1 14.8 147 145
Post grazing tiller height {(cm) 8.4 12.2 10.3 15.8
Milk vield (kg &) 197 209 20.8 21.3

Sward height and herbage mass were the samc between swards, while tiller density
and green leaf mass in the lower layers were higher for the lealy sward. On a high
herbage allowance, herbage intake did not differ between the leafy and control sward
(14.7 kg OM d') (Table 2.5). At a low hcrbage allowance, herbage intuke was
higher on the leafy sward. An interaction belween herbage allowance and type of
sward shows that daily herbage intake in a strip grazing situation is determined more
by sward characteristics of the lower horizons of the sward compared to the higher
layers. An increased proportion of green lamina in the lower horizons of the sward
could allow for reduction in herbage allowance without adverse effects on intuke.
Grazing time and bite rate were not affected by treatment and so it appears the
difference in intake was mcdiated through lower bite mass. The variations between

swards however were limited. This could be partially attributed to relatively low
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intake requirements of the cows, which had a mean milk yield of 19.8 kg d' at the
start of the experiment, and so were easily able to attain their nutritional

requirements from both sward treatments.

Increasing green leaf mass at the bottom of the sward by appropiiate grazing
management or selection of varieties could therefore help increase herbage intake

whilst maintaining a lower residual sward hcight.

2.5.3 Effects of sward characteristics on bite dimensions

Variability in effects of sward structure on bite mass must occur as a result of
changes in bite dimensions. Measurement of these bite dimensions can therefore
improve understanding of how sward charactcristics affect bite mass, and nltimately

daily intake and animal performance.

2.5.3.1 Bite depth

Bite depth has been measured when animals are grazing pasturc or biting hand
constructed sward (Table 2.6).

Table 2.6 Effcct of sward surlace height on hite depth

Animal Herbage' Sward Bite depthas 17
height  proportion
(cm) height
Grazed pasture
Barrett ef al. (2000) Dairy cows
mid-lactation PRG 17.9 0.32
McGilloway et af, (2000) Laclating
dairy cows 0.5 0.89
Wade et al. (1989) Dairy cows PRG 12 -39 0.34
Carrere ef al. (2001) Sheep PRG 0.36 - 0.38
0.57°%
White clover 0.7-0.8
Milne ef al, (1982) Sheep PRG and
white clover 0.33
Curlt and Wilkins (1982) Sheep PRG and

white clover 5 -20 0.38 -0.70

Hand constructed swards

Laca et al. (1992a) Steers Dallisgrass
750 kg (pure lamina) 0.55 0.83
Lucerne 0.48

“TPRG, Perennial ryegrass; ' whole tiller; © lcaf
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Dairy cows grazing under normal field conditions have been shown to remove
approximately one-third of tiller height in a biic, irrespective of pre-grazing tiller
height and whether or not tillers have been grazed previously. Barrett ef al. (2001)
has shown a constant bite depth of 0.32 extended tiiler height when bite dimensions
were recorded at four time periods over the day, on a sward with a high pre-grazing
surfacce height. Wade et «l, (1989) reported depth of grazing declined exponentially
and was a constant proportion, 0.34 + 0.03, of ungrazed tiller height over the height
range 12 to 39 cm, as cows grazed down paddocks. Studies with sheep grazing
under normal pasture conditions have also demonstrated bite depths equivalent to

approximately one third (0.33 # 0.056) of tiller height (Milne et al., 1982).

Although it appears a constant proportion of sward height is removed per bite, there
is some variation between experiments in the actual proportion removed. Cows that
have been fasted prior to grazing may remove a larger proportion of tilter height per
bite. McGilloway ef al. (2000) measured bite dimensions of lactating dairy cows
grazing a range of swards with different surface heights at constant bulk densities
and lamina contents, and at different bulk densities at various stages of grazing
down. Cows wore fasted for 6 hours before being allowed to graze and in this case
bite depth averaged 0.5 of extended tiller height. There is therefore potential for bite
depth fo vary independently ot sward surfacc height,

Differences in bite depth can arise due to variation in plant structure, and especially
the distribution and proportions of leaf and stem in the sward. Studies wilh grazing
cows are limited, but experiments with sheep by Carrere et al. (2001) have found that
while they grazcd a constant 0.36 to 0.38 of the whole tiller, they removed
approximately 0.57 of the leal fraction. A more severe defoliation intensity of 0.7
and 0.8 was reported for clover leaves. Milne er ¢/ (1982) found depth of the grazed
horizon was related to both sward height and height of pseudostem material in the
sward and Curll and Wiikins (1982) similarly report a much higher proportion of leaf
lamina length removed per bite. Curll and Wilkins (1982) found increasing stocking
rate from 25 to 55 sheep ha slightly reduced the proportion of leaf lamina removed
from 0.58 to 0.47. Furthermore, a much greater proportion of leaf lamina length was
removed when leaf length was reduced. Leaf length ranged from approximately 5 to

20 cm. At leaf lengths of 161 and 53 mm, the proportion removed in a bite was 0.38

59




Chapter 2 Background Information

and 0.70 respectively. The proportion of sward height removed in a bite may
theretore be dependent upon leafiness of sward and presence of stem, with animals

grazing deeper into more leafy herbage.

Although the relevance of results from hand constructed swards to normal pasture
conditions is questionable, they have allowed detailed study of bite dimensions not
possible under field grazing conditions. Laca er al. (1992a) demonstrated that bite
depth was primarily a function of sward height and concluded that sward height
explained 83 percent of the variation in bite depth. Comnsideration of bulk density as
well as sward height however explained 88 percent of variation in bite depth. When
bulk density was low, the slope of bite depth as a function of sward height was
approximately 0.5 and a negative interaction between bite depth and bulk density
was observed. Results howcver do not test the effects of presence of barriers or
undesirable plant parts, especially stem, within the vertical profile of the sward and
the dallisgrass swards used in the study were made up wholly from leaf lamina.
Density of hand constructed swards was also relatively constant through horizons of
each sward, which is not representative of a normal grazed sward (Delagarde er al.,
2000b; Parga ef al., 2000). This could explain the lower bite depths reported from
studies under field conditions. Furthermore, proportion of leaf lamina removed in a
bite may be greater than that reported in other studies since animals were fasted and

offered swards more than 7 hours after their last meal.

It would be expected that there is a maximum physical depth to which animals can
bite which may explain the lower proportion of height removed from the very tall
swards. This could also explain the ramp function that has been used by some
authors to predict bite depth from sward height (Ungar and Noy-Meir, 1988). This is
based on the assumption that there is a critical height below which animals can not
graze. It is suggested that animals will graze down to this critical height until they
reach a maximum bite depth imposed by their mouth dimensions (Ungar and Noy-
Mcir, 1988).

Mius et al. (1995) conclude that the reason for animals biting to a constant
proportion of sward height can not be explained by encrgy cost as it has been

calculated that energy gain is greater (han energy cost whatever the depth of a bite.
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A more likely explanation and constraint is the greater force required to sever the
sward at lower depth and they suggesl liller density is a more important determinant
of the force needed to sever a mouthful of herbage than the mechanical properties of

individual plants.

Under normal field grazing conditions therefore, the majority of evidence suggests
that grazing animals will remove a constant proportion of sward height, equal to
approximately one third of tiller height. The proportion of sward height removed
however can vary independently according to the animals hunger drive and also

sward structure and leafiness.

2.5.3.2 Bite area

Measurements of bite area presented in the literature are limited but they do indicate

a positive relationship between bite area and sward surface height (Table 2.7).

Table 2.7 Measurements of bite area from some recent experiments

Sward Bulk density Bile area §.C.0.
surface (kg DM m™) (em?)
height (cm)
McGilloway ef al. (2000) Ungrazed i 954, 75.1, 72 .4,
70.7,96.9
Moderate ' 79.7,574,39.1
Low ' 73.1, 70.1, 41 4,
46,7
Iigh ¥ 68.8,57.9,34.1,
33.8,47.1 5.22-8.39
Barrett et al. (2001) 17.9 1.76 1243 10.96

TLevel of sward height reduction by grazing

On swards al varying levels of sward height reduction and bulk density of
rotationally grazed swrads, McGilloway et al. (2000) found bite area of lactating
cows generally increased from means of 48 to 85 em® for short and tall swards
respectively. Barrett ef al. (2001) reports a higher mean bite area from of 124 cm?
from previously ungrazed, tall swards. Their study also found bite area does not vary
according to time of day when cows are grazing swards of similar structure (Barrett

et al., 2001).
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Detailed measurements from hand constructed swards have reported higher bite areas
compared to measurements made on grazed pasture (Laca et al, 1992a). In their
study with steers Laca e al. (1992a) found bite arca increased quadratically with
sward surface height when amimals were able to sweep their tongue beyond the area
of the incisor arcade. Bite area reached a platean of approximately 170 cm? although
individual bites were observed to reach 220 cm?®. These observations however were
made on hand constructed, tall swards of 8 to 30 cm, and it would secem (hal
extension of the tongue to increase the area of a bite is likely to havce less of an effect
at lowor sward heights. As with their measurements of bite depth, steepness of the
response to sward height declined with increasing bulk density, possibly due to the

higher force required to bite and remove the herbage (Laca et al., 1992a).

2.5.3.3 Estimating bite mass from bite dimensions

Height and bulk density have been described as the most important sward features
that determine bite depth and bite area on green and leafy vegetative swards (Laca ef
al., 1992a). Hodgson (1981) suggests (hat from a description of bite dimensions, the
profile of an initially uniform sward can be divided into grazing horizons, each with
a characteristic bite depth and bite area. Regression of sward height on bite mass
however differs for swards of different structures. If bite depth is a constant
proportion of sward height, and bite area is less affected by sward height than bitc
depth, bile mass will be dependant on bulk density of herbage in the grazed horizon.
Investigation of the interaction between sward height and density could therefore

allow a better prediction of bile mass.

MceGilloway et al. (2000) created models of bite mass from their measurements of

bitc depth, arca and bite bulk density, as follows:

Bite depth = 0.4831 extended tiller height ¥ =0.89
Bile area = 97.2 - 123.1 (0.9674) leaf % =073
Bulk density bite = (2258 -- 31.7 leat %) + 0.411 sward bulk density *=0.68

Bite mass = ((bitc depth/10)* bitc arca) + bulk density bite,
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Their model of bite mass predicts a bite mass of 0.69 and 0.66 g for AM and PM
grazing respectively. This comparcs with actual estimates of bite mass by liveweight
change over 1 hour periods of 0.78 and 0.65 g. Modcls similar to this could in turn
be used to simulate grazing and estimate herbage intake from a sward, however
differences in bitc ratc in response to differences in bite mass need to be considered,

as does total grazing time.

2.5.4 Importance of sward structural variability and spatial heterogeneity

Considcring the importance of sward characteristics on grazing behaviour and intake,
variability in sward structure across a grazed paddock could potentially have
considerable impact on intake at the individual bite level and hence on total intake
over a period of time. Frequently grazed patches tend to be characterised by leafy,
vegetative, and high quality herbage however a lower mcan sward height reduces
herbage availability (Ginane and Petit, 2002). Infrequently grazed patches have high
biomass and are taller which gives them a high potential intake rate, however intake
is discouraged by lower herbage quality, especially as the season progresses {(Ginanc
and Petit, 2002).

Animals will tend to increase grazing of infrequently grazed patches as the height of
frequently grazed patches declines (Dumont et al., 1995); although they are less
prepared to graze infrequently grazed patches as herbage becomes more mature
(Ginane and Petit, 2002). Infrequently grazed patches in a continuously grazed
sward are utilised when there is high grazing pressure in the mid-season, however
this can be at the expense of milk yield per cow (McBride et al., 2000). At a low
frequently grazed patch height of 6 cm, Connell and Baker (2002) found increased
utilisation of infrequently grazcd patches compared to (reatments which maintained
the height of frequently grazed patches at 8 or 10 em. They also report DM intake
was maintained or increased on the 6 cm treatment suggesting that cows were
spending less time selecting, and porhaps defoliating to a greater depth in the sward,
than cows on the other two treatments. Herbage quality however would be expected
to be lower in these infrequently grazed patches, and so support lower levels of milk

production.
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On a rotationally grazed sward, Stakelum and Dillon (1990) reported greater
utilisation of infrequently grazed patches by cows in summer resulted in lower DM
intake and daily milk yield, compared to when cows grazed swards conditioned in
spring by high grazing pressure {o reduce the proportion of tall under-grazed areas.
Low grazing pressure to rmaintain high target sward heights and high herbage
availability 1s thereforc expected to result in increased spatial heterogeneity and
greater qualitative and quantitative variability in thc sward. The effect is likely to
develop as the season progresses when animals become less prepared to graze the

infrequently grazed patches as they become more mature (Gibb ef a/., 1997).

Mean bite size will depend upon structure of different patches of the sward and
proporiion of bites taken from them. Swain (2000) demonstrated that averaging
measurements of the distribution of herbage over a field could overcstimate intake
from a sward. Quality of herbage ingested will similarly be dependant upon

variability across the paddock and the opportlunity and willinghess for selection.

2.6 ANIMAL FACTORS AFFECTING HERBAGE INTAKE

2.6.1 Live weight and body size

The size of an animal’s mouth determines maximum bite area, and hence bite mass
and total herbage intake. The breadth of the incisor arcade is proportional to body
mass **¢ (Illius and Gordon, 1987), and these authors predict that when sward hejght
is not limiting, bite mass will scale with the animal's metabolic requiremonts, body

mass *7>. On very short swards however, where the animal has no opportunity to

vary bite depth, bite mass scales with the size of the incisor arcade; body mass %
(Illius and Gordon, 1987). The sward height at which this will occur is shorter for
smaller animals, Small animals therefore become limited at a lower sward height
and can subsist on shorter swards. Animals howcver can increase bite area beyond
the size of their mouth by inserting their mouths sideways into the sward to increase
bite size, or by sweeping their tongue to cover a larger surface area of sward (Laca ef

al., 1992a).

Allometric relationships constrain digestion as well as the ingestion of food, and

herbage intake is restricted by capacity of the alimentary tract (Allen, 1996; Allen,
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2000). Capacity of the alimentary iract increases faster than metabolic rate as body
size increases (Rook, 2000), however its close relationship with body size means that
food consumption incrcases with live weight. Increcases in herbage intake of 1.0 to

1.5 kg OM 100 kg live weight ' have been reported by Peyraud et al. (1996).

2.6.2 Milk yield level and genetic merit

Cows will atter their intake to meet their nutritional requirements (McGilloway and
Mayne, 1996). The animal’s productive potential affects its ability to utilise
nutrients and so this interacts with the balance of absorbed nutrients to regulate
intake (Illius and Jessop, 1996). Higher yielding cows can absotb VFAs from the
rumen faster than lower yielders principally as a result of a greater demand for
nutrients from the mammary gland. This results in a weaker negative fecdback from
metabolic control mechantsms that alfect voluniary food intake, and voluntary food
intake is likely to be higher (Illius and Jessop, 1996). Herbage intake is therefore
expected to vary according to production potential of the cow, and numerous studies
report a positive relationship belween herbage intake and milk production or genetic
merit (for example, Buckley and Dillon, 1998; Buckley et af., 2000a; Dillon et al.,
1999). Resuits from the experiments prescaled in both Table 2.3 and Table 2.4 show
a slight positive relationship hetween milk yield and herbage intake, although there is

a large amount of variation in the relationship between studies (Figure 2.27).
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Figure 2.27 Relationship between herbage intake and milk yield from expcriments
presented in Table 2.3 and Table 2.4 (OM, y = 0.1364x + 10.608, r* =
0.0823 (X); DM, y =0.1757x + 9.1961, 1 = 0.10 (0))
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The ability of an animal to achieve its intake requirements 1o support its production
potential depend upon sward characteristics; and in particular sward structure and
herbage quality, which determine potential nutrient intake from the sward.
Furthermore, the availability of supplementary feeds, as discussed later, will alter the
level of herbage intake required for an animal fo meet its nuiritional requirements.
The relationship between herbage intake and milk vield will therefore interact with

production potential ol the cow, sward characleristics and supplementation.

For cows yielding between 12.5 and 32.5 kg milk d, Caird and Holmes (1986)
report increases in herbage intake of between 0.18 and 0.32 kg OM kg milk d™'.
Peyraud et af. (1996) found increases in intake with increasing levels of milk
production were within a similar range, averaging 0.25 kg OM kg™ milk yield at
turnout, when milk yield at turnout ranged from 17 to 35 kg d”. In experiments with
cows which had initial milk yields between 16.9 and 35.5 kg milk d” Pulido and
Leaver (2001) estimated increases in herbage intakc of 0.18 and 0.21 kg DM kg’
increase in inilial milk yield. The results of studies reported by McGilloway and
Mayne (1996) however, suggest greater increases in herbage intake of 0.4 to 0.5 kg
DM d"" for cach kg increasc in milk yicld over the range 15 to 30 kg milk d™.

It is expected that the relationship beiween milk yield and intake will tend towards a
plateau, due to sward and animal constraints on further increases in herbage intake.
Delaby et al. (1999) suggest that the relationship between intake and milk yield is
linear up to 40 kg milk d' on ideal grazing conditions. However with less
favourable grazing conditions, it is expected that a plateau in herbage intake will be
reached at a lower level of milk yield. McGilloway and Mayne (1996) for example,
suggest herbage intake will tend towards a plateau above 30 kg milk d™'. In general,
the cvidence suggests that the shape of the response in herbage intake to milk yield
level will depend upon the point at which sward and animal constraints that restrict
further increases in herbage intake are reached, and also upon thc animal’s nutrient
demand and potential level of production. A summary of some studies which have
investigated effects of milk yield level and genetic merit on herbage intake and

grazing behaviour is presented in Table 2.8.
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Table 2.8 Effect of milk production potential on herbage intake and behaviour

Initial milk Milk  Herbage Bite Bites Intake Grazing

yield yield intake mass min’  rate time
(kgd) (kud") (kgDMd") (g DM) (kg ™" (min d™)
Pulido and Leaver (2001)
Experiment 1 16.9 13.1 8.5 1.10 480
211 18.1 11.0 1.40 482
28.0 23.3 11.3 1.33 536
31.5 26.9 11.3 1.27 529
35.5 32 134 .47 552
Experiment 2 213 21.2 11.3 1.45 459
355 323 14.0 1.67 500
Christie et al. {2000) 37.9 30.8 15.8 073 429 191 496
28.1 24.9 12.6 059 479 1.71 443
23.6 22,9 135 0.61 458 164 495
17.7 17.7 12.6 0.64 46.1 1.59 475
O'Connell ef al. (2000) " High 24.7 15.0 584 148 609
"Medium  21.2 14.4 514 141 614

T Genetic merit

Cows can incrcasc herbage intake to support higher levels of milk production by
grazing for longer (Phillips and Leaver, 1986). Pulido and Leaver (2001) report
increases in grazing time of 4.2 and 2.5 minutes kg™ increase in initial milk yield in
Experiments 1 and 2 respectively (Table 2.8). Grazing time however reaches a
platean at 9 to 10 hours d”' (Rook and Iuckle, 1996). This can explain why
increases in herbage intake have not always been accompanied by increases in
grazing time, especially for high yielding cows which may already be grazing for the
maximum time that is available (for example, Christie ef al., 2000; O'Connell et al.,
2000).

Increases in intake rate through higher bite rale and/or bite mass, provides another
mechanism for higher yielding cows to achieve increased levels of DM intake. Rook
and Huckle (1996) observed that rotationally grazed cows ylelding between 20 and
40 kg milk increase herbage intake through a higher rate of intake. Higher levels of
herbage intake reported by Pulido and Leaver (2001) were also achieved by increases
in rate of intake by 0.16 and 0.32 g DM minute” per kg increase in milk yield.
Increases in grazing time have been accompanied by higher bite rates. Bao ef al.
(1992) for example found grazing time, which was measured in the period between
morning and afternoon milkings, and duration of the first grazing bout, were higher

with higher merit cows than low merit cows yielding on average 32.0 and 24.8 kg
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milk d" respectively. A relatively small difference in grazing time compared to
difference in milk production in this study however may suggest a difference in
grazing cfficicncy, and the higher genetic merit cows exhibited an increased rate of
biting. O'Connell ez af (2000) also found higher biting rates, but no increase in
grazing time, between high and medium genetic merit cows vielding 24.7 and 21.2

kg milk d”' respectively.

The effect of genetic merit and nutrient demand on bite mass is less well
documented. Christie ef al. (2000) however has found a trend towards greater intake
per bite with higher yielding cows, and concluded that higher yiclding cows appcar
to harvest more herbage primarily by increasing intake per bite rather than biting rate

or grazing time.

2.6.3 Temporal pattern of grazing behaviour

Crazing behaviour and intake characteristics can vary depending on time of day.
Most grazing occurs in daylight hours (Phillips and Leaver, 1986). Ruminating time
is mainly concentrated in the hours of darkness although it is also interspersed
between the main grazing bouts during the day (Phillips and Leaver, 1986). A
reduction in daylight in the autumn is associated with compression of grazing time to
mainly within daylight hours, while the proportion of grazing during the night
increases as day length shortens (Rook et /., 1994).

Higher rates of herbage intake have been reported in the evening with cows (Gibb ef
al., 1998; Orr et al., 2001; Rutter ef al., 1998) and heifers (Orr et al., 1996; Rutter ef
al., 2002). This suggests the animals anticipate the impending long period of
darkness during which they can runtinate., An increased DM intake in the evening
also corresponds with the time of day when herbage DM and WSC concenirations
arc at their highest (Orr ef af., 2001; Wilkinson et af., 1994). Phillips and Leaver
(1986) recorded a linear increase in bite rate of set stocked cows through the day.
They suggest this could arise as an effect of high surface water on herbage in the

morning causing difficulty in prehension of herbage.

Gibb et al. (1998) reports significant effccts of time of day on bite mass and bile rale,

the net result of which was an increase in intake rate over the course of the day
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(lable 2.9). In this expcriment, cows were continuously grazed on swards
maintained at a target height of 6.5 cm, and so sward characteristics remained

relatively constant for each behavioural measurement pertod.

Table 2.9 Effect of time of day on aspects of grazing behaviour (Gibb et al., 1998)

L Time of day (h)
07:00 11:30 16:00 19:00
Bite mass (g DM) 0.33" 0.387 0.48° 0.40™
Bite rate (bites min™) 52.6% 47.5° 51.6™ 59.4°
Intake rate (g DM min™) 17.1° 18.0° 240" 23.0™

Mean values not sharing a common superscript differ significantly (P < 0.05)

Rutter e al. (2002) found both total jaw movement ratc and proportion of these jaw
movements that were bites tended to be greater in the evening, and so by subjecting
ingested material to less chews in the evening, intake rate was increased. Orr ef al.
(2001) investigated effects of giving cows their daily grass allowance in a strip-
grazing system cither in the morning (AM) or afternoon (PM). Compressed sward
heights (Holmes, 1974) before and after grazing were on average 16.2 and 7.7 ¢m
respectively. Total grazing time was similar for AM and PM treatment groups
however cows receiving their allocation in the alternoon had a longer evening mcal.
Rate of intake tended to be higher during the first hour after allocation when cows
wore offered their daily herbage allowance in the afternoon. This was mainly a result
of a higher bite rate, Bite mass was also slightly increased although none of these

cffects were statistically significant (# > 0.05) (Table 2.10).

Table 2.10 Measurements of grazing behaviour and herbage intake 1 hour after

allocation of new pasture (Orr et a/., 2001)

Time of allocation
Morning (AM)  Afternoon (PM)
Intake rate (g DM min™) 46.6 54.4
Bite mass (mg DM bite™) 665 684
Bite rate (bites min™) 70.9 80.0
Total grazing time (min d”) 461 462
Intake (kg DM) 07.45-16.45 h 12.1 22
Intake (kg DM) 16.45-07.45 hh 5.7 15.8
Total herbage DM intake {kg DM) 17.8 18.0

Despite similar total DM intakes between treatments, Orr ef af. (2001) found mean

milk vields were greater for cows moved after the afternoon milking, 21.8 compared
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to 23.1 kg milk d*, which can be attributed to a greater proportion grazing when DM

and WSC concentralions are at their highest.

Barrett et al. (2001) did not find significant differences in bite dimensions or DM
intake rate when cows were presented with a similar sward, which had a mean height
of 17.9 cm, at different times throughout the day. Bite rate however tended to be
more variable between treatments (P = 0.07) than bite mass or intake rate, and was
highest in the evening. As a consequence, intake rate was highest at 2.23 kg DM h™
at 19:00 h, compared 10 1.92 kg DM h™' at 06:00 h.

Differences in effects of time of day on grazing behaviour hetween experiments
could be related {o differcnces in sward characteristics and ability of cows to meet
their desired level of herbage intake from the sward. Sward conditions reported
between experiments have been very different; with target mean sward heights for
cxample, of 6.5 cm (Gibb et al., 1998) compared to mean pre-grazing sward height
of 17.9 em (Barrett ef al., 2001). The more favourable grazing conditions provided
by Barrett er al. (2001) allowed cows to obtain higher bile mass and intake rate
throughout the day and so they could have easily achieved their desired level of
intake without having to incrcasc bite rate or grazing time. Greater ease of
harvesting herbage on the taller sward and ability of cows to meet their herbage
intake requirements could therefore explain some differences in the effect of time of

day between experiments.

2.6.4 Effect of fasting

Experiments have often reported results from animals that have been fasted before
being allowed to graze to ensure they have a common hunger drive and to mimimise
variation due to animal etfects (McGilloway et al, 1999). Fasting however may
influence grazing bhehaviour. Patterson ef al. (1998) examined intake and grazing
behaviour for 1 hour periods after cows were fasted for 1, 3, 6, or 13 hours. There
was no difference in sward characteristics between trealments, and sward height
averaged 16.4 cm. Total DM intake, DM intake per bite, and bite rates were
increased significantly (£ < 0.05) when duration of fasting was increased from 1 to 6
or 13 hours (Table 2.11).
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‘T'able 2,11 Effect of duration of fasting on grazing behaviour (Patterson et al., 1998)

Duration of fasting (h)
1 3 0 13
Bite depth as proportion pre-grazing sward height 0.29 0.31 0.33 0.33
Bite mass (g DM) 1.08 .10 1.38 1.34
Bite rate (bites min™') 443 49.9 53.0 56.2
Intake rate (kg DM h') 2.89 329 437 455

Differences in DM intake per bite werc not due to variations in pre-grazing sward
height or bite depth and so it appears cows may have been able 1o increase their hite
area by use of the tongue to sweep larger areas of tall herbage into their mouth.
Some other results however suggest cows remove a significantly greater proportion
of sward height in a bitc when they have been fasted (McGilloway ef al., 1999),
compared to non-fasted animals (for example, Barrett et a/. 2001). When sward
characteristics permit, these data suggest cows can increase intake ratc and so

compensate for increased hunger drive by increasing bite rate and bite nass.

2.7 GRAZING MANAGEMENT

2.7.1 Herbage utilisation, sward characteristics and herbage intake

Herbage intake is maximised when herbage allowance per cow is high (for example,
Delaby et al., 2001; Stukelum, 1986¢). The major drawback of this approach is that
grazing efficicncy can decrease markedly with increasing herbage allowance
(Stakelum, 1996) (Table 2.12), and herbage intake increases at a progressively
slower rate as herbage allowance increases (for example, Peyraud et al., 1996),
Stakelum (1996) illustrates a significant reduction in the proportion of herbage
availabie that is utilised with increasing herbage allowance. At a low herbage
allowance, 34 percent more grass was consumed ha™', but intake cow™ was depressed

by up to 10 perecent, compared to the high herbage allowance.

Table 2.12 Effect of increasing the quantity of grass offered on herbage intake and
efficiency of grass utilisation (Stakelum, 1996)

Herbage allowance
(kg DM cow™ d” > 3.5 cm)

s 16 20 24
Intake cow” (kg DM d™) 15.3 16.5 17.1
Intake ha (kg DM assuming 1700 kg DM available ba”) 1625 1402 1210
Eflliciency of utilisation of available herbage (%) 95.6 82.5 71.2
Sward height post grazing (cna) 5.8 6.7 7.4
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With a high herbage allowance, a large proportion of the offered herbage remains
uneaten, some of which will senesce and decay before being grazed. This will
ultimately result in increased cost kg’ herbage DM actually consumed (Mayne,
2001) (Table 2.13). Systems that are based on maximising herbage intake cow” can
therefore substantially reduce the cost effectiveness of grazing, relative to alternative

feed inputs (Mayne, 2001).

Table 2.13 Effect of utitisation efficiency under grazing on grass cost (Maync, 2001)

Utilisation {(Grazing efficiency)

R Low Medium High
Grass growth (t DM ha™) 12.0 12.0 12.0
Utilisation cfficiency (%) (overall season) 55 70 85
Grass utilised (t DM ha™) 6.6 8.4 10.2
UME (GJ ha™) 75.2 95.8 116.3
Cost (£ t DM™") (Assuming total costs £400 ha™") 60.6 47.6 39.2

In practice, providing a high herbage allowance to achieve high levels of herbage
intake cow™” generally involves providing continuously grazed cows with a high
herbage mass and sward height (Pulido and Leaver, 2001; Stakelum, 1986b}, and
leaving a high post grazing herbage mass and sward height in rotational systems
(McGilloway et al., 1999).

Mean sward height of continuously grazed pasture, or residual sward height after
grazing of rotationally grazcd pasturcs, provides a measure of sward conditions
which can be used for management decisions (Baker, 1986a). Guidelines for
management of continuously grazed swards have often been based on target sward
surface heights. Hodgson er af. (1986) suggest a range of target sward heights for
grazing cows of between 7 and 10 em. They also provide a matrix that suggests the
percenlage change in stocking rate required to maintain average sward height within
this target range. Le Du e al. (1981) and Baker et al. (1981) similarly conclude
intakc on continuously grazed swards is close to a maximum when sward height is in
excess of 7 cm extended tiller height. To allow higher levels of herbage intake for
higher genetic merit cows, more recent guidelines suggest a higher range of target
sward heights. Peyraud and Gonzalez-Rodrigez (2000} for example, propose an
optimal range of pre-grazing sward heights of between 8 and 12cm. Mayne ez al.

(2000) also take into consideration declining sward quality and changing sward
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structure over the season. For continuously grazed, high vielding cows, they suggest
a sward height of 7 to 8 em from April to June, § to 10 cm from July to August, and

10 to 12 cm from September to Octobery.

For rotationally grazed swards, Hodgson ef al. (1986) recommend a residual sward
height of 7 to 10 cm for lactating dairy cows. These guidelines however arc only
based on 21 and 28 day cycles, and an assumed pre-grazing height of between 15 and
30 om. Le Du et al. (1979) and Baker et al. (1981) conclude intake of cows is close
to a maximum when residual height, measured as extended tiller height, is between 8

and 10 cm.

Reduced grazing severity, with high residual herbage mass and residual heights
above 8 cmt n rotational systems, and above 8 cm in continuous grazing systems, is
suggested to result in deterioration in sward quality and structure, particularly during
the spring and early summer period (Mayne et al., 2000). Mayne ef af. (1987) and
Stakelum and Dillon (1991) have for example shown increases in the proportion of
stem and dead material in the sward, and reduced digestibility of herbage, following
lax grazing in early season. The challenge is therefore to achicve a balance between
herbage intake cow™, herbage utilisation and maintenance of sward quality over the

sedason.

2.7.2 CGrazing systems

2.7.2.1 Rotational versus continuous grazing

The majority of experimental evidence suggests the difference in herbage production,
individual animal performance, or animal production ha", between rotational and
conlinuous grazing systems is limited. Unless at high stocking rates, similar levels of
herbage produclion are observed from both systems (Grant ef o, 1988). Evans
(1981) reported similar average herbage intakes by dairy cows over the whole season
from rotational and continuous grazing systems, at comparable stocking rates.
However, because rotational grazing allows grazing pressure to be adjusted more
easily in responsc {o changes in herbage growth, a more uniform pattern of herbage
intake was observed from this system. In a review of published data from westcrn

Europe, Emst ef al. (1980) concluded milk production was similar from rotational
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and continuous systems operated at similar stocking rates. There is evidence
however that a rotational system is superior to a continuous stocking system at high
stocking rates with increases in mitk solids of 4 percent and 16 percent being
obtained al fow and high stocking rates respectively (McMeekan and Walshe, 1963).
In a rotational system herbage intake and digestibility declines as the sward is grazed
down (Barrett e af., 2001). This can explain cyclic variation in milk output and

composition described by Hoden et af. (1991).

Rotational systems can provide a number of advantages aver continuous grazing. In
particular, identification of grass surpluses and deficits is easier with a rotational
compared to continuous system, and there is greater flexibility to adjust grass supply
by adding or removing paddocks to the grazed arca according to grass growih
(Mayne ef al., 2000). Rotational grazing facilitates management practices, and in
particular feader-follower grazing and alternating grazing with cutting, to utilise high
residual herbage masses (Mayne et al, 1988). Adopting these practices can then
improve the overall efficiency of grassland utilisation. The most important
characteristic of a rotational system however is that herbage can be presented to the
cow as a tall, dense, and Icafy sward, and so in an optimum form to allow high bite
mass and herbage intake (Batveit e al, 2001, McGilloway er al, 1999).
McGilloway and Mayne (1996) conclude therefore that to provide quality herbage
for high merit cows, rotational grassland management systems, based on high inputs

of N fertiliser are essential.

2.7.2.2 Leader-follower grazing

A leader-follower system can be employed to utilise high residual herbage masscs
following grazing by higher producing animals (Maync et al., 2000). Fresh pasture
at a high allowance is offered to the highest producing animals, which are then

foilowed on the same pasture by animals with lower intake requirements.

Mayne et al. (1988) gave preferential treatment to high yiekling cows in a leader-
follower system in mid and late season. High yielders in the lcader group produced
up to 5.7 kg milk d”' more than high vyielders in the control group, and leader-
follower grazing increased milk yields by ou average 9 percent compared to the

control group. Overall, milk yields for the whole lactation however were 19 percent
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higher for cows on the leader treatment, compared to high yielding animals in the
control treatment, indicating the greater opportunity for selective grazing on the
leader treatment. A further experiment by Mayne er ¢f. (1990) howcever showed that
a leader-follower system had little cffect on average animal performance when a
higher grazing severity was imposed. In this case, improvements in animal
performance of high yielding cows in the leader group were offsel by the reduced
performance of the follower group. Increased grazing severity reduces opportunity
of the leader group for sclection of herbage of higher digestibility, and reduces
herbage availability for the foflower group., Differences in milk yield between the
two groups increased as thc scason progressed so that milk yields became
significantly lower for the follower group, reflecting greater restriction of herbage
availability. Preferential treatment of the high yielding cows appearcd to have
greater effect later in the scason when sward quality was beginning to decline. Cows
in the leader group however had significantly higher herbage intakes and levels of
milk production compared to high-vielding cows in the control group, yielding on
average 15.8 and 14.5 kg milk d' respectively over the period from 14 May to 28
September. Cows in the leader group spent on average 50 minutes d” less grazing
each day yet still managed to consume 1.3 kg DM d"' more herbage than high

viclding cows in the control group.

Leader-follower systems may therefore enable increased milk production from
herbage when herbage availability is poorer, particularly when non-lactating, or
much lower producing animals, are used in the follower group, A leader-follower
system however increases the complexity of grazing systems and is not compatible

with continuous grazing systems.

2.7.2.3 Alternating grazing with cutting

Grazing systems can be developed to alternate grazing and cutting and so utilise high
residual herbage masses after grazing. This has been shown to give a small
advantage in production of about 1 kg milk cow™ d”' compared to grazing only which
could be due to reduced contamination with facces on the alternately cut and grazed
sward, and/or increased herbage production and availability (l.eaver, 1985).
Conservation however can lead to deterioration in sward stracture for grazing, Tiller

density of perennial ryegrass swards which are continuously grazcd is typically in the
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range 30 000 to 50 000 m ~, while in cut swards a tiller density of between 5000 and
10000 m™ is more typical (Parsons et al., 1983b). Tiller structure of a continnously
grazed sward takes time to establish, however tiller death and reversion to a more
open structure is more rapid when swards are taken out of grazing for conservation
(Parsons ef al., 1984). Production could then be impaired if the sward is returned to
grazing after cutting, and the morc spaced tillers will have less leaf area and take

longer to recover after defoliation (Parsons and Chapman, 2000).

2.8 SUPPLEMENTATION AT GRAZING

2.8.1 Principles of supplementation

Supplements can be offered to cows at grass (o increase total nutrient intake and
oblain higher levels of animal performance than are possible from herbage alone.
Conserved forages may be offered either once or twice daily after milking (buffer
feeding), or when the animals are housed overnight (partial storage feeding).
Concentrate supplements are normally fed twice daily to cows, during or after
milking. Mobile computerised fecders can provide an alternative system to
manipulaie the temporal pattern of supplementation, particularly when cows are
offered high levels of supplementation (Gibb ef al., 2000). Concentrates can be
offered at a constant, flat rate to all cows, or at different levels according to milk

yield level or production potential of individual animals.

Responses to supplementation are extremely variable and highly dependent upon
effects of the supplement on herbage intake (Mayne, 1991; Peyraud and Delaby,
2001). Milk yield response, or efficiency of supplementation, can be expressed as
the increase in milk output (kg) per kg increase in concentrate fed. Substitution rate
describes the reduction in herbage intake (kg) per kg increase in supplement intake.
Substitution rate and hence response to supplementation varies with gragzing
conditions, production potential of the cow, supplement type and level of feeding
(Mayne et al., 2000).

Substitution rates with forage supplements such as grass silage or hay, are normally
much higher than for concentrale supplements (Mayne er al., 2000). Under good

grazing conditions when herbage allowance is high, offering conserved forage as a
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buffer feed has resulted in high substitution ratcs, ofien over 1.0 (Leaver, 1985;
Peyraud and Gonzalez-Rodrigez, 2000; Phillips, 1988; Phillips and Leaver, 1985b).
In these situations very tow milk yield responscs, or cven a decrease in milk yield
compared to control cows, has been obtained since net energy content of conserved
forage is lcss than fresh forage (Leaver, 1985; Phillips, 1988). Larger substitution
rates with conserved forage supplements compared to concentrates appear to be
mediated by a greater depression in grazing time of up to 40 minutes d”' kg’ silage
DM (Mayne, 1991).

During periods of grass shortage and when herbage quality is poor however, forage
supplementation has generally increased DM intake (Phillips, 1988). Greater
responses to forage supplementation have also been achieved from higher vielding
cows (Phillips and Leaver, 1985a). More recent work with cows yielding 29.0 kg
milk d* for cxample, has demonstrated no effect on animal performance when cows

were fed 2.3 kg DM d”' of maize silage compared to grass only (Holden et ai., 1995).

It is generally recommended that forage supplements are offered to cows in
situations where herbage availability is low. Concentrates of a high nutrient
concentration provide a more appropriate form of supplementation than forages for
high yielding cows when herbage availability is high, and the aim is to increase total

nutrient intake and milk production at pasture (McGilloway and Mayne, 1996).

2.8.2 Responses to concentrate supplementation

Early reviews by Leaver (1968} and Journet and Demarquilly (1979) rcport an
average response of between 0.4 and 0.6 kg milk kg concentrate DM, with average
substitution rates of 0.5 to 0.6. More recently, a review of literaturc by Delaby and
Peyraud, {unpublished, as cited in Peyraud and Delaby, 2001) reports a mean milk
yield response of 0.66 + s.eun. 0.46 kg milk kg' concentratc DM d’! when
concentrate intake was on average 2.8 + 1.2 kg DM d” (n = 141). Herbage intake
was reduced by on average 0.4 £ 0.3 kg DM kg increase in concentrate DM intake
(n = 57). A higher response of 0.89 kg milk kg concentrate DM d” is also
demonstrated from the results of these experiments which were published after 1990,
and the incremental increase in milk response averaged + 0.1 kg milk per kg

concentrate DM every 10 years.
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Results from some recent concentrate supplementation experiments are presenied in
Table 2.14. In these studies, grazing cows were fed on avcrage 3.81 + s.d. 2.06 kg
concentrate DM d”, and up to 10 kg concentrate DM d'. Mean milk yield of
unsupplemonted cows was 22.2 + 2.26 kg milk d'. On average, the overall
efficiency of supplementation in these studies was 0.96 + 0.36 kg milk kg’

concentrate, and mean substitution ratc was 0.29 + 0,39.

Table 2.14 Effect of concentrate allowance on milk yield response and herbage

intake
Congentrate  Milk Marginal Overall Herbage Substitution
(kg DM ") yield efficiency efficiency intake (kg herbage
(OM)  (kgd’) (kgmitkkg (kg milk kg (kg dh kg
cancenfrate™) concentrate ) concentrate")
Gibb et al. (2002b) 0 16.4 10.8°
1.1°" 18.2 1.7 1.7 11.8° 0.9
2.1 19.7 1.4 15" 10.7° 0.0
327 21.4 1.5 1.5" 11.8" 0.3
427" 20.1 -1.1 0.9 9.4" 0.3
53"7 24.2 3.7 14" 10.0 0.1
Reis and Combs
(2000) 0 21.8 13.9
5.0 26.8 1.00 1,00 12.7 .24
10.0 30.4 .72 0.86 9.77 .41
Delaby ef al. (2001)
Experiment 1 0 21.8
1.8 242 1.36
3.6 26.5 1.31
53 27.4 0.51 1.06
Experiment 2 0 22.0
2.6 24.1 0.80
5.4 27.1 1.09 0.94
Experiment 3 0 227
2.6 25.8 1.17
5.3 28.4 0.98 1.07
Pulido and Leaver
(2001)
Experiment 1 0 222 139
2.6 237 0.57 11.3 (.99
5.2 22.7 -0.38 0.10 8.1 1.11
Experiment 2 0.0 24.0 16.5
5.2 28.4 0.84 0.84 13.6 0.55
Sayers et af, (2000} 5.0 31.7 13
9.9 348 0.64 0.64 10.2 0.57
Wales er al. (15999} 0
5.0 1.09 1.09 0.35

" Results presented as OM, * OM estimated as 920g kg™ FW  (continued over)
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Table 2.14 Effect of concentrate allowance on milk yield response and herbage

intake (continued)

Marginal Overall Substitution
Concentrate Milk efficiency efﬁciency Herbage (kg herbage
(kg DM d' D) yleld (kg milk kg (kg milk k% mtake kg

 OM) (kg d') concentrate ") concentrate”) (kg ) _concenirate” "

Robaina ef al.

(1998)
Year 1 0.0
5.0 0,70 0.70 0.45
Year2 0
5.0 0.95 0.95 0.45
Dillon et of. (1997)
Year | 0.0 24.2 13.85
1.8 25.8 0.89 13.25 033
35 26.0 0.12 0.51 12.75 0.31
Year 2 0 24.0 15.3
1.8 25.0 0.56 15.15 0.08
3.6 26.6 0.89 0.72 14.95 0.10
Wilkins ef o, (1995) 0.0 24.1
3.5 25.8 0.49 0.49
Wilkins ef al. (1994) 0 22.9
1.8 25.4 1.37
3.5 26.0 0.35 0.88
INoden ef al. (1991) 0.5 224 16.7"
3.7 25.0 0.81" 0.81 16.17 0.17"
Mcijs and Hockstra
(1984)
Year 1 0.8 12.9°
2.8 12.5° 0.18"
3.9° 12.0" 0.307
Year 2 0.8’ 13.4"
3.2 12.5" 035"
5.6 11,3 0.43"

" Results presented as OM

Milk yield responses to concentrate supplementation are usually accompanied by a
steady increase in milk proicin concentration, and a reduction in milk fat
concentration {Peyraud and Delaby, 2001; Reis and Combs, 2000; Schwary ef al,,
1995). An increase in milk protein content indicates an improved energy status of
the cow, while a reduction in milk fat can occur as a consequence of a dilution effect
of milk volume and reduction in the acetic to propionic acid ratio in the rumen
(Peyraud and Delaby, 2001; Peyraud and Gonzalez-Rodrigez, 2000). From their
review of experiments, Delaby and Peyraud, (unpublished, as cited in Peyraud and
Delaby, 2001) reporl a mean increasc in milk protein of 0.23 £ 0.32 g kg™ milk kg~
concentrate DM; and a reduction in milk fat content of .29 & 0.53 g kg™ milk kg™

concentrate DM.

79




Chapter 2 Background Information

Efficiency of supplementation and substitution rates are dependant upon multiplc
interactions betwcen the animal’s milk production potential and nutritional
requirements; and herbage availability, sward structure and potential herbage intake;
as well as concentrate allowance and concentrate type (IDclaby ef al., 2001; Pulido
and Leaver, 2001).

2.8.2.1 Concenirate allowance

When increasing amounts of concentrate are fed, marginal efficiency of milk
production generally declines (for example, Delaby et al., 2001; Robaina et al., 1998;
Wilkins ef af., 1994) and substitution rate increases (Meijs and Hoekstra, 1984,
Pulido and Leaver, 2001). From the experiments presenled in Table 2.14, there is a
slight negative relationship between cfficiency of supplementation and concentrate
level (Figure 2.28), and a positive association between substitution rate and
concentrate level {

Figure 2.29). Variability in results between studies however is high.

1.8 4 ® (ibb et al. (2002)
e N X Reis and Combs (2000)

I H L] ™ X Delaby ctal. 2001) Exp. t
14 4 9 . " * Delahy el al. (2001) Exp. 2

+ Delaby ct al. {2001) Exp. 3

» Prlido and Leaver (2001) Exp. 1
= Pulido and T .caver (2001) Bxp. 2
© Waks ctal. (1599)

O Robiana etal {1998) Ycar |

Mitk yield response
(kg milk kg concentraté "

A Robiana ctal. (1998) Year 2

y=0.0516x + 1.1663 © Billon et al. {(1997) Year !
0.4 1 B oo
R*=0.0891 O Dillon et al. (1997) Year 2

0.2 A Wilkins ctal (1993)

© Wilkins ct al {1994)

0.0 1 T T 1 T 1
+ tloden et al (1991)

Concentraws (kg) -+ Sayers elal (2000)

Figure 2.28 Effect of concentrate intake on milk yield responsc (from results of

experiments presented in Table 2.14)
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15 W Gibb et ul. (2002}

X Pulido and Leaver {2001} Exp. |

)
X

X Pulido and Leaver (2001) Cxp. 2

DA
E | X ® Reis and Cambs (2000}
15,
2 + Sayers et al. (2000)
[=]
P o5 ] s / = Wales et al. (1959)
g Ty 037
£ 4 A * . « Robinna et al. (1998) Year 1
t;: E o Op n
ﬁ & - o © Robiana ¢t al. (1998) Ycar 2
5 H A =
“ 2 /{l/ c Dillon et al. (1997) Year 1
S o . . . : :
g 2 4 6 8 10 12 4 Dilton et al. (1997) Year 2
g . o {laden et al. (1991)
2 y = 0.0762x - 0.0367
2 05 R® =0.1846 o Meijs ard Hoekstra (1984) Year |
& Meijs and Hockstra (1984) Year 2
| |
-1.0 -

Congentzate (kg)

Figure 2.29 Effect of concentrate intake on substitution rate (from results of

experiments presented in Table 2.14)

A reduction in herbage intake with concentratc supplementation is generally
mediated through a reduction in grazing time (Leaver, 1983; Peyraud and Gonzalez-
Rodrigez, 2000). Some studies have reported that grazing time declines by between
10 and 22 minutes kg’ concentrate DM intake (Comibellas and Hodgson, 1979;
Kibon and Holmes, 1987; Sarker and Holmes, 1974).

More recently, Pulido and Leaver (2001) found the effect of concentrate on herbage
DM intake was a consequence of changes in both grazing time and rate of intake.
Feeding concenirate reduced the intake drive of animals by decreasing the duration
and intensity of grazing, In Expcrimonts 1 and 2 respectively, reductions in grazing
time were 3.8 and 11.0 minutes kg™ concentrate DM d”, and substitution rates were
1,12 and 0.55. The higher substitution rate reported in their first experiment was
explained by a large reduction in rate of intake of 1.82 ¢ DM minute™ kg’ increase
in concentrate DM intakc, compared to 1.01 g DM minute” in their second
experiment. An increase in concentrate allowance from 3 to 10 kg DM cow™ d” by

Sayers et al. (2000) reduced grazing time by 18.2 minutes kg concentrate DM d’*,
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and reduced total number of bites by 1018 bites kg” concentrate 1DM, but had no
effect on DM intake bite™.

Effects of increasing concentrate level on marginal efficiency of supplementation
and herbage intake however arc not always observed. Gibb er al. (2002b) for
example, reports a linear increase in milk production when concentrate offercd to
continuously grazed cows was increased to 6 kg FW d”. Substitution of herbage for
concentrate was very limited and there was no effect of increasing concentrate level
on bite mass, bite rate, intake rate, total grazing time and temporal pattern of grazing
activity over the day, or ruminating behaviour. Effects of variables other ihan simply
concentrate allowance are therefore important in detenmining respunses to

supplementation.

2.8.2.2 Milk production potential and mitk yield level

Responses to supplementation have been shown to increase with increasing milk
yield, or potential milk production and genetic merit. Higher responses observed in
experiments conducted in more recent years (Peyraud and Delaby, 2001) for
example, coincide with increases in genetic merit of dairy cows for milk production
traits. It seems likely that increased efficiency of concentrate use and reduced
substitution rates are associated with the greater nutrient requirements of higher

producing animals.

Results from experiments presented in Table 2.14 demonstrate a large amount of
variation in efficiency of concentrate supplementation with increasing milk yield
level (Figure 2.30). Effects of milk yield potential on efficiency of supplementation
as reported in Figure 2.30 however, are compounded by the positive effect of

concentrate supplementation on milk yield level.

Milk yield of unsupplemented cows could provide a better indication of a cow’s
genetic potential for milk production and of potential milk production from pasturce
alone (Figure 2.31). Variability belween experiments however is still high. Within
experiments, differences in the relationship between unsupplemented milk yield and

efficiency of supplementation are an effect of level of concentrate supplementation.
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Figure 2.30 Overall efficiency of concentrate supplementation and milk yield
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Figure 2.31 Overall efficiency of concentrate supplementation and milk yield of

unsupplemented cows
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Some studics have used milk yield level at tumout as a measure of milk production
potential, and have found increasing efficiency of concenirate supplementation with
higher milk yields at tirnout (Hoden ef al., 1991) (Table 2.15).

Table 2.15 Effect of milk yield at turnout on milk yield response to concenlrates
(Hoden et al., 1991)

Milk yield at turnoul Milk yield response
(kg d) (kg milk kg concentrate DM™)
25 0.50
30 0.70
35 0.75

Dillon et al. (1999) similarly reports improved efficiency of concentrate utilisation
from higher genetic index cows. Milk yield response from cows with a peak yield of
346 kg d! was 1.12 kg milk kg concentrate DM, compared to 0.92 kg milk kg’
concentrate DM from cows with a peak milk production of 30.6 kg d”., Mean
substitution rate was low for both groups at 0.22. Peyraud ef al. {1998) on the other
hand observed a decline in substitution rate as milk yield at turnout increased and
cows were offered O or 4 kg concentrate at herbage allowanccs of 11 or 15 kg OM
d’. Relatively high milk yield responses have also been reported at higher levels of
supplementation from higher yielding cows. Tor example Sayers et al. (2000)
obtained a marginal efficiency of 0.6 kg milk kg concentrate DM, when concentrate
allowance increased from 5 t0 9.9 kg DM d”!, from cows yielding over 35 kg milk d™!

at turmotit.

The effect of potential milk production on response to supplementation however is
not consistent. Delaby et 4/ (2001) found milk yield at turnowt, which ranged from
25 to 40 kg d°!, had no effect on milk yield response or substitution of herbage with
increases in concentrates offered up to 4 or 6 kg FW d". Pulido and Leaver (2001)
similarly report a constant linear response to concentrates from cows yielding
between 16.9 and 35.5 kg d”, and fed up to 6 kg FW concentrate d”. Increases in
herbage inlake kg™ increase in milk yield in their experiments were cstimated 1o be
between 0.18 and 0.21 kg DM d™.
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Greater responses from higher yielding cows to increasing levels of concentrate
supplementation counld reflect behavioural constraints on biting rate and grazing time
which restrict hetbage intake from a sward (Mayne et al, 2000). As milk yield
increases, marginal increases in herbage intake tend to decline, and consequently
Peyraud et al. (1996) have demonstrated that incremental increases in intake from the
sward provide only approximalely two-thirds of net energy required per kg additional
milk produced for high yielding cows. Both Pulido and Leaver (2001) and Delaby et
al. (2001) also calculate the additional ME supply from increases in herbage intake
as mifk yield potential increases in their experiments is insufficient io meet the
requirement for higher levels of milk production. Therefore when animals are unable
to reach their nutritional requirements from herbage and concentrates offered, it is
likely that the response to increasing concentrate level will remain linear to a higher
fevel of supplementation, and no intcraction between milk yield potential and
concentrate level will be apparent. It might also be expected that responses to
concentrates will progressively decrease with increasing concentrate level as cows
reach their cnergy and nuirient requirements to support their production potential
{Peyraud and Delaby, 2001).

Efficiency ol concentrate supplementation can therefore be affected by milk
production potential. The evidence suggests that whether or not an effect is observed
however, depends upon the interaction between grazing conditions that affect
potential intake from the sward and the ability of cows to meet their nutrient

requirements from grazing alone.

2.8.3 Herbage allowance and sward structural characteristics

Herbage availability has long been recognised as a major factor influencing the
response to concentrate supplementation (Leaver, 1968; Leaver, 1985). Higher milk
production recsponses have been observed at lower levels of herbage allowance
(Grainger and Mathews, 1989), at higher stocking rates (Hoden ef «l., 1991), at lower
sward surface heights (Wilkins et af., 1995), and reduced levels of herbage mass
{(Wales et al., 1999). These effects have been accompanied by lower substitution
rates (Meijs and Hoekstra, 1984).
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Delaby et al. (2001) found milk yield response to increasing levels of concentrate
supplementation in their first experiment was dependent upon herbage allowance
{Figure 2.32). Response was linear at the lower level of herbage allowance but

curvilinear when herbage allowance was increased.

Concentrate (kg DM d ™)

Figure 2.32 Effect of herbage allowance; 12.1 kg DM (), and 15.8 kg DM
cow ' d” (x), on milk yield response to concentrate (Delaby et al., 2001)

Meijs and Hockstra (1984) investigated the interaction between concenirate level,
herbage allowance and herbage intake. The model they fitted to their data is
presented in Figure 2,33, and it clearly illusirates the large substitution effect that is

expected when supplements arc offercd at a high herbage allowance.
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Herbage intake (kg OM ah
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W N O =
1 ] 1 1

LS 20 25 30 35

-
o

Herbage allowance (kg OM d ™)

Figure 2.33 Bffect of concentrate level, 0.8 (0), 3.2 (x), 5.6 (A) kg DM cow™ d'; and
herbage allowance, on herbage intake (Mcijs and Hoekstra, 1984)
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Reduced levels of herbage allowance cow™ are associated with higher stocking rate
ha. Hoden ez al. (1991) reports an increase in milk yield response from 0.5 to 0.8
kg milk kg concentrate OM™, when stocking rate was increased from 2.3 to 3.0 cows

ha'! on a rotational grazing system.

An effect of sward structure at equal levels of herbage allowance is apparent
although is less well documented. Wales er al. (1999) offered cows 0 or 5 kg DM
concentrate d' at a low and medium herbage mass per unit area, and found
substitution rate increased from 0.20 to 0.42 at the low mass, and from 0.34 to 0.44 at
a higher herbage mass. Efficiency of supplementation at the two herbage allowances
declined from 1.38 to 0.95 and from 1.07 to 0,97 kg milk kg™' DM concentrate at the

low and medium levels of herbage mass respectively.

When sward height was reduced from 6 to 4.5 cm, Wilkins et al. (1995) reports an
increase in milk yield response from 0.31 to 0.85 kg milk kg™ concentrate DM.
Rock et al. (1994a) however has found reduccd herbage intake and higher
substitution of herbage for concentrates, when concentrales were offered to cows
grazing very short swards of 4 cm compared to 6 cm or 8 cm. Unsupplemented
animals on the shorlest sward grazed for longer, however this effect was reversed
when concentrates were offered. These authors suggested that the relatively high
substitution rate of 0.42 on the shortest sward occurred when animals were unwilling
to invest substantial effort in grazing once a threshold level of energy intake was

reached.

Efficiency of concenirate use cun alse he affected by herbage quality, and in
particular digestibility (Grainger and Mathews, 1989). Improved herbage quality of
swards containing a high proportion of clover may cxplain a reduced efficiency of
supplementation from cows grazing higher clover swards (Wilkins ef al., 1994).
Higher responses to coucentrate supplementation have been achieved in sunumer
compared to spring (Gleeson, 1981; Stakelum, 1986a; Stakelum, 1986b; Stakelum,
1986¢) which might be associated with a reduction in both herbage availability and
quality. Similar rcsponses have been achieved on both rotational and continuous

grazing systems (Arriaga-Jordan and Holnes, 1986b).
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At a high herbage allowance, a reduction in the acetic to propionic ratio in the rumen
can be more pronounced if cows have access to a leafier diet that is more rapidly
fermented (Peyraud and Gonzalez-Rodrigez, 2000). The decline in milk fat content
therefore tends (o be grealer with supplementation at higher herbage allowances

when cows can select a leafier, higher quality diet.

There is generally belter agreement between studies in predicting effects of
concentrate supplementation on herbage intake at low levels of herbage allowance,
however much more variation exists betwcen studies at higher herbage allowances
(Mayne, 1991). This reflects effects of other factors such as herbage digestibility,
supplement type, season, concentrate level and milk production potential of the

animals,

2.8.4 Interaction between sward and animal factors

The negative correlation observed between herbage allowance or herbage availability
and response to supplementation (Delaby et al., 2001; Walcs et «l., 1999), would
suggest that efficiency of supplementation is related to potential herbage intake from
the sward. Herbage intake of unsupplemented cows could be used to indicate
potential herbage intake. In a review of Australian studies conducted with cows
grazing high quality pasture, Grainger and Mathows (1989) demonstrate a significant
positive correlation between substitution rate (SR) and herbage intake of

unsupplemented cows (PZ, kg DM cow™ d™! 100 kg live weight™!) (Equation 2.3):

SR =-0.445+ 0315 PI (2.3).

Consequently, in periods of low herbage availability when potential herbage intake is
low, provision of supplementary feeds will result in low substitution rates and so an

increase in total nutrient intake and hence mitk production.

Ellects of measures of herbage availability and potential intake, milk production
potential, and response to concentrate supplementation can be summariscd in terms
of the difference in energy intake compared to energy requirements, or energy
balance, The evidence suggests response to concentrale is higher for example, if a

cow is in negative energy balance due to high nutrient demands or low intake
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potential from the sward, or a combination of both of these factors (Peyraud and
Delaby, 2001). Delagarde and Peyraud (unpublished, as cited by Peyraud and
Delaby, 2001) summarised responses presented in 48 grazing experiments when the
net energy balance of unsupplemented cows was calculated from measurements of
herbage intake, herbage digestibility and milk yield. Substitution ratc was poorly
related to concentrate level (r* = 0.02), but primarily a function of net energy balance
(EB), in MJ day™, of the unsupplemented cows (r* = 0.32), as follows (Equation 2.4):

SR =032+ 0.0] EB (rsd = 0.19, 1 = 48) (2.4).

According to this relationship, substitution rate is reduced when cows are in lower
net energy balance. A substitution rate of 0,1 for example, is estimated when energy

balance is —21 MJ d”!, increasing to 0.6 when energy balancc is 28 M7 d’%.

Efficiency of supplementation is similarly closcly related to the proportion of the
animal’s requirements that are met from herbage alone. In a review of 95
experiments, Delaby and Peyraud (unpublished, as cited by Peyraud and Delaby,
2001) characterised the severity of grazing conditions by calculating the difference
between actual milk yield of unsupplemented cows and their expceted milk vield. Tt
was assumed that the greater the diffcrence between actual and expected milk yield,
the more adverse the grazing conditions. A good relationship was observed between
the difference betwecn expected and actual milk vicld and milk yield response to
concentrates (r* = 0.69). This compares to a linear but much more variable positive
relationship between milk yield response and concentrate allowance (17 = 0.27).
From their calculations, efficiency of supplementalion is estimated to be only 0.3
when energy requirements are met for pasture alone, increasing to 0.9 when grazing

conditions are less favourable.

Neaves et al. (19906) estimated substitution rate from measurements of herbage intake
prior to concenirates being offered, and concentrate intake. These variables could
provide an indication of potential herbage inlake {rom a sward, as well as the animals
nufritional requirements and energy balance, A regression cquation was derived
from 9 experiments when high starch concentrates were fed and the DM digestibility

of pasture exceeded 0.7 (Equation 2.5):
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SR=0313(PI+Cl/2)- 048 (2.5)

where PI = pasture intake prior to concentrates being offered (kg DM 100 kg live
weight) and CJ = concentrate intake (kg DM 100 kg live weight). This relationship
was valid for values of PI i+ CI/2 of between 1.5 and 4.0 (Neaves ef al., 1996).

Energy balance is affected by herbage intake, which explains lower substitution
rates, and higher milk yield responses observed in experiments when herbage
availability is reduced (IDelaby ef af., 2001; Meijs and Hoekstra, 1984). Absence of
an effect of increasing concentrate allowance on herbage intake und grazing
behaviour observed by Gibb ez al. (2002b) when cows grazed swards maintained at a
height of 7 to 8 cm, could therefore be a consequence of potential intake which is

insufficient to meet the animals nutritional requirements.

Animal production responses to concentrate, and substitution of herbage can
therefore be affected by potential for milk production and milk yield level (Ditlon ef
al., 1999; Hoden ef al., 1991). However, whether or not an effect of supplementation
on milk production or herbage intake is observed, i1s dependant upon interactions
between concentrate allowance, grazing conditions, and the ability of cows to mect
their nutritional requirements from grazing (Delaby ei al, 2001; Peyraud and
Delaby, 2001; Pulido and Leaver, 2001).

2.8.5 Type of concentrate supplement

Milk production from grazing cows can be limited by the low energy content of grass
resulting in a low cnergy compared to protein supply to the animal, and the
imbalance in supply of rumen fermentable carbohydrate and RDP (Reis and Combs,
2000). Concentrates can increase energy and protein intake of grazing cows, as well
as improve synchrony of their supply to the rumen and animal. Concentrate type
can therefore interact with concentrate allowance, and also animal and sward factors,
to determine responses of grazing cows to supplementation. In particular, animal
performance and intake can be affected by concentrate energy source and the level

and type of protein supply (Gibb et ¢l., 2002a; Sayers et al., 2000).

2.8.5.1 Concentrate energy source

Results from some cxperiments that demonstrate effects of concentrate energy source

on milk production and herbage intake arc presented in Table 2.16.
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Chapter 2 Background Information

Energy supplements provide an opportunity to improve the balance between the high
quantities of rumen degradable N found in herbage, compared to rumen fermentable
energy supply (Beever ef al., 1986). Improved synchrony of energy and N supply
could potentially increase microbial capture of ruminally degradable N, and reduce
ruminal ammonia concentrations (Kolver ef af., 1998; Reis and Combs, 2000; van
Vuuren et al., 1986). However, these effects are minimal and effects of synchrony of
energy and N supply with grazing cows are difficult to prove. High inputs of quickly
fermentable substrates such as starch on the other hand, can increase concenirations
of VFA and lactate in the rumen, and so reduce rumen pH (Sutton ez al., 1987). This
in turn can reduce cellulolytic activity of microbes in the rumen, resulting in a lower
rate of breakdown of fibrous particlcs and reduced digestibility of forage (Arriaga-
Jordan and Holmes, 1986a; Russell and Wilson, 1996). As a result, increased rumen

fill with non-fermented residues can restrict intake of more food.

It is important therefore to consider not only the quantity of supplementary energy,
but also the type of carbohydrate supply. Improved milk yield responscs to
concentrate supplementation bave been reported when the concentrate contains a
source of energy which is higher in fibre and lower in starch (Fisher et al., 1996,
Khalili and Sairanen, 2000; Meijs, 1986; Schwarz ef af., 1995). Increased levels of
milk production with a higher fibre concentrate have been accompanied by increases
im milk fat content (Fisher et al., 1996; Meijs, 1986), but lower milk protein
concentrations (Gibb ef al., 2002; van Vuuren ef al., 1993).

Substiﬁltic)ll rate can also be lower when a more fibrous energy source is offered
(Fisher et al, 1996; Gibb ef al, 2002; Schwarz ef al, 1995). Herbage intake
experiments conducted by Meijs (1986), demonstrated mean substitution rate was
reduced to 0.21 compared to 0.45 kg herbage OM kg concentrate OM, by feeding
the high fibre compared to high starch supplement. Fisher ef a¢f. (1996) and Kibon
and Tolmes (1987) also reported an incrcasc in herbage intake when a high starch
concentrate was replaced with a higher fibre concentrate. Similarly, Gibb et al
(2002a) found offering cows 8 kg FW d! of a high starch concentrate reduced
herbage intake, compared o 4 more fibrous concentrate or a standard dairy
concentrate. In their experiments, the high starch concentrate reduced total grazing

time d”! but had no effect on short-term intake rate, bite rate, or bite mass. Despite a
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reduction in herbage intake, treatment had no effect on total ruminating time, which
indicates an increased ruminative requirement for cows offered the high starch
supplement. Gibb er al. (2002a) suggest this could be a consequence of a
requirement for the animals te increasc production of saliva to amecliorate rumen

acidity caused by a starchy supplement.

More recently, Sayers ef al. (2000) reports a significantly higher herbage intake with
a high fibre compared to high starch supplement and, with the exception of the
period from 1 May lo 5 June, the high starch concentrate produced a higher
substitution rate than the high fibre supplement over the season. This increase in
herbage and total DM intake was not accompanied with an increase in milk yield,
however increased cnergy intake could have contributed to improved milk

composition,

Greater responses from more fibrous energy sources however have not always been
found, A higher milk yield response (Schwarz ef al., 1995; van Vuuren ef al., 1986)
accompanied by increased herbage intake (Valk e af, 1990) has been reported for
higher starch concenirates. The effects of concenirate energy source can be affected
by degradability of the starch sources in the concenirate. Ccreal grains for example,
provide rapidly degradable starch which is moare than 90 percent ruminally
fermentable, compared to maize starch which has a lower mumen degradability of
between 70 and 80 percent (Orskov, 1986). The less degradable maize starch used
by Schwartz et al. (1995) and Valk et al. (1990) and less degradable starch in the
mixture of ingredients used by van Vuuren et af. (1986) could explain some of the
beneficial effects of the higher starch concentrates observed in these studies. A
negative effect of a high starch supplement may therefore not be apparent if less
rapidly fermentable starchy ingredients are used, and a starchy concentrate may
actually improve rumen conditions by providing a beller energy supply than much
less degradable fibrous ingredients. Reis and Combs (2000) for example, report no
effect of supplementation of grazing cows with up to 10 kg DM d”' of a maize based
concentrate, on rumen pH or digestibility of fibre, The difference between starch and
fibrc energy sources is also lower when the fibrous concentrate is based on sugar
beet pulp or citrus pulp which are sources of rapidly fermentable pectin, and hence

there is less difference in total starch plus sugar content (Peyrand and Delaby, 2001).
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In terms of milk composition, readily fermentable starch is generally considered to
reduce the acetate to propionate ratio, and hence milk faf, to a greater extent than
high fibre concentrates or those containing less fermentable starch (Peyrand and

Delaby, 2001; Schwarz et al., 1995).

Energy sourcc has limited effects on milk production or herbage intake when only
moderate amounts of concentrate are fed. Peyraud and Delaby (2001) suggest the
nature of the energy source does not necessarily cause enough digestive perturbations
to affect animal performance when less than 5 kg DM concentrate d' is offered.
Information regarding effects of offering high levels of concentrate to high yielding
grazing cows is limited but Saycrs et al. (2000) found an increase in milk fat and
depression in milk protein with a higher fibre concentrate fed to cows yielding above
30 kg milk d”'. This effect was more evident as proportion of supplement in the diet
increased, and concentrate intake increased from 5 to 9.9 kg DM cow d'. Cows
offered the higher feed level in this experiment howcver had their concentrate
allowance split into three feeds and it might be speculated that this would reduce

effects of a high starch concentrate on rumen conditions (Russell and Wilson, 1996).

Sward characteristics and herbage availability could interact with the response to
different concentrate types. Supplementation has larger effects on rumen digestion
when herbage allowance is high (Peyraud and Delaby, 2001), and so effects of
concentrate energy source could also be greater when herbage availability is high.
The level of concentrate required to affect rumen fermentation is expected to be
lower when the content of soluble material in herbage, and in particular sugar and N,
is high (Meijs, 1986). It might be expected therefore that the higher the leaf content,
and higher the quality and digestibility of herbage selected by the cow, the greater
the effect of highly-fermentable starch on ruminal digestion and milk fat content
{(Pcyraud and Delaby, 2001). Compared to cows grazing pasture, zero-grazed
animals have less opportunity for selection of herbage of higher quality than the
average of that on offer (Stakelum, 1986b). Lower digestibility and a lower rapidly
fermentable carbohydrate content of herbage consumed by zero-grazed cows could
explain the positive effect of supplementation with a rapidly degradable cercal-based
starch concentrate, compared to a fibrous concentrate, on their milk production
(Schwarz et al., 1995).
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The evidence suggests theretore that the effect of different carbohydrates on milk
production and herbage intake is dependent upon level of concentrate feeding and
herbage availability, which affects the ratto of herbage to concentrate in the diet.
Additionally, effects of concentrate energy source are dependent upon the
composition of herbage on offer, and quality of herbage sclected by the cow.
Starchy concentrates however are generally more likely to cause inappetence and a

disruption to grazing activity and reduction in daily herbage intake.

2.8.6 Protein supplementation

When cows are grazing high quality pasture, milk production is most often limited
by cnergy intake compared 1o prolein supply (Kolver et al, 1998, Mayne et al.,
2000; Peyraud and Delaby, 2001). Responses to additional protein however have
been obtained when pasture quality is poor, cows are in early lactation or high
yielding, or when there are high levels of grain supplementation (Neilsen ef al.,
2002; Kellaway and Porta, 1993 as cited by Hongerholt and Muller, 1998).

It has been calculated that duodenal protein supply to dairy cows from grazed pasture
is adequate to meet requirements for up to 25 kg milk d’ (Beever and Siddons,
1986). Neilsen er al. (2002) reported a reduction tn milk yield from 27.0 to 25.2 kg
d™! when cows werc offered a low protcin supplement containing 110 g CP kg DM,
compared to a supplement containing 170 g CP kg' DM, High yiclding and early
laclation cows were most sensitive to this reduction in CP level and so they suggest
N utilisation can be improved by varying the supplement CP concentration according
to yield and stage of lactation. Hongerholt and Muller (1998) suggest high vielding
dairy cows, producing 35 to 40 kg milk d"' in early lactation, require diets that
contain 16 to 18 pcreent CP on a DM basis, and total dietary protein supply should
contain around 37 to 38 percent RUP.

A source of RUP in the diet is important to supply post-ruminal protein and amino
acids to complement microbial protein supply (Beever et af., 2000). Since a large
proportion of protein in herbage is rapidly degradable in the rumen, protein
supplements, and in particular those high in RUP, could enhance production,
Hongerholt and Muller (1998) reviewed four studies which all involved feeding high
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RUP supplements to grazing cows yielding between 9.6 to 18 kg milk d.
Supplementation with protected casein increased milk yield by between 0.5 and 2.4
kg d, while RUP supplements increased milk protein concentration in three of the
studies. O'Mara et al. (2000) also found supplements of RUP can increase milk and
protein yields. When cows were offered 1.25 kg d” of beet pulp, or concentrates
based on cither fishmeal or protected soya, milk yields were 17.3, 18.0, and 18.6 kg
d"! respectively (O'Mara et al., 2000). O’Mara (1991) offered grazing cows 0.5 kg
d”! of either a barley, beet pulp or maize gluten concentrate, with or without a feed
additive designed to reduce dietary protein degradability. '(he additive gave a
significantly highcr miik and milk protein yield despite the low level of supplement
offered, and therefore appears to have increased supply of RUP to the animal and
improved dictary N utilisation. Herbage and microbial protein become less likely to
satisfy requiremenls with increasing levels of milk production. Hongerholt and
Muller (1998) fed a high or low RUP concentrate at a rate of 1 kg per 4 kg milk d”,
to grazing cows yielding 39.8 kg milk d™* at the start of experiment. Mean daily milk
yields for all cows did not differ significantly between treatments; 34.2 and 35.5 kg
d™ for the low and high RUP concentrates respectively. Mulliparous cows however
tended to yield more milk and milk protein when fed the high RUP concentrate, 36.2
compared to 34.5 kg milk d”, and 1.06 kg compared to 0.98 kg protein d™.
Concentration of plasma urea was unaffected by treatment. This experiment
therefore tends to suggest a slight positive effect of feeding higher levels of RUP to
high yielding cows.

Others however report limited effects of supplementary protein on milk production.
Gibb et al. (2002a) found no advantage in providing a source of highly digestiblc
RUP and increasing total concentrate CP content above 180 g kg™ FW, on cither
milk production, herbage intake, or grazing behaviour, suggesting cows already had
a sufficient protein supply. Tesfu et af. (1995) offered rotationally grazing cows
concentrates at a rate of 0.3 kg concentrate kg milk’'. A basic dairy concentrate
(control) contained 12.4 percent CP, and other supplements were formulated by
addition to the control of either 0.9 percent urea, 12 percent rapeseed meal, or heat
trcated concentrate plus 12 percent hcat trcated rapeseed meal. No significant
differences were observed in energy corrected milk yields, which were 27.4, 26.9,

27.1, and 27.7 kg d”! for the four treatments respectively. Milk protein concentration,
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tended to be higher on the urea treatment compared to either of the rapesced meal
treatments. It is possible that heat treatment of concentrate in this experiment
lowered rumen available energy helow what is required for optimal protein synthesis

by rumen microbes, and additional protein may have been used as an energy source,

Responsc to protein supplementation can be affected by the CP content of herbage.
Increases in both milk production (Delaby ef al, 1996) and herbage intake
(Delagarde ef al., 1999) have been reported when herbage CP is reduced, for
exampile when N fertilisation is low, or during summer grazing. Delaby et al. (1996)
described milk yield response when an increasing supply of MP was provided by
replacing 3 kg wheat with protected soya bean meal. On a highly fertilised sward
and when CP content was greater than 160 g kg DM, prolein supplementation
slightly increased milk vield. On a sward with a lower level of N fertilisation
however when herbage CP content was less than 130 g kg DM, milk production

response was much greater.

It is possible that an improved nutrient supply to the rumen and the animal, by
increasing RUP or reducing the amount of surplus N in the rumen, may improve
voluntary herbage intake. Hongerholt and Muller (1998) found cows fed 2 high RUP
mixture also tended to have a higher DM intake. Replacement of a carbohydrate
concentrate by protected soya bean mcal has increased herbage intake on a low N
sward (Delagarde et al., 1999). In their study, Delagarde e al. {(1999) reported
herbage intake increased by 0.8 kg DM kg™ concentrate DM when cows grazed
swards of less than 140 g CP kg' DM. Herbage digestibility, rumen ammonia,
VFAs, and blood urea concentrations were increased. Protein supplementation
therefore promoted herbage infake when herbage CP concentration was low by
improving rumen digestion due to the input of N (Table 2.17). In contrast,
supplementing cows with protected soya bean meal did not affect herbage intake on

swards with a CP concentration higher than 160 g kg DM (Delagarde ef al., 1997).
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Table 2.17 Effect of energy and protein supplementation on herbage intake and
digestion on a low CP sward (adapted from Delaby et ¢/., 1999, and cited by
Peyraud and Delaby, 2001)

No Cereal-based Soya-bean

concentrate congentrate meal
Concentrate intake (kg DM d*) 0 2.8 2.8
Grass intake (kg DM d™) 14.6 14.9 17.2
Herbage digestibility 0.77 0.76 0.79
Rumen VFA (mmoles I') 99 101 111
NH; (mg 1) 11 11 21
Protein flowing into duodenum (kg d™") 2.2 2.5 3.5
Milk yield (kg ™) 19.6 22.0 24.8

Protein supplementation can therefore increase milk production by alleviating a
shortfall in MP supply, and also by increasing nufrient intake through promotion of
herbage intake. This effect is particularly cvident when sward CP content is low, and

with higher producing animals,

2.8.7 Concentrate supplementation strategies

Supplementation of grazing cows to achieve efficient and economically viable
production responses is dependent upon Interactions between many variables.
Herbage allowance and availability affcct rcsponscs to supplementation and so
prediction of potential herbage intake and milk production from a sward could assist
in determining appropriate levels and types of supplementation for grazing cows.
Leaver {1982) for cxamplo, uscd sward height as an indicator of when concentrates
should be offered to continuously grazed cows. Concentrates were introduced when
sward height fell below 9, 7, or 5 cm at a rate of 1 kg d' for cach 0.2 em deeline
below these threshold levels. Mean concentrate intakes for the 3 treatments
respectively were 3.3, 1.7 and 1.4 kg d'; and mean daily milk yields were 17.7, 16.0,
and 15.0 kg.

Recommendations for levels of concentrate supplementation which take into
consideration potential milk production from grass as well as milk production
potential of the cow, or target milk yield, have been proposed by Mayne ¢z al. (2000)
(Table 2.18).
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Table 2,18 Suggcested concentrate feeding levels for high yielding dairy cows in
early and late season offered moderate herbage allowance (20 kg DM cow™'
d”' assessed above 3.5 cm, equating to residual sward height in rotalional

grazing of 8 cm) (Mayne ez al., 2000)

Early scason target Late season target

milk yield milk yield
. (kg cow™ d') (kg cow™ )
250 350 40.0 250 35.0
Potential milk yicld from grass (kg d™) 27.0 294 309 20.0 245
ME required from supplement (MJ d”')* 0 280 455  25.0 52.5
Supplement feed level required (kg cow™” d') ¥ 0 4.5 7.0 4.0 8.5

T Assumes increase in herbage intake of 0.125 kg DM kg’ milk; * ME required for milk
production of 5.0 MJ kg™ milk; ¥ substilution rate 0.4 kg herbage DM kg supplement DM,
ME concentration of herbage and supplement 12.0 MI kg DM

Components of a decision support model for supplementing concentrates to grazing

cows are surnmarised in Figure 2.1 (Neaves et al., 1996).

Farm and management
variables (¢.g. farm area,
COW Size)

1
Herd feeding programme:
pasture and concentraics

!

Substitution rate >< I

1
(’ﬁcreusc in y

energy intake Pasture spared,

effect an growth

Nutrieut partitioning and senescence
millk:LWG

Immediate Immediate
milk response LWG

v ¥

Long term reproductive o Likely residual milk
responge response

!

Economic valuc of
responsc [ess direct cosis

!

Net benefilicost of
concentrate use

A 4

Figure 2,34 Components of a decision support model for the feeding of concentrates

to lactating cows grazing pasture (Neaves ef al., 1996)
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As well as direct and immecdiate effects of supplementation on herbage intake and
milk production, effects of supplementation on live weight and body condition
(Delaby et al., 2001); which can affect health, welfare, and fertility (Pryce et al.,
2001), must be taken into account. There can also be residual milk yield responses to
concentratc supplementation (Ferris ef af., 19992a). The value of herbage that is
spared as a result of substitution for concentrate should also be considered, and
reduced intake from a sward could also potentially affect herbage growth and
production, and alter sward characteristics (Lemaire and Chapman, 1996). Overall,
the net benefit or cost of supplementation must consider the economic value of these

responses less direct costs of supplementation.

2.9 CRITICAL SUMMARY OF THE LITERATURE AND RATIONALE FOR FURTHER WORK

Milk production from grazed pasture is dependant upon herbage intake, the
nutritional value of herbage selected, and the animal’s gemetic merit and milk
production potential (McGilloway and Mayne, 1996; Peyraud and Gonzalez-
Rodrigez, 2000). Sward and animal behavioural characteristics however restrict
herbage intake, and these are major factors limiting milk production from grazed
pasture ('ulido and I.eaver, 2001; Rook, 2000).

Potentially high yiclding dairy cows have increased energy and nutrient requirements
to support higher levels of milk production. With increasing genctic merit for milk
production there is also a change in nuirient partitioning towards milk production at
the expense of liveweight gain, and increased tendency for body tissue mobilisation
to support higher energy requirements (Agnew er @l., 1998, Buckley et al., 2000b;
Vectkamp et al., 1994). The major challenge when managing potentially high
yielding dairy cows at pasture is therefore to achieve high enough levels of intake to
enabie them to reach their production potential, und to avoid a shortfall in energy

requirements being made up from excessive mobilisation of body reserves.

Levels of herbage intuke of up to 20.7 kg DM d™' have been recorded (Buckley and
Dillon, 1998), which suggests grazed herbage is theorctically capable of supporting
38 kg milk d”' (assuming ME requirements for maintenance 70 MJ d”', and milk 5.2
MJ kg'; and herbage ME content of 12.0 MJ ME kg DM, ATRC, 1993). Under
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ideal spring grazing conditions others report grazed pasture has potential to support
between 27 and 33 kg milk d (Mayue, 2001; Peyraud and Gonzalez-Rodrigez,
2000). Such high levels of performance however are rarely observed in practice,
Cows require supplementation if they are to sustain levels of milk production above
what is possible from grazed herbage alone. Concentrate supplements of a high
nutrient density provide the most appropriate form of supplementation for high
genetic merit, high yielding cows if they are to achieve high levels of DM intake
(McGilloway and Mayne, 1996). There is limited information available in the
literature however to enable development of grazing management and
supplementation strategies for high yielding cows producing in excess of

approximately 30 kg milk 4™

Milk preduction response to concentrate supplementation is variable. The majority
of cvidence demonstrates that higher milk yield responses are achieved from cows
with higher milk production potential (Dillon ef al., 1999), and when herbage
allowance is low (Meijs and Ifoekstra, 1984). As the level of concentrate fed
increases, response o additional increments of concentrate will decline and reach a
plateau as the animal meets its energy and nutrient rcquirements (Delaby et al.,
2001). Response is therefore dependent upon the diffcrence between herbage intake
polential of the sward and the animal’s nutrient requirements to support its potential
level of production. Further research is required however to quantify effects of
sward characteristics on herbage intake and examine their interaclions with

supplementation.

Additionally, the type of concentrate offered can affect milk production responses to
supplecmentation, High inputs of rapidly degradable carbohydrate can disrupt the
ramen cnvironment and reduce activity of rumen microbes (Arriaga-Jordan and
Holmes, 1986a). This can lower the ratc of passage of material through the rumen,
and potentially restrict further herbage intake. Different cnergy sources however
have been fed {o grazing animals with varying results (Gibb ef al., 2002a; Schwarz et
al., 1995). Therc could be an effect of the quantity and type of ingredients fed, and
interactions with sward factors; in particular herbage quality and potential herbage
intake, and animal factors such as nutritional requirements. While energy tends to be

limiling to animal performance at grazing, there can be production responses to
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protein supplementation. In particular, high producing animals with high protein
requirements can increase their milk production when provided with an additional
source of RUP (Hongerholt and Muller, 1998). Effects of concentrate formulation

for supplementation of high yielding cows therefore requires further investigation.

It is well recognised that herbage intake incrcases with higher levels of herbage
allowance (Greenhalgh er al., 1966; Le Du et al., 1979, Stakelum, 1986b; Stakclum,
1986¢c). More recent evidence highlights the importance of sward struclural
characteristics on herbage intake, and especially sward surface height (Gibb ef af.,
1997; Pulido and Leaver, 1997, Rook et al., 1994a), sward density (Mayne ef al.,
1997, McGilloway ef al., 1999), and green leaf mass (Parga ef af., 2000). Cows can
alter aspects of their grazing behaviour according to sward characteristics and their
intake requirements, to support their production potential. In particular, they can
increase grazing lime and bite rate to compensate for low bite mass (Gibb et al.,
1999; McGilloway et af., 1999), Grazing time and bite rate however reach a platean
at between 9 and 10 hours d”', and approximately 60 bites min™ (Phillips and Leavcr,
1986; Rook and Huckle, 1996; Rook et al., 1994). High yielding cows are more
likely to reach these behavioural constraints as they attempt to meet their high intake
requirements. Bite mass is thercfore a particularly important determinant of herbage
intake and mifk production from grazed pasture when the aim is to achieve high
levels of herbage infake. Further exploration of interactions between bite mass,
sward structure and animal characieristics, is required to quantify potential levels of

herbage intake from a sward.

Descriptions of sward characteristics known to affect bite mass could improve
prediction of herbage intake from a sward, In particular, litlle attempt has been made
to describe the vertical distribution of herbage mass through the sward and to
exainine effects of this distribution on intake. Evidence suggests cows bile o a depth
cqual to a constant proportion of sward surface height (Barrett ¢ o/., 2000; Wade et
al., 1989). Sward surface height and the vertical distribution of mass within the
sward are therefore expected to have a significant effect on bite mass. Information
regarding the vertical distribution of herbage mass could therefore be utilised to
predict potential bite mass and herbage intake from a sward at specified bite

dimensions.
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Mean measurements of sward structure, such as average sward height and bulk
density, can conceal variability across the grazed arca. Spatial heterogeneity in
sward structure and the selection behaviour of cows between patches of different
structure, is in particular Hkely to have a significant influence on mean bite mass and
intake from a sward (Schwinning and Parsons, 1999; Swain, 2000). The impact of
spatial heterogeneity in sward structurc on aspects of grazing behaviour thereforc
requires further investigation. Progress in uonderstanding sward and amimal
interactions is dependent upon methodologies to measure grazing behaviour and
components of herbage intake.  Automatic behaviour recording cquipment is now
relatively well cstablished for rccording the temporal pattern of grazing activity,
grazing times and bite rates (Laca and Wallis De Vries, 2000; Rutter, 2000; Rutter et
al.,, 1997). Methods of obtaining dctailed measurements of grazing behaviour and
intake, and in particular bite mass, within patches of a grazed sward however require

further development to investigate and quantify sward-animal interactions.

Overall, there is a veed for further investigation of intcractions between milk
production from pasture and sward characteristics, supplementation, grazing
behaviour, and herbage intake. The main objective of the following study is to
contributc to the development of strategies to achicve high levels of milk production
from dairy cows at pasture, which optimise the contribution of grazed herbage and

make efficient use of concentrate supplements.

Specific aims of the study are:

1. To investigate effects of different concentrate supplementation strategies on milk
production, grazing behaviowr and herbage intake.
a) To study effects of offering high levels of concentrate to grazing cows during
the late summer period, when milk production response might be enhanced as
a consequence of deteriorating herbage and sward quality.
b) 'To investigate effects of supplementation of high vielding cows with different
cnergy sources, and the potential of reducing dietary protein degradability to

improve response to supplementation, over the grazing season,
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To mvestigate the effects of sward structure on herbage intake.

a) To make detailed measurements of vertical distribution of herbage mass from
swards under different simulated grazing systems; and to examine
relationships between sward height, mass, and the vertical distribution of
mass in the sward.

b) To predict effects of vertical distribution of herbage mass on bite mass from

these descriptions of sward structure and estimates of bite dimensions.

To examine interactions between sward structure and animal behaviour with

grazing CoOws.

a) To explore poiential to develop a methodology (o make detailed
measurements of grazing activity and herbage intake within patches of a
grazed sward using a combination of sward and grazing behaviour
mcasurements, and recordings of the antmals spatial location.

b} To estimate mean bite mass from a grazed sward using this methodology,

within different lime periods over the day.
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CHAPTER 3.0 EXPERIMENT 1

Effects of supplementing grazing dairy cows with high levels of concentrates
over the late summer and housing period, on animal performance, herbage

intake and grazing behaviour
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3.1 INTRODUCTION

Under ideal grazing conditions, grazed grass can support up to between 27 and 33 kg
milk d! in spring, declining to 25 kg milk d” in autumn (Mayne, 2001; Mayne ef al.,
2000). When potential levels of milk production exceed this level, or where optimal
sward conditions are not available, concentrate supplementation can enable grazing
cows (o perform closer to their production potential. Animal production responses to
concentrate supplementation at pasture however are extremely variable (McGilloway
and Mayne, 1996; Peyraud and Gonzalez-Rodrigez, 2000). Milk production
response is highly dependant upon the effect of concentrates on herbage intake, and
in particular the rate of substitution of herbage for concentrate (Pulido and Lcaver,
2001). Substitution rate and milk production responses fo supplementation are
affected by interactions between the animal’s nutritional requirements, and hence
production potential, as well as its potential energy and nutrient intake from the
sward (Peyraud and Delaby, 2001). A lower substitution rate and greater milk yield
response to supplementation is expected from cows that are unable to meet their
intake requirements from herbage alone (Delaby et al, 2001). Efficiency of
concentrate supplementation for milk production for example, is greater from cows
with. a high milk production potential (Dillon et al., 1999; Hoden et al, 1991;
Pevraud et al., 1998), and when sward characteristics do not enable them to meet
their intake requirements from grazing (Gibb et al, 2002b; Meijs and Hoekstra,
1984).

High responses to supplementation of above 1 kg milk kg™ concentrate dry matter
(DM) have been achieved when cows have been offered up to 5.4 kg d”' concentrate
DM (for cxample, Delaby ef al., 2001; Gibb et al., 2002b; Wales ez al, 1999,
Wilkins et al, 1994). Few experiments are reported when higher levels of
concentrate have been offered, although Sayers et o/ (2000) and Reis and Combs
(2000) have found relatively high efficiencies of up to 0.86 kg milk kg‘l concentrate
DM, when grazing cows were fed up to 10 kg DM concentrate d™'.

Potential herbage intake and the nutritional value of herbage in the sward generally

decline as the grazing scason progresses. A decrease in herbage growth rate (Orr ef
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al., 1988} can result in a reduction in herbage availability and herbage allowance,
which can restrict herbage intake and so increase efficiency of supplementation
(Grainger and Mathews, 1989; Meijs and Hoekstra, 1984). Sward characteristics
associated with late season swards, such as a decline in sward height and an increase
in the proportion of stem, can limit potential bite mass and reduce herbage mtake
(Gibb et al., 2002b; Peyraud and Gonzalez-Rodrigez, 2000)., An incrcase in
heterogeneity and the proportion of infrequently grazed patches in the sward, which
are associated with later season grazing (Connell and Baker, 2002), can similarly
reduce mecan bite mass and herbage intake potential (Connell and Baker, 2002;
Givens ef al., 1993, Swain, 2000). Progression of the season, increasing herbage
maturity, and greater sward structural heterogeneity is also associated with a decline
in nutritional quality of herbage (Beever et al., 2000). In particular, a reduction in
herbage digestibility and ME content will reduce the nutritional value of herbage

consumed from later season swards (Givens et a/., 1993).

Lower potential milk produnction from pasture later in the season could therefore be
associated with larger milk yield respanses to supplementation (Peyraud and Delaby,
2001). Furthermore, although marginal efficiency of supplementation declines when
increasing amounts of concentrate are fed {Delaby et al., 2001), responses to higher
levels of concentrates could be apparent in late season when potential nutrient intake
from the sward is reduced. Towards the end of the grazing season, the transition
from the grazing to housing period can place further stress on animals as they adapt
to a mnew nutritional and management regime. Additional concenirate
supplementation over this period could hclp avoid negative effects on animal

performance.

This experiment was conducted to highlight factors that affect the efficiency of
responses to concentrate supplementation, and to sct the context for further work.

Specific objectives of the study were;

¢ To investigate effects of offering high levels of concentrates to lactating, grazing
dairy cows in late summer, on animal performance and grazing behaviour.
¢ To examine responses in anima! performance to incrcasing the amount of

concentraie offered over the housing period.
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3.2 MATERIALS AND METHODS

3.2.1 Experimental design

The experiment was conducted over a 9-week period from 13 August to 14 October
1999. Treatments were applied according to a continunous factorial design and the
experiment was split into two stages, during which cows were fed different levels of

concentrate.

3.2.2 Animals and treatments

Forty-eight multiparous Holstein-I'riesian cows on average 65 + s.e.m. 1.8 days in
milk, yielding 36.8 = 0.65 kg milk d”', and with a mean Profitable Lifetime Index
(PLI) value of £64 £ 2.9 were used in the experiment. Average lactation number of
the cows was 3.8 + 0.29, and animals had a mean live weight of 610 + 6.9 kg, and
condition score of 2.16 + 0.05. Cows were blocked into groups of 6 on the basis of
milk yield in the week prior to the start of the experiment, days in milk, and lactation

pumber, and then allocated at random from groups to one of 6 treatments.

Prior to commencing the experiment, cows were coutinuously grazed as a single
group and offered 5.3 kg DM d” of a cereal-based dairy concentrate split between

morning and afternoon milkings.
Stage 1 of the experiment began on 13 August for 5 wecks, and Slage 2 continued for
4 weeks from 17 September to 14 October. Treatment groups were offered different

lovels of concentrates according to Table 3.1.

Table 3.1 Concentrate offered per treatment, T1-T6 (kg FW cow™ d')

Concentrate treatment
T1T T2 I3 T4 T5 T6
Stage 1 6 6 9 9 i2 12
Stage 2 6 8 9 1 12 14

During Stage 1, cows were fed 6, 9, or 12 kg fresh weight (FW) concentrate d” and
grazed separately in these 3 concentrate treatment groups. For the duration of Stage
2, cows were housed overnight. Concentrate was mcreased by 2 kg FW d? for one

of the treatments in each of the three main groups of Stage 1 (T2, T4, and T6), and
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silage was offered ad libitum overnight. Cows were grazed and housed in 3 scparate

groups as in Stage 1.

Concentrate amounts of 8 kg FW d' or less were fed to individual cows through the
parlour, split equally between morning and afternoon milkings at approximately
07:00 and 14:30 h. Cows offered more than 8 kg concentrate d” had concentrate
split equally between threc mecals all fed through the parlour, at morming and

afternoon milkings, and at 11:00 h when cows were not milked.

3.2.3 Concentrate composition

Ingredient compositian of the concentrate fed is detailed in Table 3.2.

Table 3.2 Ingredient composition of concentrate fed

gke' FW
Wheat 230
Maize yellow 151
Citrus pulp 61
Rapeseed 150
Soya extraction 49 % 168
Soyabean hulls 120
Molasses 03
Dairy blend mixer and spray 33
Minerals and vitamins 24

3.2.4 Grazing

The grazed swards were predominantly perennial ryecgrass (Lolium perenne), on free
draining, sandy loam soils. Cows were continuously grazed and the 3 separatc
groups of animals were rotated daily in a random order around paddocks in the
grazed area. The grazed area was increased from 8.8 to 18.0 ha over the course of
the experiment when herbage growth ratc declined, so as to maintain sward surface
height above the target height of 9 em. An additional paddock was added to the
grazing area on 23 August, and a further paddock added on 30 August.

3.2.5 Animal measurements
Milk yield of all cows was measured twice daily by flow meters at milking, Milk
samples were collected weekly at two consecutive milkings to be analysed for fat,

protein, and lactose content using an infrared milk analyser (Foss-Electric Milkoscan
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203). All cows were weighed and condition scored (Lowman ef al., 1973) weckly

after the afternoon milking.

Individnal amounts of concentrate fed and refused were weighed at each milking.
FW and DM of silage offered to each of the three groups was measured daily and
silage rcfusals were weighed twice weekly to calculate intake per group. Herbage
intakes for individual cows were estimated for Stage | of the Experiment by energy
balance according to ME requirements as stated by ATRC (1993)., Intake
calculations were based on cnorgy requirements for mainienance and milk
production considering milk fat, protein, and lactose concentrations. Energy supply
from concentrates; and either energy supply from liveweight loss or energy
requirements for liveweight gain, depending on whether the animal was gaining or

losing live weight, were also included in the calculations (AFRC, 1993).

Grazing behaviour of the three initial groups of cows was observed for 24 hours
starting at 09:00 h on 2 September. Cows werc obscrved for 15 seconds in every 16
minute period during daylight hours; or every 15 minutes in darkness, and their

behaviour was recorded as either grazing, ruminating, milking, drinking or other.

3.2.6 Sward measurements

Sward surface height of each paddock was measured twice weekly using the HFRO
sward stick (Barthram, 1986G). Approximately 40 heights were taken in cach
paddock with the operator walking in a ‘W’ pattern across the paddock and taking a

reading every 20 paces.

3.2.7 Herbage, concentrate and silage analysis

Simulated grazing samples were hand plucked weekly from paddocks and bulked for
weekly analysis. Stlage samples were taken and analysed weekly. Concentrate
samples were colleeted weekly and bulked to one sample for chemical analysis per

month. Concentrate DM was recorded weekly.

3.2.8 Statistical analysis

The results were analysed for statistically significant effects with Genstat 5, Release
4.1 (Lawes Agricultural Trust, 1998) using one way analysis of variance in

randomised blocks, with concenlrate level as treatment and allocation groups as
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block. Milk yield at allocation was used as a covariate for milk yield. Milk
composition figures for the month prior to start of the experiment, as recorded by the
Scottish Milk Recording Agency, were covariates for milk composition and yicld of

constituents.

Milk yield persistency over the two experimental periods was calculaled by linear
regression of daily milk yield on time, and rcsults were analysed by analysts of
variance. Liveweight change and condition score change for individual cows were

similarly calculated by regression, and results analysed by analysis of variance.

3.3 RESULTS

3.3.1 Herbage, concentrate and silage analysis
Chemical analysis of concentrate fed over the coursc of the experiment and mean
results from fresh herbage samples in Stages 1 and 2 of the experiment, are presented

in Table 3.3. Weekly herbage analysis results arc presented in Figure 3.1,

Table 3.3 Mean chemical analysis of concentrate, and fresh herbage in Stages 1

and 2 (g kg™ DM, unless stated otherwise)

Concentrate Herbage
Stage 1 Stage 2

Mean s.ean.  Mean s.eam. Mean s.em,
DM (g kg FW) 853 24 223 151 189 249
Crude protein (CP) 216 0.9 176 148 231 246
Metaholisable energy (ME) (MJ kg DM) 13.6  0.10 102 012 102 041
Water soluble carbohydrate (WSC) 133 6.3 85 6.9 48 4.1
Starch 286 99 - - - -
Neutral detergent tibre (NDI7) 191 29 563 7.7 582 139
Acid detergent fibre (ADF) 142 40 - - - -
Acid hydrolysis ether extract (AHEE) 61 1.2 - - - -
Neutral cellulose gaminase degradability
(NCGD) (% DM) 73 13.4 - - - -
Organic matter (OM) “ - 915 10.1 868 224
DM digestibility (%) - - 68 0.9 68 2.7

Concentrate was on average 853 g kg™ DM, and so concentrate levels of G, 9, and 12
kg FW were equal to approximately 5.1, 7.7, and 10.2 kg DM respectively, Herbage
DM ranged from a minimum of 157 g kg™ FW on 30 September, to a maximum of

271 g kg! FW on 9 September. CP concentration increased over the experiment
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from 145 g kg™ DM on 19 August to 268 g kg DM on 7 October, before falling
suddenty to 161 g kg™ DM on 14 Ociober. Herbage ME concentration ranged from
9 to 10.8 MJ kg™ DM. WSC content declined from 88 to 56 g kg DM over the

Experiment while NDF concentration was slightly higher later in the season,

e et Ny . L n e

increasing from 568 to 620 g kg’ DM. A decline in herbage ME content and

digestibility between 7 and 14 October was associated with an increase in NDF

concentralion.
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Figure 3.1 Weekly herbage analysis results DM o, CP U, WSC A, NDF o, ME A (g
kg'] DM, unless stated otherwise)

Chemical analysis of silage fed in Stage 2 is presented in Table 3.4,

Table 3.4 Mean chemical analysis of silage (g kg' DM, unless stated otherwise;

Near Infra Red Spectroscopy (NIR) predictions)

Mean g.8.m.

DM (g kg’ FW) 255 4.3
CpP 154 0.6
CP degradability 0.76 0.003
ME (MJ kg'' DM) 10.8 0.06
Termentable metabolisable energy (FME) : ME 0.67 0.606
Intake factor (cattle) 101 1.4
Sugar content 26 4.0
NDF 504 0.3
DM digestibility (%) 68 0.3
pH 4.2 0.05
Ammonia (g N kg™ total N) 75 4.0

113




Chapter 3 Experiment 1

3.3.2 Sward surface height

Mean sward surface height in Stage 1 was 9.6 = 0.08 cm. Sward height in Stage 2
was on average 11.9 4 0.13 cm. Mean sward height per measurement period (Figure
3.2) reached a minimum of 7.7 cm on 30 August, and a maximum of 13.3 cm on 30
September and 4 October. Variability in sward height measurements was higher in
Stage 2, and increased towards the end of the experiment. Frequency distribution of

sward hcight measurements for weeks 5 and 8 of the experiment is presentcd in

14 -
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Appendix 1.

Sward surface height (cm)
(]

Figure 3.2 Mean sward surface height of grazed areas per recording (bars indicaie

standard deviation of individual sward height measurements)

3.3.3 Animal performance, Stage 1

Mean performance data from cows on each concentrate ireatment during Stage 1, and
statistical significance of effects of concentrate level, are presented in Table 3.5.

Mean daily milk yield per week per concentrate treatment is presented in Figure 3.3

Milk wyield was significantly greater with increasing levels of concentrate
supplementation, and increased from 28.8 to 31.4 and 33.6 kg d” when concentrate
was increased from 6 to 9 kg and 9 to 12 kg FW respeclively (P < 0.05). Milk yield
persistency over the experimental period was not affected by concentrate treatment
(P > 0.05). Concentrate level did not have an effect on milk composition (£ > 0.05),
although there was a slight positive association between protecin concentration and
amount of concentrate fed. Concentration of fat tended to dccrcase as more

concentrates were fed which would be expected with an increase in total milk yield.
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As a consequence of increased milk volume however, protein and lactose yields were : ,,
higher when concentrate level was increased (6-9 kg, P < 0.05). Fat yield showed a |

slight positive association with level of concentrate fed but this effect was not

statistically significant ( > 0.05).

Cows offered 12 kg FW concentrate d™ gained on average 0.69 kg live weight d'
which was significantly more than those offered the lower levels ol supplementation

{£? < 0.05). The highest concentrate fed group also showed a slight increase in

condition while those fed 6 and 9 kg FW d™! lost condition over the first stage of the

experiment, although these effects were not significant (P > 0.05).

Table 3.5 Elfcct of concentrate level on animal performance, Stage 1

Concentrate level (FW d')f
6 kg 9 kg 12 kg :
Treatments T1T2 T3T4 TS5T6 sed. sem Pvalue :
Milk yield (kg d™) TT28.8 314" 3365 1.048 0.741 <0.001

Milk yield persistency (kg d7) -0.197  -0.148 -0.153 0.390 0.0276 0391

Milk composition (g kg™)

Fat 370 339 333 161 137 0059 :
Protcin 318 325 327 061 043 0319 4
Lactose 454 453 456 037 026  0.678

Yield of constituents (g d™")

Fat 1046 1059 1080 54.2 383  0.817
Protein RO4*  1022°  1063°  37.0 261  <0.001
Lactose 1279 1434°  1491® 603 426 0004

Live weight
Mean at start (kg) 602 615 611 15.06 11.0  0.696

Liveweight change (kg d™) 024* 015 069" 0.149 0107 0.002

Condition scorc
Mean at start 2.16 2.14 2.18 Q.11  0.076 0.945
Change per week -0.038  -0.008 0.001 0.0205 00145 {.059

"Means with different superscripts in this and subsequent tables differ significantly P < 0.05
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Figure 3.3 Effect of concentrate treatment; 6 kg (), 9 kg (A) and 12 kg (o) FW

cow™ d, on mean daily milk yield week™

3.3.4 Concentrate and herbage Intake, Stage 1

Grazed herbage intake, as estimated by energy balance calculations (AFRC, 1993),
was reduced with increasing concentrate intake (Tablc 3.6). As a consequence, there
was no significant difference in total DM intake between treatments (P > 0.05),
although total DM intakc tended to be greatest for the 12 kg concentrate KW d™!
treatment group (P = 0.051).

Table 3.6 Mean concentrate intake and herbage intake (AFRC, 1993) Stage 1

Concentrate level (FW d) s.e.m. P value
Gkg  OSkg  12ke

Concentrate (kg DM d™) 5.1 7.7 10.2° 0.02 <0.001
Herbage (kg DM d™) 13.3* 104" 9.7" 0.46 <0.001
Tatal intake (kg DM d™) 184  18.1 199 049  0.051

3.3.5 Energy balance, Stage 1
ME requircments for maintenance and milk production, and ME supply from

concentrates and herbage, estimated from animal performance data (AFRC, 1993)

are presented in Table 3.7. Two measurements of energy balance were made from
these data, The first describes ME requirements for maintenance plus milk
production less ME supply from concentrates (MJ d™'); while the second calculation BN

includes estimated ME supply from herbage (MT &™) (Table 3.7).
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T'able 3.7 Effect of concentrate treatment on mean MI requirements, ME supply and
energy balance (MJ ME cow™ d7), Stage 1 (AFRC, 1993)

Concenlrate level FW d”')  sem. Pvalue
6 ke 9kg 12 kg

ME requirements
Maintenance 60.2 61.1 61.3 0.7% 0.6606
Milk production 136.9° 1450 1527 3.87 0.019
ME supply
Concentrate 69.5° 104.3" 138.5° 024 <0.001
Herbage 135.0°  106.0° 102.0" 3.82 <0.001
Energy balance
{(ME maintenance + milk) -
{ME concentrate) 127.6°  101.8°  755° 4.04 <0.00]
{ME maintenance + milk) -
(ME concentrate + herbage) 8.4" 53" 22.5° 316  0.001

As milk yield level increased with increasing concentrate level, ME requirements to
support milk production were raised. ME supply from concenirate increased with
increasing concentrate level, while substitution of herbage for concentrate reduced
herbage ME intake. Total ME intake from herbage plus concentrates however was
increased from 204.5 to 240.5 MJ cow” d"'. The proportion of ME requirements for
maintenance and milk production which were supplied by concentrates was high and

increased from 0.35 to (.65 as concentrate supplementation increased from 6 to 12
kg d'FW.

On average, an increase it live weight of cows on each concentrate treatment (Table

3.5) indicates cows were in positive energy balance.

3.3.6 Milk yield response and substitution rate, Stage 1

The grealest milk yield response to supplementation was achieved when concentrate
was increased from 6 to 9 kg d”!, and this resulted in an increase in milk yicld of 0.86
kg per kg concentrate FW, and 1.01 kg per kg concentrate DM. Milk vield response
to supplementation above 9 kg concentrate FW d™ was smaller at 0.71 and 0.83 kg
extra milk per kg concentrate FW and DM respectively,

A reduction in herbage DM intake of 1.12 kg per kg increase in conccntratc DM
inlake is estimated when concentrate supplementation increased from 6 to 9 kg FW
&', This indicates an almost direct DM substitution of herbage for concentrates.

Further increases in concentrate supplementation from 9 to 12 kg FW d™' resulted in a
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reduction in herbage intake of 0.28 kg DM kg™ additional concentrate DM intake.
This is equivalenl to an overall substitution of herbage of 0.77 kg herbage DM when

concentrate level was increased from 6 to 12 kg FW d™.

3.3.7 Grazing behaviour, Stage 1

Time spent grazing was reduced by 36 and 39 minutes kg”' DM concentrate when
supplementation was increased from 6 to 9 and 9 to 12 kg concentrate FW d’
respectively (Table 3.8). Part of this effect however could be attributed to a
reduction in potential grazing time by feeding the 9 kg and 12 kg groups at 11:00 h
when they were removed from grazing for approximately 30 minutes. Mean rate of
herbage intake as calculated from estimated herbage intake divided by grazing time

was not found to vary between concentrate treatments.

Table 3.8 Grazing and ruminating behaviour, 2-3 September 1999 (cow™ d)

Concentrate treatment FW d'  s.e.m. s.e.d. Pvalue

6kg 9 k% 12 kg

Grazing (minutes) 666° 574 475 153 21.7 <0.001
Ruminating (minutes) 406" 523° 478° 132 187 <0.00%
Herbage intake rate (kg DM h™) 1,20 1,11 127 0.073 0.103 0.321

A positive linear relationship is observed between grazing time and estimated
herbage intake (r* = 0.20) (Figure 3.4).
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Herbage intake (kg DM d '1)
=

y =0,0115x+ 4.5675
R® = 0.2049
o b ] , ,
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Grazing time (mitutes d )

(3]

Figure 3.4 Relationship between grazing lime and eslimated herbage intake
(concentrate treatment 6 kg (¢), 9 kg (A) and 12 kg (o) FW cow™ d)
Grazing timc declined at higher levels of concentrate ME intake (grazing timc =

- 2.7117 concenlrate ME intuke + 854.93, £ = 0.65). A positive lincar relationship
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also exists befween grazing time and energy requircments for maintenance and
production less energy supply from concentrates (r* = 0.39) (Figure 3.5). A better
relationship however is observed between grazing time and the proportion of energy
requirements for maintenance and milk production which were met from concentrate
ME intake (+* = 0.57) (Figure 3.6).
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Figure 3.5 Relationship between grazing time and ME requirements for maintenance
and milk production less ME supply from concentrates (concentrate *
treatment 6 kg (0), 9 kg (A) and 12 kg (o) FW cow d*) '

Inclusion of both concentrate intake and estimated herbage intake in the energy
balance calculation (Tablc 3.7) shows an increase in grazing time as the maintenance
plus milk production ME requirement compared to ME supply from concentrate plus

herbage increases, and hence energy balance declines (Figure 3.7).
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Figure 3.6 Relationship between grazing time and proportion ME requirements for
maintenance and milk production supplied from concentrates (concentrate

treatment 6 kg (0), 9 kg (A) and 12 kg (0) FW cow” d™)
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Figure 3.7 Relationship between grazing time and ME supply trom concentrates plus
herbage less ME requirements for maintenance and milk production

(concentrate treatment 6 kg (2), 9 kg (A) and 12 kg (o) FW cow™ d')
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3.3.8 Animal performance, Stage 2

One animal on Treatment 6 suffered from poor health and had to be removed from
the trial in Stage 2 of the experiment. Results from this animal have hence becn
omitted from analysis of results in Stage 2. Mean performance data from cows on
cach concentrate treatment in Stage 2, and significance of effects of concenirate

level, are presented in Table 3.9.

Table 3.9 Effect of concentrate treatment on animal performance, Stage 2

Concentraie level (FW d7)
6kg 8kg 9kg l1lkg 12kg 14kg
Treatment T1 T2 T3 T4 T3 T6  sem. P value'
Milk yield (kg d™) 267 278 302 298 314 287 1013 0.025

Milk yield persistency  0.059 0.066 -0.022 -0.020 -0.074 -0.067 0.0294 0.004%
(kg d”)

Milk composition

(gkeg"
Fat 393 38.0 359 363 355 335 (.1542 0.152
Protein 339 331 332 343 325 353 0.06% 0.051
Lactose 451 446 447 448 440 448 0.0508 0.674

Yield of constituents

(8d"
Fat 1002 1112 1112 1071 1107 932 58.3 0.125
Protein 893 957 1006 1025 1009 973 36.1 0.141
Lactose 1189 1296 1364 1343 1381 1243 584  0.169
Live weight

Start Stage 2 (kg) 624 599 628 622 636 622 1571  0.757
Change (kg d”) 049 083 072 049 056 095 0.173 0.286

Condition score
Start Stage 2 209 191 219 2.03 1.97 221 0.1417 0.633
Change week™ 0.021 0.055 0.027 0.043 0053 0.088 0.0297 0.086

"No significant differences at P < 0.05 were observed belween means of treatments 1 and 2,
3and 4, or 5 and 6; ! least significant difference, P < 0.05 (l.s.d.) = 2.914; ¥ 1.s.d. = 0.0845

Increasing concentrate level by 2 kg d”' FW (1.7 kg d”! DM) did not affect mean milk
yield over Stage 2 of the experiment, and no significant differences were observed
between Treatments 1 and 2, 3 and 4, or 5 and 6 {£ > 0.05). Mean results between
Treatment groups however indicate a trend for higher milk yield when concentrate

was increased from 6 to 8 kg d”'FW, and a detrimental effect on milk production
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when concenirate level was increased by 2 kg W d' above 9 kg or 12 kg FW d'.
No differences in either milk composition or yield of constituents were observed

between treatments (P > 0.05).

An increase in concentrate level by 2 kg did not affect milk yield persistency over
Stage 2, and no significant differences in persistency were observed between
Treatments 1 and 2, 3 and 4, or 5 and 6 (P > 0.05). An increase in milk yield
persistency however was observed over this period for Treatments 1 and 2. Milk
yield for the remaining Treatments declined over Stage 2 and a greater decline in

persistency was observed for the highest levels of concentrate fed.

There were no significant differences between treatments in live weight or condition
score at the beginning of Stagc 2 and concentrate treatment had no effect on

liveweight or condition score change over Stage 2 (£ > 0.05),

3.3.9 Concentrate and sllage intake, Stage 2
Mean concentrate and silage intake per Treatment is presented in Table 3.10. Silage

intake was estimated per group for the three concentrate treatment groups of Stage 1.

Table 3.10 Effect of concentrate treatment on silage and concentrate intake cow’

Concentrate level (FW d™)
6kg 8kg 9kg 1l1kg 12kg 14dkg

Treatment TTT1I T2 T3 T4 15 T6 sem lsd Pvalue
Concentrate intake
(kg DM d™) 512 6.82 7.68 9.38 10.12 11.87 0.036 0.104 <0.001

Silage intake (kg DM dht 931 931 9.17 917 739 7.39
1'Group means of Treatments 1 and 2, 3 and 4, 5 and 6

Silage DM intake was lower with higher concentrate intake however total DM intake

of silage plus concentrates was greater with increasing levels of concentrate fed.

3.3.10 Energy requirements and energy supply from concentrates and silage,
Stage 2

Mean ME requirements to support the observed levels of animal performance and

ME supply from concentrates and silage per Treatment, as estimated using energy

balance calculations (AFRC, 1993), are presented in Table 3.11.
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Table 3.11 Mcan ME requirements and ME supply per Treatment (MJ ME cow™ d)
Stage 2 (AFRC, 1993)

Concentrate level (FW d”)

6kg 8kg 9kg 1ikg 12kg ldkg

Treatment group Tl T2 T3 T4 15 T6 seum. Pvalue
ME requirements

Maintenance 618 609 0621 616 621 623 153 0968

Milk production 127.1 1396 1424 1442 1477 12877 759 0.069
MI supply

Concentrale 69.6" 92.8" 104.4° 127.6° 137.5° 161.5" 0.69 <0.001

Silage 100.5* 100.5* 99.0° 99.0° 79.8° 79.8° 0.00 <0.001
Energy balance

{(ME maintenance - milk) «

(ME concenirate) 119.2 107.6 100.1 782 724 295 745 <0001t

{ME maintenance + milk) -
(ME concenirate + silage) 18.7 7.1 1.1 208 -74 -503 7.45 <0001

“lsd. 15.12 MJ ME

Silage infakes were not measured for individual cows and are presented as averages
for Treatments 1 and 2, 3 and 4, and 5 and 6. Howcver it appears that silage intake
decreased as concentrate supplementation increased, and that the majority of ME
requirements to support the observed levels of production were met from
concenfrates and silage, cspecially for cows offered the higher levels of

supplementation.

3.4 DISCUSSION
3.4.1 Concenfrate supplementation in late season (Stage 1)

3.4.1.1 Milk production, herbage intake and grazing behaviour responses

A high milk yield response of 1.01 kg and 0.83 kg milk kg DM concentrate intake
was observed when concentrate supplementation was increased from 5.1 to 7.7, and
7.7 to 10.2 kg DM d"' (equivalent to 6 to 9 and 9 to 12 kg FW concentrate d™*)
respectively. Others have similarly demonstrated high efficiencies of councentraic
supplementation above 1 kg milk kg" concentrate DM (for example, Delaby ef al.,
2001; Gibb e al.,, 2002b; Wales ef al., 1999; Wilkins ef af., 1994). Milk yield

responses to supplementation of this magnitude reported in thesc and other studies
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however, have generally most often only been obtained [rom grazing cows when
offered up to 5.4 kg DM d! of concentrate. Few experiments havc investigated
effects of supplementation with significantly more than 6 kg FW concentrate d'.
Reis and Combs (2000) however achieved a milk production response of 0.86 kg
milk kg! concentrate DM when grazing cows were [ed 10 kg DM concentrate a’.
Similarly, although Sayers ef al. (2000) do not report milk production from
unsupplemented animals to calculate overall efficiency of supplementation, they do
demonstrate a rclatively high response of 0.64 kg milk kg’ concentrate DM when

concentrate supplementation is increased from 5.0 t0 9.9 kg DM d'.

An increase in concentrate level in the present experiment resulted in 2 reduction in
estimated herbage intake. Substitution of herbage for concentrate was high at 1.01
and 0.77 kg kg™! DM when concentrate offered was raised from 6 to 9 kg and 9 to 12
kg FW d”' respectively. Total ME intake however increased as a result of the higher
ME content of herbage compared to concentrate, which can help explain the high

milk yield response to increasing concenirate level.

Despite a lower marginal efficiency of concentrate supplementation for milk
production reported by Sayers ef al. (2000) compared to the present experiment,
these authors also report a lower substitution rate of 0.57. This could be related fo
differences in herbage ME content and intake from the sward. Sayers et al. (2000)
conducted their experiment from 1 May to 25 September. Mean herbage ME content
18 therefore expected to be higher and this is suggested from WSC results, which
were on average 161 g kg™ DM, compared to 85 g kg“l DM in the current study, A
lower DM substitution rate would therefore be required to have the same effect on
total ME intake when herbage ME content is lower. A high substitution rate of 1.06,
similar to that of the present experiment, however was reported by Savers ef al.
(2000) when cows were offered a starch based concentrate late in the season from 21

August to 25 September.

Estimates of average daily herbage intake cow™ treatment” ranged from 9.7 to 13.3
kg DM. Under ideal grazing conditions however, intakes of over 20 kg DM have
been reported (Buckley and Dillon, 1998). Mean grazing time was high at

approximately 11 h d” for cows offered 6 kg FW concentrate d'. It has previously
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been suggested that grazing time reaches a plaleau at between 9 and 10 h d" (Rook et
al., 1994). Although grazing time was measured only over a single 24-hour period in
the experiment and there may be variability in grazing behaviour between days, it
seems that herbage intake of cows could have been limited by time available to graze

and sward conditions could have restricted voluntary herbage intake.

Grazing time was positively associated with estimated herbage intake (% = 0.20).
Measurements of grazing time were significantly reduced with increasing
concentrate level, which supports the high estimates of substitution of herbage for
concentrate as concentrate level was increased. Grazing time was substantially
reduced, by on average 36 and 39 minutes kg concentrate DM’ when
supplementation was increased from 6 to 9 kg and 9 to 12 kg concentrate FW d!
respectively.  This is higher than results reported by others who have reported a
reduction in grazing time of up to 18 minutes kg™ concentrate DM (Savers et al.,
2000). It would be expected that grazing time would be reduced by longer at higher
levels of supplementation and when substitution rates are higher. Pulido and Leaver
(2001) dcmonstratc that high substitution rates observed in their experiments
occurred as a consequence of a reduction in rate of intake as wcll as grazing time,
however no effect of concentrate treatment on rate of herbage intake was observed in

the current study.

Removal of cows which were supplemented with 9 or 12 kg FW d! from pasture for
approximately 30 minutes d”* for an additional concentrate feed at 11 am could also
have reduced time available for grazing and so could cxplain some of the reduction
in grazing time with increasing supplementation. This could also have contributed to
the large substitution rates observed in the study, and the higher level of substitution

when supplementation was increased from 6 to 9 kg, compared to 9 to 12 kg FW d.

On average, animals gained live weight over Stage 1, which suggests they were in
posilive energy balance. Animals offered the highest concentrate level gained
significantly more live weight. A greater proportion of the additional ME intake of
this treatment appears to have been diverted to Hveweight gain which may explain
the lower milk yield response despite a lower substitution rate when concentrate

level was increased from 9 to 12 kg, compared to 9 to 12 kg FW d™'.
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3.4.1.2 Effect of milk yield level and milk production potentiaf

A greater milk vield response to supplementation and reduced substitution rate is
associated with increasing milk production potential and genetic merit of grazing
cows (Dillon et al., 1999; Hoden et al., 1991; Peyraud and Delaby, 2001). This
could partially explain the high efficiency of supplementation observed in the current
study compared to experiments conducted with lower yielding cows (Dillon et al.,
1997; Pulido and Leaver, 2001). Few studies report results from cow yielding above
30 kg milk d”" however those who have used higher yielding animals have shown
greater efficiencies of supplementation to higher levels of concentrate (Rets and
Combs, 2000; Sayers ef al., 2000). Greater milk production responses are expected
as milk production potential increases and cows are unable to support their intakc
requirements from grazed grass alone (Peyraud and Delaby, 2001). Whether or not
an effect of increasing supplementation is observed will thereforc depend upon the
interaction between milk production potential of the cow, potential intake from the

sward and the level of concentrates offered.

3.4.1.3 Sward characteristics

Current recommendations for continuously grazed, high yielding cows suggest sward
heights of 7-8 cmm April to June, 8-10 em July to August, and 10-12 cm September to
October (Mayne et al., 2000). Peyraud and Gonzalcz-Rodrigez (2000} propose an
oplimal range of pre-grazing sward heights of between 10 and 12 cm. Mean sward
surface heights per measurement period in this experiment ranged from 7.7 to 13.3
cm, averaging 9.6 cm in Stage 1, and so mean sward heights were generally within
the recommended ranges. Variability between sward height measurcments however
was high, and is expected fo be greater than earlier in the season (McBride er al.,
2000). An increases in variability in sward height over the grazed area, and
increased sward structural heterogeneity, reduces mean bite mass (Swain, 2000).
Sward height also gives little indication of other aspects of sward structure known to
affect bite mass and herbage intake, and in particular sward density and leafiness
(Mayne et al., 1997, Parga et al., 2000).

Herbage intake rate was on average 1.19 kg DM h'', and this is low compared to
other experiments reported in the literature in which cows have grazed at similar
sward heights (for example, Gibb et al, 1999; McGilloway et al., 1999; Pulido and
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Leaver, 2001). A good relationship between intake rate and bite mass is evident
from results in the literature (Barrett ef al., 2001; Orr et al., 2001). A high grazing
time and relatively low herbage DM intake and intake rate therefore suggests that, in

the current experiment, cows were achieving a low mean bite mass from the sward.

3.4.1.4 Concentrate level and composition

Marginal elficicncy of supplementation for milk production declined with increasing
concentrate level, which is expected when animals approach their cncrgy
requirements to meet their potential level of milk production (Delaby er al., 2001).
Few studies have offered cows levels of concentrates at grazing that are comparable
with the cutrenl experiment, Reis and Combs (2000) do however report a decline in
marginal efficiency from 1.00 to 0.72 kg milk kg' DM when concenirate level was

increased from O to 5 kg and 5 to 10 kg DM respectively.

It is possible that high inputs of a high starch, cereal-baged concentrate had a
disruptive effect on the rumen environment, reducing microbial activity and lowering
the rate of breakdown of matenal in the rumen (Arriaga-Jordan and Holmes, 1986;
Sutton et al.,, 1987). The concentrate formulation contained a high proportion of
starchy ingredients, such as wheat and maize. A starch content of 286 g kg’ DM
was comparable with the starch level that has heen demonstrated to have a disruptive
effect on intake and milk production comparcd to more fibrous energy sources, (for
examplc, Gibb et al., 2002 and Meijs, 1986), Effects of a rapidly degradable energy
source on the rumen environment are expected to be greater when the ratio of
concentrate to herbage in the diet is high (Sayers et af., 2000), which is likely in the
currenl experiment, Effects however could be less when cows are grazing in late
season, and herbage is less digestiblc and contains a lower concentration of rapidly
available energy (Schwarz et al., 1995). Splitting the concentrate offered between 3
feeds "' for animals offercd 9 or 12 kg d”' FW could also have reduced effects of

high inputs of rapidly degradablc carbohydrate on the ramen environment.

3.4.1.5 Interaction between animal, sward and concenfrate factors
The effect of supplementation on horbage inlake and milk yield response is
dependant upon the ability of the cow to meet its intake requirements from herbage

and concentrate (Delaby et al., 2001; Pulido and Leaver, 2001). The evidence
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suggests that autumn swards are capable of supporting no more than 25 kg milk d”
(Mayne, 2001). In the current experiment, a low potential DM and energy intake
from the late season sward that is unable to meet requirements to support the
animals’ milk production potential, could be responsible for the high milk production

responses to high levels of supplementation which were measured.

Grazing time can be used to give an indication of herbage intake that is independent
from energy balance estimates (AFRC, 1993) of herbage intake. Positive linear
rclationships between grazing time and ME requirements for maintenance and milk
production fess ME supply from concentrates, and the proportion of these ME
requirements met from concentrate are observed. These results suggest substitution
ratc will be higher when the cow reaches its potential level of milk production and a
larger proportion of these energy rcquircments are met from concentrates and
herbage. Milk yield response is therefore dependent upon sward characteristics that
determine herbage intake potential from the sward, and the level of concentrate, in
comparison to the cow’s intake requirements to support its potential level of milk
production. Sward characteristics that determine herbage intake are therefore

important in determining milk production responses to supplementation.

3.4.2 Concentrate supplementation over the housing period {(Stage 2)

3.4.2.1 Milk production response, silage intake and energy balance

Increasing the level of concentrate offered to cows by 1.7 kg DM d' when they were
houscd overnight had no significant effect on animal performanee. Mean milk yield
persistency (kg d') for the duration ol the experimental period however was slightly
improved after housing. Some of this effect could be attributed to the slightly lower
milk yield level of later lactation cows. The ditference in persistency however was
particularly apparent between Stages 1 and 2 of the experiment for Treatmenis 1 and
2, which were fed 6 or 8 kg FW d! respectively in Stage 2, and milk yield actually
increased slightly over Stage 2 for these treatments. It seems that nutrient status of
cows on the lowest concentrate level treatment was improved after housing when
they were offered ad libitum silage. These cows may have been unable to meet their

requircmcnts to support their potential levels of milk production from herbage and

128

Y it ., B N S ',,"‘:E"...."-.'-'-..:...“.'...'. . .'.._“-._" DR B




Chapter 3 Experiment 1

concentrates offered in Stage 1. The high grazing times of cows fed the lowest

concentrate level in Stage 1 supports this theory.

Sifage intakes were only measured as group totals for the three concentrate levels as
fed in Stage 1 of the experiment. Results however suggest a reduction in silage DM
intake as concenlrate level was increased. Silage was offcred to cows «d libitum and
so it is cxpected that substitution of herbage for both concentrates and silage would
be high. Calculation of energy requirements (AFRC, 1993) and energy supply
suggest thal virlually all of the cow’s ME requirements for maintenance and
production are met from concentrates and silage. Cows therefore had little
requirement for grazing. Cows could reduce intakes of both herbuge and silage as
concenlrate offered was increased, Incrcasing concentrale level therefore appears to
have had limited effect on total energy intake and hence upon level of milk

production for these animals.

3.5 CONCLUSION

High milk production responses can be achieved from grazing cows offered high
levels of concentrate supplements late in the season. A higher efficiency of
concentrate supplementation for milk production can be expected later in the season
when herbage quality is poorer, and when herbage availability declines to reduce

potential bite mass and herbage intake from the sward.

Grazing time is positively related to estimates of herbage intake. Both grazing time
and herbage intake are reduced when concentrate level increases. Grazing time and
hence herbage intake are positively related to the proportion of the cow’s energy
requirements for maintenance and milk production which are met from concentrate
intake. Substitution of herbage for concentrate can be high although a greater
reduction in herbage DM intake is required (o have the same effect on total MRE
intake when herbage ME content is lower. Disruption of the rumen environment by
high inputs of a high starch, cereal-based concentrate could contribute to high
substitution rate (Arriaga-Jordan and Holmes, 1986). Herbage intakc can also be
limited by time available for grazing. This is more likely to occur when herbage

availability is reduced later in the season and when cows are unable to meet their
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nutricnt requirements from the herbage and concentrates on offer. Removal of
animals {rom pasture can therefore reduce herbage intake by reducing time available

tor grazing.

An increase in concentrate level over the housing period is expected to have limited
effects on animal performance when cows are offered supplementary silage and
concentrates that supply a large proportion of their energy requirements for
maintenance and milk production. A positive response to increasing concentrate
level may have been observed if cows were in negative energy balance, for example
due to higher potential for milk production and increased nutrient demand, or lower

potential nutrient intake from pasture and supplementary forages.
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CHAPTER 4.0 EXPERIMENT 2

Animal performance and herbage intake of high yielding dairy cows fed
different concentrate energy sources and an additive formulated to reduce the

rate of dietary protein degradation in the rumen
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4.1 INTRODUCTION

Production responses (o concentrate supplementation can be affected by composition
of the concentrate (Gibb et al, 2002a, Schwarz et al, 1995). Conceniratc
composition determines supplementary energy intake and protein supply and can
affect (he rate of substitution of herbage, which affects total intake (McGilloway and
Mayne, 1996).

Energy supplements can increase tolal metabolisable energy (ME) supply to the
animal, increase energy supply to rumen microbes, and tmprove synchrony of supply
of rumen fermentable energy and the rapidly available nitrogen (N) from herbage
(Beever ef al., 1986). Results from Experiment 1 however, indicate substitution of
herbage for concentrates can be significant when grazing cows arc offcred high
levels of supplementation with a starch-based concentrate. High inputs of quickly
fermentable substrates, such as starch, can increase concentrations of volatile fatty
acids (VFAs) and lactate in the rumen and so lower rumen pH (Sutton ef al., 1987).
In wurn, this can reduce activity of rumen microbes, and so decrease the rate of
breakdown and passage of material through the rumen which can restrict further
herbage intake (Arriaga-Jordan and Holmes, 1986). It could therefore be more
appropriate to offer grazing cows a less rapidly degradable source of energy. Higher
milk yields have been reported for example, when high fibre conmipared to high starch
concentrates are fed (o grazing cows (Khalili and Sairanen, 2000), and others have
found these higher levels of production are supported by increased herbage intake
(Tiisher et al., 1996; Gibb et al., 2002a; Meijs, 1986).

Greater effects of concentrate energy source might be expected when the ratio of
concentrate lo herbage in the diet increases (Sayers e af., 2000; Schwarz ef al,
1995). Effects of concentrate energy source could therefore be particularly important
for high genetic merit cows when it is necessary to offer high Ievels of concentrates
tor them to achieve their potential level of milk production. Similarly, there could be
an interaction between concentratc composition and herbage quality, which affects
the total level and availability of fermentable energy and N in the rumen (Schwarz et

al., 1995). Results from cxperiments that have fed different energy sources however
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are inconclusive and the extent of the effect of energy source on animal performance

and substitution rate has been variable.

Trarther studies have investigated effects of protein supplementation of grazing cows.
Responses to improved protein supply may be expected from higher yielding cows
when metabolisable protein (MP) requirements are in excess to MP supplied from
microbial protein alone (Leng and Nolan, 1984; Neilsen ez @i, 2002). While fresh
herbage has a high crude protein (CP) content (Beever ef al., 2000), the majority of
this protein is rapidly degradable in the rumen (Beever ef al., 1986). Milk production
responses and a trend for higher dry matter (DM) intake have been observed when
protein supplements with low rumen degradability were fed to high yielding grazing
cows (Hongerholt and Muller, 1998). Additives have been formulated to reduce the
degradabilily of dietary protein and so improve synchrony of supply of ruminally
available energy and N for microbial protcin synthesis, and improve the supply of
RUP to the cow. Some sludies however have detected no effects of feeding higher
quantities of protein supplements with low rumen degradability on milk production

or pasture utilisation (Tesfa ef al., 1993).

Results from experiments investigating both concentrate energy source and protein
supplementation are therefore inconclusive. Furthermore, data from cows yielding
above 30 kg milk d', which have been fed different concentrate types at pasture is
limited. This experiment was designed to test the hypotheses that concentrate energy
source affects herbage intake and milk production of potentially high yielding,
grazing cows; and that there are benefits of inclusion of an additive formulated to
reduce the degradability of dietary protein available to cows which have high protein

reguirements.
Speeific objectives of the Experiment were;

+ To investigate the effects of concentrate energy source, either high starch or high
fibre; on animal performance, herbage intake and grazing behaviour,
+ To investigate the effects of an additive designed to reduce protein degradability,

on animal performance, herbage intake and grazing behaviour.
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4.2 MATERIALS AND METHODS

4,21 Experimental design

The experiment was conducted over a 16-week period from 1 May to 20 August
2000. Effects of two different concenirate energy sources, and inclusion of an
additive designed to reduce dietary protein degradability, were studied by feeding
either a high starch (FS) or high fibre (HF) concentrate, with (AD+) or without
(AD-) inclusion of the additive. Treatments were applied according to a continuous

factorial design with 4 trealments, each replicated with 12 cows.

4.2.2 Animals and treatments

Forty-cight multiparous Holstein-Friesian cows on average 62 + 2.4 days calved, and
with an average milk yield of 38.9 + 0.70 kg d™', were used in the experiment. Cows
had a mean liveweight of 611 = 8.1 kg and condition score (Lowran ef al., 1973) of
2.1 £ 0.07. Animals were blocked into groups of fouar cows on the basis of days in
milk, milk yield in the week prior to start of the experiment, and lactation number.

Cows were allocated to treatments at random from blocks.

Prior to commencing the experiment, cows were offered grass silage plus 5.3 kg DM
d"' of a cereal-based dairy concentrate, and 2.1 kg DM d”' of distillery grains. Cows
were given incrcasing access to pasture from 3 hours d™! on 20 March to 24 hours d”
from 23 April.

During the experiment cows were fed 6 kg fresh weight (FW) d! of one of the four
concentrate formulations. All concentrale wus fed in the parlour and split equally

between morning and aftermoon milkings, at approximately 06:00 and 16:00 h.

Ingredients in (he different concentrates were similar but their proportions were
varied o provide a high starch and high fibre concentrate (Table 4.1). Concentrates
were formulated to contain equal quantities of CP and ME. To ensure similar types
of protein and protein degradability, the total quantity of rapeseed plus soya extract
was similar between diets. The ratio of maize to wheat was also equal to maintain a

similar ratio of fast to slow fermenting starch plus sugar between concentrates.
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Table 4.1 Ingredient composition of concentrates fed (g kg ' FW)

HS HF
Wheat 250 84
Maize vellow 198 80
Wheatfeed 65 78
Citrus pulp 37 65
Quatfecd - 3
Rapeseed 150 150
Palm kernel expeller 96 150
Soya extraction 48 % 81 66
Soyabean hulls - 200
Molasses 56 56
Dairy blend mixer and spray 30 29
Minerals and vifamins 36 31

Cows grazed swards of predominantly peremmial ryegrass (Lolium perenne), on free
draining, sandy loam soils. Animals were continuously grazed in their separate
treatment groups and groups were rotated daily in a random order around the grazing
area. The target sward surface height was 10 to 12 cm, and the grazed area was
increased over the duration of the experiment from 11.2 to 15.0 hectares to maintain
the target height. All paddocks were mechanically topped once over the course of
the experiment, between 29 June and 21 July, to maintain sward height within the
target range. Paddocks were topped to 11 cm when mean sward surface height

exceeded 14 cm.

The sward received fertiliser applications at a rate of 50 kg N ha™ in mid-March,

mid-April and at 3-weekly intervals from 7 May 2000.

4.2.3 Measurements

Milk yield was measured twice daily for all cows. Milk samples were collected
weekly on two consecutive milkings and analysed for fat, protein and lactose
concentration (FOS Electric Milkoscan 650 or S4000) and urea concentration (Sigma
Chemical Company Test Kit No. 643), Cow live weight and condition score

(Lowman et al., 1973) were recorded weekly after the afternoon milking.

Individual amounts of concentrate fed and refised were weighed at each milking.
Intake of grazed herbage was estimated for all cows from 22-26 May, 19-23 June,
17-21 July and 14-18 August, using the #-alkane technique of Mayes et af. (1986), as
moditied by Dillon and Stakelum (1988). Cows were dosed twice daily after milking
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with paper pellets containing 300 mg of Cs; (#-dotriacontane), for 12 days. Faecal
samples werc collocted once daily after the afternoon milking on the last § days of
each 12-day period. Samples from each cow were bulked for analysis. Grass
samples were obtained from each paddock on days 7, 8, 9, 10 and 11 of each of the
12-day measurement periods, by observing a grazing cow and hand-plucking herbage
from an arca adjaccnt to that being grazed. This operation was repeated with
different cows until a sample of approximately 300 g FW of herbage had heen
collected from each paddock., Samples of concentrates fed were also taken on these
days. Herbage and concentrate samplcs were bulked to give one sample for analysis
from each treatment group for each measurement period. The Ci; and Cis (n-
tritricontane) contents of pellets, herbage, concentrates and faeces, were analysed
according to Mayes ef al. (1986), and an estimate of herbage intake was calculated

for each cow from each measurement period (Equation 4.1):

ol *H,)) (&)

Hfz(;::'-“-*((Dj +IC*C )~ (D, + IC*C, )N H(H, +L),.)~—(F

J !

where /7 is herbage intake (kg DM d“]); H, C, and F, are concentrations {img kg'1
DM} of Cys (i) or Csz (7) in herbage, concentrate, and faeces respectively; D; and D;
arc the amounts of Cs; and Ca; respectively in dosed pellets (mg d7); and IC is

concentrate intake (kg DM dh).

Herbage mtakes for individual cows were also cstimated by cnergy balance
calculations according to ME requirements stated by AFRC (1993). The energy
balance technique was applied using data recorded in weeks 4, 8, 12 and 16, to
coincide with r-alkane intake recording periods. Intake calculations were based on
cnergy requirements for maintenance and milk production considering milk fat,
protein, and lactose concentrations. Energy supply from concentrates; and either
energy supply from liveweight loss or energy requirements for liveweight gain,
depending on whether the anmimal was gaining or losing live weight, were also

included in the caleulations (AFRC, 1993).

Studics ol grazing behaviour were carried out for 24 hours during each of the

herbage intake estimation periods. Cows were obscrved for 15 scconds every 10
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minutes in daylight, and every 15 minutes in darkness, and their behaviour was

recorded as grazing, ruminating, milking, drinking or other.

Sward surface height of cach paddock was measured twice weekly using the HFRO
sward stick (Barthram, 1986). Approximately 40 recordings were taken from each
paddock with the operator walking in a “W” pattern across the paddock and taking a

reading every 20 paces.

Simulated grazing samples were hand plucked from paddocks weekly at mid day for
DM calculation and chemical analysis. Concentrate samples were taken weekly and
bulked on a monthly basis for chemical analysis. Concentrate DM was measured
weekly. Concentrate and herbage samples were analyscd by the neutral cellulose
gaminase degradability (NCGD) and acid hydrolysis ether extract (AITEIL)
techniques (MAFF, 1985). ME (MJ kg™ DM) was calculated as ME = NCGD * 0.14
+ AHEE * 0.25 (MAFF, 1993). CP conlent was estimated using indo-phenol blue

colorimetry following micro-Kjeldahl digestion of samples.

4.2.4 Statistical analysis

Results were analysed for statistically significant effects using Genstat 5, Release 4.1
(Lawes Agricultural Trust, 1998). The data were analysed for concentrate energy
type and addilive effects, and for interaction of the two treatments. Mean milk yield,
milk composition and yicld of constituents, per week and for the experimental period
overall, were analysed by two way analysis of variance using concentrale energy
source and inclusion of the additive as treatments, and allocation groups as block.
Milk yield and milk composition data at allocation were used as covariates for milk
yield and milk composition respectively. Liveweight change and condition score
change for each cow was calculated by regression and analysed by analysis of

variance.

4.3 RESULTS

4.3.1 Concentrate and herbage analysis

Concentrate was on average 877 g kg DM and so offering cows 6 kg concentratc

FW d' was cquivalent to 5.3 kg DM, Chemical analyses of concentrates were
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similar ¢xcopt for neutral detergent fibre (NDF) content which was on average 106 g
kg’ DM higher for the HF compared to HS supplement; and starch content which
was on average 117g kg"l DM higher for HS than HF (Table 4.2). Total starch plus
WSC offered to cows per day was therefore equal to 2.20 kg and 1.58 kg for the HS
and HF treatments respectively. There was no interaction between energy source and

additive treatment for chemical composition of concentrates (P < 0.001).

Herbage analysis (Table 4.2, Figure 4.1) shows a high DM content over the course of
the experiment of on average 217 g DM kg FW. CP content was highest in week 2
at 254 g kg DM. CP content declined to 187 g kg’ DM in weck 12, and then
increased slighily towards the end of the experimental period. Herbage ME fell
steadily over the season from 11.7 to 10.1 MJ kg’ DM. Water soluble carbohydrate
(WSC) concentration was high at the start of the season, reached maximum of {15 g
kg on 20 July, and then [ell significantly to 45 g kg™ DM in week 16. NDF
increased over the season from 468 to 586 g kg’ DM, with the greatest increase
observed after week 12. DM digestibility declined gradually over the course of the

experiment.

Table 4.2 Mean chemical analysis of concentrates and fresh herbage (g kg DM,

unless stated otherwise)

Concentrate treatment Herbage
HS HT AD- AD+
Mean s.em. Mcan s, Mcean s.com. Mean s.em. Mean s.em
DM (g kg“ FW) 873 22 880G 2.1 875 2.1 878 2.5 217 8.1
CP 188 32 182 31 189 3.1 181 1.6 214 5.1
ME(MJkg”lDM) 134 006 132 006 134 006 132 0.07 110 0.l1

WSC 116 42 117 42 124 1.9 110 2.4 87 4.5
Starch 209 6.4 182 64 235 232 246 225 - -
NDF 192 76 298 7.6 242 215 249 202 518 7.7
AHEE 63 1.4 68 1.4 68 1.2 63 1.3 - -

NCGD(%DM) 84 04 8 04 8 04 8 06 - -
OM - e e e . - - - 951 4l
DMdigestibility - - - . . - - - 071 0.007

AHEE, Acid hydrolysis ether extract; NCGD, Neutral cellulose gaminase degradability
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Figure 4.1 Weekly herbage analysis results (g kg’ DM, unless stated otherwise):
DM o, CPr, WSC A, NDF o, ME A

4.3.2 Sward surface height

Mcan sward surface height over the experiment was 12.2 & 0.05 cm. Mean sward
hetght per measurement remained above 10 cm other than in week 15 when it fell to
9.4 cm (Figure 4.2). Mean sward height fluctuated most widely over the first four
weeks and fell slightly after week 11. Variability between individual sward height
measurements per week was highest mid-season and the greatest standard deviation
in sward height measurements was observed between 19 June and 20 July (Figure
4.2). Frequency distribution of height measurements for weeks 4, 8, 12 and 16 of the

Expertment is presented in Appendix 2.
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Ifigure 4.2 Mean sward surface height of grazed paddocks per week (bars indicatc

standard deviation of individual height recordings)

4.3.3 Animal performance

Means of treatment groups, and the statistical significance of effccts of cnergy type
and inclusion of the addilive on animal performance, are detailed in Table 4.3.
Graphs of mean weekly milk yicld are presented in Figure 4.3 (energy source) and
Figurc 4.4 (additive).

Conccentrate energy source had no significant effect on milk vield for the
experimental period overall (P > 0.05). Milk yields however, tended to be slightly
higher for the HS concentrate and this effect increased over the grazing season (P <
0.05 in weeks 12 and 16). Concentrate encrgy source had no significant effect on fat
concentration, Fat yield therefore tended to be higher for cows fed the HS
concentrate towards the cnd of the experiment as a direct result of increased milk
yield. Effect of concentrate energy source on concentration and yield of milk protein
and lactose was not significant (# > 0.05). Although there was no significant
difference in urea concentration between treatments for the experimental period
overall, weekly analyses demonstrate a tendency for lower milk urea concentration
from the HS treatment, and this effect was significant in weeks 4, 8, 15 and 16 (P <
0.01).
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Table 4.3 Mean milk yield, milk composition, yield of constituents, urea

concentration and production, liveweight change and condition score change

“Energy source (SF) Additive {AD) P value
HS HF AD- AD+ seam. SF AD  SF*AD
Milk yield (kg d™) 339 33.3 32.9° 344 056 0279 0.015 0916
Milk composition
(gke)
Fat 36.6 37.1 37.5 362 1.07 0.725 0.301 0.801
Protein 33.1 33.1 33.0 33.2 041 0.898 0.511 0465
Laclosc 46.3 46.0 459 464 0.28 0.255 0.119 0.205
Yield of constituents
(gd?
Fat 1201 1195 1176 1220 412 09539 031 0.838
Protein 1086 1065  1034* 1117° 26.8 0473 0.006 0.701
Lactose 1528 1492 1459° 1561° 425 0422 0.029 0.802
Milk urea
Mg kg'1 346 343 346 343 54 0689 0.733 0.342
Mg d™* 12054 11796 11522* 12327° 336.0 0.467 0043 0.621

Livewcight change
(kg d™) 0.36 0.27 0.23*  0.40° 0.063 0.130 0.008 0410

Condition score
change (units week’')  0.006 0005 0.004 0006 00047 0777 0.726 1.000

"Means with different superscripts in this and subsequent tables differ significantly P < 0.05.
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Figure 4.3 Effect of concenirate energy source, HS (©) and HF (1), on mean weekly
milk yield
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Figure 4.4 Effect of inclusion of additive, AD+ (A) AD- (©), and on mean weekly
milk yield

Inclusion of the additive had a positive effect on milk yield (P < 0.05). Over the first
12 weeks of the experiment, milk yield of the AD I treatinent cows was on average
2.4 kg dt higher than the AD- treatment. In the final four weeks however, this
positive effect was reduced to on average 0.61 kg milk cow’ d! and was not
statistically significant (P > 0.05). The additive tended to have a negative effect on
fat concentration and this effcct was significant in weeks 1, 3, 4, and 5 (£ < 0.05).
Fat yield from the AD+ treatment cows however was higher because increased milk
yicld compensated for a slight reduction in milk fat concentration. There was a slight
tendency for the additive freatment to give a higher milk protein concentration (P <
0.05 in week 16). An intcraction between treatments was observed in week 2 (P =
0.015), week 3 (P = 0.014), and weck 4 (P = 0.002), when higher milk protein
conceniration was evident for the HS AD- and HF AD+ ireatments. For the
cxperimental period overall, additive treatment had a positive effect on yields of milk
protein (£ < 0.001) and lactose (P < 0.05), which was a result of the positive effect
of the additive on milk yield. There was a tendency tor milk urea concentration to he
slightly lower for the additive treatment and this effect was significant in weeks 5, 7,
14, and 15 (£ < 0.05). Overall, total urea production per day however was slightly

greater for the AD+ treatment (P < 0.05) as a consequence of increased milk volume.
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On average, animals gained live weight and condition over the experiment.
Concentrate cnergy source had no significant effect on live weight or condition scorc
change, Additive however had a positive effect on live weight (# < 0.01), and
animals fed the additive gained on average 0.17 kg live weight d” more than the

control group. Inclusion of the additive had no significant effect on condition score,

4.3.4 Herbage intake

Herbage intakes per treatment group over the intake measurement periods as

estimated using the n-alkanc method, are presented in Table 4.4.

Table 4.4 Herbage intake estimated by #-alkane method (kg PM cow™ d™!)

Energy source Additive P value

HS HF AD- AD+ sem SF  AD SF*AD
22 May - 26 May 167 165 164 168 063 0.767 0.524 0574
19 June - 23 Junc 168 166 155 17.9° 0.64 0.633 0001 0.002
17 Tuly - 21 July 183 177 17.0° 200° 071 0.404 0013 0202

14 August - 18 August  19.2 17.8 180 190 090 0.097 0.285 0.367

n-Alkane estimates of herbage intake were slightly higher for the HS concentrate for
cach measurement period. Differencc in herbage intake between HS and HF
treatments increased as the season progressed, although effects of energy source
were not significant (P > 0.05), n-Alkane estimates of herbage intake were highest
for additive fed cows for cach measurement period. This effect was significant (P <
0.05) for the estimates made in June and July when herbage DM intake was on
average 2.4 and 3.0 kg cow™ d’! higher respectively for the additive compared to

control treatment.

Herbage intakes as cslimated by energy balance (AFRC, 1993) are presented in
Table 4.5.

Table 4.5 Herbage intake estimated by energy balance (AFRC, 1993) (kg DM cow™ d™)

Energy source  Additive P value

HS HF AD- AD+ sem. SF  AD SF*AD
22 May - 26 May 150 158 154 154 064 0211 0971 0.245
19 June - 23 Tune 146 150 145 150 067 0.621 0481 0.866
17 July - 21 July 148 143 134" 156° 057 0368 <0.001 0.697
14 August - 18 August 12.6° 11.3° 115 125 056 0.015 0085 0797

Mean 22 May — 18 August 145 144 141 14.8 046 0521 0.126 0.609
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Herbage inlakes for each measurement period per treatment were lower when
estimated by energy balance compared to the m-alkane method. Unlike »-alkane
cstimates, energy balancc cstimates indicatc a slightly higher herbage intake from the
HF concenlrate in the first 2 measurement periods, although differences between
treatments were not significant (2 > 0,05). Over the last 2 measurement periods,
energy balance calculations estimate a posilive effect of the HS treatment on herbage
intake, and this is significant in the period from 14-18 August (P < 0.05). Energy
balance calculations indicate improved herbage intake with the additive treatment in

all but the first measurement pertod (17-21 July, P < 0.001).
Overall, there was a positive linear relationship between estimates of herbage intake

using the energy balancc and n-alkane methods, and 1° values ranged from 0.31 to

0.45 for the four intake recording periods (Figure 4.5).
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4.3.5 Grazing and ruminating behaviour

Time spent grazing was on average 17, 75, and 43 minuies cow™ d ! greater for the
HF compared to HS treatment for the May, June and July observations respectively,
and this effect was significant in for the June and July observations (£ < 0.001)
(Table 4.6). In the final observation period in August however, grazing time was
greater for the HS treatment (P < 0.05). During May and June observations, cows
fed AD- spent longer grazing and this cffect was significant in May (P < 0.05). In
July and August, cows offered the additive spent longer grazing and this effect was
statistically significant for the July recordings (P < 0.05). A significant interaction
between concentrate trecatment group and behaviour is observed in a number of
instances. This could suggest differences in sward conditions between paddocks, or

differences in recording between observers.

Cows fed the HS concenirate spent more time ruminating in May (P < 0.05) and July
(P < 0.01), while cows fed the HF concentrate spent more time ruminating in weeks
June and August (P < 0.001) (Table 4.6). An increase in grazing time between
energy sources and additive or control treatments was most often accompanied by a

reduction in ruminating time,

Table 4.6 Grazing and ruminating behaviour of cows (minutes cow’! dh

Energy source  Additive £ value
HS HF AD- AD+ sem. SF AD SF*AD
25-26 May  Grazing 533 550 562 521 136 0.339 0.039 0.002

Ruminating 473 429 444 457 132 0.013 0484 <0.001

22 -23 June  Grazing 489 564 536 517 9.9 <0.001 0.183 0.223
Ruminating 455 549 484 521 103 <0.001 0.01 0.218

20--21 July  Grazing 532 575 537 570 9.0 <0.001 0.015 <0.001
Ruminating 523 483 504 502 112 0©.009 0912 0.593

17 - 18 August Grazing 588 530 547 570 164 0010 0320 0.010
Ruminating 436 489 459 467 9.8 <0.001 0.558 <0.001

Estimated rates of herbage intake from s-alkane estimates of herbage intake (Table
4.4) and grazing behaviour observations {Table 4.6) demonstrate some significant
effects of concentrate trealment (T'able 4.7), Ratc of herbage intake was higher for

cows offered the high starch compared to high fibre concentrate in June and July
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measurement periods (P < 0.01, and P <0.01 respectively), and cows offered the

additive had a higher rate of intake in May, June and July (P < 0.001 in June).

Table 4.7 Herbage intake rate estimated from r-alkane measurements of herbage

intake and grazing behaviour observations (Tablc 4.6) (kg DM h™* cow™)

Energy source Additive P value

HS HI AD-  ADI- sem.  SE AD  SE*AD
25 - 26 May 1.92 1.82 1.79 195 0.088 0260 0930 0.058
22 - 23 June 2.08 1.78 1.76 ~ 2.09 0.083 <0001 <0.001 0.10]
20 - 21 July 2.08 1.85 1.91 202 0.084 0.008 0229 0.360
17 - 18 August 1.08 2.01 200 2.00 0.131 0804 0955 0187

4.4 DiscussIiON

4.4.1 Grazing and herbage intake
Herbage intakes of up to 20.7 kg d' havc been reported for high yielding cows

offered a high herbage allowance (Buckley and Dillon, 1998), and it seems grazed
herbage may have the potential to meet requirements for levels of production up to
between 27 and 33 kg milk d”! (Mayne, 2001; Mayne et al., 2000). Over the course
of the present experiment, it was aimed to provide cows with a high herbage
allowance and to avoid restriction of herbage intake by sward factors. Sward surface
height was generally maintained between 10 to 12 cm, which is within the
recommended range of sward heights to allow high levels of herbage intake (Peyraud

and Gonzalez-Rodrigez, 2000).

Estimates of mean herbage intake per treatment group rcached a maximum of 20 kg
DM cow” d"' although there were some higher estimates of intake for individual
cows within treatments. 'These results appear high compared to maximum herbage
mtakes reported previously (Mayne, 2001). Furthermore, in the present experiment,
it would have been expected that intake would decrease as the experiment
progressed, corresponding to a decline in sward quality later in the season (Beever et
al., 2000; Parsons and Chapman, 2000}, and lower energy requirements of later
lactation cows. n-Alkane results however contradict this theory and cstimated

herbage intakes per treatment increased as the experiment progressed.
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n-Alkane estimates of herbage intake were consistently higher than those estimated
form energy balance calculations (AFRC, 1993) and there was a positive linear
relationship between the two measurements. Others, for example Fisher and
Dowdeswell (1995), have similarly reported higher estimatcs of herbage intake using
the n-alkane procedure compared to energy balance relationships. Both methods
have possible sources of error for herbage intake estimation. A limitation of the
energy balance system is that it relies on accurate measurement of liveweight change.
Live weight is dependent upon the level of gut fill. Weighing animals at the same
time each day can reduce these effects of variability in gut fill on measurements of
liveweight change. However, estimation of the composition of liveweight change to
obtain an accurate estimation of energy balance is difficult. Additionally, energy
balance calculations do not lake into consideration differences in efficiency of energy
and nuirient utilisation between treatments. For example, there could have been
greater efficiency of energy and N utilisation when the additive was included in the
diet due to improved synchrony ol energy and N availability in the rumen, as well as

increased RUP supply.

The most likely source of error in the n-alkane procedure is in obtaining a sample of
herbage that has representative n-alkane concentrations to that of the diet consumed
by the animal (Dove and Mayes, 1996). For cattle grazing homogenous pastures, it
1s considered satisfactory to collect herbage samples by hand (Mayes and Duncan,
1999; Vulich et a/, 1993). Differences in n-alkane concentrations however exist
between plant parts, species and varieties (Dove and Mayes, 1996; Laredo et al.,
1991). In this experiment, as the season progressed and sward quality and structure
became more heterogeneous, cows would have greater opporlunity to select a diet
that differed in »n-alkane composition compared to a sample collected by hand. This
could explain larger differences in estimates of intake between the n-alkane and
energy balance techniques towards the end of the experiment. Therefore while
comparisons may be made between treatments within cach of the mecasurement
periods, comparing estimates of herbage intake over time could be less reliable. It is
also possible that concentrate treatment influenced composition of herbage selected,
and therefore caused differences in rm-alkane composition of diet compared to
sampled herbage. For cxample, an increase in herbage intake when additive is

inclnded in the concentrate could increase the proportion of stem in the diet if
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animals grazed deeper into the sward (Delagarde ez al., 2000b). Only a single
sample of herbage for each treatment pgroup was analysed for n-alkane
concentrations. Variability in the diet selected by individual animals is therefore not
taken into consideration, which could affect the accuracy of estimates of individual

intakes.

Over each of the intake and grazing behaviour recording periods, no significant
interactions between grazing time and herbage intake were observed (1? < 0.001). Tn
the final observation period in August however, grazing time was greater for the HS
treatment (7 < .05) and this is correlated with a higher n-alkane estimate of herbage
intake (P = 0.097). In weeks 12 and 16, cows offered the additive spent longer
grazing. This effect was statistically significant in week 12 (P < 0.05) which is
correlated with higher estimates of herbage intake. A tendency for higher estimates
of daily herbage intake from thc higher starch concentrate and inclusion of the
additive, were associated with higher estimates of rate of herbage intake, This could

indicate an effect of concentrate treatment on bite rate or bite mass.

4.4.2 Concentrate energy source

Results frotn the present study demonstrate that concentratc energy source has a
limited effect on milk production and this is in agresment with others, for example,
Fisher et al. (1996), Gibb ef al. (2002a), and Sayers ef al. (2000). These studies
however have tended to suggest slightly improved animal performance with higher
fibre concentrates, and some experiments report significant beneficial effects of
feeding less rapidly fermentable energy sources (Khalili and Sairanen, 2000; Meijs,
1986; Schwarz et al., 1995). The current experiment actually demonstrates a slight
positive effect of the HS concentrate on milk production and herbage intake. In
agreement with these results van Vuuren ef al. (1986) and Valk ef af. (1990) have
also reported slight positive effects of a higher starch supplement on milk production.
In the present study, the trend towards higher milk production from the HS compared
to HF concentrate appears to have been supported by higher herbage intake and rate
of intake, and this difference between treatments increased as the season progressed.
Valk et al. (1990) similarly reporis increased herbage DM intake with a higher starch

concenlrate.
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It is possible that the HS concentrate increased supply of fermentable energy to the
rumen and improved the balance between rapidly available rumen N from herbage
and fermentable cnergy (Beever et al, 2000; Kolver et al., 1998). Others who
similarly report beneficial effects of a higher starch supplement, have found
improved efficiency of microbial protein synthesis and increased duodenal amino
acid flow [rom a high starch concenirate than from either grass alone, or when a
more fibrous supplement was fed (van Vuuren ef al, 1993). A tendency for
improved animal performance and higher herbage intake with the HS concentrate
may therefore have resulted from increased microbial activity and breakdown of
celtulose, and improved microbial protein flow to the small intestine. A reduction in
excess N as a result of improved N use for microbial growth and improved efficiency
of N utilisation, is supported by resulis which demonstrate a significantly lower milk
urea concentration towards the end of the experimental period from animals fed the

HS concentrate.

Variation in types of starch fed between studies may cxplain some differences in
results. It appears that a negative effect of a high starch concentrate on animal
performance has been reported when ingredients used have been based on the most
rapidly degradable sources of carbohydrate, for example barley grain (Fisher et al.,
1996, Khalili and Sairanen, 2000). A higher starch concentrate has bad less of an
effect on intake or milk production when less rapidly degradable sources of starch
such as maize (Schwarz ef ¢l., 1995; Valk ef al., 1990), or a mixture of ingredients
(van Vuuren et al., 1986), have been fed, The HS concentrate in the present study
was formulated to contain a mixture of ingredients inchuding some less rapidly
degradable sources of starch, such as maize. There was therefore less likelihood of
this concentrate providing such a rapidly available cnergy supply to cause disruption
to the rumen environment, compared to a high starch concentrate which was, for

exanple, entirely cereal based.

Differences in total starch plus sugar content of supplementary concentrates have
also varied between studies. The starch content of concentrates fed by Savers ef al.
(2000), who reporls a slight positive effect of higher fibre on milk production and a
significant positive eflect of higher fibre on intake, for example, was 470 and 62 g

kg? DM for starch and fibre supplements respectively. This difference in starch
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content is significantly greater than the difference in starch levcls between HS and
HF concentrates in the present study, which contained 299 and 182 g slarch kg! DM
respectively. Total starch plus sugar content in the experiment by Savers ef al.
(2000) was 544 and 278 ¢ kg DM for starch and fibre supplements respectively,
while the difference in total starch plus WSC in the present study was again lower at
415 for HS and 299 g kg™ for HF treatments. Equivalent figures for experiments by
Khalili and Sairanen (2000) are 600 and 366 g starch plus sugars kg’ DM, and
results from Meijs (1986) were 385 and 102 g kg DM starch plus sugars, for high
starch and high fibre concentrates respectively. Additionally, it might be expected
that higher levels of concentrate would elicit greater effects of concentrate energy
source. For cxample, Sayers ef al. (2000) reported a significantly greater milk fat
content and lower milk protein content with a high starch concentrate when cows
were offered 10 kg FW concentrate d”', compared to when they were supplemented
with only 5 kg d"'. There could also be an effect of ratio of concentrate to herbage in
the total diet (Schwarz et al., 1995) and in the current study, concentrates formed an

increasing proportion of the total diet as the season progressed.

Changes in responsc to energy type over the season and an increase in the positive
effect of the HS concentrate over the duration of the current experiment could be
associaled with herbage quality. A bigher ME content and digestibility of herbage
early in the season may have increased total ruminally available carbohydrate and
amouit of quickly fermentable carbohydrate. As a result, the effects of concentrate
type may have been more evident, with a lower amount of starch required to cause
disruption to rumen fermentation and a reduction in pH. In early season there would
therefore be little benefit in increasing amount of ruminally available energy to
improve synchrony of supply of mminally available energy and N to increase
microbial activity (Beever ef @/, 2000). As herbage ME content and digestibility
decreased and NDF increased as the season progressed however, an improved supply
of quickly degradable carbohydrate from the high starch concentrate may have
improved energy supply to rumen microbes aud had a positive effect on microbial
growth and activity. Lower levels of supplementary starch and sugars may be
required to cause a disruption lo the ramen enviroument when supply of quickly
fermentable carbohydrate, and in particular WSC concentration, of herbage is high.

Sayers ef al. (2000) for example reported herbage that was higher in WSC at between
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152 and 170 g k' DM compared to between 72 and 101g kg DM in the present
study, which could contribute to the slightly negative effect of a high starch

supplement which they observed.

Evidence suggests therefore that cnergy availability and carbohydrate degradability
of the whole diet determines responses to different energy sources. Differences in
supplementary encrgy sources, protein types, and levels of concentrate fed; as well as
varying herbage availability and quality, can therefore explain some of the
differences in results between studies. Evidence suggests therefore that the starch
fed in this experiment has not been of the type or level to have a disruptive effect on
rumen fermentation. A more rapidly fermentable energy source may have actually
had some beneficial effects by providing a more immediatc supply of energy to

rumen microbes to complement energy available from herbage.

4.4.3 Additive treatment

The additive chosen for this study is described as a sugar mineral complex that binds
to dictary protein through association with specific structures within the 2 and 3
dimensional protcin structure. As a consequence, the additive is proposcd to alter the
structure of dietary protein and so reduce its degradability in the rumen. This could
improve the synchrony of supply of ruminally available energy and N and possibly
increase microbial activity and microbial protein synthesis, as well as reduce rumen
ammonia levels and so improve the efficiency of N utilisation (Beever et a/., 2000;
Delagarde et al., 1999). Inclusion of the additive to concentrate fed in the current
experiment increascd herbage intake and herbage intake rate; and had significant
beneficial effects on animal performance. A reduction in degradability of dictary
protein would also increase RUP supply to the animal, which along with potcntially
higher microbial protein flow to the small intestine, could improve animal
performance (Hongerholt and Muller, 1998). Increased microbial activity could also
improve digestion of fibre and passage of material through the rumen and so
encourage increased herbage intake (Arriaga-Jordan and Holmes, 1986), turther

supporting higher levels of milk production, as observed in the current experiment.

Milk production response to the additive declined towards the end of the experiment,

and in particular from 24 July onwards, It is possible that this was a consequence of
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a change in sward characteristics and herbage quality, or a reduction in energy and
nutrient requirements from later lactation cows. As milk production potential
declines, milk production responses to increased supply of RUP arc cxpected to be
reduced (Hongerholt and Muller, 1998; Neilsen ef al., 2002). Towards the cnd of
the study, mean sward surface height was slightly lower, the sward became more
heterogeneous with increased rejected areas and stemmier grass, and herbage quality
declined. These changes in sward characteristics arc associated with a reduction in
bite mass and hence potential herbage intake (McGilloway and Mayne, 1996; Swain,
2000). Cows would therefore have less opportunity to increase their intake of
herbage latcr in the season, even if this was encouraged by supplementation with the
additive. Herbage CP concentration decreased over the experiment and it is expected
herbage protein degradability would also be fower later in the season (Tamminga and
Sudekum, 2000). There would therefore be less benefit in feeding an additive to
reduce the rale of protein degradation on the synchrony of supply of ruminaily
available energy and N. Results of this experiment indicate a tendency towards a
positive effect of a more rapidly available, higher starch, energy source later in the
season, suggesting energy supply to the rumen became more limiting. Similarly, a
reduction in milk urea concentration suggests a more synchronous supply of energy
and N to the rumen as the season progressed. Further reduction in herbage protcin
degradability by the additive may therefore have been of less benefit to improve

rumen cnctgy and N supply as the season progressed.

4.5 CONCLUSION

Concentrate energy source had a minimal effect on animal performance under the
conditions of the experiment. Milk yield tended to be higher from animals on the HS
treatment, and the advantage of a starchy concentrate increased as the season
progressed. This effect could be related to changes in sward characteristics and
herbage quality over the scason. Increased energy supply to the rumen from the
starchy concentrate may be a better complement for the higher NDF, and lower ME
and WSC content of herbage later in the season. Consequently, microbial activity
may be improved leading to better digestion of fibre and slightly improved herbage

intake. There could therefore be some benefils of supplementing grazing cows with
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specific energy sources according to sward characteristics and the composition of

herbage selected.

Supplementation of grazing cows wilh an additive formulated to reduce the rale of
dietary protein degradation can have significant beneticial effects on animal
performance. Cows fed the additive had higher milk and milk protein yields over the
course of this experiment and showed an average advantage in milk yield of 1.5 kg
cow™ d'. Improved levels of milk production were supported by increased estimates
of intake rate and daily herbage intake. Other factors not measured in the
experiment, such as increased RUP and microbial protein supply, could also be
important. The positive effects of inclusion of the additive however were reduced
towards the end of the study. It is possible that this was a result of reduced sward
and herbage quality, lower nutricnt requircments of later lactation cows, or an
increasc in the proportion of concentrates in the total diet, Higher estimates of daily
herbage intake were generally associated with higher estimates of rate of herbage
intake and so there could be an effect of concentrate treatment on bite rate or bite

mass.

Effects of concentrate composition on herbage intake and animal performance
therefore appear to be dependant upon interactions with animal rcquircments and
milk production potential, concentrate level and proportion in the total dict, and

polential intake from the sward and the composition of herbage sclected.




CHAPTER 5.0 EXPERIMENT 3

Vertical distribution of herbage mass in a perennial ryegrass sward cut to
simulate different management practices, and implications for herbage intake of

grazing dairy cows
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5.1 INTRODUCTION

Herbage intake characteristics of a sward can have major effects on milk production
from grazed pasture and animal responses to supplementation {Delaby ef al., 2001).
Experiments 1 and 2 highlight the importance of interactions betwcen herbage intake
and the efficiency of concentrale supplementation for milk production. The cvidence
suggests potential herbage intake from the sward interacts with responses to
increasing levels of supplementation. Efficiency of supplementation for milk
production for example, increases as herbage allowance or sward height declines
(Delaby et al., 2001; Wilkins et al, 1995), and as sward and herbage quality
deteriorates laler in the grazing season (Delagarde ef al, 2000a; Stakelum, 1986a).
Similarly, effects of the composition of concentrate on herbage intake and milk
production responses can be determined by the quantity and quality of herbage
selected (Meijs, 1986; Schwarz et al., 1995). Concentrate supplementation strategies
and the efficiency of milk production from grazing cows could therefore be
improved through better understanding of effects of sward characteristics on grazing

behaviour and herbage intake.

Bite mass is a major determinant of intake rate from a sward (McGilloway ef al.,
1999; McGilloway and Mayne, 1996), Cows can compensate for low bite mass by
Increasing grazing time and bite rate. However these variables reach a platcau at
approximately 60 bitcs minute”, and 9 to 10 hours d' (McGilloway et al., 1999;
Rook et al., 1994). Bite mass is consequently a particularly important detcrminant of
herbage intake for higher yielding cows which are more likely to reach thesc
behavioural constraints on grazing time and bite rate when they attempt to meet their
high intake requirements. Processes that occur at the individual bite site which affect
bite mass therefore have important effects on herbage intake over time and at the
larger spatial scale (Ungar ef al., 2001). Bile mass can be described as a product of
bitc volume and the bulk density of herbage in that volume (Ungar ef al, 2001). A
bite can be idcalised as reclangular or cylindrical and can be described most simply

in terms of bite depth and bite area {(Hodgson, 1981; Parsons et al., 1994).
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Sward surface height and bulk density are important factors affecting bite
dimensions, and hence bite mass, when cows graze green, leafy, vegetative swards
(Barrett e al, 2001; Peyraud and Gonzalez-Rodrigez, 2000). It has been
demonstrated that bite depth of grazing dairy cows is equal to a constant proportion
of sward surface height, regardless of the initial height and whether or not titlers have
been grazed previously, Under normal grazing conditions, cows remove
approximately one third of tiller height (Barrett et a/., 2001; Wade ef al., 1989). A
greater bite depth of up to one half of tiller height however has been observed when

animals have been fastcd before grazing (MceGilloway e al., 2000).

Cattle have a strong tendency to graze by horizon (Ungar, 1996). Bite mass from a
sward is therefore dependant upon herbage DM in the grazed horizon. It is well
recognised that bulk densily increases with depth of the sward {(Clark et al., 1974),
however variations in bulk density between horizons of the sward can also arise as an

affect of grazing management and time of year (Delagarde ef al., 2000Db).

Description of the vertical distribution of mass in a sward, combined with knowledge
of grazing bchaviour, could be used to determine herbage DM in the grazed horizon
and to estimate potential bite mass. The relationship between height and the vertical
distribution of mass could be described using a similar equation to the well
established relationship between leaf area index and the penetration of solar radiation
through [eaf canopies of different structure, originally proposed by Monsi and Saeki

(1953). The relationship is described by Newton and Blackman (1970) (Equation
S.1):

L —Ipe™ (5.1)
where I, describes the relationship between leaf area index and penectration of solar
radiation through the canopy, I is light intensity at top of the stand, X is a constant,
and L is leaf area above level of which /7 is measured. The vertical distribution of

herbage mass in a sward could therefore similarly be described as (Equation 5.2):

Y=Me *® (5.2)
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where Y is equal to herbage mass above a specified sward height (h), M Is total
herbage mass per unit area, and b 1s a constant. Newton and Blackman (1970) used
the constant (X) as a description of light penetration through canopies. In canopies
composed of broad-leafed species for example, K was larger and ranged from 0.6 to
0.9, compared to grasses when K values ranged from 0.3 to 0.9, ‘fhere could
similarly be valucs of the constant & (Tquation 5.2) that describe the vertical
distribution of herbage mass in a sward according to sward height and total herbage
mass. From knowledge of grazing behaviour and bite dimensions, this could help

generate a general description of bite mass.

The following study involved cutting a perennial ryegrass sward (Lofium perenne) to
two residual sward heights at different ages of regrowth to simulate different grazing
managements. The experiment was designed to test the hypotheses that there are
differences in structural characteristics of the sward according to cutting treatment;
that there is a general relationship between sward height, total herbage mass and the
vertical distribution of mass; and that differences in sward structure can have an

atfect on estimated bite mass.
Objectives of the study were;

+ To describe changes in sward structure and vertical distribution of herbage mass
at different recgrowth ages of swards cut to different residual heights.

+ To explore whether (here is a general relationship that can be used to describe the
verlical distiibution of herbage mass in a sward.

¢ To investigate effects of sward structure and the vertical profile of herbage mass

in the sward on estimates of bite mass in the uppermost grazing horizon.

5.2 MATERIALS AND METHODS

5.21 Experimental sward

The cxperiment was carrted out on a sward of predominantly perennial ryegrass
(Lolium perenne), on a sandy loam soil. The sward received fertiliser applications at
a rate of 50 kg nitrogen ha in mid-March, mid-April, and at 3-weckly intervals from
10 May 2001.
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5.2.2 Experimental design and treatments

The experiment was conducted over a 9-week period from 3 May lo 5 July 2001.
Twenty-four plots of 15 m * 2 m were crealed and blocked into 3 replicates. Within
cach block, a plot was randomly allocated to one of 8 treatments (Table 5.1). Swards
were cut to target residual heights of either 6 cm or 12 c¢m, and cut either twice week

Dor at intervals of 7, 14 or 21 days. Cut herbage was removed from the sward.,

Table 5.1 Experimental treatments

Treatment  Residual sward height (em)  Frequency of cuiting to residual sward height

Tl 6 Twice week
12 6 7 days
T3 6 14 days
T4 6 21 days
TS 12 Twice week”
T6 12 7 days
7 12 14 days
T8 12 21 days

A lawnmower modilied to cut to the required heights was used to cut and lift grass
from plots. Plots were all cut to target residual heights of 6 cm or 12 cm on 3 May.
Thereafter, according to treatment, plots were cut on the Monday of each week
beginning 7 Muy, and those to be cut twice weekly were cut again on the Thursday

of each weck.

5.2.3 Sward measurements

Sward measurements and samples were taken weekly for all plots on Monday before
any plots were cut. Areas of | m * 2 m were designated per week as sampling areas

in cach plot.

5.2.3.1 Sward surface height

Fifteen sward heighl measurements were recorded at random. in each plot on each

measurement day using an HFRO sward stick (Barthram, 1986).

5.2.3.2 Vertical distribution of herbage mass

Vertical distribution of herbage mass in each plot was measured by the stratified clip
technique using a herbage gripping device (Barthram, 1992). This instrument had
gripping surfaces of 9 cm long and 1 cm deep, and opened to 2.5 em wide. The

instrument was placed into the sward at ground level, the jaws closed and the gripped
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sample of sward cut at ground level. The sample was lifted out of the sward and
turned on edge over a box with a cutting guide so that horizons of the sward could be
cut inlo separate boxes. Samples were cut into 2 em horizons from ground level to
12 ¢, and into 4 cim horizons above 12 cm. The maximum height per samplec was
rceorded. Six samples were taken per plot and bulked into the specified horizons per
plot. Fresh weight (FW) of herbage samples in individual horizons for each plot was
recorded before samples were dried for 16 hours at 100 °C and dry matier (DM)
weighed.

5.2.3.3 Herbage mass

Herbage mass was estimated weekly from the total DM collected in sward gripper

samples, assuming a sward gripper sample area of 135 cm? per plot.

ITerbage mass was also estimated weekly over the final 4 wecks of the cxperiment by
cutting 3 strips of herbage of 1 m * 0.076 m per plot to ground level using battery
operated hand shears. FW of herbage cut from cach plot was recorded belore
samples were oven dried and weighed to determine herbage DM ha™. Residual
herbage mass was recorded on 11 Junc after all treatmenis were cut to residual sward
surface heights. Herbage mass was then cstimated over the lollowing 3 weeks by

sampling plots weekly prior to any being cut to their residual sward height,

5.2.3.4 Tiller density

Tiller density was determined forinightly throughout the experiment. Four 20 ¢m?
cores were removed at random from each plot on each occasion. The numbers of
live, dead and aerial tillers in each core were recorded. A tiller was defined as live if
0.5 or more of leaf and sheath components werc green, Tillers were assumed to be
dead when 0.8 or more of leaf and sheath components were brown. Tillers with 0.2
o 0.5 of green components were dissected and classified according to the presence

or absence of a green growing point (Fisher ef al., 1995).

5.2.3.5 Botanical composition

Samples of herbage cut to ground level were taken from each plot and bulked per
treatment in week 6 when all {reatments were at their maximum age of regrowth.
Mechanical separations of herbage samples into leaf, stem and dead material were

carried out and DM of each component measured.
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5.2.4 Calculations and statistical analysis

5.2.4.1 Sward structure

Measurements ol sward surface height, total herbage mass, mean sward bulk density,
and DM in individual horizons of the sward were calculated per treatment when
swards reached their maximum regrowth ages. Mean sward bulk density was
calculaled using total mass of herbage DM as recorded from sward gripper samples,

and the mean of the HFRO measurements of sward surface height.

Vertical distribution of herbage mass was calculated as mean DM per horizon per
treatment per week. Distribulion of herbage DM was then described by fitting an
exponential relationship to measurements of cumulative herbage mass to residual

sward heights of each horizon through the sward (Equation 5.3):

Y=Me *® (5.3)

where Y equals herbage mass (g DM) above residual sward height (%) (cm), M is
total herbage mass and b is a constant. The y intercept was fixed as total herbage
DM of the sample. This relationship could then be used to calculate total herbage

DM above or below specified sward heights.

Differences in the proportion of total herbage mass in the top third of sward height
betwecen treatments, calculated using Equation 5.3 results, were examined to provide

further comparisons of vertical distribution of mass.

5.2.4.2 Bite mass

Estimates of bite mass from swards created by different cutting trcatments were
made with a simple mode] of bile dimensions, where bite volume was assumcd te be
cylindrical or rectangular, and equal fo the product of bitc depth and bite area
(Parsons et al., 1994). Mean bite mass per treatment per week was estimated from
equations describing the vertical distribution of herbage mass, assuming a bite depth
ot one third and one half of maxinum sward height, and a constant bite area of 100
cm’. A maximum bite depth of up to 4 cm above ground level was applied to

calculations. Resulls from weeks in which swards had reached their maximum re-
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growth age were subject (o one way analysis of variance (Lawes Agricultural Trust,

1998), to examine effects of cutting treatment.

5.3 RESULTS

5.3.1 Weather

Total weekly rainfall, weekly mean of daily minimum and maximum air temperature,

and average daily minimum and maximum air temperatures for 4 weeks preceding

the experimental period, and for the duration of the cxperiment, are presented in

Figure 5.1.
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Figure 5.1 Weekly mean of daily minimum and maximum air temperature (a),

average daily minimum and maximum (-) and total weekly rainfall (bars)

5.3.2 Sward characteristics

5.3.2.1 Sward surface height
Meuan sward surface heights (+ s.e.m.), as measured after all swards were cut to their
residual heights at the start of the cxperiment on 3 May, were 6.7 + 0.08 cm for

Treatments 1 to 4, and 12.9 + 0.09 cin for Treatments 3 to 8.

Mean sward heights over the course of the experiment, and variation in average

sward heights per week per Treatment when swards reached their maximum age of
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regrowth, are presented in Table 5.2. Results are presented for measurements taken
using the HFRO sward stick (Barthram, 1986) and from the maximum horizon
heights recorded from sward gripper samples. Mean weekly resulls per Treatment

are presented in Appendices 3 and 4.

Table 5.2 Mean sward height per ireatment (cm) when swards at maximum regrowth
ages, and s.c.m. between recordings; as measured with sward stick

(Barthram, 1986) and from sward gripper samples

Residual height 6 cm 12 cm
Cutting frequency Twice 7d 14d 21d Twice 7d 144 214
Sward stick
Mean 90 118 198 274 151 199 274 352
s.eam. 041 048 1.62 1.88 048 085 274 344
Sward gripper samples
Mean 100 136 227 320 164 221 283 373
s.c.. 027 075 144 336 031 1.00 240 2.04

Sward surface height increascd with increasing regrowth interval, and was higher for
swards cut to a target height of 12 cm compared to 6 cm at equivalent ages of
regrowth. The coefficient of variation in sward stick measurements generally
increased with regrowth intervals of up to 14 d, and was then slightly lower at the

maximum regrowth interval.

Sward height measurements from gripper samples were consistently higher than
sward stick measurements. Between treatments, this difference in height ranged
from 1 cm to 4.6 em, and averaged 9.7 percent. Greater measurements of height
from the gripper results would be cxpected since these were an average of the
maximum height in each sample when samples were laid over the cutting grid; and

leaves in the gripper sample were extended before cutting herbage into horizons.

Mean weekly increase in sward height per treatment, calculated (rom sward stick
height measurements {Appendix 3), and variation between mean weekly heights, is
presented in Table 5.3. Mean weekly increase in sward height was generally higher
with increasing regrowth interval. There was a greater increase in sward height

between weeks for swards cut to the higher residual sward height at equivalent
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regrowth ages, cxcept for swards cut twice per week which showed slightly increased

growth when cut to a residual height of 6 cm compared to 12 cm.

Table 5.3 Mean hetbage growth per Treatment (em week™) calculated from weckly

sward stick height measurements, and s.e.m. between recordings

Residual height 6 cm 12 em

Cutting frequency Twice 7d 14d 21d Twice 7d  14d 21d
Mean 408 507 6.62 6.89 390 697 760 742
sem. 0.720 0481 0.671 0.657 0.844 (.854 1.093 0.728

$.3.2.2 Herbage mass

Herbage mass estimated from samples taken using sward grippers when swards were
at their maximum ages of regrowth, both to ground level and above 4 cm, are
presented in lable 5.4. Details of mean weckly herbage mass per treatment are
shown in Appendices 5 and 6. Herbage mass increased with increasing regrowth
age, and was higher for swards cut to 12 cm compared to 6 cm at equivalent ages of

regrowtl.

Table 5.4 Herbage mass (kg DM ha'l) per Treatment o ground level] and above 4 cm
when swards ut maximum regrowth age (kg DM ha™) calculated from sward

gripper samples

Residual height 6 cm 12 em

Culting frequency Twice 7d 14d 21d Twice 7d 14d 21d

Total herbage mass to
ground level

Mean 4497 4853 5483 7144 7575 7779 7814 9370

s.e.m. 291.7 164.9 247.0 482.1 3709 1852 427.2 573.8
Herbage mass above 4 cm

Mean 807 1311 2323 4157 3767 4306 4822 06333

S.e.11m. 409 833 350.7 627.9 190.9 1427 308.6 663.3

Comparison of methods for estimating total herbage mass in weeks 7, 8, and 9,
demonstrate estimates of herbage mass to ground level made from sward gripper
samples were on average 1.126 times greater than estimates from cut strips of

herbage (Table 5.5). Herbage mass for all treatments in Weeks 7, 8, and 9 was on
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average 2899 kg DM ha”' when estimated [rom cut strips of herbage, compared to
6548 kg DM ha' for the sward gripper estimates, Relative differences between

treatments per week for each measurement method however were generally similar.

Table 5.5 Herbage mass to ground level (kg DM ha™') in weeks 7, 8, and 9 estimated
from sward gripper measurements and cut strips of herbage (s.e.m. between

plots per treatinent)

Residual height 6.cm ' 12em
Cutting frequency Twice 7d 14d 214 Twice 7d 14d 21d

Estimated herbage mass
from cut strips

Week 7 Mean 2206 1665 1985 1563 3301 3072 3298 2826
s.em. 2431 739 1691 629 287.5 280.6 143.5 1359
Week 8 Mean 2409 2268 2481 2996 3765 3531 3977 4054
s.e.. 924 1293 1947 528.9 3780 €2.1 2004 473.1
Week 9 Mean 2197 2335 1996 29382 3510 3649 3306 4197
s.e.m, 1124 1041 206.5 300.1 2664 389.6 1941 564

Estimated herbage mass
from gripper samples

Week 7 Mean 6519 5457 4309 4148 8790 7617 7222 7173
s.e.1m. 9525 665.8 691.0 267.1 948.9 461.8B 6759 713.8
Week & Mean 4728 4321 5963 4815 8494 8012 7830 6568
s.e.m, 321.7 10132 3333 2796 582.2 497.1 587.8 6613
Week 9 Mean 4531 5802 5444 7013 7728 8259 7049 9358
s.e.1m, 543.6 3034 256.6 507.0 6476 611.2 590.4 326.6

5.3.2.3 Sward density

Mean sward bulk density between treatments declined with increasing age of
regrowth (Table 5.6). There was no difference in bulk density to ground level
between swards cut to different residual sward heights at equivalent regrowth
intervals. Bulk density of herbage above 4 ¢m however was greater for swards cut to

12 cm compared to 6 cm.

Herbage mass to ground level recorded from sward gripper samplcs and HFRO
sward surface height for all treatmients in weeks 1 to 9 were positively correlated

(Figure 5.2).
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Table 5.6 Bulk density of herbage to ground level and above 4 cm when swards at

maximum regrowth ages (kg DM m™), calculated from sward gripper

samples and sward height (Barthram, 1986)

Residual height 6 cm 12 cm
Cutting frequency Twice 7d 14d 21d Twice 7d 144 214
Bulk density to ground level :
Mean 516 420 281 261 5.08 398 3.00 268 *
s.e.m. 0.548 0.264 0.198 0.084 0.358 0.196 0.395 0.098 E
Bulk density above 4 cm *
Mean 1.69 172 145 176 345 276 212 204 :
8.e.1M1. 0.159 0.113 0.104 0.145 0.240 0.130 0.175 0.017
12000 -
~ 10000 - X
IEU
=
s 8000 -
A
=11}
= 6000 -
%
KX
?ﬁ 4000 &% X y =159.64x +3507
2 R? =0.4701
T 2000 -
0 i . : e ————
0 5 10 15 29 25 30 a5 40 45

Sward height (cm)

Figure 5.2 Relationship between sward surface height and herbage mass

§.3.2.4 Tiller density

Total tiller density (Table 5.7) increased for treatments

of 6 cm twice per week. Swards cut every 21 days showed a reduction in tiller

density over the experiment, while total tiller density of swards cut to 12 cm and ;

cut to a residual sward height

either every 7 or 14 days, tended to show a reduction in tiller density over time.
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‘Table 5.7 Total tiller density (tillers 20 cm™) per treatment per week (s.e.m. between

plots)
Residual height 6 cm i2em
Cutting frequency ~ Twice 7d 144 21d Twice 7d 14d 21d_
Week 1 24.4 349 318 357 222 32.1 257 277
s.e.m, 432 417 471 684 478 7.04 426 430
Week 3 379 441 258 359 26.7 199 219 234
s.e.n1. 893 1092 533 640 629 408 4.62 433
Week 5 285 403 295 259 257 266 248 184
5.e.m, 574 475 585 3.10 480 397 514 4.82
Week 7 304  21.8 309 203 183 236 18.8 180
s.e.m. 5,65 298 5.09 1395 249 388 375 4.35
Week 9 448 273 343 198 213 246 203 118
$.e.m. 442 381 475 4.27 3.88 4.63 551 276

5.3.2.5 Botanical composition

Proportion of live leaf in the sward tended to increase as regrowth age increased, and
was greater for swards cut to residual sward heights of & cm compared to 12 cm at
equivalent regrowth ages (Table 5.8). Trcatmcats cut to 12 cm comprised a greater
proportion of stem. The ratio of live leaf to stem was higher for swards cut to the
lower sward height and also generally increased with regrowth age. Plots cut to 6 cm

at 21 day intervals contained a particularly high proportion of leaf to stem.

Table 5.8 Proportion of total DM comprising live leaf, dead leaf, stem, and other

plant material; plus ratio live leaf : stem DM (week 6)

Residual height 6 cm 12 cm
Cutting frequency Twice 7d 144 21d Twice 7d 14d 21d
Grass
Live leaf .52 0.54 053 0.77 0.37 043 043 046
Dcad lcaf 0.17 0.10 0.12 0.04 0.16 (.12 0.16 0.09
Stem 030 033 032 0.18 043 045 041 040
Ratio live leaf : stem 1.71 164 163 4.17 0.85 095 103 1.13
Other plant material 0.01 0.03 0.03 001 0.03  0.00 0.00 0.05

5.3.2.6 Vertical distribution of herbage mass
Herbage mass and bulk density increased from the top to the base of the sward.
Differences between treatments are presented in Table 5.9 and Figure 5.3. Mean

weekly herbage DM per horizon per treatment is detailed in Appendices 7, 8, und 9.
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Table 5.9 Mcan vertical distribution of herbage per treatment when at maximum

regrowth ages (g DM 135 cm™)

Residual height 6em 12cm
Cutting frequency Twice 7d l4d 2id Twice 7d 14d 21d
Horizon height (cm)
0-2 360 325 290 272 3.16 292 257 2.70
2-4 139 1.53 137 131 199 177 161 140
4-6 073 093 099 1.04 206 191 178 146
6-8 0.25 038 050 066 132 129 110 098
8-10 0.09 025 041 0.62 099 1.03 087 0.8
10-12 002 0.13 036 059 044 059 058 0.6Y
12-16 007 043 090 024 054 070 1.02
16-20 001 025 072 0.03 031 065 092
20-24 0.12 0.56 0.14 0.5t 0.90
24-28 0.04 030 001 022 064
28-32 0.03 .13 0.08 043
32-36 0.02 0.07 0.02 034
36+ 0.01 0.29

Results show a slightly higher bulk density of herbagc DM in the 4~6 cm horizon

compared to the 2-4 cm or 6-8 cm horizons, for treatments cut to a residual sward

height of 12 cm. This could be an effect of the distribution of stem and dead material

through layers of the sward.
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Figure 5.3 Mean bulk density per horizon per treatment, and total herbage mass to

ground level from gripper samples, when swards at maximum regrowth ages
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Mean cumulative herbage mass to residual hicights of horizons cut from the sward

gripper samples in the wecks when trecatments reached their maximum regrowth ages
are presented in Figure 5.4 and Figure 5.5. Bxponential relationships fitted through
the results, with the y intercept fixed as total herbage mass, are also shown for each

treatment.

(g DM m-2)

Cummulative herbage mass

40 50 )
Residual sward height {cm) ’

Figure 5.4 Mcan cumulative herbage mass according at residual sward heights of

horizons, and exponential relationships fitted to results T1 (¥), T2 (o), T3
(4), T4 (x)

Cummulative herbage mass
(g DM m-2)

50

Residual sward height {cm)

Figure 5.5 Mean cumulative herbage mass at residual sward heights of horizons, and

exponential relationships fitted to results T5 (+), T6 (0), T7 (=), T8 (*)
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Equations fitted to mean results of the cumulative vertical distribution of herbage
mass through the sward arc prosented in Table 5.10. Results per treatment per week

are presented in Appendix 10.

Table 5.10 Equations of exponential relationships (¥ = Me™"™) fitted to results of
mean cumulative herbage mass (¥) (g DM m™) at residual sward heights (%)

(cmy), total mass (M) (g DM m™), and * valucs, per Treatment

Equation of trend line! r
T1 y=449.7eM0.5369h  0.961
T2 y=4853¢M0.3933h  0.953
T3 y=15483 e"-0.1866h  0.997
T4 y=714.4e0.1463h 0911
T5 y=757.5e"0.3428h  0.920
T6 y=7779e~0.2335h 0907
T7 y=791.4¢e"0.1778h 0917
T8 y=937.0e"0.0929h  0.971

T4 e raised to the power of ®

The empirically derived & values from the exponential relationships fitted to the
distribution of mass for all treatments in weeks 1 to 9, plotted against sward surface
height are presented in Figure 5.6. A strong relationship between b and sward height
is observed when along with a power function relationship is fitted to the results (1* =
0.92).

0.7 4
0.6
?

0.5 -
E/ 0.4
E 0.3 y~5.7444x""”9

R R*=0.9189
0.2 1 o N %5 o
T e 0\\0\25% °
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0 T T T 1] T T T T '
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Sward surface height (cm)

Figure 5.6 Power function relationship between constant (b) (from relationship ¥ =

Me™™Y and HFRO sward surface height (results all treatments weeks 1-9)
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Proportions of total herbage DM in the top third of sward height per treatment for

weeks when swards reached their maximum regrowth ages are shown in Table 5.11.

Table 5.11 Herbage mass (DM) in top third of HFRO sward height as a proportion

of total herbage mass

Residual height 6 cm 12 cin

Cutting frequency  Twice  7d 14d  21d Twice 7d 14d  21d

Mean 0.041 0040 0.055 0.050 0.045 0.054 0.049 0074
s.e.m, 0.0064 0.0037 0.0203 0.0061 0.0011 0.0104 0.0084 0.0096

5.3.3 Estimated bite mass

Estimates of bite mass from the swards created by the different cutting treatments,
and assuming bite depths of a constant third or half of sward height, are presented in
Tablc 5.12 and Table 5.13 respectively. Results arc presented for weeks when
swards were at their maximum regrowth ages, and as a mean of these weeks per

treatment.

Table 5.12 Bite mass (g DM) estimated from bite depth 0.33 of sward surface height,

bite area 100 e’

Residual height 6cm R 12cem s.cam. P value

Cutting Twice 7d 14d 214 Twice 7d 14d 21d

frequency

Week 1 021 0.27 0.25 0.88

Week 2 024 022 0.59 033 0.66 049

Week 3 0.14 0.15 0.37 0.26 043 0.93

Week 4 029 015 0.32 030 037 034

Week 5 0.09 0.15 0.32 0.29

Week 6 0.12 0.18 0.12 027 040 021 031 047

Week 7 0.14  0.21 044 0.19

Week 8 0.18 021 0.17 041 027 0.37

Week 9 0.13 0.16 0.44 035 040 0.70

Mean' 0.17*  0.19* 0.30™ 036" 034" 041° 038" 0.70° 0.045 <0.001
n 9 S 4 3 9 9 4 3
s.e.m. 0.021 0.014 0.106 0,049 0.022 0,075 4041 0.132

"Means with differcnt superscripts differ significantly P < 0.05, in this and subsequent tables
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Table 5.13 Bite mass (g DM) cstimated from bite depth of 0.50 sward surface height,

bite arca 100 cm”

Residual height 6 cin ~12em _s.e.m. Pvalue

Cutting Twice 7d 14d 21d Twice 7d 14d 21d

frequency o

Week 1 042 0.55 0.54 149

Week 2 0.48 047 059 0.72 123 095

Week 3 033  0.35 0.80 0.8 0.86 1.70

Wecek 4 0.56 036 0.65 0.67 0.81 0.76

Week 5 0.25 036 071 0.66

Week 6 0.30 040 030 059 087 052 071 097

Week 7 0.36  0.47 0.93 047

Week & 0.41 044 042 0.88 0.63 0.79

Week 9 0.32  0.39 087 075 085 1.34

Mean 0.38° 0.42% 049 0.75* 0.74® 0.84" 0.80" 1.34° 0.064 <0.00!
n 9 9 4 3 9 9 4 3
s.em, 0.032 0022 0.081 0.084 0.044 0.111 0.052 0.210

From weekly results, cstimatcs of bite mass ranged from 0.09 1o 0.93 g DM, and 0.25
to 1.70 g DM, for bite depths of a third and half of sward height respectively.
Estimated bite mass increased with increasing regrowth interval and mean bite mass
was greater for swards cut to residual heights of 12 cm compared to 6 cm. For
swards cut to 12 cm, bite mass was significantly greater for swards cut every 21 days
compared to othcr trcatments, There was no significant difference in estimates of
bite mass between swards cut twice per week, every 7 days or 14 days, for swards
cut to 12 cm (P > 0.05). Bstimales of bite mass from swards cut to 6 cm were on
average significanily greater when cutting frequency was 21 days compared to twice
per week or 7 days. There was no significant difference however between cutting
frequencies of 14 and 21 days. Assuming a bite depth of a third of sward height, a
regrowth interval of 14 days was required when swards were cut to 6 cm, to achieve

estimates of bite mass similar to the minimum estimated from swards cut to 12 cm.

Relationships between sward height and bite mass estimated when bite depth is
either 0.33 or 0.5 of sward height for all treatments in each week of the experiment
are presented in Figure 5.7. Variation between weeks per treatment was high and
was greater for estimates of bite mass made assuming a bite depth of a third
compared to a half of sward height (Table 5.12, Table 5.13, Figure 5.7). Variation

could be attributed to differences in herbage growth rate and sward structure over the
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course of the experiment, which was indicaled from sward height results, These

changcs may have been due to a combination of seasonal effects, weather conditions,

and the cutting treatments imposed.
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X y=0.0293x+0.1193
» 8 X R* = 0.4557
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p 1.0 .
g 0.8 1
& |
m 0.6 y=0.0165x - 0,0172
0.4 - R* =0.3868
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0.0 -—- : S : : .
0 10 20 30 40 50

Sward surface height (cmy)

Figure 5.7 Relationship between HFRO sward surface height and bite mass
estimated as 0.33 (0) or 0.5 (x) sward height, bite area 100 cm? |

Variability in the relationship between bite mass, estimated when bite depth is 0.33
of sward height, and herbage mass in the top third of sward height demonstrates
variability in the proportion of total herbage DM in the top third of sward height

between swards (Figure 5.8).
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Figure 5.8 Relationship between proportion total herbage mass in top third of sward
height (Barthram, 1986) and bite mass estimated from bitc depth third sward

height (results presented for weeks 1-9 for all treatments)

5.4 DisCcuUsSION

5.4.1 WMeasurement of vertical distribution of mass

The stratified clip technique developed by Barthram (1992) was considered to be the
most appropriate method to provide the information required for the current study.
The stratified clip technique has been used in a number of studies to measure vertical
distribution of herbage in a sward, however various methods have been devised to
collcct samplcs from horizons. Some researchers have fitted vacuum attachments to
powered hand shears (Forbes and Hodgson, 1985). Others have used methods to
‘sandwich’ a section of sward in a tall box wilh slats to separate horizons before
cutting at ground level (Rhodes, 1971). Parga et al. (2000) simply took handfuls of
grass at random from the swards which were cut at ground level and then into 5 om
layers; and n a similar type of procedure, Delagarde ez al. (2000} cut grass to ground
level from a 60 ¢m® quadrat. Samples wete placed in a container with care to
maintain the vertical structure of the sward, and then cut into layers. Another
commonly applied technique has been to lake turves of pasture (for example Swain,
2000). These turves can be cut to standard size, turncd on edge, and then the

material cut off at intcrvals down the sward profile. The stratified clip technique
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described by Barthram (1992) and utiliscd in the current study, also samples herbage
from a known surface arca of sward, and the gripping device ensures vertical

structurc of the herbage is maintained relatively well when removed from the sward.

Barthram et al. (2000) investigated three stratified clip methods to estimate herbage
mass and its vertical distribution through the sward. The first method used the
herbage gripping device (Barthram, 1992) which held a sample of 2 * 9 cm area
while it was harvested and cut into layers in the field. The other methods involved
cutting turves from the sward which were defined by either 1¢ * 10 cmor 2 * 9 ¢m
quadrats. The methods were compared on three different swards; a sward before it
was cut for silage, a sward grazed by cattle and a sward grazed by sheep. Total mass
of herbage DM collected per area was higher with the gripping device on two of the
tbree swards. The different methods however produced similur estimales of the
vertical distribution of herbage mass in each of the sward types. The least variable
resuits tended to be produced from the larger quadrat howcver the gripping device
collected samples most quickly. The gripper method was most cost effective and
was therefore suggested to be the most appropriate method to estimate vertical
distribution of herbage, except where a high level of precision is required, in which

casc the turf method vsing a large quadrat would be preferred.

A limitation of the stratified technique is that it is destructive and leaves hare patches
within the sward. A further problem has been the difficulty in removing cut herbage
before it falls fo a lower horizon, although this will largely be avoided with the sward
gripper technique used in the current stndy when herbage samples are laid
horizontally across a cutting grid. When measurements are being made on a tall
canopy, and when leaves ascend then descend through horizons however, the
technique may fail to collect herbage in the appropriate horizons, and leaves may be
dragged upward increasing their height and increasing measurements of mass in

higher horizons.

Vertical disiribution of herbage in the sward has also been studied using point
quadrat techniques (for example Hodgson, 1981). Graphs of the vertical distribution
of point contacts within the sward are constructed from recordings allowing

calculation of density of DM within any given horizon from knowledge of herbage
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mass per area and sward height. The advantage of point quadrat techniques over
stratified clipping is that they are non-destructive. However they arc particularly
time consuming and do not allow the accurate measurement of DM in individual

layers which was an essential requirement for the current study.

5.4.2 Effects of cutting treatments on sward structure
Distribution of herbage DM showed large variations from the top to the base of the
swards. An increasc in herbage DM and bulk density with increasing depth is

compatible with results in the literaturce (for example, Clark ef al., 1974, Delagarde et

al., 2000). This can be related to an increasing proportion of sheaths, stem and dead

material towards the base of the sward {Delagarde et al., 2000b). Swards cut more
frequently had lower herbage mass but increased mean bulk density. This may also
be attributed to build up of stem, leaf sheaths and dead material in lower layers while

cutting removed the lower density, leafy layers of regrowth.

Estimates of herbage mass ha™ from sward gripper samples were significantly higher
than measurements from cul strips of herbage. Barthram ez ol (2000) similarly
reports high estimates of total herbage mass from sward gripper samples. They
suggest this could be due to the gripper unintentionally being placed into the sward

to cover a larger area of sward than the actual area of the gripper.

An increase in bulk density in all layers of swards was observed as regrowth age
increased. Delagarde ez al. (2000) report a similar effect for strip-grazed sward and
also a greater increase in bulk density with regrowth age earlier in the season. Very
few results in the literature describe the shape of the vertical distribution of mass
under different sward managements, or in relation to sward surface height or total
mass. Barthram ef al. (2000) compares measurements of vertical distribution
between methods, but not between swards. Results from the present study
demonstrate a good relationship (r* = 0.92) between b, from the general equation
Me™™™ | and sward height; where M is total mass, b is an empirically derived value
describing the distribution of herbage mass through the sward and 4 is the total sward
height. This suggests that it might be possible to derive & based on sward height

values and therefore link height with the vertical distribution of mass. This
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information could be used to generate a general relationship hetween sward height,

total mass, and potential bite mass from a sward.

5.4.3 Estimates of bite mass

Measurements of bite mass in the litcrature from experiments with grazing cows
range from approximately 0.23 g DM (Gibb e al., 1997) to 1.28 g DM (McGilloway
et al.,, 1999), Bite masses predicted from the uppermost grazing horizon over the
course of the current experiment range from 0.17 to 0.70 g DM, and 0.38 0 1.34 g
DM, assuming constant bite depths of one third and one half of sward height
respectively. These estimates of bite mass arc therefore generally within the range of
results reported from grazing cows. Results suggest gripper samples over-estimate
herbage mass per unit area, and so it might be expected that estimates of bite mass
based on these results will over-estimate of bite mass. This effect however should be
consistent between estimates therefore allowing comparison between treatments and

weeks.

Bitc mass cstimates did nol consistently increase with increasing regrowth age of the
sward. An increase in sward bulk density and bulk density of the grazed horizon
compensated for lower sward height on swards that were cut more frequently, Bite
mass was estimated to be significantly grcater on the sward treatment cut to 12 cm
and at the lowest cutting frequency, compared to any of the other treaiments. This
could be attributed to the higher sward height and also the higher density of material
in the grazed horizon. At the high sward height of this treatment leaf material began

to fold over, therefore increasing density of the grazed horizon.

Cattle have a strong tendency to graze by horizon (Ungar, 1996). From a simple
description of bite dimensions, the profile of an initially uniform sward could
therefore be divided into grazing horizons, cach with a characteristic bile depth and
bite area (Hodgson, 1981). There is evidence however that within a grazing horizon,
bite mass declincs with time during the depletion process (Laca et al., 1994). Direct
observation of cattle demonstrates that there is some overlap in bite areas with
successive bites and Laca et al. (1994) has shown that bite area declines with the
level of depletion of a sward. Studies with hand constructed swards demonstrate the

sward surface grazed in the course of 6 bites comprises one contiguous area, rather
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than discrete areas separated with ungrazed herbage (Laca et af., 1992a). Ungar and
Ravid (1999) describe how grazing does not proceed across the surface of the sward
in an entirely systematic way but instead leaves patches of herbage that yield bites of
low bite arca when subscquently grazed., They conclude that within-horizon bite arca
declines due to non-systematic bite placement, edge of area effects, and overlap of
bite areas. Geometry of a bite may also be more complex than a simple cylindrical

or rectangular mode! (Woodward, 1998).

Grazing therefore alters sward structure so that prediction of bite dimensions and bite
mass from bite dimensions is more complicated at subsequent bites below the
uppermost grazing horizon (UUngar and Ravid, 1999; Ungar ef al., 2001). Bites do
not remove all herbage to a uniform depth bul instead leave a range of residual
heights. Ungar and Ravid (1999} describe how this unevenness of the surface of the
sward could affect bite depth so that an identifiable horizon structure is not apparent
at high levels of depletion. Variation in sward structure as a result of grazing along
with possible differences in bite dimensions associated with sward structure make it

difficult to predict bite mass from subsequent bites into the sward.

Resulis from grazing experiments support these theories. Bite mass has consistently
been shown to decline as a sward is grazed down (Barrctt ef al., 2001; McGilloway
et al., 1999). It appears therefore that higher bulk density with increasing depth in
the sward is unable to compensate for reduced sward height, and along with effects
of increascd spatial heterogeneity (Swain, 2000) and a reduction in bite area (Laca ef

al., 19924a), bite mass is reduced.

Bite mass 1s therefore expected to be highest in the wppermost grazing horizon,
although mean bite mass as the sward is grazed down is very importani in

determining daily intake,

5.4.4 Relationship between cut and grazed swards

Grazing animals have a large effect on sward structure (Johnson and Parsons, 1985,
Lemaire and Chapman, 1996). In particular, contamination with facces and urinc
results in formation of frequently and less frequently grazed areas (McBride et al.,

2000), which differ in their structural and nufritional composilion (Connell and
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Baker, 2002; Garcia ef al., 2002). A grazed sward can therefore exhibit significant
variations in the horizontal and vertical distribution of herbage between patches.
This level of structural heterogeneily is not apparent in a cut sward. Creation of
swards by cutting however docs cnable differences in structure to be investigated,
and measurements to be made which can be used to study the mmplications and

significance of different sward structures on herbage intake.

Variability in both vertical and horizontal structure across a grazed paddock has
implications for usc of the stratified clip technique to describe the vertical
distribution of herbage mass. Calculating average values from samples taken from
patches of different structure could provide misleading information regarding vertical
structure of mass in the sward. This could in turn influence estimates of bite mass. It
could be more appropriate to take samples from patches of sward of more similar

structure, for example from frequently and infrequently grazed areas.

5.4.5 Estimation of bite mass from bite dimensions

While the evidence suggests cows bite to a depth of a constant proportion of sward
height; and bite dimensions, bite mass and intake are dependent upon sward
structural characteristics, there is variability in results belween studies. Greater force
required to sever a bite at lower depths in the sward as a result of greater sward
density, could interact with sward height, and may determine the amount of tissue
removed by affecting the depth to which the animal is prepared to graze (Illius ef @/,
1995). The presence and height of stem and pseudo stem material within the sward
could also form a barrier to grazing and affect bite mass (Barthram, 1980; Flores et
al., 1993).

A posilive telationship has been demonstrated between bite area and sward height
(McGilloway er al., 2000). Although bite area is ultimatcly constrained by breadth
of incisor arcade, cows grazing very tall swards can increase the effective bile area
by sweeping herbage into mouth with their tongue (Laca et al., 1992a), This has not
been taken into consideration in estimates of bite mass in the current experiment.
Bite depth must also reach a maximum above which anatomical constraints prevent
further increases in bite depth. Laca ef @l (1992a) observed mean bite depths from

cattle of up to 10.2 cm, however bite depth declined as sward density increased.
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There is a need therefore to quantify interactions hetween bite mass and sward
structure using grazing cows, and also to consider interactions with other factors such

as animal characteristics and supplementation,

5.5 CONCLUSION

Herbage DM in the volume of a bite is dependent upon the distribution of mass
through horizons of the sward. Results from this study demonstrate large variations
in sward height, sward density and vertical distribution of herbage mass, between
swards that have been subjected to differenl cutling treatments. Results do suggest
however that there could be a general relationship between sward height and vertical

distribution of total herbage mass through the sward.

From the assumptions that bitc depth is equal to a constant proportion of sward
height, and that bite area remains conslant irrespective of sward height or density,
these sward cutting treatments were demonstrated to have significant effects on
estimates of bite mass from the uppermost grazing horizon. Description of vertical
disiribution of herbage mass in a sward could therefore assist in prediction of bite
mass and potential herbage intake from a sward. Whilst this experiment has
demonstrated the potential for sward structure and the vertical distribution of mass to
affect bite mass and intake, there is a need to quantify and examine interactions

between sward characteristics and bite mass using grazing cows.
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CHAPTER 6.0 EXPERIMENT 4

A techrique to estimnate bite mass of grazing cows from patches of a grazed

sward using a transponder system, automatic behaviour recording equipment,

and sward measurements
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6.1 [INTRODUCTION

A better understanding of the interactions between sward characteristics and grazing
behaviour is required to improve prediction of herbage intake from a sward, Bite
mass has a major effect on herbage intake and hence overall animal performance at
pasture (McGilloway and Mayne, 1996). The importance of sward characteristics,
and in particular sward height, density and leafiness, on hite mass is well recognised
(McGilloway and Mayne, 1996; Peyraud and Gonzalez-Rodrigez, 2000). Results
from Experiment 3 also demonstrate the potential for vertical distribution of herbage
mass to have significant effects on bite mass and sward intake characteristics.
Furthermare, sward structure across a grazed paddock is heterogeneous, and while
this 18 expected to influence bile mass at the individual bite level, it also has an effect
on overall herbage intake (Swain, 2000). In turn, active selection of specific sward
components has important implications for understanding aspects of herbage intake
(Schwinning and Parsons, 1999; Ungar and Noy-Meir, 1988). There is a requirement
therefore for further detailed study of sward and animal interactions; and in particular
to quantify effects of sward structure on bite mass using grazing animals, This
would enable development of grassland management strategies and improve
prediction of herbage intake potential from a sward. Additionally understanding of
effects of supplementation on herbage intake could be advanced for development of

appropriate supplementation strategies for grazing cows.

Quantifying interactions belween sward structure and herbage intake has been
hampered by the difficulty in making detailed measurements of herbage intake, and
especially bite mass, under normal field grazing conditions. Calculation of bite mass
requires measurement of herbage harvested from a specified area and a record of the
number of bites taken. Existing techniques for mecasurcment of bite mass include
recording live weight hefore and after grazing (Barrett et al., 2001; McGilloway et
al., 1999), or weighing material removed {rom oesophageally or ruminally fistulated
animals (Jamieson and Hodgson, 1979), and counting the number of bites tuken over
the grazing period. Others have weighed hand-constructed swards before and after a
recorded number of bites were taken (Laca et al., 1992a) although these results might

not be representative of normal grazing situations, A technique {o measure bite mass
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under normal grazing conditions which has potential to consider heterogeneity of

sward structure across the paddock has yet to be developed.

Mecasurement of bitc mass within specific patches of a paddock to examine effects of
sward structural heterogeneity requires a method to provide accurate spatiul location
of the animals, and to record grazing activity when they arc within these patches.
‘This information could be combined with measurements of herbage rcmoved from
the patches of the sward during grazing to estimate intake and bite mass. The
potential for an active transpondcr system to record animal location and to derive
patch level grazing efficiency values with dairy cows has been studied by Friend et
al. (2002). Grazing efficiency was defined as length of time in a patch, and amount
of material harvested from that patch during the given time interval estimated using
measnrements of sward height (Barthram, 1986). A similar active transponder
system has been used successlully to study the activity of grazing animals at badger
and rabbit latrine sites in relation to disease transmission (Daniels et al, 2001;
Hutchings and Harris, 1996). Information gathered from both an active transponder
system and from aulomatic grazing behaviour recording equipment (for cxample,
Rutter, 2000; Rutter ef «l., 1997b), could potentially allow grazing time and number
of bites in specific patches of the sward to be determined. If combined with
measurements of herbage removed during graving, this could give a better indication

of grazing activity and also an estimate of mean bite mass from patches of the sward.

This experiment was designed to develop and evaluate methods to study grazing
behaviour and measure bite mass, within patches of a grazed sward. Recordings of
spatial location of animals using an active transponder system (Friend et al., 2002)
are combined with automatic recordings of their temporal pattern of grazing activity

(Rutter, 2000; Rutter et al., 1997) and sward measurements of herbage depletion.
Objectives of the study were;
+ To investigate potential for development of a technique to measure bile mass

within patches of a grazed sward using an active transpondcr system, aulomatic

recordings of grazing behaviour and sward measurements.
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¢ To conduct a preliminary experiment using these mcthods to make estimates of
bite mass within patches of a grazed sward, and at different stages of herhage

depletion over a 24-hour period.

6.2 NMNMATERIALS AND METHODS

6.2.1 Experimental design

The experiment was conducted over a 4-day period from 24 to 27 April 2002, and
involved four cows which grazed onc-day paddocks with dimensions of 20 * 25 m

(500 m?). Cows were moved to a new paddock each day after the afternoon mitking.

6.2.2 Animals and sward

Multiparous Holstein-Friesian cows which were on average 67 + 7.1 days calved and
had an average milk yield of 36.6 + 4.77 kg d”’ al the start of the experiment were
used. Cows were turned out to pasture for an increasing proportion of the day from 8
April, and turned out for 24 hours d? from 15 April. During the experimental period,
animals were offered 6 kg fresh weight (FW) concentrate d”', split equally between
moming and afternoon milkings. Concentrate was on average 877 g kg’1 dry matter
(DM), and contained 191 g kg™ DM crude protein, 90 g kg’ DM acid detergent
fibre, 205 g kg DM neutral detergent tibre, 292 g kg”' DM starch, and 12.2 MJ
metabolisable cnergy (ML) kg DM. The sward was predominantly perennial

ryegrass (Lolium perenne), on free draining, sandy loam soils.

6.2.3 Animal measurements

The Bewator Colag Granta Compact access control system (Bewator Cotag Ltd.,
Metrcers Row, Cambridge, CB5 8EX, UK) was adapted to study activity of grazing
cattle (Friend ef af., 2002; Swain et al., 2002) (Figure 6.1). 1t was used to identify

time pericds cows spent within specific patches of the sward in each paddock.

This system involves surrounding a patch of sward to be monitored with a loop
aerial. The aerial detects and rcads active transponder tags (911, Bewator Cotag
1td.) using a low frequency radio signal. The aerial is connected to a controller
through a loop coupler. The controller is a transmitter and receiver that transmits at

137 kHz. The loop coupler then allows an aerial to be tuned into the system. When
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a tag enters the transmitting range of the system, it picks up the 137 kHz signal and
responds by emitting a 66 kHz signal reply containing the tag identification code.
This signal is received by the aerial and relayed to the controller. A serial port is
provided for down loading, and a serial printer can be attached to the controller to
output this information. When a tag makes a contact with the reading range of an
aerial, and intermittently while the tag remains within this range; the gate number,

time, date and tag identification number is logged and printed.

TR
L N
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/
e

Controller ra

Power Supply

Figure 6.1 Field layout of active transponder equipment (Swain ef al., 2003)

For the purposes of this study, 8 areas of 3 * 2 m were marked within each paddock
(Figure 6.2). Aerial loops were pegged down on top of the sward around the
perimeter of each marked site. Loop couplers were adjusted to maximise the
transmitting range of aerials, and detection distance of transponder tags outside the
loop was estimated to be on average 25 cm. This gave an effective coverage area for
each loop of 8.75 m*. A transponder tag with a unique number code was attached to
each cow’s neck collar. Controllers received data from 4 aerial loops. Each
controller had 4 channels and so the identity of the patch was recorded whenever a

cow entered it. Relay time was between 2 and 33 seconds (Swain et al., 2003) and
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so this provided an almost continuous record of the time individual cows spent in

each patch.

4 -
—1 [}

Controller ?J — 4 Controller
and printer — d and printer
s EI
—4 [k

©  Loop coupler ] Acrial

Figure 6.2 Arrangement of aerials and transponder system in paddock

Cows were fitted with solid-state behaviour recorders (Rutter et al., 1997) to record
their lemporal patterns of grazing, ruminating and idling behaviour while in each of
the paddocks. The automatic recordings of grazing behaviour were processed to
identify periods of grazing, ruminating, idling and other activilies, and to identify

bites and chews during grazing (Rutter, 2000).

Cows were fitted with recorders timmediately afler afternoon milking on Day 1, prior
to entry into the first paddock. Recorders were removed from cows and data
downloaded daily at the end of the grazing period in each Paddock. Total grazing
time was calculated as the sum of the periads of grazing jaw movement, including
any periods of jaw inactivity less than 5 minutes. Periods of jaw inactivity greater
than 5 minutes were interpreted as being inter-meal intervals (Rook and Huckle,
1997).

Milk yield was measured twice daily by flow meters. Iive weight and condition

score {(Lowman et af., 1973) were recorded on 26 May.
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6.2.4 Sward measurements

6.2.4.1 Sward surface height

Sward surface height was measured using the HFRO sward stick (Barthrain, 1986),
and 10 heights were taken at random from each aerial area. Sward surface height
was recorded in each aerial loop at 5 times over the day. Recordings were made at
15:00 h before cows entered the paddock; at 20:00 h, 08:00 h, and 11:00 h when

cows were grazing, and at 14:00 h after cows were removed from the paddock.

6.2.4.2 Herbage mass

Herbage mass was estimated by cutting 1 * 0.076 m strips of herbage to ground level
using baitery operated hand shears. To estimate pre-grazing herbage mass, 1 strip of
herbage was cut from each aerial area and the DM of each individual sample
recorded. Post-grazing herbage mass was estimated by cutting 3 strips from each

aerial area and bulking to one sample per aerial for DM calculation.

6.2.4.3 Vertical distribution of herbage mass

Vertical distribution of herbage mass was cstimated for aerials 1, 3, S, and 7 in each
paddock using the sward gripper technique (Barthram, 1992). Six samples of 2.5 #
9.0 em were taken per aerial and bulked into horizons through the sward. Ferbage
samples were cut into 2 cm horizons from ground level to 12 cm, and into 4 cm

horizons above 12 cm.

6.2.5 Estimation of herbage intake

Herbage intake (H1) (kg DM cow™ day™) was estimated from the difference in pre-
grazing and post-grazing herbage mass (HM) (kg DM ha) measured by cutting
strips of herbage to ground level (Equation 6.1).

Hi = pre-grazing HM — post-grazing HM 6.1)

6.2.6 Estimation of bite mass
Initial calculations of mean bite mass (BM) (g DM) over the whole grazing period in
the aerial areas were made by combining information guthered from the behaviour

recorders and active transponders with sward measurements (Method 1). Time
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periods when individual cows were within each aerial area were identified from

R I T

active transponder recordings. This information was then combined with the grazing
behaviour results to caleulate number of bites in each aerial area per cow. Estimates

of bite mass in individual aerial arcas were made according to Method 2.

+ Mecthod 1: Number of bites in aerials estimated as a proportion of total grazing
time (GT) (seconds (s) d'') in acrial arcas, multiplied by total bites d"! (Equation
6.3).

Bites in aerials = (GT / GT in aerials) * total bites d! (6.2)

Bite mass was then estimated from the difference in herbage mass at the
beginning and end of the grazing period in the aerials divided by the total

number of bites taken in the aerials by all cows (Equation 6.4).
BM = (Pre-grazing HM - post-grazing HM) / estimated bites in aerials (6.3)

This method would be expected to enable more accurate representation of mean
bite mass within the specified patches of the sward compared to estimates made
[rom lotal bites taken in the whole paddock and estimated herbage intake of

COWS.

¢ Method 2: Two individual aerials were chosen from Paddocks 3 and 4 for more
detailed analysis. Actual number of bites in the specified aerials for each cow
was counted by aligning the information gathered from the transponders with
behaviour recordings. Bite mass was then calculated using herbage mass
measurements from cut strips within the aerial and number of bites specific to the

chosen aerial (Equation 6.4).

BM = (Pre-grazing HM - post-grazing HM in aerial)/ total bites in aerial (6.4)
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6.2.7 Estimation of herbage intake and bite mass from description of vertical
distribution of herbage mass

Vertical distribution of herbage mass was described by fitting an exponential

relationship to measurements of cumulative herbage mass to residual sward heights

through the sward (Equation 6.5)
Y=Me ™ (6.5)

whete Y equals herbage mass (g DM) above residual sward height (%) (cm), M is
total herbage mass and b is a constant. The y intercept was fixed as lotal herbage
DM of the sample. Herbage intake could then be estimated from this description of
herbage mass by fitting post grazing herbage sward height as residual sward height in

Equation 6.5.

The relationship between sward height and herbage mass (Equation 6.5) was also
used to estimate bite mass from calculations based on predicted bite arca and bite

depth, as in Experiment 3.

6.2.8 Estimation of bite mass during the depletion process

Bite mass as the sward was grazed down was estimated using a combination of
sward and behavioural measurements. These included measurements of herbage
mass calculated from cut strips at the beginning and end of the whole grazing period,
sward height measurements over time, description of vertical distribution of herbage

mass, and number of bites within time intervals.

Mean bite mass was estimated for 4 time intervals over the day by dividing herbage
mass removed by total number of bites in each period. Herbage mass removed was
estimated from sward surface height measurements at the beginning and cnd of each
period, and a description of vertical distribution of total herbage mass calculated
from stratificd clip resulis using sward grippers (Barthram, 1992). The proportion of
total herbage mass removed in each period was calculated from sward heights and
the description of distribution of herbage mass (Equation 6.5). These proportions of
herbage mass removed in the specified time intervals were applied to the

measurement of total herbage mass removed per day calculated from strips of
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herbage cut to ground level al the beginning and end of the whole grazing period.
Information from automatic behaviour recordings (Rulter ez al., 1997) was used to
identify number of bites taken within the aerial areas during each time interval

(Rutter, 2000}).

6.3 RESULTS

6.3.1 Animal characteristics

Over the 4-day experimental period, cows had a mean milk yield of 36,9 + 1.29 kg
d'. They were on average in Jactation 5 + 0.48, and at the start of the experiment
cows were 67 £ 3.6 days calved, had a mean live weight of 599 + 18.2 kg, and
condition score of 1.8 + 0.12 {Table 6.1).

Table 6.1 Animal characteristics

Cow Lactation number ' Days calved * Milk yield (kg d) Live weight Condition score

1 5 76 40.3 624 1.75
2 4 69 354 356 1.50
3 4 65 374 634 2.00
4 6 59 346 582 2.00

Y days calved at start, * mean milk yield over experimental period

8.3.2 Sward measurements

6.3.2.1 Sward surface height

Mean sward surface heights, variability in mean sward heights between paddocks
and variability between individual sward height measurcments at cach time point, are
presented in Table 6.2. Mean sward height at cach time point for each paddock is

shown in Figurc 6.3.

Table 6.2 Mean sward surface height (cm) of all paddocks, and variability between

individual height measurements and paddocks

Time (h)
e 15:00 19:00 08:00 11:00 14:00
Mean sward surface height 20.0 14.2 12.2 114 10.2

Variability between individual heights (s.e.m.) 020 0.17 0.16  0.15 0.14
Variahility between means per paddock (s.em.) 031 037 022 011 025
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Figure 6.3 Mean sward surface height over time; Paddocks 1 (¢), 2 (0), 3 (A), 4 (x)

The greatest decline in sward height was observed in the period between 15:00 and
19:00 h. The coefficient of variation in individual sward height measurcments was
generally lowest before grazing. Variability in mean sward heights per paddock at
each time point was low. Mean sward surface height resulis per paddock for each
measurement period over the day, with variability between mean sward heights in
each aerial and between individual height measurements, are presented in Appendix
11, Variability in sward height measurements before grazing was low and the
frequency distribution of pre-grazing sward height measurements for all Paddock is

presented in Appendix 12.

6.3.3 Herbage DM concentration

Herbage DM concentrations pre and post grazing, as calculated from samples cut to
ground level for calculation of herbage mass, are presented in Table 6.3. Herbage
DM was generally higher in the samples taken after the paddocks were grazed.
Rainfall during days 2 and 3 reduced pre-grazing DM content of samples from
Paddocks 2 and 3.

Table 6.3 Harbage DM (g kg FW) pre and post-grazing, variability between aerials

Pre-grazing Post-grazing
Mean s.e.m. Mean s.e.m.
Paddock 1 175 51.2 199 76.2
Paddock2 155 55.3 206 87.4
Paddock 3 146 392 223 65.5
Paddock4 173 60.6 170 55.1
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6.3.4 Herbage mass calculated from cut strips

Mean pre and post-grazing herbage mass from samples cul to ground level for each
paddock is presented in Table 6.4, Pre grazing herbage mass declined slightly from
Paddock 1 to 4. Variability in herbage mass between acrials was greater in the post

grazing samples.

Table 6.4 Mean herbage mass to ground level per Paddock pre and post-grazing, and

variation between aerials (kg DM ha™)

Pre-grazing Post-grazing

Mean s.ean. Mean s.ean.

Paddock 1 3618 243.8 2266 199.8
Paddock 2 3320 130.9 2317 1441
Paddock 3 3000 182.1 2188 160.5
Paddock 4 2910 1435 2143  141.1

6.3.5 Sward density

Sward bulk density was highest in Paddock 1 (Table 6.5). Sward density was greater
in the grazed sward compared to the ungrazed sward, which would be expected

considering the negative relationship between sward height and density.

Table 6.5 Mean sward bulk density per Paddock pre and post-grazing, and variation
between aerials (kg DM m™)

Pre-grazing Post-grazing

Mcan s.cm. Mean s.em.

Paddock 1 1.77  0.109 2.33 0.200
Paddock 2 148 0.075 244  0.176
Paddock 3 1.60 0.098 2.13 0.099
Paddock 4 1.57 0.113 2.06 0.108

6.3.6 Vertical distribution of herbage mass

Mean herbage mass per horizon per paddock, and varciation between results from the

4 aerials sampled, is presented in Table 6.6.
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Table 6.6 Herbage mass per horizon per paddock, mean and s.e.m. of samples from
4 acrials (g DM 135 cm™)

Paddock 1 Paddock 2 Paddock 3 Paddock 4

Horizon (cm) Mean sem. Mean sem  Mean  scm. Mean 5.C.m.
0-2 3.10 0207 3.8 0.026 3.49 0.383 2.99 0.148
2-4 1.27 0126 1.15 0.104 0.97 0.041 1.19 0.064
4.6 0.96 0.083 0.89 0.018 0.74 0.050 0.92 0.042
6-8 1.06 0.060 0.85 0.178 0.86 0.042 0.92 0.054
8-10 0.84 0.077  0.65 0,125 0.71 0.044 0.81 (.06%
10-12 0.60 0.061 0.59 (.049 0.55 0.038 0.65 0.101
12-16 0.83 0.089 0.82 0.087 0.76 0.065 0.61 0,018
16-20 0.34 0.058 034 0.047 0.34 0.068 0.34 0.065
20+ 0.18 0.046 0.17 0.028 0.15 0.045 0.17 0.058

Cumulative herbage mass from the top to bottom of the sward was calculated for
each péddock and an exponential relationship fitted through the results, as in
Experiment 3 (T'able 6.7). The Y intercept was set as total herbage mass in the
sample. The 1* value for each paddock was high indicating a good fit of the

exponential refationship.

Table 6.7 Equations of exponential relationship (¥ = M e ™), fitted to results of
mean cunmulative herbage mass (¥) (g DM 135 m™) at residual sward
heights (4) (cm), total mass (M) (g DM 133 cmz), and 1° values

M b r
Paddock1  9.17 0.1776  0.973
Paddock2  8.63 0.1763  0.971
Paddock3  8.56 0.1812  0.968
Paddock4  8.60 0.1785 0979

6.3.7 Herbage mass calculated from stratified clip measurements

Total herbage mass to ground level was calculated from samples taken with sward
grippers for stratified clip measurements, and results are presented in Table 6.8.
Estimates of herbage mass from the sward gripper samples are considerably greater

per m” than pre-grazing herbage mass calculated from cut strips (Table 6.4).

Table 6.8 Tolal DM per 6 stratified clip samples (135 cm?) and estimated herbage
mass g DM m? (s.e.m. of DM aerial™)
gDM 135cm” sem. gDMm”

Paddock 1 9.17 0.554 679
Paddock 2 8.63 0.490 539
Paddock 3 8.56 0.375 634
Paddock 4 8.60 0.449 637
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6.3.8 Grazing behaviour

Avcrage results from the grazing behaviour recorders per paddock, and variation
between cows, are presented in Table 6.9. Results for individual cows per day are
presented in Appendix 13. Data recordings were incomplete for Cow 2 when in
Paddock 1, and for Cows 2, 3, and 4 when in Paddock 2. Rcsults presented in Table
6.9 therefore do not include Cow 2 in Paddock 1, there are no mean results for
Paddock 2, and there acc somc missing values for subsequent calculations that are

based on behaviour information.

Table 6.9 Mean grazing behaviour of cows in Paddocks 1, 3, and 4

Paddock 1* Paddock 3 Paddock 4
Mean 5.1, Mean §.e.1m. Mean S.e.m.
Grazing time (min d) 598 75 543 41 588 32
Bites 33126 2579 29241 2435 31488 2532
Chews 5229 2545 5765 2188 6283 2350
Total GIM? 38355 5105 35006 3162 37771 2015
Proportion GJM bitcs 0.88 0.045 0.84 0.06 0.84 0.06
Rites min! grazing time 56.1 2.77 53.8 3.24 53.6 3.26
Ruminating time {min d™) 199 98 198 46 243 54
Mastications 13167 6196 13314 3070 13433 5347
Boli 242 113 237 57 9270 8977
Idling (min d™') 458 26 517 27 407 103
Mastications 1122 35 1370 167 1272 74
Other (min d?) 108 30 92 35 81 19
Mastications 7313 2230 8634 2394 9249 1246
Total eating time (min d') 551 69 511 44 552 26
Bites 32665 2541 28846 2415 31078 2413
Chews 5317 2582 5873 2176 6372 2335
Total GIM 37983 5105 34719 3213 37451 1991
Proportion GIM bites 0.87 0.05 0.84 0.058 0.83 0.060

"GIM, grazing jaw movements; * Cow 2 not included in Paddock 1 results

Mean grazing time cow™ paddock™” ranged from 543 to 598 minutes d”', with the
highest mecan grazing time recorded 10 Paddock 1. Grazing time per cow was highest
for Cow 1 when in Paddock | at 746 minutes d”, and lowest for Cow 4 at 448
minutes d”' when grazing in Paddock 3 (Appendix 13). Cow 1 grazed for the longest
in each of the Paddocks. Mean bite rate calculated [rom lotal grazing lime and

number of bites was relatively constant between paddocks, and variability between
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individual animals was low. Mean bite rate for results from Paddocks 1, 3, and 4
was 54.3 (s.e.m. 1.68) bites min”. Ruminating times are low compared to results
from Experiments 1 and 2 and compared to those reported in the literature (for
example, Pulido and Leaver, 2001; Sayers et al., 2000). Total time recorded as
idling or other was high for all days of the experiment. It is possible that some of
this timc was actually ruminating time but not recognised as such by the Graze
programme. Time recorded as other or idling will also include time removed from
the Paddock for milking, and mastications will include those from eating

supplements offered in the milking parlour.

6.3.9 Estimated herbage intake

Mean daily herbage intake calculated from the difference in herbage mass before and
after grazing measured by cutiing strips of herbage (Equation 6.1), was estimated to
decline from 16.9 kg DM cow™ in Paddock 1 to 9.6 kg DM cow™ in Paddock 4
(Table 6.10).

Table 6.10 Herbage intake per paddock estimated from pre and post-grazing herbage

mass calcnlated from cut strips

............................................................. Herbage intake
gm> kgpaddock? kg DM cow’
Paddock 1 135 67.6 16.9
Paddock 2 100 30.1 12.5
Paddock 3 81 40.6 10.2
Paddock 4 77 38.3 9.6

6.3.10 Bite mass

Initial estimates of bite mass were calculated by cstimating number of bites in aerials
from grazing time in all aerial areas as a propottion of total grazing time (Equation
6.1), and total number of bites d”!. Data used in the calculations of bite mass for each

cow d! are presented in Appendix 14.

Mean bite mass per paddock as estimated from herbage removed calculated from cut
strips (Table 6.10), and total number of bites in the aerial coverage areas (Appendix
14), is presented in Table 6.11. Bite mass was highest in Paddock 1 at 0.496 g DM,
and very similar between Paddocks 3 and 4 at 0.279 and 0.289 g DM respectively.
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Varialion between paddocks in total bites in the aerial areas was small ranging from
a total of 18560 in Paddock 4, to 20369 in Paddock 3 (Appendix 14). A significantly
greater reduction in herbage mass over the grazing period in Paddock 1 however

meant that mean bite mass was higher than when cows grazed subsequent paddocks.

Table 6.11 EHstimated bite mass in all aerial areas calculated from herbage mass

removed over grazing period and cstimated bites in aerials

Total bites in aerials Ierbage removed Mean bite mass
(g DM) (g DM)
m”  Total aerial area
Paddock i 19092 135 9465 0.496
Paddock 2 - 100 7016 -
Paddock 3 20369 81 5685 0.279
Paddock 4 18560 77 5366 0.289

6.3.11 Calculation of mean bite mass in individual aerials

Mean bite mass calculated for 2 individual aerial areas in Paddocks 3 and 4
(Equation 6.4) is presented in Table 6.12. These estimates show some variation from

mean bite mass results estimated for all aerials in the paddock (Table 6.11).

Table 6.12 Mean bite mass in Individual aerials

Aerial Total s.e.m. Pre-grazing Post-grazing Herbage Total herbage Mean

bites (bites herbage herhage removed removed bite
in  cow™) mass(gm™”) mass(gm?) (gm”) (g DM mass

aerial aeriall) (g DM)
Paddock3 1 3142 127.0 258 165 93 810 0.258
Paddock3 7 2160 134.0 293 181 112 982 0.455
Paddock4 6 2618 206.3 321 204 117 1025 0.391
Paddock 4 & 1992 127.1 267 208 59 514 0.258

6.3.12 Estimated bite mass over four time periods per day

Bite mass was estimated over the day by combining measurements of vertical
distribution of herbage mass, sward height, herbage mass from cut strips, and number
of bites within time periods. Data to calculate bite mass per period from number of
bites in aerials per period, and herbage mass removed per period, are detailed in
Appendices 15 and 16, for each paddock. Estimated mean bite mass and rate of

intake over the four time periods is presented in Table 6.13 and Figure 6.4.
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Tablke 6.13 Mean number bites in aerial areas, estimated herbage mass removed, bite

mass and intake rate between time periods

Time periods (h) Estimated bitesin =~ Herbage mass  Bite mass Rate of intake
per Paddock aerials per period removed all aerials (g DM) (g DM min™ prazing)

(& DM}
Paddock 1
15:00-19:00 3756 4862 1.29 67.4
19:00-08:00 10342 1254 0.12 6.5
08:00-11:00 4649 1254 G.27 13.6
11:00-14:00 2786 2080 0.75 41.8
Mean 0.44 23.2
Paddock 3
15:00-19:00 3416 2611 0.76 40.3
19:00-08:00 8821 1445 0.16 8.7
08:00-11:00 2051 921 0.45 21.7
11:00-14:00 6286 693 0.11 6.0
Mean 028 14.6
Paddock 4
15:00-19:00 4379 2590 0.59 320
19:00-08:00 9227 1750 0.19 10.0
08:00-11:00 1627 384 0.24 12.4
11:00-14:00 2729 665 0.24 13.0
Mean 0.30 16.0
1.2 T ig
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Figure 6.4 Mean bite mass (4) and sward height (m) per period (error bars represent
s.c.m. of bite mass befween paddocks) (Period 1, 15:00-19:00 L; Period 2,
19:00-08:00 h; Period 3, 08:00-11:00 h; Period 4, 11:00-14:00 h)

Mean bite mass was estimated to be highest in the period from PM milking to dusk
{Period 1) at 0.88 g DM (& 0.21); and lowest in the overnight period (Period 2) at
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0.16 g DM (# 0.02). Bite mass increased to 0.32 g DM (% 0.07) in Period 3; and 0.37
g DM (% 0.19) in Pcriod 4. Rate of herbage intake was also consistently highest in
Period 1, and on average was lowest in Period 2. These results suggest therefore that
there was not a consistent decline in bite mass or rate of intake with a reduction mn

mean sward surface height over time,

6.3.13 Calculation of bite mass from sward measurements and estimated bite
dimensions
A further estimate of bite mass was made from the description of vertical distribution
of herbage mass (Table 6.7) using the same technique as in Experiment 3, assuming
that cows will bite to a depth of one third of sward height, and bite an area of 100
cm®. These estimations of bite mass from each Paddock are presented in Table 6.14.
Bite mass is estimated to be on average 0.60 g DM =+ 0.023 which is higher than
calculations of bite mass presented in Table 6.11 and Table 6.12. These estimates of
bite mass from descriptions of the vertical structure of the sward however are made
for the uppermost grazing horizon, and so arc cxpected to be higher than mean bite
mass over the whole grazing period as the sward is grazed down (Barrett ef al., 2001;
McGilloway et al., 1999). Furthermore, estimates of bite mass [rom the upper
grazing horizon from the vertical distribulion of mass results are closer to estimates
of bite mass in Period 1 calculated from sward and behaviour measurcments which

averaged 0.88 g DM bite”! (Table 6.13).

Table 6.14 Estimated bite mass from vertical distribution of mass, ¥ = Me™™ where
Y is herbage mass (g DM 135 m™) at residual sward height (%) (cm), M is
total mass (g DM 135 em?); bite depth one third pre-grazing sward height,

bite area 100 cm?

M b Mean sward Bite depth ~ Residual sward  Bite mass
height pre- (cm) height (x) (g DM)
mazing (om) o femy ~
Paddock1 9.17 0.1776 20.1 6.70 13.39 0.63
Paddock 2 8.63 0.1828 19.7 6.55 13.10 0.63
Paddock 2 856 0.1812 19.4 6.48 12.96 0.61
Paddock4 8.60 0.1785 20.8 6.94 13.88 0.53
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6.4 DISCUSSION

6.4.1 Daily herbage intake

Estimated daily herbage intake declined from 16.9 kg DM in Paddock 1 to 9.6 kg
DM in Paddock 4. These values are within the range reported by others. For
examplc Sayers et al. (2000) rcport average herbage inlakes of 12.9 and 10.0 kg DM
d”! between May and September, for cows yielding above 30 kg milk d” and offered
5 or 10 kg 'W concentrate d" respectively. Christic e al. (2000) reports higher
herbage intakes of 15.8 kg DM d*!, although daily herbage intakes of up to 20.7 kg
DM d”' have been recorded (Buckley and Dillon, 1998).

Overall, cows were presented with swards that would be expected to allow high
levels of herbage intake. Sward were grazed down from a mean surface height
(Barthram, 1986) of 20.0 cm to 10.2 cm, which is within or above the range of
recommended pre and post-grazing sward heights for rotationally grazed paddocks
(Hodgson et al., 1986; Pcyraud and Gonzalez-Rodrigez, 2000). The experiment was
also conducted early in the season when nufritional quality of herbage is high
(Beever et al., 2000). In particular, highly digestible, lealy herbage associated with
spring pasture is positively related to herbage intake (McGilloway and Mayne, 1996;
Parga et al., 2000). Differences in results between paddocks could be a consequence
of variability in sward characteristics. Despite similar pre-grazing sward heights,
estimales of pre-grazing herbage mass and bulk density declined from Paddock 1 to 4
(Yable 6.4). Herbage mass to ground level recorded from cut sirips of sward for
example, was 3618 kg DM ha’! in Paddock 1, and 2910 kg DM ha’ in Paddock 4.
Reduced levels of herbage intake are associated with lower levels of herbage mass
(Stakelum, 1986a; Stakelum, 1986b). Herbage intake is also reduced when herbage
allowance (kg cow™ d™') declines (Delaby et al., 2001; Peyraud ¢z al., 1996), or when
mean sward bulk density (kg m?) is lower (Mayne et al., 1997; MocGilloway and
Mayne, 1996); both of which would occur as a consequence of reduced herbage
mass, but similar sward surface heights in the current study. Pre-grazing herbage
DM contcnt was also highest in Paddock 1, which has been associated with increased
herbage DM intakes (Peyraud and Gonzalez-Rodrigez, 2000). Animal factors
however could similarly have an affect. In particular, as a consequence of less

favourable grazing conditions offered to the cows before the experiment, cows could
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have had greaier hunger drive at the beginning of the experiment resulting in
increased levels of horbage intake when they were given access to improved grazing

conditions.

6.4.2 Grazing time and blte rate

Evidence suggests grazing time reaches a plateau at between 540 and 600 minutes d
(Rook and Huckle, 1996). In the current experiment, mean grazing time was high
ranging from a maximum of 598 minutes d” in Paddock 1, to 543 minutes d” in
Paddock 3, and so is would appcar that herbage intake could have been restricted by
the time cows had available for grazing. There was relatively little variation between
grazing time or bite rate between Paddocks, A mean bite ratc of 54.3 bites minutc™
however is relatively high compared to resulis reported in the literature, for example
{Barrett ef al, 2001). Therefore while estimated herbage intake per paddock is
variable, measurements of grazing time, number of bites, and bite rate are similar
between paddocks, and a reduction in herbage intake would be expected to have

arisen as a consequence of lower mean bite mass.

6.4.3 Bite mass estimates

Mcan Dbitc mass was eslimated 1o be highest in Paddock 1 at 0.5 g DM. This
compares to estimates of 0.28 and 0.29 g DM bite" for Paddocks 3 and 4
respectively, Higher bite mass in Paddock 1 could have been related to a higher pre-
grazing herbage mass and bulk density (McGilloway ef al., 1999; McGilloway and
Mayne, 1996). Cows can also adjust their bite dimensions (o alter bite mass, and the
evidence suggests that animals with greater hunger drive can increase bite mass by
Increasing their bite depth (McGilloway ef al., 1999; Patterson et al., 1998). The
reduction in mean sward height however was similar between paddocks, which
suggests increased intake arose as a consequence of higher herbage mass in the

grazcd horizon.

Estimates of mean bite mass are within the range reported from experiments in the
literature (Gibb et al., 2002b; McGilloway and Mayne, 1996), althongh they appcar
to be low when compared to studies which have used animals with similur levels of
milk production. Despite relatively similar levels of herbage intake to the present

study Christie ef al. (2000) for example, reports a mean bite mass of 0.73 g DM d';
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and Sayers et af, (2000) recorded a mean bite mass of 0.60 g DM d"'. The current
study reported a higher total number of bites d”' and longer grazing time compared to
the studies by Christie ef ¢/, (2000) and Sayers et al. (2000). Differences in bite
mass hetween experiments could be an effect of differences in sward structure. If
potential bite mass from the sward is lower, then cows may have been forced to
graze for longer and take more bites in an attempt to meet their energy requirements,
Bite mass declines with a reduction in sward surface height and density (Mayne e¢
al., 1997; McGilloway et al., 1999; McGilloway and Mayne, 1996). Swards grazed
in the experiment by Christie et al. (2000} for example, had average pre-grazing
surface heights of 25 to 40 cm which is higher than in the present experiment and so

could explain higher estimates of bitc mass.

On ungrazed swards with a mean sward height of 21.2 cm, which is similar to the
current study, McGilloway ez al. (1999) report mean bite mass of 1.28 g DM. After
grazing to a height of 8.9 cm, mean bitc mass was estimated to be 0.85 g DM. These
estimates are considerably greater than those estimated in the current study.
McGilloway ef al. (1999) however calculated bile mass over 1 hour periods, using
the live weight change method, Ammals were fasted before grazing to ensure they
had similar levels of hunger drive and would graze swards at an advanced stage of
depletion howcever fasting has been shown to increase bite rate, intake rate, and bite
mass (Patterson e al, 1998). In practice, hunger drive normally declines as the
amimal grazes down through the sward canopy but this effect is not tested in this type
of short-term study. Experiments were also conducted during the day and so there is
no consideration of the temporal pattern of grazing activity (Orr et al., 2001). Bite
mass results reported by McGilloway e/ al. (1999) are therefore likely to be higher
than when animals have not been fasted and graze a sward under normal pasture
conditions. Differences in bite mass reported between studies therefore could also
oceur due to differences in methodologies to estimates bitc mass. In particular, many

estimates of bite mass have been made from short-term experiments.

Barrett et ¢l (2001) also carried out short term studies 1o estimate mean bite mass
using the liveweight change method. Animals however were not [asted prior to
recording periods. In their first experiment, cows were given access to a paddock

with mean sward surface height of 23.8 c¢cm at 07:00 h. Herbage intake
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measurements were made al four time points over the day as the sward was grazed
down, Mean bite mass at 07:00 h was estimated to be 0.74 g DM, and declined as
the sward was grazed down to 0.62 g DM bite” at 18:00 h when sward height was
13.0 em. Mean bile mass over the 4 time periods studied over the day was 0.65 g
DM. Estimates were therefore less than those reported by McGilloway et «l. (1999),
which could partly be atlributed to use of non-fasted cows, but estimates are still
higher than those calculated in the present study. Barrett ef af. (2001) however made
intake measurements at times chosen to coincide with early stages of 4 grazing meal.
These chosci times were at 07:00 h and 18:00 h which were the periods immediately
after morning and afiernoon milkings, and at 11:00 h and 14:00 h when the majority
of cows showed grazing activity. It could be speculated that bite mass will be greater
at the beginning of a grazing meal when cows have greater hunger drive. In the
experiment by Barrett ef al. (2001), removing animals from pasture for milking, and
to weigh animals and fit equipment before intake measurement periods, could also
result in a period of fasting and its corresponding effects on intake, even if this was
for a shorter time petiod than in other studies. Results reported by Barrett ef al.
(2001), McGilloway ef al. (1999), and others who have used similar shori-term
methods to describe hite mass, are therefore likely to over-estimate bite mass, and
may not be representativc of herbage intake and mean bite mass over the day under

normal grazing conditions.

6.4.4 Effects of time of day on estimates of bite mass

Estimation of bite mass during different time periods over the experiment, by
calibration of sward height measurements with a description of the wvertical
distribution of herbage DM, indicated significant variation in bite mass over the day.
The effects of the time of day on bite mass are confounded by changes in sward
structure as the graving period progressed. Estimations of bite mass however did not
consistently decline as sward height was reduced. Bite mass was highest in the
period between milking and 19:00 h, and reached a maximum of 1.29 g DM over this
period in Paddock 1. Herbage availability was highest during this time, and the
period after the afternoon milking and in the early evening before dusk also comcides
with a well recognised period of grazing activity (Orr ef al., 2001). Others have also

shown highest intake rate and bite mass during this time, with cows taking their
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largest meal in evening before dusk (Gibb er al., 1998; Orr et al., 2001; Rook ef al.,
1994),

Bite mass was estimaled (o be lowest over night in the period between 19:00 and
08:00 h, when it averaged 0.16 ¢ DM. This period would include some of the
grazing meul before dusk but the majority would be the period of darkness when
grazing activity is limited (Leaver, 1986). Biic mass was higher in the following day
and although there was variation hetween paddocks, bite mass was on average
greater in the final period from 11:00 to 14:00 h (0.37 g DM) compared to the period
from 08:00 to 11:00 h (0.32 g DM). This was despite a decline in sward height with
time. These results suggest that cows can alter bitc dimensions and bite volume, and
so adjust bite mass according to the time of day. Results thercfore challenge the
theory that cows will bite to a depth of a constant proportion of sward height,
irrespectlive of initjal sward surface height (Wadc ef al., 1989). It is also possible
that FW intake bite” was more constant than DM intake bite™ between time periods.
In particular, herbage DM concentration increases over the day and is generally
highest in the evening (Orr ef al., 2001; Wilkinson ef al., 1994). Calculation of FW
intake bite” could therefore have shown loss variation between time periods than
DM intake bite™.

6.4.5 Estimating bite mass from vertical distribution of herbage mass

Mean bite mass estimates from the description of vertical distribution of herbage
mass were on average (.28 g DM higher than those estimated from recordings of
animal location, grazing behaviour, and herbage removed from specified areas of the
sward. The highest estimate of 0.63 g DM bite”" for Paddocks 1 and 2, was
correlated with a higher mcasurcment of total herbage mass in Paddock 1, and
slightly greater sward height of Paddock 2. The estimates are for upper grazing
horizon and therefore expected to indicate maximum potential bite muss from the
sward (McGilloway ef al, 1999; Ungar, 1996). They are therefore closer to
estimates of bite mass in Period 1 from afternoon milking to 19:00 which were on
average 0.88 g DM and most likely to include a high proportion of bites from the
upper grazing horizon of each Paddock. There is little variabilily in bite mass
estimates between paddocks calculated from measurements of vertical distribution of

mass since the same estimates of bite dimensions are used to estimate bite mass.
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Bite mass results from combining grazing behaviour and location information with
swatd measurements and others for example, Orr et af. (2001) and Patterson et al.
(1998), suggest bite dimensions might vary according to the time of day and hunger
drive.

6.4.6 Variability in estimates of bite mass between patches of the sward

From the limited number of individual aetials for which mean bite mass was
calculated, some variation in bite mass was observed between aertals in the same
paddock. Mean bite mass from aerials 1 and 7 in Paddock 3, for example was
estimated to be 0.26 and 0.47 g DM respectively, compared to 0.28 g DM for all
acrials in the paddock. From the above discussion, it would appear that variability in
mean bite mass between acrials could be a consequence of variability in sward
structure, differences in the level of depletion, and also the time of day when bites
were taken. There could also be variability in bite mass between individual cows and
a limitation of this method is that differences between animals can not be detected
casily. Furthermore, the reliability of the method to estimate bite mass must be

evaluated and possible sources of error are discussed in the following sections.

6.4.7 Methodology

6.4.7.1 Calculation of herbage infake and bife mass

The proposed experimental technique to estimate bite mass offers advanlages over
some established methods. Use of oesophageally fistulated animals (for example,
Jamieson and Hodgson, 1979a; Jamieson and Hodgson, 1979b) offers the only real
method of directly measuring bite mass. Mean bite mass is calculated by dividing
the number of bites taken during the grazing period by weight of material collected
from the fistula. Sampling is usually conducted over relatively limited periods of
time and at discrete times of the day, and so the technique provides only short-term
measurements (Gibb and Penning, 2002). Tt is difficult therefore fo consider
temporal variation in selection and intake by the animal, especially where sward
conditions are variable or changing rapidly. There are also ethical considerations for
the surgical preparation of animals, the technique is expensive and labour intensive,

and can result in abnormal grazing behaviour.
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Artificial, hand constructed swards have been used to measure bile muss by weighing
swards betore and after grazing (ILaca et «l., 1992a; Laca ¢ al., 1992b). They can
allow effects of aspects of sward morphology and in particular sward height, density
and mass; on mechanics of the grazing process such as bite mass, depth area and bite
ratc, to be investigated. Application of results to represent normal field grazing
conditions however is questionable. Preparation of sward boards is also time
consuming, the size of the area is very limited, variability in sward structure can not
be adequately represented and temporal aspects of grazing activities can not be

measured accurately (Gibb and Penning, 2002).

Further methods have combined an estimate of herbage intake with recordings of
grazing behaviour o estimate bite mass. These inciude measurement of liveweight
change to estimate herbage intake over the grazing period (Huckle et al., 1994), and
automatic recordings of grazing behaviour to calculate mean intake per bite (for
cxample, McGilloway et al., 1999). The major limitation of this method is the short-
term nature of the measurements, and the need to account for insensible weight loss
and weight loss as faeces and urine. There can also be some weight gain from non-
forage intakc of, for example, supplementary minerals, water and soil. The method
is labour intensive and relies on a high degrec of accuracy in the balance used. It
also tends to have been used after animals have been fasted to ensure they all have a
similar hunger drive and will graze during the recording period, for cxample
McGilloway ez al. (1999), and so intake results may not be representative of normal

grazing behaviour (Patterson ef al., 1998).

Estimates of daily herbage intake using markers such as s#-alkanes (Mayes ef al.,
1986), can he combined with grazing behaviour recordings to calculate mean bite
mass (Sayers ef al., 2000). Friend et «l. (2002) examined the potential for a marker
technique to cxamine selection behaviour from patches of a sward by spraying
different #-alkancs on different patches of the sward. Markers which provide daily
estimates of herbage intake however, may not provide sufficiently detailed
information for bite level studies or to examine temporal patterns of bite mass and
intake. They do however give information on intake of individual animals, which is

not possible from sward measurements of intake.
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The proposed method attempts to overcome some of the limitations of existing
methods and has potential to measure bite mass under relatively normal field grazing
conditions. I can provide estimates over the longer-tetm compared with most
cxisting methods. A major potential advantage of the technique is the ability to
estimate bite mass within different patches of a grazed area, and also in different time
periods. Ability of the method to provide precise estimates of bite mass however is
dependant upon reliability of methods used to record grazing location and behaviour,

and herbage mass removed from the sward.

6.4.7.2 Recording spatial location to obtain patch level behavioural
informaftion
A recording of spatial location of grazing cows is required to calculate intake within
patches of a sward over the grazing period. The active transponder system used in
this study (Friend et al., 2002; Swain et al., 2002) provides a continuous recording of
times animals were within defined patches of the sward. It offers a number of
advantages over existing methods of recording location of grazing anmimals. In
particular, direct observations of animal location and behaviour are labour intensive,
not possible during hours of darkness, and require the animal and grazing areas to be
marked, which could potentially affect grazing behaviour (Fehmi and Laca, 2001).
A global posttioning system using satellite technology (GPS) was used by Ruiter ef
al. (1997a) to track movements of grazing sheep. GPS can provide a continuous
record of animal location but does not give the accuracy required for detailed patch
level monitoring (Friend et al, 2002). Laser based equipment has been used by
Fchmi and Laca (2001) to remotely record animal focation and behaviour at a
distances of I to 200 m and for periods of seconds to hours, and was shown to be
polentially more accurate than GPS systems. Laser-based recording however relies
on the opetrator being able to physically observe the animal and so is not suitable for
recording in darkness. These methods can therefore be labour intensive and none arc
able to provide spatially accurate, continuous and reliable data over 24 hours. A
transponder system, used in this study and similar to that used by others (Daniels ef
al., 2001; Friend et al., 2002; Hutchings and Harris, 1996), could therefore have
advantages over other techniques since it can provide a continuous, 24 hour record of

animal location which could be accurate enough for detailed patch level studies.

206




Chapter 6 Experiment 4

Continuous recordings of both animal location and grazing behaviour have been used
by Cook et al. {2002) to monitor grazing times of animals within different areas.
They used the ‘Texas Radio Information System’ to record animal movement
between paddocks. Animals were dosed with a iransponder bolus that was read and
logged automatically when the animal passed an antenna on a race bhetween
paddocks, ITowever, animals were taught to use specific entrances and exits between
paddocks which could affect or constrain their normal pattern of grazing activity.
There could be potential for development of their technique to provide patch level
information and the authors suggest the possibility for antenna to range in size from
0.15 m” to 4 m®. An active transponder system as uscd in the present experiment
however is currently better developed for recording animal location within patches of
the same paddock on the smaller spatial scale. Subsequent studies have also
demonstrated presence of aerial loops pegged down on the sward surface does not

affect grazing behaviour (Swain ef al., 2002).

In this experiment, active transponders were attached to cows neck collars, which
should provide information when the animals’ head is within aerial areas, and so
enable identification of bites taken within patches when results are combined with
grazing behaviour rccordings. Variability in the reading range of aerial loops
however must be considered and knowledge of the coverage area is required to
calculate herbage mass removed through grazing, and so provide an accurate
cstimation of mean bite mass. Subsequent experimental work conducted with the
active transponder system (Swain ef a/., 2002) has demonstrated that there is some
variability in the coverage area of aerial loops according to the direction of approach
of the transponder tag to the aerial and its height above ground level. There is also
some variability according to the size of the acrial loop. This work has suggested
that to enable easier measurement of the coverage area and to quantify variability in
the reading range, the aerial loop should be circular and the deteclion distance of

transponders from the loop should be tested prior to the start of an experiment.

6.4.7.3 Measurements of grazing behaviour and integrafion with locafion
information

The IGER automatic behaviour recording equipment (Rutter ef al., 1997) and Graze

software (Rutter, 2000) is a well developed system for the automatic recording and
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analysis of grazing behaviour in cattle. The system can identify the main
behavioural states of eating, ruminating and resting. During bouts of grazing, it can
also distinguish betwcen chewing and biting jaw movements (Champion et al.,
1997). This behaviour recording system can therefore provide continuous, detailed
information on the temporal pattern of grazing activity required for calculation of

grazing and intake from patches of the sward in the present experiment.

Combining continuous recordings of grazing behaviour and animal location allowed
the number of bites taken within patches of the sward by individual cows to be
estimated. Counting bites taken in each period when cows were in separate aerial
areas was particularly time consuming. Development of automatic behaviour
recorders so that they also automatically detect and record times when cows are
within aerial coverage areas, so that bites between time points can be counted more
easily and quickly would assist in analysis of results and improve application ot the
method. It would also remove possible errors occurring by miss matching grazing

behaviour and location information.

6.4.7.4 Estimating herbage removed from the sward by grazing

The proposed method to estimate bite mass relies heavily upon estimation of herbage
intake from sward measurements. Sward techniques to estimate herbage intake arc
based on differences in herbage mass estimated at the beginning and end of grazing
periods. Under field conditions, the need to maintain sward structure and variability
in its stricture prevent it is destruction for direct measurement. The aim must
therefore be to obtain a sufficiently accurate estimation of herbage mass before and
after grazing. Estimates of herbage mass can be obtained by culting strips of herbage
from the sward before and after grazing to represent herbage mass in the grazed area
(Meijs, 1986; Meijs and Hoekstra, 1984). In the present experitucnut it is similarly
assumed that herbage mass calculated [rom cut strips of sward is representative of

the grazed area.

This method can be susceptible to bias due to herbage growth and senescence and
selection by the animal. Herbage intake can be over-estimated if tranipling removes
forage from the sward cut {o calculate post-grazing herbage mass, especially if a

cutting height is not low enough to include the trampled herbage. Cutting herbage to
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ground level as in the currcnt cxperiment should avoid this problem. Effects of
faccal and urine contamination in the aerial areas however can present problems
when estimating herbage removed from the arcas. Additionally, sward
measurements can not be used to obtain individual intakes for animals in groups
since this would require animals to be kept on individual plots which could affect

their normal grazing behaviour (Rook and Huckle, 1995).

Correction for contribution of herbage growth to post-grazing measurements of
herbage mass is required when the grazing period is considered to be of sufficient
duration for herbage growth to have a significant effect on herbage mass. A formula
for estimation of herbage accumulation was originally determined by Linehan et al.
{1947). Usc ol exclusion cages could enable an estimation of herbage growth
although herbage growth in an ungrazed area may not provide a good representation
of herbage accumulation in the grazed area (Frame, 1993). In this experiment, no
account was taken of herbage accumulation over the grazing period as this was not
be expeclted to be significant over 24 hours (Stakclum, 1986a). Sward based
techniques are therefore generally most applicable when grazing periods are

relatively short and grazing pressure is high (Gibb and Penning, 2002).

To improve precision and avoid destruction of large arcas of sward for cstimation of
herbage mass, a double sampling technique has frequently been used (Frame, 1993).
Local regressions can be established lo relate herbage mass determined by a
destructive technique, with a non-destructive measurement such as sward height.
Regressions can be established for swards before and after grazing to estimate intake.
Establishing a relationship between sward height measurements and herbage mass is
complicated by variation in mean bulk density of swards and vertical distribution of
mass through layers of the sward, as demonsirated in Experiment 3 and by others, for
example Delagarde ez al. (2000). A description of vertical distribution of mass could
therefore provide a better description of the sward to calculate herbage mass
removed from non-destructive sward height measurements taken at various stages of
the grazing down process, as in the current study. While total herbage mass
estimates from stratified clip results were high, descriptions of vertical distribution of
mass from the swards could be applied to herbage mass measurements from cut

strips of herbage to estimate herbage removed between time points. Calibration of
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herbage mass with sward height avoids the need to make further cuts of herbage to

estimate herbage intake within different time periods.

Substantially grealer measurements of hetbage mass from gripper samplcs compared
to estimates from cut strips of sward have also been observed in Experiment 3 and by
Barthram et al. (2000). It would seem that this is a result of gripper samplcs
covering a larger surface area of sward than the area of the gripper which is used to
calculatc hcrbage mass (Barthram et al., 2000). Development of the gripper
technique to make rcliablc cstimates of total herhage mass from gripper samples, and
calibration of results with sward surface height could then potentially avoid the

requirement to cut strips of herbage to measure herbage mass pre and post-grazing.

A system based on sward measurements to estimate herbage mass before and after
grazing therefore can be complicated if herbage mass accumulates significantly
during the grazing period. It can also be fnappropriate where herbage utilisation is
low due to low pre grazing herbage mass or low grazing pressure (Gibb and Penning,
2002). This could be the case when continuous variable stocking management is

used to maintain sward height and herbage mass.

6.5 CONCLUSION

This study demonstrates that there is potential to make detailed measurements of
grazing behaviour and estimate bite mass from patchcs of a grazed sward by
combining information gathered from automatic grazing behaviour recorders, an
actlive transponder system, and sward measurements of herbage removed over the

grazing period.

The proposed technique offers some potential advantages over existing
methodologies to study grazing activity and estimatc bitc mass. In particular,
recordings can be made under relatively normal field grazing conditions, and there is
potential lo investigate effects of sward structural heterogeneity by measuring
herbage intake characteristics at the patch level within the sward. The system could
thercfore be used to investigate selection behaviour and intake between patches of
different sward structures within a grazed area, or to study effects of herbage species

or plant varieties.
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An initial experiment using the method detected differences in mean bite mass
between paddocks, and between patches of the sward within a paddock. Results
indicate bite mass could vary according lo the time ol day, and bite mass did not
consistently decline with a reduction in sward height. On average, the highest
cstimatcs of bite mass were made in the Period between the afternoon milking and
19:00 h; while lowest cstimatcs were made in the pertod overnight from 19:00 h to

08:00 h.

The method requires development and evaluation however to determine and improve
the reliability of results. Combining recordings of grazing behaviour and spatial
location can enable grazing activity of individual cows within patches of the sward to
be investigated. Reliability of this information is dependent uwpon accuratcly
matching times of the continuous recordings of grazing behaviour and location to
enable grazing activity within the aerial coverage areas to be measured. The
tcchnique and the ease of analysing and interpreting results could therefore be
improved if automatic behaviour recording equipment alse detected and recorded

times when cows were within the aerial coverage areas.

Estimation of herbage removed from sward measurements could be used to estimate
bite mass and rate of herbage intake. This method however relies upon obtaining
accurate measurements of herbage removed by grazing from the specified patches of
sward. In relation to the active transponder system, sward coverage area of the aerial
and its variability must be quantified. Development of the stratified clip technigue to
describe sward structure could improve prediction of herbage intake from patches of
the sward over specified time periods. Estimation of herbage removed from sward
measurements however does not allow variability in intake between cows to be
cxamined, and this method may not be applicable when the grazing period is very

short or where the level of herbage depletion is low.

A reliable method which allows detailed investigation of interactions between sward
characteristics and grazing behaviour and inlake under normal field grazing
conditions, could ultimately improve prediction of potential animal performance

[rom pasturc and enable appropriale supplementation of grazing cows.

211




CHAPTER 7.0 GENERAL DISCUSSION

7.1 MILK PRODUCTION FROM GRAZED PASTURE

7.1.1 The importance of herbage intake and bite mass

Milk production [rom grazed pasturc is dependant upon genetic potential of the cow,
herbage intake and herbage quality (McGilloway and Mayne, 1996; Peyraud and
Gonzalez-Rodrigez, 2000). Herbage intake is a major factor limiting milk
production from potentially high yielding cows (Peyraud and Delaby, 2001). Mayne
and Laidlaw (1999) as cited in Mayne (2001), report a mean herbage intake of 18.7
kg DM d' from studies with high yvielding cows, which they calculate has potential
to support up to 33 kg milk d”, assuming a herbage metabolisable energy (ME)
content of 12 MJ kg dry matter (DM)"'. Results from the literature indicate
maximum levels of herbage intake of 20.7 kg DM d™' (Buckley and Dillon, 1998).
Assuming a potential ME content of herbage of between 10 and 12 MJ kg DM, this
is theoretically capable of sustaining milk yields of between 29.7 and 38.2 kg d”
(AFRC, 1993). These high levels of berbage intake and milk production from pasture

however are rarely achieved in practice.

Grazing time and bite rate place behavioural constraints on herbage intake (Rook and
Huckle, 1996). Potentially high yiclding cows are more likely to reach these
constraints as they attempt to achieve high levels of intake to meet their nutritional
requirements for high levels of milk production. Bite mass then becomes the most
critical vartable that determines the rate of herbage intake (McGilloway and Mayne,
1996). Assuming maximum grazing time of 10 h ™' and 60 bites minute” (Phillips
and Leaver, 1986, Rook and Huckle, 1996) theoretical levels of herbage intake to
support between 25 and 35 kg milk d”! increasc from 15.3 to 19.4 kg DM d*, and
mean bite mass increases from 0.43 to 0.54 g DM (Table 7.1). Higher levcis of
herbage intake and bite mass are required to achieve equivalent ME intakes when
herbage ME content is lower. If cows are restricted by time they have available to
graze, and grazing time is less than 10 h d”', mean bite mass required to support a
given level of milk production also increases. Similarly, if bitc ratc is below the

maximum achievable, higher levels of bite mass are required to maintain intake rate.
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For cxample, a reduction in bite rate from 60 to 55 bites minute™ when cows arc

grazing for 10 h d! would reduce daily herbage intake by 9.1 percent.

Table 7.1 Theoretical herbage DM intake and mcan bile mass required to support
milk yields 25 to 35 kg d

Milk yield (kg d")

25 30 35
Herbage intake (kg DM a) 15.3 17.4 19.4
Mean bite mass (g DM)" 043 048  0.54

T Caleulated according to (AFRC, 1993), assuming live weight 630 kg, milk 39.4 g kg™ fat,
31.9 g kg™ protein, 44.2 g kg™ lactose, no liveweight change, g, = 0.59; ¥ grazing time 600
min d”', 60 bites minute’’

There is a negative relationship between bite mass and bite rate (Ungar, 1996). Rite
rate however is a characteristic of the individual animaf and it is not possible to
influence rate of biting on a given sward structure through management. Bite mass
on the other hand, is highly dependant upon sward characteristics (McGilloway et
al., 1999; Parga er al., 2000). Providing a sward that allow cows to achieve high
levels of bite mass therefore provides the best management opportunity to encourage
high levels of herbage intake to support the requirements of potentially high vielding

COwWS.

7.1.2 Herbage intake and grazing behaviour results, Experiments 1, 2, and 4

Herbage intake and animal performance from pasture is dependant upon interactions
between sward, animal, environmental and management factors (McGilloway et af.,
1996; Peyraud et al., 2000). A summary of resulls from the grazing experiments
conducted in this study, along with measurements of some of the major faciors
affecting herbage intake and grazing behaviour are presented in Table 7.2. An
estimate of mean bite mass from the concentrate feeding experiments (Experiments 1
and 2) is made from measurements of herbage intake and grazing time, and cstimates
of mean bite rate (Table 7.2). In these calculations, bite rate was assumed to be 55
bites minute™'. Actual bite mass would depend upon rate of biting, and for example,
would be greater if mean bite rate over the day was lower, Within experiments, there
was variability in results over time, and between animals and treatment groups.

Highest estimates of herbage intake were measured in Experiment 2, and n-alkane
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estimates of intake per treatment reached a maximum of 20.0 kg DM d!, which is

close to maximum values reported in the literature (Buckley and Dillon, 1998).

Table 7.2 Hecrbage intake, grazing bechaviour, sward and animal characteristics; o

Experiments 1, 2 and 4

Experiment 1 __Bxperiment 2 ... Experiment 4

13 Aug- 22-26 19-23 17-21 14-18 24-27 Apr

16 Sept May Jun Jul Aug )

Herbage intake (kg DM d) 111 150 152 135 13.0 12.3 !

Herbage intake (kg FW d) 49.8 718 884 495 699 75.9

ME intake (MJ d"') 113.2 171.0 1642 1458 1313 f41.5%

Rate of intake (kg DM h™") 1.20 2.82 292 245 240 1.37

Mean bite mass (g DM) 0.36 051 053 045 044 0.35

Grazing time {min d) 572 542 527 553 566 538 4
Sward surface height (crm) 9.6 10.7 123 115 101 20.8°
c.v (%) 32.8 202 340 379 38.1 £7.1
Ilerbage DM (g kg'' FW) 223 209 172 273 186 162

Herbage ME (MJ k™! DM) 10.2 11.4 108 108 10.1 -

Concentrate intake (kg DM d™) 7.66 560 524 583 5.83 5.12
Milk yield (kg d”) 31.3 37.6 345 315 27.7 36.4

TExperiments 1 and 2 (AFRC, 1993), Experiment 4 calculated from cut strips of herbage to ground
level pre and post grazing; ! Estimated ME 11,5 MJ kg DM ® Pre-grazing height

7.2 [EFFECTS OF SWARD CHARACTERISTICS ON HERBAGE INTAKE

7.2.1 Sward height

The major sward variables affecting herbage intake and performance of grazing cows

are sward height, herbage mass, bulk density, leafiness and herbage quality

(McGilloway and Maync, 1996; Peyraud and Gonzalez-Rodrigez, 2000).

Sward surface height is considered to be the most important sward factor influencing
herbage intake (Hodgson, 1981; Mayne et al., 1997, McGilloway ef al., 1999). Bite
mass, ratc of intake, and daily herbage intake is expected to increase with increasing
sward surface height on contittuously grazed swards (Pulido and Leaver, 1997; Gibb
et al., 1999). On rotationally grazed swards, bite mass and intake rate declines as the

sward is grazed down (McGilloway et al., 1999; Barrett ef al., 2001).

Mean sward height was lower in Experiment 1 compared to Experiment 2, which
could explain a slightly lower bite mass and herbage intake in the first experiment.

Estimated bite mass and herbage intake was also lowest towards the end of e
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Experiment 2 which correlates with the lowest mean sward height compared to
earlicr periods of this Experiment. Although methodologies to estimate daily
herbage intake and bite mass are different, bite mass is estimated to be similar in
Experiments 1 and 4, despite large differences in sward height. Estimated mean bite
mass in Experiment 4 is low considering a mean pre-grazing sward height of 20.0 cm

and post grazing height of 10.2 cm.

The relationship between sward height, herbage intake and grazing behaviour
therefore is variable between experiments in the current study, and this is also true
for studies reported in the literature (for example, Gibb et al., 1997b; McGilloway er
al., 1999; Pullido and Leaver, 2001). Mean sward hecight has limitations as a
descriptor of herbage available. It does not adequately describe other sward
characteristics known to have an effect on components of herbage intake, for
example herbage mass, bulk density, leafiness and herbage quality, and variability in
sward structure across the grazed area (Peyraud and Gonzalez-Rodrigez, 2000;
Swain, 2000).

7.2.2 Sward height, density and the vertical distribution of herbage mass

At similar sward hoights, bite mass and herbage intake are expected to be greater on
a sward with higher herbage mass and bulk density (Mayne et «l., 1997), although
this can be affected by the distribution of bulk density through the sward
{McGilloway et al., 1999). Experiment 3 demonsirates potential for the vertical
structure of the sward to affect bite mass, There could therefore be an effect of
differences in sward bulk density, herbage mass and the vertical distribution of mass
between experiments in this study, on intake and grazing behaviour, however these

sward variables were not measured in Experiments 1 and 2.

Experiment 3 shows variability in the vertical distribution of mass according to
sward cutting trecatments that were designed to simulate different grazing
managements, There is a slrong exponential relationship between cumulative
herbage mass through layers of the swards (¥ = M e ~*™) (r* = 0.907-0.997). Results
then demonstrate a good relationship between the constant » and sward height (b =
5.7444 * sward hoight ~'''"°, 1* 7 0.919). Tt could therefore be possible to predict
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potential bite mass from a sward from measurements of sward height and total mass
along with cstimates of bite dimensions.

Assuming a bite depth of a constant proportion of one third tiller height, and bite area
of 100 e¢m?, bite mass can be estimated for different sward heights and at difforont
levels of total herbage mass, using the relationships generated in Experiment 3
{Table 7.3). When herbage mass is 3500 kg DM ha™, for example, this relationship
predicts sward surface height must be at least 14 cm to achieve a bite mass 0f 048 g
DM, which was calculated to be required to support 30 kg milk d' (Table 7.1).
When herbage mass is lower, for example, 3000 kg DM ha’', a sward height of at
least 16 em is estimated to be required to support 25 kg milk d'. To achieve high
levels of bite mass, incrcased sward height or total herbage mass is required. Current
sward surface height recommendations for high yielding, continuously grazed cows
range from 7 to 12 em (Mayne et al., 2000; Peyraud and Gonzalez-Rodrigez, 2000).
To achicve a bite mass of 0.54 g DM (o support 35 kg milk d"' (Table 7.1),
telationships obtained from Experiment 3 demonstrate a total herbage mass of 3950
kg DM ha” is required at a sward height of 12 cm. Actual bite mass on different
sward structures however will depend upon interactions between animal behaviour,

in particular bile dimensions, and sward characteristics.

Table 7.3 Estimated bite mass for different levels of herbage mass and sward surface
height, from the relationship ¥ = Me™®, where Y is bite mass (g DM)

above rcsidual sward height (#) (cm), M is tolal mass (g DM m'z), and b =
(5.7444 * sward surface height ~111"%)

Herbage mass  Sward surfacc  Constant b Residual Bite mass '
(kg DM ha-1) height (cm) sward height (g DM)
(cm)

3000 10.0 0.438 6.7 0.37
3000 12.0 0.357 8.0 0.39
3000 14.0 0.301 2.3 D.41
3000 16.0 0.259 10.7 0.43
3500 10.0 0.438 6.7 0.43
3500 12.0 0.357 8.0 0.45
3500 14.0 0.301 93 0.48
3500 16.0 0.259 10,7 0.50

¥ Assuming bite depth one third tiller height, bite area 100 cm®
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7.2.3 Herbage quality

Herbage qualily affects intake, and in particular herbage digestibility is positively
associated with herbage intake (McGilloway and Mayne, 1996). Increased levels of
herbage intake and bite mass have been reported when green leaf mass is higher, and
green leaf mass in the lower layers of the sward is also particularly important (Parga
et al., 2000). Sward leafiness is positively correlated with herbage quality (Beever ef
al., 2000). Leafiness generally declines as the season progresses, especially if plants
are allowed to enter their reproductive stages of development (Parsons and Chapman,
2000). Bite mass and herbage intake are reduced on very tall swards if this is
associated with reduced sward quality and reduced green leaf mass (Gibb ef al.,
1997; Christie et al., 2000). Leafiness and herbage quality also decline on
rotationally grazed swards as they are grazed down (McGilloway et al., 1999).
Lower herbage quality in Experiment 2, which is evident from an increase in NDF
and decline in digestibility and ME content, was associated with reduced daily
herbage intake and rate of intake, as well as lower estimales of bite mass when
calculated on a DM basis (Table 7.2). Lower levels of herbage intake obscrved in
Experiment 1 could also be linked to a fall in herbage quality late in the season.
Despite the high quality of early season herbage on offer to cows in Experiment 4, a
low DM content of the herbage compared to the other experiments, could have had a
negative effect on DM intake per bitc (Laca et «f., 1992; McGilloway and Mayne,
1996).

As herbage qualily, and in particular ME content declines, herbage DM intake must
increase in order to maintain the same level of animal performance. If cows are
restricted by grazing time and have reached their maximum bite rate, sward
conditions must permit an increase in mean bite mass to avoid a reduction in animal
performance. An increase in herbage availability to counter the effects of lower
herbage quality is therefore expected to be particularly important for cows with high

milk yield potential.

7.2.4 Sward structural heterogenelty

Variability In sward structure will determine intake characteristics of the sward at the
individual bite level. An important aspect of sward structure not reflected in meuan

sward measurements 1is the variation in structure that exists across the grazed area
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(Garcia et al., 2002). The effect of these characteristics on bite dimensions and bite
mass, and then selection between patches of different structures determines intake
from the sward. Some of the variability in sward height can be described by
classifying areas of thc sward as cither frequently or infrequently gruzed patches
(McBride et al., 2000; Ginanc and Petit, 2002). The lower sward height of the more
frequently grazed patches will restrict bite mass, however higher herbage quality and
leafiness can cncourage cows to graze these areas in preference to the taller, but
poorer quality, less frequently grazed patches. Animals will tend (o increase grazing
of infrequently grazed patches as the height of frequently grazed patches declines
{(Dumont et al., 1995).

Heterogeneity in sward structure is expected to increase over the grazing season,
especially when grazing pressure is low (Connell and Baker, 2002). Sward structural
heterogensity could become increasingly important as the season progresses when
cows become less prepared to graze infrequently grazed patches as herbage becomes
more mature (Gibb et af., 1997; Ginane and Petit, 2002). The coefficient of variation
between individual sward height measurements was considerably lower in the
ungrazed, carly scason sward of Experiment 4, compared to the grazed swards of
Experiments 1 and 2. Varsability between sward height measurements generally
increased as Experiment 2 progressed, and was also high in the late season sward of
Experiment 1 (Figure 7.1). An increase in spatial heterogeneity of the sward could
contribute to lower bite mass and reduced daily herbage intake as the scason
progressed in Experiment 2, and to the low level of herbage intake and bite mass
cstimated. in Experiment 1. Low grazing pressure to maintain high target sward
heights and high herbage availability results in increased spatial heterogeneity and
greater qualitative and quantitative variability in the sward (Connell and Raker,
2002; Stakelum and Dillon, 1990).

Representation of sward height by a single mean is potentially misleading, especially
when sward structure becomes more heterogeneous and the sward consists of patches
of frequently and infrequently grazed areas, and when height measurentent
frequencies show a skewed distribution, Behavioural responses of cows in longer

term grazing studies may therefore not be simply a consequence of different sward
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heights but to differences in sward structure and spatial pattern of frequently and

infrequently grazed patches.
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Figure 7.1 Distribution of sward height measurements, Experiments 1 and 2

7.3

7.3.1 Grazing time and bite rate

INTERACTIONS BETWEEN SWARD AND ANIMAL CHARACTERISTICS

Cows can adjust aspects of their grazing behaviour in response to changes in sward,

animal, and management factors, in an attempt to maintain herbage intake rates

(McGilloway et al., 1999; Ungar, 1996). Lengthening grazing time by increasing the

duration of individual meals is one way that cows can increase daily intake (Gibb et
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al., 1999). In Experiment 2, grazing time wag highest latest in the season, yet
herbage intake was lowest. Grazing time may therefore have been increased to
achieve desired levels of DM and energy intake when potential bite mass was
reduced as a consequence of lower mean sward height, mcreased spatial
heterogeneity, and reduced herbage quality. Grazing time was also high in

Experiment 1, which was similarly conducted on a late season sward.

Grazing time is restricted by the time required to perform other activities and in
particular rumination. As herbage intake increases, time required for rumination afso
increases (Gibb et al., 1999). In the absence of supplements offered in the parlour at
milking, cows frequently ruminate during milking, however they are reluctant to
ruminate during the time spent walking to and from the parlour (Gibb ez af., 1997).
Rumination is precluded by social interaction and drinking, and idling behaviour
when the animal is not grazing or ruminating, is also required for the digestive
process. Mean grazing time in Experiments 1, 2, and 4 was high considering grazing
time is expected to reach a plateau at between 9 and 10 hours d' (Rook et al., 1994).
This suggests cows were grazing for close to their maximum possible time and
herbage intake could have been restricted by sward conditions that define maximum
DM intake bite". It also suggests cows were grazing to obtain the maximum
possible bite mass from the herbage available. In Experiment 1 some cows were
removed {Tom pasture to receive an additional concentrate feed. This could therefore
have had a negative effect on herbage intake by reducing time available for grazing.
As sward qualily and digestibility declines, time required for rumination also
increascs (Beever et al., 2000). Time available for grazing could therefore be further

reduced later in the grazing season if herbage quality is lower.

Evidence suggesis cows adjust grazing time before bite rate or bite dimensions, to
maintain herbage intake to match their cncrgy requirements (Gibb ef al., 1999).
Increasing rate of biting however daes provide a further mechanism for grazing cows
to increase their intake rate. Gibb er al (1997) argued that lactating cows are
unlikely to be able to increasc grazing jaw movement ratc to any appreciable extent
over the long term in response to low bite mass due to the adoption of a preferred
grazing jaw movement frequency. Increased bite rate after periods of fasting,

demonstrated for example by Patlerson er al. (1998), are not sustained over the long
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term, and animals revert to lower rates than what they are capable. Cows however
can alter their grazing strategy to increasc the ratio of biting to non-biting jaw
movements in the evening (Gibb et al., 1998). Results from Experiment 4 also

suggest an increased bite mass and rate of intake in the evening.

Bite rate has been demonstrated to be more variable than bite mass (Barrett et al.,
2001). It may be that bite rate is more easily adjusted by the cow than hite mass.
Bite rate may therelore be used as @ means of regulating intake in preference to bite

mass in response to small physiological changes.

7.3.2 Bite mass

Cows can polenlially increase bite mass to increase their intake rate by altering bite
dimensions. The opportunity for cows to adjust dimensions of a bite, and for
example bite deeper in to the sward, could be dependent upon sward structure. The
impact of increasing bite depth on bite mass for example, will depend upon the
vertical distribution of herbage mass in the sward. Presence of an ungrazeable,
vegetative fraction at the base of the sward also restricts maxitmum bite depth, and
this is likely to be especially relevant on shorter swards (Gibb et al, 1999).
Possibility for cows to alter their bite area is greater on taller swards by sweep of the
tongue beyond the area encompassed by the incisor arcade (Laca ef af., 1992). Rigid
pseudo-stem material at the base of the sward limits this pessibility to increase bite

area and lence bite mass.

A temporal pattern of grazing activity observed in Experiment 4, and by others, for
example Orr et @/, (2001), can affect short-term measurements of bite mass and
grazing activity. It is therefore difficull to compare results between short-term
studies undertaken at different time periods over the day (for example, Barrett ef al.,
2001; McGilloway ef al., 1999). Measurements made during peak periods of grazing
activity however may give an indication of maximum potential bite mass and rate of

intake from a sward.

7.3.3 Physiological state of the animal

The animals physiological state is a consequence of factors such as body weight,

parity, stage of lactation and milk yield, and can have a significant cffect on
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instantaneous and daily intake (Penning ef af., 1995; Gibb ef al., 1999; Christie ef al.,
2000). Greater nutritional requirements may promotfe an increase in total grazing
time, bite rate and bite mass (Penning ef al., 1995). The extent to which cows are
prepared to modify their grazing behaviour could therefore be dependent on their
physiological state and the difference between their energy demands and potential

energy supply trom pasture.

From the above discussion, it could bc predicted that in response to increasing
nutritional demands and reduced energy balance, cows would adjust their grazing
behaviour in the order of grazing time, bite rate and bite mass. Gibb ef al. (1999) for
example found lactating cows achieved higher daily herbage intakes than dry cows
with lower energy requirements by grazing for longer. While Patterson ef a/. (1998)
found that after a limited period of fasting (3h), cows increased their bite rate but not
bite mass; however as the period of fasting was extended (6 h), they also increased
bite mass. Potential for cows to adjust bitc dimensions can interact with, and
possibly be restricted by, sward characteristics (Gibb ef @/, 1999). On tall
rotationally grazed swards Christie et a/. (2000) however, found a positive effect of
milk yicld potential on daily herbage intake was principally mediated through

increased intake per bite.

From a number of studies in the literature, it has been demonstrated that cows bite {o
a depth of a constant proportion of sward height (Wade et al., 1989; Laca et al.,
1992). Ability of cows to alter bite mass according to their physiological state, an
effect of fasting, and also a temporal effect on bite mass, suggests bite depth may be
modified disproportionately of sward height and other sward structural

characteristics.

Differences in estimaled bite mass between Experiments 1 and 2 could therefore
result from differences in animal requirements and potential, as well as differences in
sward characteristics and ovcrall cnergy balance. The reduced cncrgy requircment to
support lower levels of milk production from later lactation cows in Experiment 2

could also contribute to the lower levels of herbage intake later in the season.
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7.4 RESPONSES TQO CONCENTRATE SUPPLEMENTATION

A major challenge when managing high genctic merit cows at pasturc is to achieve
high enough levels of DM intake to support their nutritional requirements for high
levels of milk production, and so avoid excessive loss of live weight which can result

in health, fertility and welfare problems (Pryce et al., 2001; Rauw et al., 1998).

Concentrate supplementation can enable grazing cows to perform closer fo their
production potential and avoid excessive liveweight loss when there is a shortfall
between potential herbage intake from the sward, and the cow’s inlake requirements
(Maymne et al., 2000; Peyraud and Delaby, 2001).

Milk produclion response is highly dependant upon the effect of concentrates on
herbage intake, and in particular the rate of substitution of herbage for concentrate
(McGilloway and Mayne, 1996; Pulido and Leaver, 2001). A lower substitution rate
and greater milk yield response {0 supplcmentation is expected from cows that are
unable to meet their mtake requirements from herbage alone (Delaby er al., 2001).
Efficiency of concentrate supplementation for milk production is greater from cows
with a high milk production potential (Dillon et al., 1999; Hoden et al, 1991;
Peyraud et al, 1998), and when sward characteristics do not enable them to meet

thenr intake requirements (Gibb et al., 2002b; Meijs and Hockstra, 1984),

High responses to supplementation of above 1 kg milk kg™ concentrate dry malter
(DM) have been achieved when cows have been offered up to 5.4 kg concentrate DM
a! (for example, Delaby ef al., 2001, Gibb et al., 2002b; Wales et al., 1999; Wilkins
et al., 1994), igh efficicncies of up to 0.86 kg milk kg™ concentrate DM, have also
been reported when grazing cows are fed up to 10 kg concentrate DM d™' (Sayers er
al., 2000; Reis and Combs, 2000). In the current study, a similarly high miik yield
response of 1.01 kg and 0.83 kg milk kg™ DM concentrate intake was observed when
concentrate supplementation was increased from 5.1 to 7.7 kg DM d”', and from 7.7
to 10.2 kg DM d”' respectively. In this experiment, low potential herbage DM intake
as a consequence of deterioration in sward and herbage quality associated with late
season swards, which was unable to meet the cows mtake requirements contributed

to high milk yield responses to supplementation.
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Results from Experiment 1 and others, for example Delaby et al. (2001) and Reis and
Combs (2000), demonstrate a decline in marginal efficiency of supplementation for
milk production with increasing concentrate level. The shupe of the response to
increasing concentrate level however is dependant upon interactions between
potential herbage intake from the sward, qualily of herbage selected, the animals
mutritional demands and milk production potential, as well as concentrate allowance
(Delaby et al., 2001; Mayne ef al., 2000; Pullido and Leaver 2001). Results from
Experiment 1 suggest herbage intake, and hence substitution rate and milk
production response to supplementation, are dependant upon the proportion of the
cows ME rcquirements for maintenance plus milk production that are met from
concentrate intake. ‘T'he response to concenirate supplementation of grazing cows
could therefore be summarised in terms of energy balance, and this has also been

suggested by others (for example, Peyraud and Delaby, 2001).

Substitution rate and milk production responses to increasing levels of
suppiementation are therefore affected by interactions between the animal’s
nuiritional requirements, and hence production potential, as well as its potential
energy and nutrient intake from the sward, and the level of supplementation (Peyraund
and Delaby, 2001). Concentrate composition can also interact with concentrate
allowance to affect animal performance at pasture. Levels and types of energy and
protein in concentrates can affect energy and nitrogen (N) supply to the rumen and so
influence rumen microbial activity and microbial protein supply to the animal. High
inputs of rapidly fermentable energy, such as starch, can increase concentrations of
volatile fatty acids and lactate in the rumen and so lower rumen pH (Sutton et al.,
1987). This can reduce activity of rumen microbes, and so decrcase rate of passage
of material through the rumen which can restrict further herbage intake (Armriaga-
Jordan and Holmes, 1986). The present study however demonstrates that concentrate
energy source has a limited effect on milk production and this is in agreement with
others, for example, Fisher et ¢l (1996), Gibb et @l (2002a), and Sayers et al.
(2000). Results from Experiment 2 actually demonstrate a slight positive effect of a
higher starch concentrate on milk production and herbage intuke, and this difference
between treatments increased as the season progressed. It is possible that a higher

starch concentrate actually increased supply of fermentable energy to the rumen and
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improved the balance between rapidly avatlable rumen N from herbage and

fermentable energy (Beever ef al., 2000; Kolver er af., 1998).

Greater effects of concentrate energy source could be expected when the ratio of
concentrate to herbage in the dict increases (Sayers et al., 2000; Schwarz ef al.,
1995). Effects of concentrate encrgy source might therefore be particularly
important for high genetic ment cows when it is necessary to offer high levels of
concentrates for them to achieve their potential level of milk production. Type of
starch in the supplement can also have an effect on intake or milk production.
Negative effects of a high starch concentrate on animal performance have most often
been reported from rapidly degradable types of starch such as barley grain (Fisher ef
al., 1996; Khalili and Sairanen, 2000). Less rapidly degradablc starch such as maize
(Schwarz et al., 1995; Valk et al., 1990), or a mixture of ingredients (van Vuurcn e/
al., 1986} as fed in the current study, have less of a disruptive effect on intake and
animal performance. Concentrate composition may also interact with herbage
quality, which affects the total level and availability of fermentable energy and N in

the rumen (Schwarz et al., 1995).

While energy tends to be the major factor limiting animal performance {rom pasture,
grazing cows can also respond to protein supplementation (Hongerholt and Muller,
1998). Responses to improved protein supply can in particular be expected from
potentially high yielding cows which have increased metabolisable protein

requirements (Hongerholt and Muller, 1998; Neilsen ef /., 2002).

While fresh herbage is high in crude protein (Beever et al., 2000), the majority of
this protein is rapidly degradable in the rumen (Beever ef /., 1986). Inclusion of an
additive formulated to reduce the degradability of dietary protein in the current
experiment increased herbage intake and herbage intake rate; and had significant
beneficial effects on animal performance. Reduced degradability of dietary protein
would increase RUP supply to the animal, which along with higher microbial protein
flow to the small intestine, could improve animal peorformance (IHongerholt and
Muller, 1998). Increased microbial activity could also improve digestion of fibre and

passage of material through the rumen and so promote increased herbage intake
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(Arriaga-Jordan and Holmes, 1986), further supporting higher levels of milk

production,

Effects of concentrate composition on herbage intake and animal performance are
therefore dependant upon interactions between characteristics of the supplement,
animal requirements and milk production potential, the level and proportion
concentrate in the total diet, potential intake from the sward and quality of herbage

selected.

7.5 GRAZING MANAGEMENT AND SUPPLEMENTATION OF HIGH GENETIC MERIT COWS

Achieving high levels of herbage intake from grazed pasture requires a high herbage
allowance, and in particular provision of continnously grazed cows with a high
herbage mass and sward height (Pulido and Leaver, 2001, Stukelum, 1986b), and
leaving a high post grazing herbage mass and sward height in rotational systems
(McGilloway ef al., 1999). Sward characteristics to allow high mean bile mass and
herbage intake per cow however can result in poor herbage utilisation, and reduced
grazing pressure can result in dcterioration of sward quality and structure,
particularly during the spring and early summer period (Maync er «l, 2000
Stakelum and Dillon, 1991). Improving efficiency of production and optimising
utilisation of grazed pasture may therefore not necessarily mean maximising herbage
intake. The challenge when managing high genctic merit cows at pasture is to
achieve a balance between herbage intake per cow, herbage utilisation and

maintcnance of sward quality over the season.

Rotational grazing facilitates management practices, and in particular leader-follower
grazing or an alternating grazing and culting system, to utilise high residual herbage
masses (Mayne et al., 1988, 2000; Leaver, 1985). In other systems, and in particular
under continuous grazing, it could be more appropriate to offer a lower target sward
height to maintain sward quality, and provide cows with supplements to maintain
high levels of total DM intake. Concentrate supplements should then be offered
according to the cows milk production potential, ot target milk vield, and potential
inlake from the sward. The cconomic value and viability of concentrate

supplementation should consider direct and immediate effects of supplementation on
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herbage intake and milk production. Effects of supplementation on live weight and
body condition (Delaby ef al., 2001); which can affect health, welfare, and fertility
(Pryce et al, 2001), as well as residual milk yield responses to concentrate
supplementation (Ferris ef al., 1999a), must be taken into account. The value of
herbage that is spared as a result of substitution for concentrate should be considered,
and reduced intake from & sward could also potentially affect herbage growth and
production (Lemaire and Chapman, 1996). OQverall, the net bencfit or cost of
supplementation must consider the economic value of these respouses less direct

costs of supplementation.

7.6 OPPORTUNITIES FOR FUTURE RESEARCH IDENTIFIED BY THE STUDY

Information from grazing cows yiclding morc than between 25 and 30 kg milk d is
limited. This is despite the continuing rise in genetic potential for miik production of
the UK dairy herd and the aim to reduce costs of production (Lindberg ef al., 1998;
McGilloway and Mayne, 1996). Future research efforts should therefore focus on
obtaining information from higher genetic merit cows yielding above approximately
30 kg milk 4.

Concentrate allowance and composition can affect herbage intake and the efficiency
of supplementation for milk production. Experiment 2 demonsltrales polential for
additives formulated to reduce dietary protein degradability to improve animal
performance from pasture, Variability in responses to the additive over the season
however indicates the requirement for greater understanding of its mode of action,
and its interaction with sward quality, herbage availability and animal requirements.
The evidence from this study and others, for example Hongerholt and Muller (1998)
and Neilsen et al. (2002), suggests high yielding cows can respond to improved
protein supply. Further study is therefore required to determine the optimum level
and type of protein supplementation, and the benefits of including an additive to
reduce dietary protein degradability, for milk production from higher vyielding

grazing cows.

The major effects of concentrate allowance and concentrate formulation on animal

performance oceur as a consequence of effects on grazing behaviour and herbage
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intake. When higher yielding cows attempt to meet their intake requirements from
pasture, they are more likely to reach constraints on time available to graze and rate
of biting (Rook and Huckle, 1996). The greatest opportunity to these animals have
to increase their intake rate is by increasing bite mass. Bite mass is highly dependant
upon sward characteristics, which is demonstrated in Experiment 3 and by others, for
example, Banett ez al. (2001) and McGilloway et al. (1999). Factors affecting bite
mass require further investigation to improve knowledge of effects of sward
characteristics on herbage intake, and understand interactions between the sward, the

grazing animal and responses to supplementation.

Experiment 3 demonstrates sward height and the vertical distribution of herbage
mass in a sward can potentially have significant effects on estimates of bite mass.
These results from cut swards suggest a general relationship between sward height
and the vertical distribution of mass, as described by the constant b from the

relationship ¥ = M e ~> %

, where Y 1s herbage mass above sward height (#), and M is
total herbage mass. Whether such a relationship between sward height and the
constant b exists in grazed swards must be examined. Effect of factors such as
frequency of defoliation, time after defoliation, and time of year, on vertical
distribution of mass also requires investigation. Results could potentially be used for
modelling purposes to genecrate a general description of Dbite mass from
measurements of sward height and total mass, when combined with knowledge of

bite dimensions and grazing behaviour.

There is a need however to quantify interactions belween sward structure,
supplementation, animal characteristics, and grazing behaviour using grazing cows,
Heterogeneily of sward structure and quality across a grazed area can have
significant effects on bite mass and hence total herbage intake (Swain, 2000).
Mecthods must therefore be developed to obtain reliable measurements of grazing
behaviour, herbage intake and bite mass which take into consideration variability in
sward structure across the paddock. This requires continuous accurate recording of
animal location and grazing activity within patches of a sward. The active
transponder system (Swain et al., 2003) facilitates automatic recording of location
within specified patches of a sward. The method would be enhanced, and analysis

simplified, if automatic behaviour recorders (for example, Rutter ef «f, 1997b) could
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detect and record times animals are within specific areas which detect the
transponders. Development of a lascr positioning system (for example, Fehmi ef al.
2001) could provide an alternative method of monitoring animal location without
physically marking out areas of the sward or fixing transponders to cows. Creation
of patches of sward with diffcrent structural characteristics would enable
examination of eftects on selection and grazing bchaviour. Similarly, differences
between individual animals and interactions between sward conditions and
supplementation could be cxamined. Combining a marker technique to estimate
herbage intake with recordings of grazing behaviour could provide estimates of
herbage intake from individual animals. Spraying difterent n-alkanes onto patches of
grazed sward (Friend ef af., 2002) for example, would enable measurement of intake
from patches of the sward by individual cows which is not possible from sward
measurements. ITowever this method requires development to cnable measurcment

of temporal patterns of intuke from patches of the sward.

Future grazing research should therefore aim to quantify interactions between sward
structure, supplementation and grazing activity, and focus on factors affecting bite
mass. This will enable development of grazing management strategies to exploit the
potential of grazed grass, and provide recommendations for the most appropriate

Ievels and types of supplementation for higher genetic merit cows.

229




CHAPTER 8.0 CONCLUSION

Concentrate supplementation can allow grazing dairy cows to perform closer to their
production potential. Milk production responses to supplementation however are
variable and are particularly dependent upon effects of the supplement on herbage
intake. Effects of concentrate allowance and the composition of concentrate on
animal performance depend upon interactions with sward structure, herbage quality,

and animal characteristics.
From BExperiment 1 it can be concluded:

1.High milk yield responses to high levels of concentrate suppiementation can be
achieved late in the grazing season. Milk yicld responscs of 1.01 kg milk kg
concentrate DM for example, can be achieved from cows yielding on average
28.8 kg milk d"' when concentrate is increased from 5.1 to 7.7 kg DM d”', and
cows are continuously grazed at an average sward height of 9.6 cm in lale

SUmMMmer.

2. Marginal efficiency of concentrate supplementation for milk production declines
with increasing concentrate allowance. In this study for example, milk yield
response to increasing concentrate allowance from 7.7 to 10.2 kg DM d was

0.83 kg milk d”! kg™ concentrate DM intake.

3. With increasing concentrate intake there is a tendency for improved milk protein
concentration and imncreased milk protein yield. Milk fat content can be reduced
slightly allhough greater milk volume with higher concentrate intake can increase

total milk fat vield.

4. Concentrate supplementation can increase total ME intake and improve the
energy balance ol grazing cows. Under the conditions of Experiment 1,

liveweight gain increased with increasing concentrate intake.
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Increasing concentrate allowance reduces herbage intake. In Experiment 1, a
high substitution rate of herbage for concentrate of 1.12 kg DM d”! and 0.28 kg
DM d'! kg' concentrate DM was cstimatcd, when concentrate allowance
increased from 5.1 to 7.7, and from 7.7 to 10.2 kg DM d’', respectively. Total
ME intake increases with increasing concentrate intake however due to a higher

ME content of concentrate compared to herbage.

Substitution of herbage for concentrate can be mediated through a reduction
grazing lime. For example, in this study grazing time was reduced from 666
minutes cow™ d”', by 36 and 39 minutes kg™ concentrate DM intake d”', when
concenfrate allowance increased from 5.2 to 7.7 and 7.7 to 10.2 kg DM

respectively.

Grazing time declines as the proportion of a cows cncrgy requirements for
maintenance and milk production which are met from concentrate ME intake
increases (Experiment 1, r* = 0.57). Grazing time js positively related to
estimates of herbage intake and so herbage intake is higher and substitution rate
is reduced when cows are in lower energy balance, and lower proportions of their

energy requirements are met from concentrate intake.

Increasing the level of concentrate supplementation to grazing cows over the
housing period has limited effects on animal performance when cows are already
obtaining a high proportion of their intake requirements to support their

production potential from herbage and concentrate.

Herbage intake can be restricted by behavioural constraints on maximum grazing
time and bite rate. Cows are more likely to reach these constraints on herbage
intake if they have high intake requirements to support high potential levels of
milk production, or when sward conditions resfrict bite mass. In this study,
removal of animals from pasture for an additional concentrate feed for
approximately 30 minutes d”' could have contributed to high substitution rates

observed by reducing lime available for grazing.
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Overall, the actual shape of the milk yield response to increasing levels of
supplementation will interact with herbage intake potential from the sward, herbage
quality, and the milk production potential and nutritional requirements of the cow.
Greater responscs to higher levels of supplementation are therefore expected from
higher yielding cows, and when sward and herbage quality declines to reduce
potential intake from the sward, which is generally observed as the season
progresses. As concentrate allowance increases, the marginal milk vield response to
supplementation declines as the cow approaches its nufritional requirements, and

substitution rate increases.

Disruption of the rumen environment by high inputs of a high starch, cereal-based
concentrate could contribute to high substitution rates observed in Experiment 1
(Reis and Combs, 2000; Schwartz ef al, 1985). Previous studies demonstrate
variability in effects in concentrate energy source on performance of grazing cows.
There 1s Hmited information on effects of concentrate composition on performance of
cows yielding above 30 kg milk d”. Under conditions of the study in Experiment 2,

it can be concluded:

1. Concentrate energy source has minimal effects on animal performance over the
grazing scason, when cows with an initial milk yield of 38.9 kg d'' are offered 5.3

kg concentrate DM d”', and continuously grazed at a sward height of 10 to 12 cm.

2. Milk yicld and herbage intake however, can increase slightly when animals are
offered a higher starch compared to higher fibre supplement as the season
progresses. This correlates with changes in sward characteristics and herbage
quality. Increased energy supply to the rumen from the starchy concentrate may
be a better complement for the higher NDF, and lower ME and WSC content of
herbage later in the season, There could thercfore be some benefits of
supplementing grazing cows with specific energy sources according to sward

characteristics and the composition of herbage selected.

3. Cows with higher milk production potential have increased metabolisable protein
requirements and can demonstrate greater production responses to improved

protein supply (Hongerholt and Muller, 1998). Supplementation with an additive
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formulated to reduce the rate of dietary protein degradation can increase milk
vield, and yields of protcin and lactose. Mean milk yields of additive and control
treatments in this study for example, were 34.4 and 32.9 kg d respectively over
the grazing season, and cows supplemented with the additive also gained more

liveweight.

4. Higher levels of production with the additive treatment arc supported by
increased estimales of total daily herbage intake and the rate of herbage DM

intake,

5. DPositive effects of inclusion of the additive on herbage intake and milk
production under the conditions of the study decline as the season progresses.
This effect correlates with changes in sward characteristics, and in particular
increased heterogeneity and reduced herbage quality; reduced milk production
potential of later lactation cows; and concentrates forming an incrcasing
proportion of the total diet. The additive’s mode of action requires finther
investigation to quantify sward and animal factors alfecting milk production

responses Lo its inclusion in the diet of grazing cows.

Effects of concentrate allowance, concentraie energy source, and protein
supplementation on animal performance are influcnced by sward characteristics,
herbage quality, animal production potential, and the fevel and degradabilily of
supplementary energy and protein. To improve grazing management and concentrate
supplementation strategies it is important to quantify interactions between sward
characteristics, animal factors, grazing behaviour, herbage intake, and

supplementation,

Bile mass has a significant effect on herbage intake, especially for higher yielding
cows which can be restricted by grazing time and maximum bite rate. Sward
characteristics have a major effect on bite mass, Herbage DM in the volume of a bite
is dependent upon the distribution of mass through horizons of the sward. From
swards cut to represent different grazing management practices in Experiment 3, it

can be concluded that:
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Sward surface height and herbage mass increase with increasing regrowth
interval, and are higher for swards cut to a target height of 6 cm compared to 12

cm at equivalent regrowth ages.

Sward height (cm) and herbage mass (kg DM ha™") are positively correlated (i =
0.47). Mean bulk density of herbage to ground level declines with increasing age
of regrowth, and mean bulk density is similar for swards cut to either 6 cm or 12

cm at equivalent regrowth ages.

Herbage mass and bulk density increase through horizons of the sward from the
top to the base of the sward canopy. There is a strong cxponcntial relationship, ¥
= Me®™  hetween mean cumulative herbage mass (Y), total herbage mass (M),
and residual sward height (4) through horizons of the sward (i* values 0.907 to
0.997 for different cutting treatments).

. Assuming a constant bite area of 100 cm’, estimates of bite mass from the
uppermost grazing horizon range from 0.09 to 0.93 g DM and 0.25 to 1.70 g DM

when bite depth is estimated as a third or half of sward height respectively.

. Under the assumptions made in the study, bite mass is positively associated with
sward surface height and «* values for the finear relationship between the two
variables were 0.39 and 0.46 when bite depth was assumed to be a third and a

half of sward height respectively.

Empirically derived & values for the exponential relationships fitted to the
distribution of herbage mass in cut swards demonstrate a sirong power function
rclationship with sward surface height; b = 5.7444 sward surface height ™" (i
=0.92).

A general relationship between sward height, total herbage mass and the constant 4

could be used to estimate bite mass from measurements of sward height, total mass,

and estimates of bite dimensions. However there is a need to quantify and

interactions between sward characteristics and bite mass using grazing cows. From

Experiment 4 it can be concluded:
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Detailed measurements of grazing behaviour and estimates of bile mass from
patches of a grazed sward, can be made by combining information gathered from
automatic grazing hebaviour recorders, an aclive transponder system, and sward

measurements of herbage removed over the grazing petiod.

An initial experiment vsing this method cstimates a range in mean bite mass of
between 0.26 and 0.50 g DM over 24 h between paddocks, and between patches
of the sward within a paddock.

There can be a temporal cffect on bitc mass and bite mass does not decline
consistently with a reduction in sward height. Over 4 measurement periods in 24
h, bite mass ranged from 0.16 to 0.88 when mean sward surface height declined
from 20.0 to 10.0 cm. Bite mass ts highest in the period between afternoon
milking and dusk; and lowest overnight. Variability in estimated bite mass
between patches of sward in the same paddock with similar sward structures

could be a consequence of time of day when the patches were grazed.

The method requires development and evaluation to determine and improve the
reliability of results. Accuracy of intake and grazing behaviour information
obtained is dependent upon matching times of the continuous recordings of
grazing behaviour and localion. The technique could be improved, and the ease
of analysing and interpreting results would be simplified, if automatic behaviour
recording equipment also detected and recorded times when cows were within
aerial coverage areas. Sward coverage area of the aerial and its variability must

also be quantified.

Development of the stratified clip technique to describe sward structure could
improve prediction of herbage intake from patches of the sward over specified
time periods. Estimation of herbage removed from sward measurcments
however does not allow variability in intake between cows to be examined. The
method may not be applicable when the grazing period is very short or where the

level of herbage depletion 1s low.
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6. A reliable method which allows detailed investigation of interactions between
sward characteristics and grazing behaviour and intake under normal field
grazing conditions, could ultimately improve prediction of potential animal
performance from pasture and enable appropriate supplementation of grazing

COWws,

Overall, despitc the continuing rise in genetic potential for milk production of the
UK. dairy herd and the aim to reduce costs of production, information from grazing
cows yielding more than between 25 and 30 kg milk d” is limited. Fulure research
efforts should thercfore focus on obtaining information from higher genetic merit
cows yielding above approximately 30 kg milk d”'. Research should aim to quantify
interactions between sward structure, supplementation and grazing activity, and
focus on factors affecting bite mass. This will enable development ol grazing
management strategics to exploit the potential of grazed grass, and provide
recommendations for the most appropriate levels and types of supplementation for

higher genelic merit cows.
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APPENDICES

Appendix 1 Distribution of sward surface height measurements em™, Experiment 1

weeks 5 and 8

Height (cm) % total measurements
Week 5 Week 8
1 0 0.0
2 0 0.0
3 1 0.3
4 4 1.4
5 4 1.4
6 12 4.1
7 18 6.2
8 18 6.2
9 27 9.2
10 20 6.8
11 29 9.9
12 31 10.6
13 21 7.2
14 26 89
15 13 4,5
16 15 5.1
17 9 3.1
18 11 38
19 15 5.1
20 7 24
21 4 14
22 3 1.0
23 2 0.7
24 1 0.3
25 0 0.0
26 0 0.0
27 1 0.3
28 0 0.0
Mean 9.5 13.1
s.d. 2.76 4.35
n 388 292
c.v. (%) 29.1 33.1
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Appendix 2 Distribution of sward surface height meuasurements em™', Experiment 2,
weeks 4, §, and 12

_Height (cm) % total measurements
22,25 May 19,22 June 17,20 Jul 14, 17 August

1 0.0 0.0 0.0 0.2
2 0.0 0.0 0.0 0.0
3 0.3 0.0 0.4 1.0
4 1.6 0.4 2.1 4.1
5 2.9 2.0 4.4 6.0
6 8.7 22 5.9 11.8
7 10.0 6.2 7.5 13.2 ;
8 11.3 10.7 11.9 16.1
9 12.0 11.1 14.0 9.9
10 14.9 15.3 10.3 5.8
11 9.4 11.9 9.2 7.0
12 6.1 9.3 7.1 6.3
13 10.7 5.8 6.7 4.8
14 58 7.8 2.7 2.9
15 2.6 3.6 4.0 43
16 1.6 3.6 3.6 1.7
17 1.0 2.4 1.9 1.2
18 0.0 1.2 1.7 0.7
19 0.3 1.2 1.9 1.0
20 0.0 0.6 1.3 0.7
21 0.6 0.8 0.4 0.5
22 0.0 0.6 1.5 0.2
23 0.0 0.6 0.2 0.2
24 0.0 0.6 0.4 0.0 .
25 0.0 0.4 0.4 0.5 ;
26 0.0 0.6 0.0 0.0 :
27 0.0 0.2 0.2 0.0 ;
28 0.0 0.2 0.2 0.0 i
29 0.0 0.6 0.0 0.0 f
30 0.0 0.0 0.2 0.0
31 0.0 0.0 0.0 0.0
4
Mean 10.7 12.3 11.5 10.1
s.d. 3.12 4,19 4.37 3.84
n 309 497 478 416
cv. % 29.2 34.0 37.0 38.1
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Appendix 3 Experiment 3, mean sward surface height treatment” week (cm)
(Barthram, 1986)

Residual height 6 cm 12 cm
Cutting frequency  Twice 7d  14d 21d Twice 7d 14d 21d

Week 1 106 134 13.0 13.1 164 205 183 20.8
Week 2 10.6  13.7 22.1 216 179 233 282 302
Weelc 3 9.2 119 125 298 153 211 209 417
Week 4 9.7 13.0 227 12.9 157 210 342 174
Week 5 8.3 9.9 10.7 168 135 160 158 242
Week 6 74 103 157 237 135 162 21.0 299
Week 7 75 102 11.8 11.9 141 179 17.8 181
Week 8 9.7 114 18.7 181 155 21.0 259 255
Week 9 82 122 139 287 143 21,8 232 339

Appendix 4 Experiment 3, mean of maximum herbage height recorded from gripper

samples treatment”’ week™ (cm)

Residual height 6 cm 12 cm

Cufting frequency  Twice 7d  14d 21d Twice 7d 14d 21d
Week 1 93 113 113 133 173 160 20.0 200
Week 2 10,0 147 240 253 18.7 240 253 1333
Week 3 8.7 133 113 3064 16.0 240 227 460
Week 4 9.3 133 227 133 16.0 240 347 227
Week 5 10.0 113 10.7 283 160 200 173 280
Week 6 10,0 120 187 253 6.0 200 240 333
Week 7 10.7 133 160 16.0 6.0 213 240 240
Week 8 113 147 253 213 16.0 240 293 293
Week 9 10.7 187 18.0 34.7 160 253 267 46.7

Appendix 5 Experiment 3, mean herbage mass to ground level calculated from

sward gripper samples, treatment ™' week™ (kg DM ha™)

Residual height 6 cm 12 ¢m

Cutting frequency Twice 7d 14d  21d Twice 7d 14 d 2ld

Week 1 3543 4444 4086 4222 5679 7284 6173 6222
Wecek 2 3753 4556 5284 6296 7136 7901 6741 7309
Week 3 4000 4716 4864 8037 6370 6790 7457 10370
Week 4 4074 4506 5802 4167 7481 8642 8457 6765
Week § 4809 4951 5265 4580 7407 R049 7358 8173
Week 6 4519 4926 4883 6383 9086 7457 8630 8383
Wecek 7 6519 5457 4309 4148 8790 7617 7222 7173
Week 8 4728 4321 5963 4815 8494 8012 7830 6568
Week 9 4531 5802 5444 7013 7728 8259 7049 9358

PV
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Appendix 6 Experiment 3, mean hcrbage mass above 4 cm calculated from

description of vertical distribution of mass, treatment” week™! (kg DM ha’l)

Residual height 6 cm » 12 cm

Cutting frequency Twice 7d 14d 21d Twice 74d 144 21d
Week | 778 1284 1247 1383 2765 4025 3704 3778
Week 2 914 1617 3062 3407 3951 4938 4617 4889
Week 3 617 1432 1111 5272 3235 4123 4247 7605
Week 4 864 1074 2593 932 3728 4765 5741 3531
Week 5 685 1123 1438 1691 3630 4395 3235 4123
Week 6 667 1000 1401 3099 4148 3630 4481 5370
Week 7 914 1383 1123 1062 4148 3864 3617 3914
Week 8 926 1160 2235 1901 4741 4531 4447 3605
Weck 9 901 1728 1407 4099 3556 4481 3593 6025
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Appendix 7 Experiment 3, herbage mass per horizon; weeks 1, 2, 3 (g DM 135 cm?)

Residual height 6 cm 12em
Cutting frequency Twice 7d 14d 21d ~Twice 74 14d 21d
Sward height (cm)
Week 1 0-2 2,77 313 277 270 263 293 223 220
2-4 097 L.13 107 113 1.30 147 1.10 1.10
4-6 0.63 083 070 077 1.17 153 120 1.00
6-3 033 053 043 047 103 123 1.10 1.03
8-10 0.08 027 027 033 073 1.00 0.80 0.83
10-12 0.10 020 0.20 040 0773 0.60 0.70
12-16 0.08 0.10 0.37 067 0.80 093
16-20 .03 027 050 0.60
20-24
Week 2 0-2 297 273 193 2.60 257 237 170 227
2-4 1.07 1.23 107 1.30 .73 1.63 117 1.00
4-6 0.67 093 093 1.20 1.87 173 137 107
6-8 043 053 063 077 127 127 083 0.97
8-10 0.13 037 033 0.63 090 1.03 0.87 0.80
10-12 027 0353 0.57 0.63 080 0.67 0.57
12-16 0.08 0.63 0.77 0.50 0.87 0.87 0.97
16-20 0.37 043 0.13 .63 0.87 0.87
20-24 020 0.20 0.03 0.33 0.60 0.73
24-28 0.13  0.03 0.13 0.33
28-32 0.10 0.03 0.23
32-36 0.07 0.07
36+
Week 3 0-2 333 2.83 360 257 267 227 287 2.53
2-4 123 160 147 1.17 1.57  1.33 147 1.20
4-6 0.60 113 090 1.20 1.77 157 177 1.30
6-8 020 040 030 0.73 L.17 113 1.17 090
8-10 0.03 027 023 067 0.83 090 1.03 0.80
10-12 0.10 0.07 0.73 040 063 067 0.73
12-16 0.03 1.03 0.17 073 0.67 1.30
16-20 0.93 003 040 033 1.20
20-24 0.87 0.26 0.10 1.23
24-28 0.57 1.00
28-32 0.27 0.77
32-36 0.08 0.60
36+ .03 0.43
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Appendix 8 Experiment 3, herbage mass per horizon; weeks 4, 5, 6 (g DM 135 cm‘z)

Residual height 6ecm 12 cm
Cutting ficquency Twice 7d 14d 21d  Twice 7d 14d 21d
Sward height {cin)
Weck 4 0-2 3.00 3.7 2.90 3.07 323 330 227 2.67
2-4 133 147 143 1.30 1.83 1.93 140 1.70
4-6 073 080 113 0.83 203 210 1.63 173
6-8 0.27 030 063 0.17 1.27 130 097 1.10
8-10 0.17 020 043 0.12 093 1.00 087 0.80
10-12 0.10 0.40 0.08 0.57 077 073 047
12-16 0.05 0.50 0.06 0.20 0.67 090 040
16-20 0.27 0.03 047 093 0.20
20-24 0.13 0.13 090 0.07
24-28 0.50
28-32 0.23
32-36 0.07
36+ 0.02
Week 5 0-2 387 337 353 263 290 297 357 390
2-4 .70 1.80 1.63 127 220 197 200 1.57
4-6 073 110 170 1.03 233 247 203 177
6-8 0.15 023 0.13 030 123 140 1.07 1.03
8-10 0.04 0.13 0.08 027 083 107 0.77 0.90
10-12 0.05 0.03 023 0.33 0.53 0.33 0.53
12-16 0.27 0.17 033 0.13 0.57
16-20 0.12 0.13 0.03 043
20-24 0.07 0.27
24-28 0.07
28-32
Week 6 0-2 370 3.67 317 290 393 310 353 253
2-4 1.50  1.63 1.53 153 273 207 207 153
4-6 0.67 077 090 1.07 253 193 227 1.60
6-8 ¢.17 030 030 0.60 140 1.17 1.33 1.00
8-10 0.07 017 027 057 .00 093 1.00 0.90
10-12 0.08 0.17 047 047 047 050 0.70
12-16 0.03 0.17 077 020 027 0.50 0.87
16-20 0.8 0.47 0.10 030 0.80
20-24 0.01 022 0.03 0.15 0.73
24-28 0.03 0.37
28-32 0.15
32-36 0.07
36+ 0.07
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Appendix 9 Experiment 3, herbage mass per harizon; weeks 7, 8, 9 (g DM 135 cm™)

Residual height 6 cm 12 o
Culling frequency Twice 74 14d 214 Twice 7d 14d 21d
Sward height (o)
Week 7 0-2 583 377 290 2.80 393 327 290 2.50
2-4 1.73 1773 140 1.37 233 180 197 190
4-6 0.90 1.00 0.70 0.60 237 187 187 1.77
6-8 G20 040 043 033 1,57 123 1.16 1.13
8-10 0.10 027 0.3 0.23 093 093 087 0.87
10-12 003 0.13 0.17 0.17 0.50 053 040 0.63
12-16 0.07 008 0.10 0.23 0.40 0.33 043
16-20 0.23 020 0.27
20-24 0.02 0.12 0.18
24-28
Week 8 0-2 370 2,77 3.60 2.60 290 2.80 2.77 243
2-4 1.43 1.50 143 133 2,17 1.90 1.80 1.57
4-6 0.80 0.77 1.00 0.83 233 200 1.87 1.63
6-8 3.23 030 043 0.40 173 157 127 107
8-10 0.13 023 040 040 1.80 147 0.73 057
10-12 .08 0.12 033 030 0.37 030 040 040
12-16 0.15 040 0.50 0.17 037 053 047
16-20 0.27 0.10 0.27 0.50 0.37
20-24 0.15 0.03 0.15 040 0.23
24-28 0.02 0.23 0.12
28-32 0.02 0.07 0.02
32-36
Week 9 0-2 340 3.83 390 2.70 3.63 330 310 3.03
2-4 150 1.67 155 1.23 200 1.80 1.57 147
4-6 0.87 103 090 087 217 197 L70 147
6-8 023 043 030 0.63 120 133 1.03 1.03
8-10 0.08 037 030 0.63 093 090 0.73 0.93
10-12 0.03 023 0.15 0.57 0.30 050 0.37 0.63
12-16 020 0.15 090 0.20 0.53 0.47 090
16-20 0.07 0.08 0.77 0.33 033 0.77
20-24 0.03 0.60 0.40 0.17 0.73
24-28 0.30 0.08 0.05 0.57
28-32 0.13 0.37
32-36 0.13 0.37
36+ 0.37
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Appendix 10 Experiment 3, relationship between cumulative herbage mass and

sward height per treatment per week. y, cumulative herbage mass from

ground level (g DM); x, sward surface height (cm)

2

Week 1 o Week 4 r Week 7 r

T1 y=4.78¢-0.4569x 0.964 v=5.5e-0.425x 0995 vy =8.8e-0.5407x 0.996
T2 y=6-0.3785x  0.947 y=6.08¢-0.3863x 0.993 v=7.37c-03692x  0.992
13 y=552e-0.3218x 0980 y=7.83e-0.1938x 0993 y=5.82¢-0.3372x 0.993
T4 y=57e-0.311x 0.979 y=5.63e-0.39x 0.995 vy =15.6e-0.3196x 0.992
T5 y=7.67¢-0.2746x 0902 y=10.1e-0.3051x 0925 vy=11.87e-0.2811x 0.940
T6 y=9.83¢-0.2003x  0.961 y=11.67¢-0.1982x 0.971 y=10.28e-0.2603x 0.919
T7 y=8.33e-0.1606x 0977 y=1142e-0.1393x 0.893 y=9.75¢-0.2173x 0.995
18 y=8.4e-0.1482x 0970 y=9.13¢-0.2137x 0.987 y—9.68c-0.1922x 0.993
 Week2 Week 5 Week 8

T1 y=5.07e-0.4124%  0.968 y=6.49-0.5927x 0.979 y=6.38e-0.43x% 0.999
T2 y=6.15¢-0.3087x 0952 y=6.68e-04622x 0984 y=5.83e-0.3101x 0.998
T3 y=7.13eM-0.1365x  0.994 y=7.11e-0.5311x 0960 v=8.05¢-0.2097x 0.97%
T4 y=8.5¢"-0.1877x 0927 y=16.18e-0.2255x 0994 y=06.5¢-0.2356x 0.962
TS y=9.63e"-0.2463x  0.947 y=10e-0.2937x 0.934 y=1147e0.2839x 0.863
T6 y=10.67e"-0.1553x 0.975 y=10.87e-0.2504x 0.961 y=10.82e-0.2083x 0.983
T7 y=9.1¢"0.1547x  0.883 y=9.93e-0.3216x 0957 y=10.57e-0.1567x 0.965
T8 y=9.87¢"-0.1239x  0.923 y=11.03¢-0.1876x 0972 y=8.87e-0.1855x% 0.947

Week 3 Week 6 Week 9

Tt y=54e-05746x 0.965 y=—6.1e-0.54306x 0.991 y=46.12e-0.4957x 0.987
T2 y=6.37e-04042x  0.959 y=6.65¢04171x 0993 y=77082e-0.2871x 0.996
T3 y=657e-0.4425x 0932 y=6.59¢-0.2979x 0.971 y=7.35¢-0.2841x 0.991
T4 y=10.85e-0.1273x 0908 vy=8.62e-0.1877x 0.924 y=9.47e-0.1203x 0.973
TS y=8.6e-03059x 0935 y=12.27e-0.2932x 0937 v=10.43e-0.291x 0.947
T6 y=9.17¢0.1743x 0977 y=10.07e-0.266x 0978 v=11.15¢-0.1791x  0.968
T7 y=10.07e-0.204x 0.964 y=11.65¢-0.2084x 0994 y=9.52¢-0.1977x 0.982
T8 y==14e-0,0789x 0941 v=11.32e-0.1293x 0.972 v=12.63e-0.0908x 0.987
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Appendix 11 Distribution of sward surface height measurements om’, Experiment 4 ;

Height (cm) % tolal mcasurements
_ Pre-grazing  Post grazing
0 0 0
1 0 0
2 0 0 2
3 0 0 ‘
4 0 0.9
3 0 1.9
G 0 34
7 0 5.3
8 0 11.9
9 0 119
10 0 14.4
n 13 18.1
12 1.3 12.2
13 2.2 7.8
14 22 4.4
15 3.4 5.0
16 6.9 1.6
17 6.9 0.3
18 7.8 0.9
19 10.6 0
20 11.6 0
21 9.4 0
22 11.6 0
23 10.0 0
25 5.3 0
26 1.0 0
29 0.0 0
30 0.3 0
31 0 0
Mean 20.8 11.2
sd. 3.54 2.61
N 320 320
cv % 17.1 233
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Appendix 12 Experiment 4, grazing behaviour results cow™ d™

Paddock 1 Paddock 2
Cow! Cow2 Cow3 Cowd Cowl
Grazing time (min d°) 12:26:08 5:57:45 9:08:09 &:20:31 11:02;21

Bites 38282 16641 30645 30451 33912
Chews 10224  o6l46 3582 1881 9116
Total GIM" 48506 22787 34227 32332 43028

Proportion GIM bites 0.79 0.73 0.90 0.94 0.79
Ruminating time (min d') 0:22:07 3:29:21 3:34:30 6:00:31 1:39:53

Mastications 1598 14238 15108 22796 6891
Boli 35 191 270 422 101
Idling (min d) 8:28:55  6:19:30 7:17:01 7.08:04 8:25:44
Masticalions 1093 815 1082 1191 983
Other (min d™) 1:37:20  2:05:36 2:44:08 1:02:27 1:50:02
Mastications 6736 8374 11435 3775 9828
Total eating time (min d™*) 11:28:04 5:45:55 8:22:16 7:44:18 10:12:36
Bites 37745 16553 30237 30014 33474
Chews 10386 6147 3641 1925 9257
Total GIM 48131 22700 33878 31939 42731

Proportion GIM bitcs 0.78 0.73 0.89 0.94 0,78

Paddock 3 Paddock 4 _
Cow 1 Cow2 Cow3 Cowd Cowl Cow2 Cow3l Cow4d

I.G'razing time

(min d™) 11:07:22 8:26:07 8:19:04 8:26:48 10:55:27 9:00:50 8:46:26 10:3t:41]
Biics 34855 22979 29897 29231 32999 24781 31244 36929
Chews 9501 9511 2886 1162 10111 10544 2841 1636
Total GIM' 44356 32490 32783 30393 43110 35325 34085 38565
Proportion

()M bites 0.79 0.71 0.91 0.96 0.77 0.70 0.92 0.96
Ruminating time

(mind™) 1:01:05  4:09:02 3:42:34 4:20:57 1:43:36 5:17:05 5:39:23 3:32 3
Mastications 415 16666 15872 16597 7060 21009 23885 1778
Boli 68 269 311 301 102 313 463 36200

Idling (min d!)  9:05:09  9:05:09 7:16:45 8:59:51 8:54:31 8:11:13 8:37:.09 7:56:57
Mastications 1589 1589 883 1417 1462 1105 1287 1235
Other (min d)  1:18:24  0:51:42 3:13:37 0:44:24 2:04:26 1:08:52 0:35:02 1:37:06
Mastications 6300 9734 14790 3711 12368 8360 6459 9809

Total eating time

(min d7) 10:41:14 8:03:31 7:52:06 7:28:51 10:19:54 8:44:29 8:20:50 9:23:16
Bites 34523 22751 29566 28544 32592 24651 30870 36200
Chews 9669 9528 2949 1345 10231 10560 2920 1778
‘Total GIM 44192 32279 32515 29889 42823 35211 33790 37978
Proportion
GJIM bites 0.78 0.70 0.91 0.96 0.76 .70 0.91 0.95
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Appendix 13 Experiment 4, data for calculation of bite mass and estimated number

bites in aerials

Cow Total grazing Total bites Grazing time in  Fstimated bites in aerials

time (s) acrials (s) e
Paddock 1 1 44768 38282 2480 2121
2! 31409 23897 4412 3356
3 32889 30877 4962 4658
4 30031 30519 8813 8956
Paddock 3 1 40042 34972 6976 6093
2 30367 23013 5063 3837
3 29944 29963 5462 5465
4 30408 25768 5869 4973
Paddock4 1 39327 33021 4089 3433
2 32450 24781 3760 2871
3 31586 31273 4816 4768
4 37901 36983 7673 7487

"Mean of days 3 and 4

Appendix 14 Experiment 4, estimated bites in aerials per period

Bites per paddock per Grazing time per  Grazinyg time in acrials
period paddock per period per period
Total s.d, cows Total  s.d.cows  Total s.d. aerials
Paddock 1
15:00-19:00 24104 1105.0 463 10.6 81 2.8
19:00-08:00 61319 3300.8 1143 53.0 193 10.8
08:00-11:00 15238 2131.6 303 38.8 92 13.1
11:00-14:00 22732 993.5 406 23.0 50 3.1
Total 123393 2315 416
Paddock 3
15:00-19:00 23508 1307.2 446 20.9 65 2.7
15:00-08:00 56985 3642.4 1072 58.1 166 0.3
08:00-11:00 9281 486.0 192 i5.1 42 6.8
11:00-14:00 23942 13803 443 331 116 17.6
Total 113716 2153 389.5
Paddock 4
15:00-19:00 29312 1407.2 542 18.1 81 3.8
19:00-08:00 61882 3232.8 171 60.9 175 7.5
08:00-11:00 12014 611.6 228 3.8 31 2.0
11:00-14:00 22850 1214.1 430 15.7 51 56
Total 126058 2371 338
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Appendix 15 Experiment 4, mean sward surface height per paddock per recording

and variability between aerials and individual height recordings

“Paddock Time Sward Variation between Variation belween
(h) surface aerials individual sward

height {em) height recordings

s.d. s.em. c.v sd. sem. c.v.

1 15:00 20.1 1.18 (42 585 3.63 128 18.04
20:00 13.8 1.00 06.35 722  3.09 1.09 2238
08:00 12.5 0.63 0.22 508 299 1.06 24.00
11:00 11.5 0.81 0.29 7.04 343 121 29.89
14:00 10.1 097 034 959 252 0.8% 2500
2 15:00 19.7 094 0.33 480 327 116 16.66
20:00 13.4 048 G.17 359 273 096 2029
08:00 121 042 0.15 344 253 0.89 20.94
11:00 11.2 061 022 545 238 084 2129
14:00 9.6 0.50 0.18 525 266 094 27.64
3 15:00 19.4 084 030 434 385 136 16.81
20:00 15.1 0.8 030 567 328 1.1l6 2178
08:00 12.6 0.78 0.27 6.14 319 1.13 2524
11:00 1L.5 0.59 0.21 513 270 096 23.50
14:00 10.8 0.64 0.23 594 258 091 2390
4 15:00 20.8 0.59 0.21 285 325 115  15.60
20:00 14.6 0.89 0.31 6.11 310 1.10 21.29
08:00 11.7 045 0.16 3.84 288 1.02 2472
11:00 11.2 036 0.13 324 203 (72 1816
14:00 10.5 063 022 605 254 090 2427
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Appendix 16 Experiment 4, estimated herbage mass removed per period per
paddock from relationship between sward height measurements and vertical

distribution of mass, and proportion herbage removed calculated [rom cut

strips, per period
Vertical distribution of % total herbage Proportion herbage mass
mass mase removed calculated from cut strips
(g M m?) (gDMm?)
Paddock 1
15:00-19:00 58.4 51.5 69.5
19:00-08:00 15.1 133 17.9
08:00-11:00 15.1 133 17.9
11:00-14:00 25.0 22.0 29.7
Total 113.6 135.0
Paddock 2
15:00-19:00 59.8 50.9 50.9
19:00-08:00 16.2 13.8 13.8
08:00-11:00 13.3 11.3 il.3
11:00-14:00 28.1 23.9 239
Total 117.4 100.0
Paddock 3
15:00-19:00 41.4 46.1 37.3
19:00-08:00 22.9 25.5 20.6
08:00-11:00 14.6 162 13.2
11:00-14:00 11.0 12.2 9.9
Total 8§9.8 81.0
Paddock 4
15:00-19:00 47.4 48.1 37.0
19:00-08:00 32.0 325 25.0
08:00-11:00 7.0 7.1 5.5
11:00-14:00 22 i2.3 9.5
‘I'otal 98.6 77.0
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